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Social Networking
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Outline

• Introduction to Social Computing

• Query Suggestion

• Collaborative Filtering

• Human Computation

• Privacy and Trust in Social Network

• Social Computing in Education
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Social Computing Road Map 

• Social Platforms

• Social Network

• Social Media

• Social games

• Social bookmarking

• Social News and Social Knowledge Sharing

• Social Computing Introduction

• Techniques in Social Computing

• Summary



Web 2.0
• Web as a medium vs. Web as a platform

• Read-Only Web vs. Read-and-Write Web

• Static vs. Dynamic

• Restrictive vs. Freedom & Empowerment

• Technology-centric vs. User-centric

• Limited vs. Rich User Experience

• Individualistic vs. Group/Collective Behavior

• Consumer vs. Producer

• Transactional vs. Relational

• Top-down vs. Bottom-up

• People-to-Machine vs. People-to-People

• Search & browse vs. Publish & Subscribe

• Closed application vs. Service-oriented
Services

• Functionality vs. Utility

• Data vs. Value

http://www.boingboing.net/2006/02/06/dozens-of-web-20-com.html
http://www.boingboing.net/2006/02/06/dozens-of-web-20-com.html
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Social Networks

Society: 
Nodes: individuals
Links: social relationship 
(family/work/friendship/etc.)

S. Milgram and John Guare: Six Degree of Separation.
Social networks: Many individuals with diverse social 

interactions between them.                                
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Social Networks
• The Earth is developing an electronic nervous system, a 

network with diverse nodes and links.

-computer
-routers
-satellites

-phone lines
-TV cables
-EM waves

Communication networks: many non-identical 
components with diverse connections between them.
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Social Networking Sites
• Example of Social Networking Sites: FaceBook, 

MySpace, Blogger, QQ, etc. 
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Social Search

• Social Search Engine

• Leveraging your social 
networks for searching
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Social Media

http://flickr.com/
http://flickr.com/
http://youtube.com/
http://youtube.com/
http://secondlife.com/
http://secondlife.com/
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Social News/Mash Up
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Social Knowledge Sharing

http://wikipedia.org/
http://wikipedia.org/
http://www.socialcomputingmagazine.com/viewcolumn.cfm?colid=565
http://www.socialcomputingmagazine.com/viewcolumn.cfm?colid=565
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Social/Human Computation

http://www.cs.cmu.edu/~biglou/
http://www.cs.cmu.edu/~biglou/
http://www.cs.cmu.edu/~biglou/
http://www.cs.cmu.edu/~biglou/
http://www.cs.cmu.edu/~biglou/
http://www.cs.cmu.edu/~biglou/
http://www.cs.cmu.edu/~biglou/
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Human Computation
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Web 2.0 Revolution

• Glocalization-think globally 
and act locally!

• Weblication-Web is the 
application!

• Three C’s

Connectivity

Collaboration

Communities

http://en.wikipedia.org/wiki/Image:Cup_or_faces_paradox.svg
http://en.wikipedia.org/wiki/Image:Cup_or_faces_paradox.svg
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Social Relations

trust

identity

reputation

accountability

presence

social role

expertise

knowledge

ownership

cardinal

integer

real

binaryteams

communities

organizations

cohorts

populations

markets

groups
partners

crew

squad
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Social Computing

Social
Behavior

blogs

emails

instant 
messaging

social
bookmarking

wikis

social network
services

mobile
devices

Intelligent
Computation

collaborative
filtering

tagging

opinion
mining/

sentiment
analysis

large graph
algorithms

social
marketing

human
computation

security & privacy

ranking

query logs 
analysis

Clustering

Regression

Classification

Model Selection

Theory

Algorithms

NLP

Collective Intelligence
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Definition of Social Computing

• Any Computer-mediated communication and 
interaction

• In the weaker sense:  supporting any sort of social 
behavior

• blogs, email, instant messaging, wiki, social network services, 
social bookmarking

• In the stronger sense: supporting “computations” that 
are carried out by a group of people

• collaborative filtering, online auctions,  prediction markets, 
reputation systems, tagging, verification games

[wiki]
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http://www.parc.xerox.com/istl/groups/iea/topics/internetecologies.shtml
http://www.parc.xerox.com/istl/groups/iea/topics/internetecologies.shtml
http://www.parc.xerox.com/istl/groups/iea/topics/internetecologies.shtml
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Emerging Issues

• Theory and models

• Seach, mining, and ranking of existing information, 
e.g., spatial (relations) and temporal (time) domains

• Dealing with partial and incomplete information, 
e.g., collaborative filtering, ranking, tagging, etc.

• Scalability and algorithmic issues 

• Security and privacy issues

• Monetization of social interactions



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

Computational Perspective

• Classification, clustering, regression, etc.

• New insights on the data

• Social relations are often hidden (latent)

• Change data from            to

•       = context in tags, relations, ratings, etc.

• data type = binary, integer, real, cardinal, etc.

(x, y)

c(x)

(x, c1(x), c2(x), · · · , y)
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Social Computing Road Map 
• Social Computing 

Introduction

• Social Platforms

• Techniques in Social 
Computing

• Social Network Theory, 
Modeling and Analysis

• Graph/Link Mining

• Learning to Rank

• Query Log Processing

• Web Spam Detection

• Collaborative Filtering

• Opinion Mining

• Privacy and Trust

• Summary
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Social Network Theory

• Consider many kinds of networks:

• social, technological, business, economic, content, ...

• These networks tend to share certain informal 
properties:

• large scale; continual growth

• distributed, organic growth: vertices “decide” who to link to

• interaction restricted to links

• mixture of local and long-distance connections

• abstract notions of distance: geographical, content, social,…
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Social Network Theory

• Do these networks share more quantitative universals?

• What would these “universals” be?

• How can we make them precise and measure them?

• How can we explain their universality?

• This is the domain of social network theory
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Some Interesting Quantities
• Connected components

• how many, and how large?

• Network diameter

• maximum (worst-case) or 
average?

• exclude infinite distances? 
(disconnected 
components)

• the small-world 
phenomenon

• Clustering

• to what extent that links 
tend to cluster “locally”?

• what is the balance 
between local and long-
distance connections?

• what roles do the two 
types of links play?

• Degree distribution

• what is the typical degree 
in the network?

