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Problem Statement 
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Motivation

� The amount of content prepared to be 
delivered to mobile devices is raising 
everyday 

— The Web is becoming the universal access 
mechanism to information anywhere-anytime

� Search technologies are starting to play an 
important role in the mobile space

— They are the instrument used by users to 
access to information that suits their needs in 
an specific moment and place

� However user expectations about searching 
are very different while they are mobile
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User Expectations

� Guide me, avoiding, as much as possible, manual 
introduction of search terms / contextual information

— Why do you ask me about my location? guess it

� Don’t force me to use trial and error methods

— I want precise results now!

� Don’t provide results that cannot be managed properly 
by my Device or Web Browser

� Don’t provide results that make me pay a fortune

— If you do so I will never try it again

� Location and time are relevant in certain situations

— You should take care of that on my behalf

� My preferences, intentions and goals should be taken 
into account
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Research Challenges (I)

� User interfaces that leverage “the text box 
approach”
— Capable of recognizing concepts and not words 

— Aware of context filtering concepts that do not apply in 
a certain situation (for example a beach in a place 
that is not in the coast)

— Autocompletion based on semantics

� Provide search results not only relevant 
from the content point of view but also 
from the Delivery Context (DC) point of 
view
— More metadata is needed 

— “Index” content by several criteria

— Combine different ranking functions
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Research Challenges (II)

- Deal with multiple user agents. How it can be 
detected that a site adapts content?

Adaptive Content Crawling

- Semantic Auto-completion based on domain 
ontologies and thesauri

- AJAX-based search interfaces optimized for mobile

Advanced User interface that guide the user

- Modeling the Delivery Context using ontologiesFormal representation of the DC

- Device Description Repositories

- Use additional sources of info (GPS, services 
available in the Network etc.)

- Ask the user

Figure out Delivery Context Properties 
(Delivery Context Population)

- What happens if this metadata is not available? 

- You will need to guess: NER, Taste the content ..

Content metadata

(Geo-Referencing, Mobile Readiness, etc.)

- Multiple indexes (Textual, Geographical, Mobile 
Readiness …)

Content Indexing

- Ranking functions for each contextual criteria

- Combine different functions to obtain a final score

Content Ranking

How to face itChallenge
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MyMoSe Project
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MyMoSe Project

� Research project on contextual search applied to the Mobile Web 
environment

� Research, development and experimentation is ongoing to address 
the different challenges identified 

� We have focused, so far, on two aspects of the DC

— Location

— Mobi-Readiness of  web pages

� We have some preliminary results and an early UI prototype
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MyMoSe : Target Architecture
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Delivery Context
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Delivery Context (DC)
� [ Definition (W3C’s DI Glossary) ]

— Delivery Context : A set of attributes that characterizes the capabilities of the 
access mechanism, the preferences of the user and other aspects of the context 
into which a web page is to be delivered.

� The most important piece of information for performing contextual search on 
the mobile web environment 

� The Delivery Context is an aggregation of different aspects
— Device & Web Browser Capabilities

— Network Capabilities

— Environment
– Location (position, local time, weather conditions ...)

— User (Preferences, tastes, profile, ...)

— .....

� We represent formally the DC using Description Logic
— Ontology expressed in OWL-DL (based on W3C’s DCO, Work in Progress)

— Allow to exploit reasoning capabilities when needed

� The DC attributes are bound to different sources of information
— WURFL, UAProf, Services in the Network, GPS devices ....
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DC Classification

� Problem: Classify the DC from the point of view of Web 
Browser and Device capabilities

— Needed to decide at ranking time how good it is a web page 
for a given DC 

� Based on WURFL device capabilities. 

— ���������	
���
��	����
�� �����	��
���������	������� �����

� Delivery Context Categories 

— Baseline : W3C’s standard Default Delivery Context (DDC)
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Adaptive Content Crawling
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Adaptive Content Crawling

� Conventional crawling is not enough if a site is adapting content i.e. 
the same URI returns different content depending on the DC 
(Device + Browser)

— New mechanisms and heuristics are needed

� The first step is to check if the site is performing content adaptation

— Unfortunately the only viable technique today is “taste the content”

� Content Adaptation Detection Heuristics and Techniques

— We retrieve pages with 3 different HTTP header sets corresponding to 
different DCs (WML, XHTML, Desktop Browser) and compare the 
results

— If a site adapts content we need to obtain different versions of the 
content using different UA String to represent different categories of 
DCs
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Adaptive Content 
Crawling

� Our crawler is based on W3C’s 
Mobile OK Checker RI

— The crawled pages are serialized in  
.moki documents which will be used 
later to classify the content

� We crawl a small set of the Web in 
order to have a corpus of 
documents that enable 
experimentation

— The initial crawling URIs are 
obtained from different search 
engines : Google, TPI, Yahoo, 
find.mobi …

� We obtain different kind of content 
(mobile and not mobile)
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Automatic Classification of web pages
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Web Page Classification
� For each URI detect in which DCs it can be displayed properly and what is the best. 

