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The World As We Know It!
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The Year of the “Mobile AD”?
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Mobile Users by Country
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The Mobile AD Pie

1 B euro in 2008
8.7 B euro in 2014

43% growth annually



The Moving Target of Mobile User Modeling, Irwin King
WSDM2011 Workshop on User Modeling for Web Applications, February 9, 2011, Hong Kong

Google => AdMob
Apple => Quattro

The Mobile AD War
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The Three Screens of Digital Lifestyle

TV

U-verse
DVR

PC

Internet
Wi-fi

Wireless Device

Mobile
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What Does AT&T Offer?

• AT&T Mobility with 95.5 million mobile subscribers (Dec. 
2010)

• AT&T U-verse reaches more than 27 million living units 
(Dec. 2010)

• AT&T Wi-Fi with 23,000 U.S. hotspots and more than 
125,000 global hotspots (Dec. 2010)

• AT&T Interactive with YellowPages.com, Buzz.com, etc.

Phone connection graph, Call-through-rate (CTR)
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• Intention - why

• Behavior - what

• Performance - how good

• Knowledge - how much

• Competence - how to act upon

What to Model in User Modeling
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What to Model

TV PC Wireless

• Intention 
(action, goal, 
plan, etc.)

• Behavior
• Performance
• Knowledge
• Competence

• Aggregated 
media viewing 
habits

• Commercial 
search 
intentions

• Network 
optimization

• Individual 
location-based 
information

• User’s locative 
intentions

• Learning 
personal/family/
business 
similarity
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Difficulties in Mobile User Modeling

http://www.intomobile.com/2010/11/04/how-iphone-android-and-blackberry-users-see-each-other/

• What you see and what 
other see in you is different

• What you see and what we 
see in you is also different
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Issues in Mobile User Modeling

• Missing value, error handling, accuracy, etc.

• Entity disambiguation

• Making inferences

• Scalability issues

• Algorithm efficiency
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Potential Applications

• Personalization and adaptation

• Recommendation

• Learning to rank

• Intelligent analytics

• Target marketing
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Multi-task Feature Selection

Same Task Different Tasks

Homogeneous 
Database

(same features)
Regular Learning

Multi-task 
Learning

Heterogeneous 
Database
(different 
features)

Structured Output 
Learning Transfer Learning
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Online Learning for Multi-Task Feature Selection

• Why Multi-Task Feature Selection?

• Related tasks contain helpful information

• Redundant/irrelevant features exist

• Gene selection from microarray data in related diseases

• Distinguish healthy from unhealthy genes for different 
diseases with few samples and large variables

• Text categorization from documents in multiple related 
categories

• Detecting spams from persons with similar interests

• Automatic classifying related web page categories

work with Haiqin Yang
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Previous Work

• A generalized L1-norm single-task regularization 
(Argyriou et al., 2008)

• Mixed norms of L1, L2, and L∞ norms (Obozinski et al., 
2009)

• Nesterov’s method on MTFS (Liu et al., 2009)

• L0,0-regularization based on MIC (Dhillon et al., 2009)
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Problems and Contributions
• Problems

• Features among tasks are 
often redundant or 
irrelevant

• Data come in sequence

• Data are large in volume

• Contributions

• First online learning 
framework for MTFS

• Easy implementation

• Efficient in both time 
complexity and memory 
requirement

• Find important features and 
important tasks that 
dominate features

• Easily extended to nonlinear 
models
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Multi-Task Feature Selection Models

Data: i.i.d. observations: D =
�Q

q=1 Dq

Model: fq(x) = wq�x, q = 1, . . . , Q

Objective: min
W

�Q
q=1

1
Nq

�Nq

i=1 �
q(W•q, z

q
i ) + Ωλ(W)

W =
�
w

1,w2, . . . ,wQ
�
= (W•1, . . . ,W•Q) =

�
W

�
1•, . . . ,W

�
d•
��

Dq = {zqi = (xq
i , y

q
i )}

Nq

i=1 sampled from Pq, q = 1, . . . , Q

x ∈ Rd–input variable, y ∈ R–response
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Multi-Task Feature Selection Models