• what is the overall 
distribution?
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Graph/Link Mining

• Heterogeneous, multi-relational data represented as a 
graph or network

• Nodes are objects

• Objects have attributes

• Objects may have labels or classes

• Edges are links

• Links may have attributes

• Links may be directed

• Links represent relationships and interactions between 
objects -- rich content for mining
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What Is New For Mining

• Traditional machine learning and data mining approaches 
assume:

• A random sample of homogeneous objects from single 
relation

• Real world data sets:

• Multi-relational, heterogeneous and semi-structured 

• Link Mining

• Newly emerging research area at the intersection of research 
in social network and link analysis, hypertext and web 
mining, graph mining, relational learning and inductive logic 
programming
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What is a Link in Link Mining
• Link: relationship among data

• Homogeneous networks

• Single object type and single link type

• Single model social networks (e.g., friends)

• WWW: a collection of linked Web pages

• Heterogeneous networks

• Multiple object and link types

• Medical network: patients, doctors, disease, contacts, 
treatments

• Bibliographic network: publications, authors, venues
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Learning to Rank
• Booming Search Industry
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Learning to Rank
• Given query   and set of docs 

• Find documents relevant to 

• Typically expressed as a ranking on 

• Are social signals important?

d1, ...dnq

q

d1, ...dn



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

Widely-used Judgement
• Pointwise

• Binary judgment (Relevant vs. Irrelevant)

• Multi-valued discrete (Perfect > Excellent > Good > Fair > 
Bad)

• Pairwise

• Pairwise preference

• Document A is more relevant than document B w.r.t. query q

• Listwise

• Partial or total orders

• Could be mined from click-through logs
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Conventional Ranking Models
• Content relevance

• Boolean model, extended Boolean model, etc.

• Vector space model, latent semantic indexing (LSI), etc.

• BM25 model, statistical language model, etc.

• Span based model, distance aggregation model, etc.

• Page Quality

• Link analysis: HITS, PageRank, TrustRank, etc.

• Log mining: DirectHITS, BrowseRank, etc
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Machine Learning Can Help
• Machine learning is an effective tool

• To automatically tune parameters

• To combine multiple evidences

• To avoid over-fitting (by means of regularization, etc.)

• Learning to Rank

• Use machine learning technologies to train the ranking 
model

• A hot research topic these years
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Learning To Rank Techniques

http://research.microsoft.com/en-us/people/tyliu/default.aspx

http://research.microsoft.com/en-us/people/tyliu/default.aspx
http://research.microsoft.com/en-us/people/tyliu/default.aspx
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Resources 

• LETOR benchmark: a package of benchmark data sets 
for learning to rank, released by Microsoft Research 
Asia.

• Current LETOR baselines

• Ranking SVM

• RankBoost

• AdaRank

• Multiple hyperline ranker

• FRank

• ListNet
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Real life Example for Collaborative Filtering

• Manager’s perspective

“if I have 3 million customers on the web, I should have 3 million stores on the 
web.”

                                                                                  CEO of Amazon.com 

•  User’s perspective
• Lots of online products, books, 
movies, etc
• Reduce my choices
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More Examples

• Movielens: movies

• Moviecritic: movies again

• My launch: music  

• Gustos starrater: web pages

• Jester: Jokes 

• TV Recommender: TV shows

• Suggest 1.0: different products

• And much more…
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How it Works?

• Each user has a profile

• Users rate items

• Explicitly: score from 1..5

• Implicitly: web usage mining

• Time spent in viewing the item

• Navigation path, etc…

• System does the rest, How?

• Look at users collective behavior

• Look at the active user history
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Techniques
• User-User Methods

• Identify like-minded users

• Memory-based: K-NN

• Model-based: Clustering

• Item-Item Method

• Identify buying patterns 

• Correlation Analysis

• Linear Regression

• Association Rule Mining

• Belief Network
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Query Log Processing
• Search engines and social network sites collect a 

voluminous amount of query log or click-through data 
from their users

• These logs can be used to improve retrieval results
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What is Clickthrough Data
• Query logs recorded by search engines

• Server logs

• Error logs

• Cookie logs

• Query data

• Web meta data

• User’s relevance feedback to indicate desired/preferred/
target results
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Techniques in Query Log Processing

• Association Rules

• a priori, is-a hierarchical, …

• Discovery of sequential patterns

• modified a priori -- order is important

• Classification and clustering

• k-means, birch, …

• SVM
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Opinion Mining

• Two main types of textual information on the Web

• Facts vs. Opinions 

• Current search engines search for facts (assume they are 
true) 

• Facts can be expressed with topic keywords. 

• Search engines do not search for opinions 

• Opinions are hard to express with a few keywords 

• E.g. How do people think of Motorola Cell phones? 

• Current search ranking strategy is not appropriate for opinion 
retrieval/search.
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Opinion Mining
• What is an opinion?

• A person’s ideas and 
thoughts towards something.

• It is an assessment, judgment 
or evaluation of something.

• An opinion is not a fact, 
because opinion has not been 
proven or verified. 

• All information on the web is 
better described as opinion 
rather than fact. 

• Opinion Mining

• It is text mining and 
computational linguistics 
which tries to detect the 
opinions expressed in the 
nature language texts.

• Opinion Extraction: specified 
method of information 
extraction, delivering inputs 
for opinion mining

• Sentiment analysis and 
sentiment classification
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Applications
• Businesses and organizations: product, service benchmarking, 

market intelligence

• Business spends a huge amount of money to find consumer 
sentiments and opinions

• Individuals: interested in other’s opinions when 

• Purchasing a product or using a service

• Finding opinions on political topics

• Ads placements: Placing ads in the user-generated content 

• Place an ad when one praises a product

• Place an ad from a competitor if one criticizes a product

• Opinion retrieval/search: providing general search for opinions 
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Research Topics
•  Development of linguistic resources for opinion mining

• Automatically build lexicons of subjective terms 

• At the document/sentence/clause level 

• Assumption: each document focuses on a single object 

• Subjective / objective classification 

• Sentiment classification: positive, negative and neutral 

• At the feature level 

• Identify and extract commented features

• Comparative opinion mining 

• Identify comparative sentences
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Summary
• Social Platforms

• Social Network

• Social Media

• Social games

• Social bookmarking

• Social News and Social 
Knowledge Sharing

• Techniques in Social Computing

• Social Network Theory, 
Modeling and Analysis

• Graph/Link Mining

• Learning to Rank

• Query Log Processing

• Web Spam Detection

• Collaborative Filtering

• Opinion Mining

A brief overview of the emerging field of social computing.
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Motivation

1. Difficult for users to express 
information needed
2. Word mismatch in information 
retrieval  
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Motivation

1. Accurate to express 
information needed
2. Easy to inform information



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

Motivation
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Challenges
• Word mismatch: people often use different words to 

describe concepts in their queries than authors use to 
describe the same concepts in their documents.