� We define classification levels from a page that is WML to a page that is pure desktop

� Our aim is to differentiate between

— Mobile optimized content

— Mobile friendly content

— Mobile unaware content (targeted to the desktop environment)

� Content classification is driven by the result of different XSLT-based tests performed over 
the .moki document

— Standard W3C’s mobileOK Basic Tests � Determine if a page is “mobileOk Basic” (baseline)

— New tests have been added to classify pages in a finer grain

� Content Categories
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Experimental Results

� Corpus with 429 pages

� Algorithms and results

— Test results-driven rules derived from 
human knowledge (84.4%)

— Discrimination analysis that 
statistically classifies pages (92.9%)

– Cross validation with 30% of the 
corpus (89.8%)

0 20 40 60 80 100

%

MOBILE_OPTIMIZED

MOBILE_FRIENDLY

DESKTOP_ORIENTED

discriminant
discriminant (cross validation)
expert system
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Mobi-Readiness Ranking

� At search-execution time each page that satisfies search 
conditions must be ranked with respect to its mobi-readiness

— A matching between DC category and page category is done

� The page can be ranked as:
— OPTIMAL, FAIR, BAD or NOT_VALID for the current DC

!" #$%�&%'(! �)%�#'(! �)%�#'(! �)%�#'(! �)%�#''*�+ !"�!�#*( *'
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Web page Geo-Referencing
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Introduction

� Problem to be solved
— Assign automatically location/s to a web page according to its 

content

� Scenarios
— A) Page includes explicit geographic metadata (via RDFa, 

microformats, meta tags, etc.)
– Easy to manage by a search engine

— B) Page includes no geographic metadata (the most typical)
– Hard and complex : Big challenge

� Automatic geo-referencing in absence of metadata. Main steps:
— Geo-Parsing: extraction of geographic terms from the page content

— Geo-Coding : geo-ambiguity resolution and assignation of specific 
locations to geo-terms

— Geo-Focusing : determination of the main geographical focus of a page
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Geo-referencing steps
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Web page geo-referencing: An Example
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Geo-Parsing

� Input : a web page

� Techniques : 
— Name Entity Recognition based on the GeoNames gazzeteer

– Efficient extraction of geographic terms, easy to implement.

– More prone to geo/non-geo ambiguities than learning techniques

– Additional filtering is required

— Examples of additional filtering
– Filter person and company names, using killer and validator words.

– Ex. Mr. Washington / State of Washington

– Remove lists of regions or cities that create “location spam”

– Ex. Pages that are information directories (hotel lists, etc.)

� Output : An initial set of the geo-terms and its candidate 
administrative level (country, region, province, city …)
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Geo-Coding

� Input: A set of geo-terms and associated candidate 
administrative levels and locations

� Techniques:
— Geo-disambiguation heuristics are needed if a geo-term has several 

candidate locations

— The geo-terms are placed in a K-Partite graph where each partition 
represents an administrative level (country, city, region …)
– Candidate relationships between geo-names are also represented

— Leaf nodes vote to find the best parent location they have in common. 

— A score is assigned to every geo-term, based on the frequency of the term 
and the score of the children. 
– Parents with greater score are preferred for disambiguation.

— The place with the biggest population figure is chosen if no other evidence 
is found.

� Output : For each geo-term a precise location (GeoID)



26
Telefónica I+DTelefónica I+D GRINBD .- Dpto. Informática

Universidad de Valladolid

Geo-Focusing

� Input : A set of geo-terms with its GeoID (Location Coordinates)

� Techniques :

— A score is assigned to each geo-term, based on its frequency and 
the weight of its ancestors and successors in the graph

– Additional heuristics are used such as the presence of postal codes.

— The node with the best score is chosen as the primary focus of the 
page 

— Finally the location by examining the postal codes and possible 
streets related to that node, and choosing the most feasible.

� Output : The exact location (with more level of detail, if 
possible) which is the main focus of the page
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Experimental Results (I)

74,39%

25,61%

0 0,2 0,4 0,6 0,8

Results for 5000 pages from the experimentation 
corpus of Spanish municipalities of ODP

Wrong focus

Correct city focus
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Experimental Results (II)

0,40%

2,80%

3,20%

6,40%

11,08%

2,40%

73,72%

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Results of the detailed study of 500 pages from the  
corpus of Spanish municipalities of ODP

Correct city focus

Correct region focus only

Other problems

Wrong focus due to confussion
with proper names
Not disambiguable, except by
images or following links
Wrong focus due to
incompletenes of GDB
Not disambiguable
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User Interface
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UI .- Semantic Auto-completion

� Auto-completion of search terms recognizing concepts and not 
words

� Supported by a Thesaurus and several ontologies

� The Thesaurus models search concepts typically used in the mobile

� Sensible to context 

— Filters search terms depending on the situation

� Technologies

— Mobile AJAX to minimize bandwidth usage and response time

— SKOS to model relationships between concepts

— OWL-DL to model additional properties of concepts

— Rule Engine : Jena to filter concepts depending on the context
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UI .- Video-Demo 
http://gutenberg.dcs.fi.uva.es/~marari/mymosedemo.h tml
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Indexing and Ranking Combination
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Indexing

� Textual index and page classification levels are 
supported by Apache Lucene

� Geographic index is supported by PostGIS
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Ranking Combination

� The challenge is how to combine different scores into one 
final ranking
— Text score

— Geo score (based fundamentally on distance)

— Mobi-Readiness score

— Other

� Different approaches for computing a final ranking are under 
research
— Weighted sum

— Distance model (Distributed or not Distributed)

— Vector-space based model

— Probabilistic 
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Conclusions & Future Work 



36
Telefónica I+DTelefónica I+D GRINBD .- Dpto. Informática

Universidad de Valladolid

Conclusions & Future Work

� There is a place for improving user experience in the mobile web by 
means of DC-Aware search engines

� Automatic Geo-Referencing of pages is hard
— We need to stimulate people to start annotating mobile pages (using 

microformats, RDFa)

� The results of automatic web page classification are very promising
— We need to incorporate more variables such as cost of downloading, etc. 

— Be more specific for some kind of popular devices, for example, i-Phone

� AJAX as a way of improving the quality of user interface which is 
critical in the mobile

� Future Work
— Incorporate other contextual aspects (time, user, etc.)

— Experiment with the more ranking combination functions and obtain results 
for evaluation 
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Thank You