Regularization

iMTFS: Ωλ(W) = λ
�Q

q=1 �W•q�1 = λ
�d
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j•
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1
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• W: Matrix

• Original formulation is in linear case; it can be extended 
to non-linear case easily

• Motivated by the success of dual averaging method 
(Xiao, 2009;  Yang et al., 2010)

Online Learning Algorithm
Initialization: W1 = W0, Ḡ0 = 0
fort = 1, 2, 3, . . .
1. Compute the subgradient on Wt, Gt ∈ ∂ lt
2. Update the average subgradient Ḡt:

Ḡt =
t−1
t Ḡt−1 +

1
tGt

3. Calculate the next iteration Wt+1:

Wt+1 = argmin
W

Υ(W) �
�
Ḡ�

t W+Ωλ(W)+ γ√
t
h(W)

�

end for
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Updating Rules for Online MTFS
Define: h(W) = 1

2�W�2F

• iMTFS: For i = 1, . . . , d and q = 1, . . . , Q,

(Wi,q)t+1 = −
√
t

γ

�
|(Ḡi,q)t|− λ

�
+
· sign ((Ḡi,q)t).

• aMTFS: For j = 1, . . . , d,

(Wj•)t+1 = −
√
t

γ

�
1− λ

�(Ḡj•)t�2

�

+

· (Ḡj•)t.

• MTFTS: For j = 1, . . . , d,

(Wj•)t+1 = −
√
t

γ

�
1− λ

�(Ūj•)t�2

�

+

· (Ūj•)t,

where the q-th element of (Ūj•)t is calculated by

(Ūj,q)t =
�
|(Ḡj,q)t|− λrj

�
+
· sign ((Ḡj,q)t), q = 1, . . . , Q.

Efficiency: O(d×Q) in memory cost and time complexity
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Theoretical Results

• Average regret for MTFS

• Theoretical bounds

R̄T (w) :=
1

Q

Q�

q=1

1

T

T�

t=1

(Ωλ(Wt) + lt(Wt))− ST (W)

R̄T ∼ O(1/
√
T )
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Experimental Setup
• Data

• School data

• Computer survey data 
for conjoint analysis

• Comparison algorithms

• iMTFS (individual MTFS)

• aMTFS (across MTFS)

• DA-iMTFS (dual average)

• DA-aMTFS (dual average) 

• DA-MTFTS (dual 
average)

• Platform

• PC with 2.13 GHz dual-
core CPU

• Batch-mode algorithms: 
Matlab

• Online-mode algorithms: 
Matlab
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School Data
• Description

• Objective-Predict examination scores

• Data: Exam scores of 15,362 students from 139 secondary schools 
in London during the years 1985, 1986, and 1987, Q=139

• Features: Year of the exam (YR), 4 school-specific and 3 student-
specific features, d=27

• Setup

• Evaluation: Explained variance                                  , the larger 
the better

• Loss: Square loss

• Parameters setting: Cross validation (hierarchical search and grid 
search)

(R2) 1− SSerr
SStol
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School Data Results
• Learning multiple tasks simultaneously can gain over 

50% improvement than learning the task individually

• Online learning algorithms attain (nearly) the same 
accuracies as batch-trained algorithms

• DA-MTFTS attains the same accuracy as DA-aMTFS 
with fewer NNZs

Method Explained Variance NNZs Parameters

aMTFS 21.0±1.7 815.5±100.6 λ = 300
iMTFS 13.5±1.8 583.0±16.6 λ = 40
DA-aMTFS 20.8±1.8 605.8±180.3 λ = 20, γ = 1, ep=120
DA-MTFTS 20.8±1.9 483.7±130.7 λ = 20, γ = 1, ep=120
DA-iMTFS 13.5±1.8 1037.1±21.4 λ = 1, γ = 50, ep=120
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Effect of λ and γ
• Results

• NNZs decreases as λ increases

• NNZs increases as γ increases

• Fewer NNZs in DA-MTFTS than DA-aMTFS
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Learned Features
• Results