Data mining

Knowledge 
Discovery

Decision 
Tree Mining

Text Mining

Data 
Warehouse

Clustering 
Analysis

Classification
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Challenges

• Queries contain 
ambiguous and new 
terms

• apple: “apple 
computer” or “apple 
pie”?

• NDCG:?

• Users tend to submit 
short queries consisting 
of only one or two 
words

• almost 20% one-word 
queries

• almost 30% two-word 
queries

• Users may have little or even no knowledge 
about the topic they are searching for!
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Classes of Suggestion Relevance

• Precise rewriting

• The rewritten form of query matches user’s intent

• Approximate rewriting

• The rewritten form has a direct close relationship to the 
topic described by the initial query

• Possible rewriting

• The rewritten form either has some categorical relationship 
to the initial query or describes a complementary product

• Clear mismatch

• The rewritten form has no clear relationship to user’s intent

[Jones, 2006]
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Example Queries and Query-suggestion
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Typical Query Suggestion

• Global analysis

• Selects expansion terms on the basis of the information on 
the whole document set

• Relatively robust

• Expensive in terms of disk space and computer time

• Local analysis

• Formulate expansion terms based on top-ranked results

• Relatively efficient

• Perform badly for queries with few relevant documents

[Jinxi Xu, 1996]
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Query Expansion by Mining Query Log

• TF-iDF

• Each document is represented as a document vector {W1(d), 
W2(d), ...WN(d)}, where Wi(d) is the weight of the ith item in a 
document, defined as

• Similarity between query terms and document terms 

[Hang Cui, 2003]
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Query Expansion by Mining Query Log

• The general idea
[Hang Cui, 2003]
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Query Expansion by Mining Query Log

• Establishing correlation between query terms and 
document terms via query sessions

[Hang Cui, 2003]
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Query Suggestion Using Hitting Time

• Hitting time TA: the first 
time that the random walk 
is at vertex A

• Mean hitting time hiA: 
expectation of TA given that 
the walk starts from i

[Qiaozhu Mei, 2008]
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Query Suggestion Using Hitting Time

• Calculating the transition probability 
[Qiaozhu Mei, 2008]

A

i

j

k30

20
70

V1 V2

A

i j30

20
70

V1 V2

i, j at different side i, j at the same side
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Query Suggestion Using Hitting Time

•Computing hitting time
[Qiaozhu Mei, 2008]

Iteratively!

hiA = 0.7 hjA + 0.3 hkA + 1
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Query Suggestion Using Hitting Time

• Generate query suggestion
[Qiaozhu Mei, 2008]

Query-URL bipartite graph

Step 1: construct a 
(kNN) subgraph from 

query log data

Step 2: compute 
transition probabilities 

pij

Step 3: compute hitting 
time hiA

Step 4: rank candidate 
queries using hiA
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Query Suggestion Using Hitting Time
[Qiaozhu Mei, 2008]

Query suggestions generated using hitting time on Query-URL graph
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Query Suggestion Using Clickthrough Data

• Query logs recorded by search engines

• Users’ relevance feedback to indicate desired/preferred/
target results

〈u, q, l, r, t〉
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Joint Bipartite Graph

Buq = (Vuq, Euq)
Vuq = U ∪Q
U = {u1, u2, ..., um}
Q = {q1, q2, ..., qn}
Euq = {(ui, qj)| there is an edge from ui to qj}
is the set of all edges.
The edge (ui, qj) exists in this bipartite graph
if and only if a user ui issued a query qj .

Bql = (Vql, Eql)
Vql = Q ∪ L
Q = {q1, q2, ..., qn}
L = {l1, l2, ..., lp}
Eql = {(qi, lj)| there is an edge from qi to lj}
is the set of all edges.
The edge (qj , lk) exists if and only if a user
ui clicked a URL lk after issuing an query qj .



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

Key Points

• Two-level latent semantic analysis

• Consider the use of a joint user-query and query-
URL bipartite graphs for query suggestion

• Use matrix factorization for learning query features in 
constructing the Query Similarity Graph

• Use heat diffusion for similarity propagation for query 
suggestions

{Level
1

{Level
2



• Queries are issued by the users, and which URLs to click 
are also decided by the users

• Two distinct users are similar if they issued similar queries

• Two queries are similar if they are issued by similar users
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r∗ij Normalized weight, how many
times ui issued qj

s∗jk Normalized weight, how many
times qj is linked to lk

Ui L-dimensional vector of user ui

Qj L-dimensional vector of query qj

Lk L-dimensional vector of URL lk

H(R,U, Q) = min
U,Q

1
2

m∑

i=1

n∑

j=1

IR
ij (r

∗
ij − g(UT

i Qj))2

+
αu

2
‖U‖2

F +
αq

2
‖Q‖2

F

H(S, Q,L) = min
Q,L

1
2

n∑

j=1

p∑

k=1

IS
jk(s∗jk − g(QT

j Lk))2

+
αq

2
‖Q‖2

F +
αl

2
‖L‖2

F
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• A local minimum can be found by performing gradient 
descent in Ui, Qj and Lk

H(S, R, U, Q,L) =

1
2

n∑

j=1

p∑

k=1

IS
jk(s∗jk−g(QT

j Lk))2 +
αr

2

m∑

i=1

n∑

j=1

IR
ij (r

∗
ij−g(UT

i Qj))2

+
αu

2
‖U‖2

F +
αq

2
‖Q‖2

F +
αl

2
‖L‖2

F ,
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Gradient Descent Equations

∂H
∂Ui

= αr

n∑

j=1

IR
ijg

′(UT
i Qj)(g(UT

i Qj)− r∗ij)Qj + αuUi,

∂H
∂Qj

=
p∑

k=1

IS
jkg′(QT

j Lk)(g(QT
j Lk)− s∗jk)Lk

+ αr

m∑

i=1

IR
ijg

′(UT
i Qj)(g(UT

i Qj)− r∗ij)Ui + αqQj ,

∂H
∂Lk

=
n∑

j=1

IS
jkg′(QT

j Lk)(g(QT
j Lk)− s∗jk)Qj + αlLk,

Only the Q matrix, the queries’ latent features, 
is being used to generate the query similarity graph!
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Query Similarity Graph

• Similarities are calculated using queries’ latent features

• Only the top-k similar neighbors (terms) are kept
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Similarity Propagation

• Based on the Heat Diffusion Model

• In the query graph, given the heat sources and the initial 
heat values, start the heat diffusion process and perform 
P steps

• Return the Top-N queries in terms of highest heat 
values for query suggestions
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Heat Diffusion Model

• Heat diffusion is a physical 
phenomena

• Heat flows from high temperature 
to low temperature in a medium

• Heat kernel is used to describe 
the amount of heat that one point 
receives from another point

•  The way that heat diffuse varies 
when the underlying geometry 
varies

ρCP
∂T

∂t
= Q +∇ · (k∇T )

ρ Density
CP Heat capacity and

constant pressure
∂T
∂t Change in temperature

over time
Q Heat added
k Thermal conductivity
∇T Temperature gradient
∇ · v Divergence
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Heat Diffusion Process
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Similarity Propagation Model

fi(t + ∆t)− fi(t)
∆t

=

α



− τi

di
fi(t)

∑

k:(qi,qk)∈E

wik +
∑

j:(qj ,qi)∈E

wji

dj
fj(t)





f(1) = eαHf(0)

Hij =






wji/dj , (qj , qi) ∈ E,
−(τi/di)

∑
k:(i,k)∈E wik, i = j,

0, otherwise.

f(1) = eαRf(0), R = γH + (1− γ)g1T

α Thermal conductivity
di Heat value of node i

at time t
fi(t) Heat value of node i

at time t
wik Weight between node

i and node k
f(0) Vector of the initial

heat distribution
f(1) Vector of the heat

distribution at time 1
τi Equal to 1 if node i has

outlinks, else equal to 0
γ Random jump parameter,

and set to 0.85
g Uniform stochastic

distribution vector

(1)

(2)

(3)

(4)
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Discrete Approximation

• Compute         is time consuming

• We use the discrete approximation to 
substitute 

• For every heat source,  only diffuse heat to its 
neighbors within P steps

• In our experiments, P = 3 already generates 
fairly good results

eαR

f(1) =
(
I +

α

P
R

)P
f(0)
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• For a given query q

1. Select a set of n queries, each of which contains at least 
one word in common with q, as heat sources 

2. Calculate the initial heat values by

3. Use                         to diffuse the heat in graph

4. Obtain the Top-N queries from 

Query Suggestion Procedure

fq̂i(0) =
|W(q) ∩W(q̂i)|
|W(q) ∪W(q̂i)|

f(1)

f(1) = eαRf(0)

q = “Sony”
“Sony” = 1

“Sony Electronics” = 1/2
“Sony Vaio Laptop” = 1/3
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Physical Meaning of  

•  If set     to a large value

•  The results depend more on the query graph, 
and more semantically related to original 
queries, e.g., travel => lowest air fare

•  If set     to a small value

•  The results depend more on the initial heat 
distributions, and more literally similar to 
original queries, e.g., travel => travel insurance

α

α

α
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Query Suggestions
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Outline

• Introduction

• The Framework

• User-User Method

• Memory-based

• Model-based 

• Item-Item Method

• Correlation Analysis

• Association Rule Mining
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Real Life Examples
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Real Life Examples
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Real Life Examples
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Real Life Examples

Five scales rating
                          I hate it
                          I don’t like it
                          It’s ok
                          I like it
                          I love it
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Motivation
• User Perspective

• Lots of online products, books, movies, news, web pages, etc.

• Reduce my choices…please…

• Manager Perspective

“ if I have 3 million customers on the web, I should have 3 million stores on the 
web.”

                                                                             CEO of Amazon.com [SCH01]
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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

• Look at similar items for each item

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

users prefer.
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Framework
Items

Users

• The tasks

• Find the unknown rating?

• Which item should be recommended?

 i1  i2 ij im
u1

u2 1 3 4 2 5 3 4

ui 3 4  rij 3 4 3 4 4

un 1 3 5 2 4 1 3
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Collaborative Filtering

• User-User Methods

• Memory-based

• Model-based

• Item-Item Method

• Identify buying patterns 

• Correlation Analysis

• Linear Regression

• Belief Network

• Association Rule Mining
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User-User Similarity

5

4
3

3
2

?

Q1: How to measure 
the similarity?

Q2: How to 
select neighbors?

How to measure the 
similarity?

How to measure the 
similarity?

target
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User-based Collaborative Filtering
Items

Users

u1

u2 1 3 4 2 5 3 4

u3

u4 3 4 3 4 3 4 4

u5

u6 1 3 5 2 4 1 3
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User-based Collaborative Filtering
Items

Users

u1

u2 1 3 4 2 5 3 4

u3

u4 3 4 3 4 3 4 4

u5

u6 1 3 5 2 4 1 3
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User-based Collaborative Filtering
Items

Users

u1

u2 1 3 4 2 5 3 4

u3

u4 3 4 3 4 3 4 4

u5

u6 1 3 5 2 4 1 3
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User-based Collaborative Filtering
Items

Users

u1

u2 1 3 4 2 5 3 4

u3

u4 3 4 3 4 3 4 4

u5

u6 1 3 5 2 4 1 3
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User-based Collaborative Filtering
Items

Users

u1

u2 1 3 4 2 5 3 4

u3

u4 3 4 3 4 3 4 4

u5

u6 1 3 5 2 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

• Cosine measure

w(a, i) =
∑

j(raj − r̄a)(rij − r̄i)√∑
j(raj − r̄a)2

∑
j(rij − r̄i)2

j ∈ I(a) ∩ I(i)

c(a, i) =
ra · ri

||ra||2 ∗ ||ri||2
ui 1 3 4 2 5 3 4

ua 3 4 3 4 3 4 4

1 3 5 2 4 1 3
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Nearest Neighbor Approaches

• Identify highly similar users to the active one

• All with a measure greater than a threshold

• Best K ones

• Prediction raj = r̄a +
∑

i w(a, i)(rij − r̄i)∑
i w(a, i)

[Sarwar, 00a]



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

Clustering

• Build clusters: k-mean, k-medoid, etc. (offline)

• Identify the nearest cluster to the active user

• Prediction:

• Use the center of the cluster

• Weighted average between cluster members

• Weights depend on the active user

faster

slower but 
more accurate 

[Breese, 98]
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Clustering vs. k-NN Approaches
• K-NN using Pearson measure is slower but more 

accurate

• Clustering is more scalable

active user

k-NN approach

clustering approach
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Data Sparsity
• Similarity: 

• Suffer from sparsity

• Not enough common items

• Implies spurious neighbors and hence bad recommendations

w(a, i) =
∑

j(raj − r̄a)(rij − r̄i)√∑
j(raj − r̄a)2

∑
j(rij − r̄i)2

In the Amazon.com:
• 2 million books
• Active users may have rated < 1% of the product 
(a large set of 20,000 books)
• Pearson nearest neighbor algorithm may unable to 
make any product recommendation for a particular 
user
                                    example from [Sarwar, 00a]
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Selecting Relevant Instances

• Superman and Batman are correlated

• Titanic and Batman are negatively correlated

• “Dances with Wolves” has nothing to do with Batman’s 
rating

• Karen is not a good instance to consider

• Formalize: MI(X;Y) = H(X) – H(X|Y)

Superman Titanic Dance with Wolves Batman

Jason 5 5

Karen 3 4

Fred 2 5 2

Tom 4 3 4 ?