• Features learned from the online algorithms are consistent 
to those learned from the batch-trained algorithm

• Predicted exam score depends strongly on the students' 
verbal reasoning (VR) test band

• Next influence is the ethnic background and year admission
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Conjoint Analysis
• Description

• Objective: Predict rating by estimating respondents’ partworths 
vectors

• Data: Ratings on personal computers of 180 students for 20 different 
PC, Q = 180

• Features: Telephone hot line (TE), amount of memory (RAM), screen 
size (SC), CPU speed (CPU), hard disk (HD), CDROM/multimedia 
(CD), cache (CA), color (CO), availability (AV), warranty (WA), 
software (SW), guarantee (GU) and price (PR); d = 14

• Setup

• Evaluation: Root mean square errors (RMSEs)

• Loss: Square loss

• Parameters setting: Cross validation (hierarchical and grid search)
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Conjoint Analysis Results
• Accuracy

• Learning partworths vectors across respondents can help to 
improve the performance

• Online learning algorithms attain nearly the same accuracies 
as batch-trained algorithms

Method RMSEs NNZs Parameters
aMTFS 1.82 2148 λ = 44.5
iMTFS 1.91 789 λ = 3

DA-aMTFS 1.83 1800 λ = 5, γ = 0.9, ep=20
DA-MTFTS 1.83 1816 λ = 5, γ = 0.95, ep=20
DA-iMTFS 1.92 662 λ = 0.5, γ = 1.0, ep=20
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Effect of λ and γ
• Results

• NNZs decreases as λ increases

• NNZs increases as γ increases

• Fewer NNZs in DA-MTFTS than DA-aMTFS
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Learned Features
• Results

• Features learned from the online algorithms are consistent 
to those learned from the batch-trained algorithm

• Ratings are strongly negative to the price and positive to the 
RAM, the CPU speed, CDROM, and cache
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Time Cost

• School Data

• aMTFTS: 1.30s

• DA-MTFTS: 0.99s

• Conjoint Analysis

• aMTFTS: 0.162s

• DA-aMTFS: 0.115s
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Summary

• Mobile user modeling is a challenging and interesting 
problem!

• A novel online learning algorithm framework for multi-
task feature selection

• Apply this framework for several multi-task feature 
selection models

• Experimental results demonstrate its efficiency and 
effectiveness
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On-Going Research
Machine Learning

• Smooth Optimization for Effective Multiple Kernel Learning (AAAI’10)

• Online Learning for Multi-Task Feature Selection (CIKM’10)

• Simple and Efficient Multiple Kernel Learning By Group Lasso (ICML’10)

• Online Learning for Group Lasso (ICML’10)

• Heavy-Tailed Symmetric Stochastic Neighbor Embedding (NIPS’09)

• Adaptive Regularization for Transductive Support Vector Machine (NIPS’09)

• 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) 
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On-Going Research
Web Intelligence/Information Retrieval

• Routing Questions to Appropriate Answerers in Community Question Answering 
Services (CIKM’10)

• Diversifying Query Suggestion Results (AAAI’10)

• A Generalized Co-HITS Algorithm and Its Application to Bipartite Graphs (KDD’09)

• Entropy-biased Models for Query Representation on the Click Graph (SIGIR’09)

• 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)
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On-Going Research
Recommender Systems/Collaborative Filtering

• Recommender Systems with Social Regularization (WSDM’11)

• CMAP: Effective Fusion of Quality and Relevance for Multi-criteria Recommendation (WSDM’11)

• UserRec: A User Recommendation Framework in Social Tagging Systems (AAAI’10)

• Learning to Recommend with Social Trust Ensemble (SIGIR’09) 

• Semi-Nonnegative Matrix Factorization with Global Statistical Consistency in Collaborative 
Filtering (CIKM’09)

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

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

Human Computation

• Collection of User Judgments on Spoken Dialog System with Crowdsourcing (SLT’10)

• A Survey of Human Computation Systems (SCA’09)

• Mathematical Modeling of Social Games (SIAG’09)

• 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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