Predict this

[Kai Yu, 2001]
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Selecting Relevant Instances
• Offline phase:

• Estimate mutual information between items

• For each item:

• Find users who rated it 

• Compute their strength of description (how many relevant items 
they also rated)

• Retain subset of them (10% works fine)

• Online phase:

• To predict the target item’s rating, run k-NN on its reduced 
instance space

Better results with less data… quality not quantity is what matter

[Kai Yu, 2001]
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Collaborative Filtering

• User-User Methods

• Memory-based 

• Model-based

• Item-Item Method

• Correlation Analysis

• Linear Regression

• Belief Network

• Association Rule Mining
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Item-Item Similarity

• Search for similarities among items

• Item-Item similarity is more stable that user-user 
similarity

• First Order Models

• Correlation Analysis

• Linear Regression

• Higher Order Models

• Belief Network

• Association Rule Mining
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Correlation-based Methods

• Same as in user-user similarity but on item vectors

• Pearson correlation coefficient

• Look for users who rated both items

• u: users rated both items

sij =
∑

u(ruj − r̄j)(rui − r̄i)√∑
u(ruj − r̄j)2

∑
u(rui − r̄i)2

 i1  i2 ii ij im

u1

u2 1 3 4 2 5 3 4

ui 3 4 3 4 3 4 4

un 1 3 5 2 4 1 3

[Sarwar, 2001]
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Correlation-based Method
• Calculate item similarity, then determine its k-most 

similar items

• Predict rating for a given user-item pair as a weighted 
sum over similar items that he rated

 ua 2 3 ? 4

i

[Sarwar, 2001]

rai =
∑

j sijraj∑
j sij

3
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Association Rule Mining

• Offline processing

• Work on the binary level (like, dislike)

• View user as market basket containing items liked by user

• Discover association rules between items

• Online processing:

• Match items that the active user like with rules left hand 
side

• Recommend rules’ consequent based on support and 
confidence
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Association Rule Mining : Problems

• High support threshold leads to low coverage and may 
eliminate important, but infrequent items from 
consideration

• Low support thresholds result in very large model 
sizes, computationally expensive offline pattern 
discovery phase and slower online matching phase

• Solution:

• Adaptive Association Rule Mining
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Adaptive Association Rule Mining
• Given: 

• transaction dataset

• target item 

• desired range for number of rules

• specified minimum confidence 

• Find: set S of association rules for target item such that 

• number of rules in S is in given range

• rules in S satisfy minimum confidence constraint

• rules in S have higher support than rules not in S that satisfy 
above constraints

Desired 
number of rules minConfidence

minSupport

[Lin, 2001]
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Adaptive Association Rule Mining

• Discover rules with one item on the head

• Like (x, item1) ^ Like (x, item2)=>Like(x, target)

• The miner discovers association rules iteratively (for 
each target item) until the desired number of rules are 
extracted

• Support is adjusted per-item

[Lin, 2000]
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Unifying User-based and Item-based CF
[Wang, 2006]

User-item matrix Rating prediction based on user similarity

Rating prediction based on item similarity Rating prediction based on rating similarity
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Unifying User-based and Item-based CF

• The final rating is estimated by fusing predictions from 
three sources: 

• Similar user ratings: 

• Predictions based on ratings of the same item by other users

• Similar item ratings:

• Predictions based on different item ratings made by the same user

• Similar user item ratings: 

• Predictions based on similar item ratings made by similar users

[Wang, 2006]

SURk,m = {xa,m|ua ∈ Su(uk)}

SIRk,m = {xk,b|ib ∈ Si(im)}

SUIRk,m = {xa,b|ua ∈ Su(uk), ib ∈ Si(im), a "= k, b "= m}
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Unifying User-based and Item-based CF

• Unify weight matrix to combine the predictors from 
three different sources

[Wang, 2006]
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Effective Missing Data Prediction for CF

Items

Users

u1

u2 1 3 2 1 2 3

u3

u4 3 1 4 1 2 3 1 2

u5

u6

[Hao Ma, 2007]

Does these two 
users really have 
the same taste?
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Effective Missing Data Prediction for CF

•  We use the following equation to solve this problem:

•               is the number of items which user a and user u 
rated in common

• Then the similarity between items could be defined as:

•                is the number of users who rated both item i and 
item j

Sim′(a, u) =
Min(|Ia ∩ Iu|, γ)

γ
· Sim(a, u)

|Ia ∩ Iu|

Sim′(a, u) =
Min(|Ia ∩ Iu|, γ)

γ
· Sim(a, u)

|Ui ∩ Uj |

[Hao Ma, 2007]
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Effective Missing Data Prediction for CF

• Challenges of collaborative Filtering

• Data sparsity

• Prediction accuracy

• Scalability

[Hao Ma, 2007]

User-Item Matrix
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Effective Missing Data Prediction for CF

• Data sparsity

• Propose an algorithm to increase the density of User-Item 
Matrix

• Only predict some of the missing data

• Prediction accuracy

• Adopt significance weighting

• Linearly combine user information with item information

• Predict the missing data with high confidence

[Hao Ma, 2007]
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Effective Missing Data Prediction for CF
[Hao Ma, 2007]

User-Item Matrix Predicted User-Item Matrix
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Effective Missing Data Prediction for CF

• For every missing data      , a set of similar users   
towards user u can be generated according to:

•                      is computed using Significance Weighting

• At the same time, for every missing data ru, i, a set of 
similar items i can be generated according to:

•    is the item similarity threshold

[Hao Ma, 2007]

S(u) = {ua|Sim′(ua, u) > η, ua != u}

Sim’(ua, u)

S(i) = {ik|Sim′(ik, i) > θ, ik != i}

θ

ru,i S(u)



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

Effective Missing Data Prediction for CF

• Given the missing data       , if                            the 
prediction of missing data          is define as:

•

[Hao Ma, 2007]

ru,i S(u) != ∅ ∧ S(i) != ∅
P(ru,i)

P (ru,i) = λ× (u +

∑

ua∈S(u)

Sim′(ua, u) · (rua,i − ua)

∑

ua∈S(u)

Sim′(ua, u)
) +

(1− λ)× (i +

∑

ik∈S(i)

Sim′(ik, i) · (ru,ik − ik)

∑

ik∈S(i)

Sim′(ik, i)
)
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Effective Missing Data Prediction for CF

• If                             , prediction of missing data           
is defined as: 

• If                             , prediction of missing data           
is define as:     

[Hao Ma, 2007]

S(u) != ∅ ∧ S(i) = ∅

S(u) = ∅ ∧ S(i) #= ∅

P (ru,i) = u +

∑

ua∈S(u)

Sim′(ua, u) · (rua,i − ua)

∑

ua∈S(u)

Sim′(ua, u)

P (ru,i) = i +

∑

ik∈S(i)

Sim′(ik, i) · (ru,ik − ik)

∑

ik∈S(i)

Sim′(ik, i)

P(ru,i)

P(ru,i)
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Effective Missing Data Prediction for CF

• If                             , predication of missing data                     
is defined as: 

• This consideration is different from all other existing 
predication or smoothing methods -- they always try to 
predict all the missing data in the user-item matrix, 
which will predict some missing data with bad quality

[Hao Ma, 2007]

S(u) != ∅ ∧ S(i) = ∅ P(ru,i)

P (ru,i) = 0
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Effective Missing Data Prediction for CF

• Table: Mean Absolute Error (MAE) comparison with 
other approaches (A smaller MAE value means a better 
performance)

[Hao Ma, 2007]

Dataset: 100,000 ratings (1-5 scales) rated by 943 users on 1,682 movies
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Effective Missing Data Prediction for CF

• Table: MAE comparison with state-of-the arts 
algorithms (A smaller MAE value means a better 
performance)

[Hao Ma, 2007]
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SoRec: Social Recommendation
• Challenges: Data Sparsity problem

[Hao Ma, 2008]

My Blueberry Nights (2008) 
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SoRec: Social Recommendation
• Challenge: Number of rating per user

[Hao Ma, 2008]

Extracted From Epinions.com
114,222 users, 754,987 items and 13,385,713 ratings
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SoRec: Social Recommendation
• Challenges: Traditional recommender systems ignore the 

social connections between users

[Hao Ma, 2008]

Which 
one should I 

choose?

Recommendations 
from friends
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SoRec: Social Recommendation
• “Yes, there is a correlation - from social networks to 

personal behavior on the web”

Parag Singla and Matthew Richardson (WWW’08)

• Analyze the who talks to whom social network over 10 
million people with their related search results

• People who chat with each other are more likely to share 
the same or similar interests

• To improve the recommendation accuracy and solve the 
data sparsity problem, users’ social network should be 
taken into consideration

[Hao Ma, 2008]
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SoRec: Social Recommendation
• Problem definition

[Hao Ma, 2008]
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SoRec: Social Recommendation
• Social network graph matrix factorization

[Hao Ma, 2008]
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SoRec: Social Recommendation
• User-item rating matrix factorization

[Hao Ma, 2008]
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SoRec: Social Recommendation
• Social recommendation

[Hao Ma, 2008]
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SoRec: Social Recommendation
• Gradient descent

[Hao Ma, 2008]
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SoRec: Social Recommendation
• Table: MAE comparison with other approaches (A 

smaller MAE value means a better performance)

[Hao Ma, 2008]

Epinions: 40,163 users who rated 139,529 
items with totally 664,824 ratings

MMMF:
J.D.M Rennie and N. Srebro 
(ICML’05)

PMF & CPMF:  
R. Salakhutdinov and A. Mnih
(NIPS’08)
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Motivation
• Many tasks are trivial for human, but continue to 

challenge even the most sophisticated computer

• People spend a lot of time playing games

What’s this? Apple is a kind of ??? sad? happy?
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Having Fun = Work

http://www.iconocast.com/EB000000000000118/Z6/News1_0.jpg
http://www.iconocast.com/EB000000000000118/Z6/News1_0.jpg
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Idea of Human Computation

• Take advantage of people’s desire to be entertained and 
perform useful tasks as a side effect

http://www.mcsurf.com/%2520PLAY_PUMP.jpg
http://www.mcsurf.com/%2520PLAY_PUMP.jpg
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Image Labeling
• Determine the contents of images by providing 

meaningful labels for them



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

The ESP Game
[Luis von Ahn, 2004]

Use computational power of humans 
to label images.
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The ESP Game
Player 1 Player 2

Guessing: Car
Guessing: Hat
Guessing: Kid

Success!
You agree on car.

Guessing: Boy
Guessing: Car

Success!
You agree on car.

[Luis von Ahn, 2004]
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The ESP Game
[Luis von Ahn, 2004]
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The ESP Game

• 5,000 people continuously playing the game could assign 
a label to all image indexed by Google in 31 days

• The game was posted on website on August 9, 2003. For 
the first 4 months, a total of 13,630 people played the 
game, generating 1,271,451 labels for 293,760 different 
images

[Luis von Ahn, 2004]
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The Peekaboom Game
[Luis von Ahn, 2006]

Locating objects in the image
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The Peekaboom Game
[Luis von Ahn, 2006]

Object bounding-boxes obtained from Peekaboom data 
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The Verbosity Game
[Luis von Ahn, 2006]

Collecting common-sense facts
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The Verbosity Game
[Luis von Ahn, 2006]

Part of the narrator’s screen
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The TagATune Game
[Edith L.M. Law, 2006]

Annotations of audio files
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The Phetch Game
[Luis von Ahn, 2006]

Two inherently different images share the same 
ESP labels: “man” and “woman”
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The Phetch Game
[Luis von Ahn, 2006]
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The Phetch Game
[Luis von Ahn, 2006]

Screen of the seeker’s interface
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The Phetch Game
[Luis von Ahn, 2006]

The Phetech description are different: “half-man half-
woman with black hair” and “an abstract line drawing 

of a man with a violin and a woman with a flute”
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Designing Games with a Purpose
• Social Games or Game with A purpose is an innovative 

idea that make use of human brain power to solve 
difficult problems

• Output-agreement games

• Inversion-problem games

• Input-agreement games

[Luis von Ahn, 2008]
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Output-Agreement Games
[Luis von Ahn, 2008]

Same
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Inversion-Problem Games

• One “describers”

• Others “guesser”

• The output given by 
describers should help 
the guesser produce the 
original input

[Luis von Ahn, 2008]
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Input-Agreement Games

• Both players produce 
output describing their 
input, to help their 
partners to determine 
whether their inputs are 
the same or different

[Luis von Ahn, 2008]

Same or different
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Designing Games with a Purpose
[Luis von Ahn, 2008]

Input-agreement Inversion-problem Output-agreement

Initial setup
Two random 

strangers
Two (or more) 

random strangers
Two random 

strangers

Rules
Same input; 

Both produce 
output

Describer sees the 
input and produces 
output; Guesser(s) 
searches for input

Same or different 
input; Both 

produce output 
and guess whether 
input are the same

Winning-
condition

Same output Guesser produce 
the same input

Both correctly 
determine
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Make Games More Entertaining

• Introduce challenge 

• Timed response, score keeping, player skill level, high score 
lists, and randomness

• Introduce competition

• Introduce variation

• Introduce communication

[Luis von Ahn, 2008]
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Ensue Output Accuracy

• Random matching

• Cannot collaborate to cheat

• Player testing

• Quality of intelligent

• Repetition

• Probabilistic correct

• Taboo output

• Eliminate obvious answers, increase diversity

[Luis von Ahn, 2008]
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Why is it important?

• Some statistics for ESP game (July 2008)

• 200,000+ players have contributed 50+ million labels

• Each player plays for a total of 91 minutes

• The throughput is about 233 labels/player/hour (i.e., 
one label every 15 seconds)

• Idea behind

• Solve some problems which are difficult to be solved by 
computers

• Take advantage of people’s desire to be entertained

• Produce useful metadata as a by-product
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Modeling Human Computation

• Three challenging issues to consider

• Game integrity issues

• How do we make the game do what we want to do?

• Quality assurance issues

• How do we know the results are correct and useful?

• Game design issues

• How do we make the system interesting to play?
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Summary

• Human computation 
opens a new frontier!

• Further exploration of 
human cognitive abilities

• Theoretical modeling 
and analysis of social 
gaming

• Software platforms to 
support quick 
prototyping

http://www.hcomp2009.org/Home.html
http://www.hcomp2009.org/Home.html
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Outline 

• What is privacy and trust?

• Privacy in social network

• Basic privacy requirement

• Privacy in graph

• Trust in social network

• Reference
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What is Privacy

• Privacy is the ability of an individual or group to seclude 
themselves or information about themselves and 
thereby reveal themselves selectively. 

• Different privacy boundaries and content

• Voluntarily sacrificed

• Uniquely identifiable data relating to a person or persons
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What is Trust

• Trust is a relationship of reliance

• Not related to good character or morals

• Trust does not need to include an action that you and the 
other party are mutually engaged in

• Trust is a prediction of reliance on an action

• Conditional
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Privacy and Trust Tradeoff
• Privacy

• Need legal rights

• Reveal more data to 
trustworthy people

• Trust

• Provide access rights

• Gain trust through open 
sensitive data
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Outline

• What is privacy and trust?

• Privacy in social network

• Basic privacy requirement

• Privacy in graph

• Trust in social network

• Reference
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Motivation
Published table Voter registration list

An adversary

Fact: 87% of Americans can be uniquely identified by 
         {Zipcode, gender, date-of-birth}.
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k-anonymity

• k-anonymity

• Divide tuples into groups

• Each group has at least k tuples

[Sweeney, 2001]

Not sure about the salary of Andy now!

A group
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Problem with k-anonymity
[Machanavajjhala, 2001]

A 4-anonymous tableMicrodata

What about we know a person’s Zip Code = 13053 and Age = 31?
In this case, we can conclude his/her disease is Cancer.



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

l-diversity

• l-diversity

• Divide tuples into groups

• Each group has at least l different sensitive values

[Machanavajjhala, 2001]

A 3-diverse tableMicrodata
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(k, e)-anonymity

• (k, e)-anonymity

• Each group has at least k tuples

• Difference between the maximum and minimum values must 
be at least e

Microdata A 3-diverse table

Though the salary in group 1 is different,  we are 
sure that Alex’s salary is around 55,000

[Zhang, 2007]
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Outline

• What is privacy and trust?

• Privacy in social network

• Basic privacy requirement

• Privacy in graph

• Trust in social network

• Reference
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Possible Attacks on Anonymized Graphs

• Attack method [Michael Hay, 2008]

• Identify by neighborhood information

• It includes

• Vertex Refinement Queries

• Sub-graph Queries

• Hub Fingerprint Queries



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

Possible Attacks on Anonymized Graphs

• Attack types [Lars Backstrom, 2008]

• Active Attacks

• Create a small number of new user accounts linking with other 
users before the anonymized graph is generated

• Passive Attacks

• Identify themselves in the published graph

• Semi-passive Attacks

• Create necessary link with other users
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Vertex Refinement Queries
[Michael Hay, 2008]

H*’s computation is linear in the number of edges in the graph!
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Summary

• Data privacy and security is a real and serious issue

• k-Anonymity and l-Diversity could help but may not be 
watertight

• Anonymizing graphs through graph generalization, node 
partitioning, and graph summarization
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Categories of Educational Activities

• Media sharing

• Media manipulation

• Conversational arenas

• Online games and virtual worlds

• Social networking

• Blogging

• Social bookmarking

• Recommender systems

• Collaborative editing

• Wikis

• Syndication
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Media Sharing

General Educational

Uploading and downloading media 
files for audience or exchange

Sites have emerged that welcome 
creative digital material organized 

by educators

Zentation:  Share video and 
powerpoint

NoteCentric:  Share university 
class notes
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Media Manipulation

General Educational

Use web-accessible tools to design 
and edit digital media files

Provide graphical representations 
education materials

Thumbstacks:  Allow 
presentations to be built and 

played online

Googlelittrips: Link 
literature to places or maps
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Conversational Arenas
General Educational

One-to-one or one-to-many 
conversations between 

internet users

Support educational 
conversations by a variety of 

tools

Think: Teachers and students 
create learning projects, 
participate in a website 

competition...

Chatmaker:  Users can create 
chat rooms for personal 

websites, blogs, newsgroups...
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Online Games and Virtual Worlds
General Educational

Rule-governed games or themed 
environments that invite live 
interaction with other users

Develop multi-player online games 
for educational purpose

Vue: Provide a virtual 
educational and research 

institute

Schome: An education system 
to support people in learning 

throughout their lives
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Online Games: Second Life
• Second Life: The Second 

Life Grid platform 
provides a powerful 
platform for interactive 
experiences

• Use it for classes, 
research, learning and 
projects

• University have set up 
virtual campuses where 
students can meet, attend 
classes, and create content 
together
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Social Networking

General Educational

Websites that structure social 
interaction between members 

who form subgroups of ‘friends’

Typically include education-oriented 
friendship groups

Schoolnetglobal: Provides a child-
oriented design and security 

service for cross-site collaboration

Learnhub: Teachers can create 
learning communities.
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Blogging
General Educational

An on-line journal or diary in 
which a user can post text and 
digital material while others can 

view and comment

Blog sites exist especially for 
students and teachers

Edublogs: Blogging for 
teachers and students

Nature: Encourages scientific authors 
to blog around their findings



Introduction to Social Computing, Irwin King, WWW2009, April 20, 2009, Madrid, Spain

Wikis
General Educational

Web-based services allow users 
unrestricted access to create, 

edit and link pages

Sites that allow students and teachers 
to establish their own wiki with an 

educational slant

Pbwiki: students and teacher 
can create their own wiki

Wikiversity: devoted to learning 
resources, learning projects, and 

research for use in all levels, types, and 
styles of education
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Social Bookmarking
General Educational

Allow users to submit their 
bookmarked web pages to a 

central site where they can be 
tagged and found by others

Bookmarks sharing systems 
designed for research and education 

users 

BibSonomy: A system for 
sharing bookmarks and list of 

literature

Citeulike: A website for the 
collecting and sharing research 

publications
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Recommender Systems
General Educational

Websites aggregate and tag user 
preferences to make novel 

recommendations

Recommender systems designed for 
research and education users 

Ratemyteachers:  An (infamous) example of recommendation 
technology in education involves user evaluation of teachers.
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Collaborative Editing
General Educational

Web tools used collaboratively 
to design, construct and 
distribute digital product 

Text, spreadsheets and other 
documents can be stored centrally 

and permit collaborative editing

Thinknature: Websites 
incorporate more visual 

tools for collaborative pages

Bubbl.us: Some emphasizing 
mind-maps for brainstorming 
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Syndication
General Educational

Users can ‘subscribe’ to RSS feed 
enable websites so that they are 

automatically notified of any changes 
or updates in content via aggregator

Websites from which students can 
take advantage of syndicated 

content

Podcastschool: A website contains 
podcasts for school students

Stanford: A website contains 
syndicated material sponsored by 

Stanford
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Tensions and Areas for Further Research

• Teaching vs. learning

• Walled garden vs. open arena

• Private learning vs. collaborative learning

• Digital native vs. digital immigrant

• Social networking vs. anti-social networking

• Rip-mix-burn vs. cut-tweak-paste

• Transitory marks vs. persistent marks

• Print literacy vs. digital literacy

• Serial processing vs. parallel processing
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Economist Intelligent Unit 2008






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Summary

• New availability of resources for learning

• Easy access to free and a variety of information resources

• Education providers pressured to open up their resources 
to show their quality

• New learner empowerment and networks

• New empowerment in choosing the learning provider

• New means to express and show one’s skills

• New participation in learning processes

• Digital natives expect to use participative approaches
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Concluding Remarks

• Social Computing is here to stay!

• Relations are important! 

• Discovering new paradigms by blending different social media 
and interactions

• Be concerned about computational techniques to search, rank, 
and mine data and information to achieve collective 
intelligence/wisdom
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On-Going Social Computing Research

Machine Learning

• Direct Zero-norm Optimization for Feature 
Selection (ICDM’08)

• Semi-supervised Learning from General Unlabeled 
Data (ICDM’08)

• Learning with Consistency between Inductive 
Functions and Kernels (NIPS’08)

• An Extended Level Method for Efficient Multiple 
Kernel Learning (NIPS’08)

• Semi-supervised Text Categorization by Active 
Search (CIKM’08)

• Transductive Support Vector Machine (NIPS’07)

• Global and local learning (ICML’04, JMLR’04) 

Web Intelligence

• Effective Latent Space Graph-based Re-ranking 
Model with Global Consistency (WSDM’09)

• Formal Models for Expert Finding on DBLP 
Bibliography Data (ICDM’08)

• Learning Latent Semantic Relations from Query 
Logs for Query Suggestion (CIKM’08)

• RATE: a Review of Reviewers in a Manuscript 
Review Process (WI’08)

• MatchSim: link-based web page similarity 
measurements (WI’07)

• Diffusion rank: Ranking web pages based on heat 
diffusion equations (SIGIR’07)

• Web text classification (WWW’07)

Collaborative Filtering

• Recommender system: accurate recommendation 
based on sparse matrix (SIGIR’07) 

• SoRec: Social Recommendation Using Probabilistic 
Matrix Factorization (CIKM’08)

Human Computation

• An Analytical Study of Puzzle Selection Strategies for 
the ESP Game (WI’08)

• An Analytical Approach to Optimizing The Utility of 
ESP Games (WI’08)
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Weaving Services and People  
on the World Wide Web
Ever since its inception, the Web has changed the landscape of human experiences on how we 
interact with one another and data through service infrastructures via various computing devices. 
This interweaving environment is now becoming ever more embedded into devices and systems 
that integrate seamlessly on how we live, both in our working or leisure time.

For this volume, King and Baeza-Yates selected some pioneering and cutting-edge research work 
that is pointing to the future of the Web. Based on the Workshop Track of the 17th International 
World Wide Web Conference (WWW2008) in Beijing, they selected the top contributions and 
asked the authors to resubmit their work with a minimum of one third of additional material from 
their original workshop manuscripts to be considered for this volume. After a second-round of 
reviews and selection, 16 contributions were !nally accepted.

The work within this volume represents the tip of an iceberg of the many exciting advancements 
on the WWW. It covers topics like semantic web services, location-based and mobile applications, 
personalized and context-dependent user interfaces, social networks, and folksonomies.  
The presentations aim at researchers in academia and industry by showcasing latest research 
!ndings. Overall they deliver an excellent picture of the current state-of-the-art, and will also 
serve as the basis for ongoing research discussions and point to new directions.
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Economist Intelligent Unit 2008

Potential increase in student plagiarism
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