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The End

• Lightweight semantics 
can be powerful

• Metadata on activity 
can be powerful

• There are more webs
each needs specific treatment, 
no silver bullet yet
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(Web)
Information 

Explosion



Web Information Space Evolution

• Legacy Web 

 [Semantic | 
Social | 

Adaptive] Web
– Increasing size and information complexity
– Novel applications and modes of operation
– User diversity and social interaction complexity
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Implicit
becomes

explicit



Why Metadata (Semantics)? 

• Deliver great results
– Faster access to essential information
– Not missing important information

• Richer and more organized exploring experience
– Better organized results
– Smart recommendations

• Accomplish key tasks more easily
– Shopping, traveling, health
– Decision making
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(Web) Information Space 
as a Large Semiotic System

Semiotic triangle (according (Frege, 1892))



Sources for Metadata

• Content
• Structure
• User activity
• Annotations
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How to Acquire Metadata 
of the Web Content? 

Automatically …



Wong, 2011

Representation of Metadata
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Web Metadata



Lightweight Domain and User Models   
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User Activity 
as a Source for Semantic

• User interests vs. visited information objects
• Explicit vs. implicit feedback
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Users and metadata 

• users create and access resources described by 
metadata
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Socially Enhanced 
Lightweight 

Domain Model



resources (content, annotations)
creators



Information tag



Information Tag

• descriptive metadata with a semantic relation to 
a tagged content

• defined by a triple of:
– Type: defines a type and a meaning of the information tag
– Anchoring: identifies a tagged information artifact
– Body: represents a structured information, a structure of 

which corresponds to the type of the information tag
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Information Tag Expressivity and Formality
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Lightweight domain model

resources (content, annotations)

creators (people, 
machine)



Web-scalable 
Extendable

Information tags 
Representation
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Requirements to a repository

1. VOLUME, VELOCITY - Web-scalable – good 
read and modify performance despite of 
nontrivial number of stored information tags

2. VARIETY - Extendable – ability to store 
information tags in a freeform model which is 
easily extendable with new types

3. VALUE - Querying support – effective data 
access should be supported
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Effective and powerful data access

• Store – creation of new information tag for an 
object (document)

• Update – e.g. after modification of a tagged 
object

• Obtain – retrieve the information tag by its URI
• Access history – obtaining of previous versions 

of information tag
• Obtain information tags anchored to an object
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Information tag model
• Open Annotation Model
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Specifying exact 
position of an 
annotation



Metadata anchoring and validity

• Changes in objects (documents)
→Robust anchoring descriptor

• Consistency of information tags
• Validity of information tags
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RDF-like repository

• efficient access to complete objects 
– support of basic SPARQL query processing 
– performance at least on the level of classical graph-

based RDF stores

→Document databases
– MongoDB with support of distributed processing via

MapReduce
– Distributed SPARQL Query Processing
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Information tags repository

• SPARQL query processing via MapReduce
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«oa:Annotation»
InformationTagBody

«interface»
ITargetRDFObject

«oa:SpecificResourc...
SpecificTargtet Target

«oa:Select...
Selector «oa:hasSelector» «oa:hasSource»

«oa:hasTarget»

1..*

«oa:hasBody»



Repository performance evaluation
• MongoDB vs. Bigdata RDF triple database



Automatic 
Semantics Acquisition

SERVER SOLUTION



Adaptive Proxy - PeWeProxy

• Extracting metadata from available content
• Evaluating the content by users – (implicit) feedback

request request

responsemodified
response

website

browser
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Open Corpus User Monitoring
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Basic outline of the PeWeProxy operation



Hello World

public class HelloWorldPlugin
extends ResponseProcessingPluginAdapter {

public ResponseProcessingActions
processResponse(ModifiableHttpResponse response) {

HtmlInjectorService htmlInjector = 
response.getServicesHandle().
getService(HtmlInjectorService.class);

htmlInjector.inject(“<h1>Hello world!</h1>”, 
HtmlPosition.START_OF_BODY);

return ResponseProcessingActions.PROCEED;
}
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PeWeProxy Workshop
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Colour your Web!
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Bubbles – the real Social Web
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DeNERDizer
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Web revisitation support
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PeWeProxy – advantages

• No limitation to a particular application domain
– Our primary domain is information search

• No change of peoples’ surfing habits 
– At least not dramatically

• Natural baseline to compare with
– Google?
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Automatic 
Semantics Acquisition

CLIENT SOLUTION



MePersonality

• Decentralized platform for user modeling

WISM 2012, Florence, October 18, 2012

Keywords

User

Web pages Tags
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Case study: 
Webification of

Software Development



Employing web-based methods 
in the software development 

domain one could improve 
software quality and 

development efficiency, 
e.g., support the creation of better code, 

improve progress visibility or help 
developers be more efficient



Information artifacts and metadata

• Web-like structure of software company 
information space
– Source codes
– Knowledge documents
– Developer interactions

• Information tags - metadata that describe an 
aspect of an artifact
– User generated
– Machine generated
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Programmer interaction

• browsing within the content (software artifacts) and 
on the Web

• content creation and other highly interactive 
activities

• other (complex) domain-dependent activities, e.g., 
testing content, which is unusual in the Web
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Collaborative 
software 
development 
architecture



Concept of collaborative programming
• detection of virtual communities using multiple connections types

• evaluation of source code quality based on an estimation of the current 
user state based on his activity (including biometrics)

• evaluation of software metrics based on interaction analysis of developers

• estimation of developer skill and proficiency
• evaluation of source code similarity, identification of patterns, anti-patterns, code 

smells, bad practices, recommendation of code snippets
• recommendation of good programming practices and snippets used by others
• focused search and automatic recommendation of problem solutions based on the 

current user task
• mining user behavior in the IDE and in the web browser as acquired by a proxy server

• positive motivation towards code revision, improvement of their 
own code and self-education
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Developers

• see where in the source code their colleagues work (friends, 
team, group)

• see which source code is ‘interesting’, e.g., unstable, due to 
frequent changes, stable (can be safely used and are likely 
‘good’), or forgotten

• receive recommendations for code snippet reuse, code 
revisions (e.g., based on similarity with other ‘bad’ code or 
written by someone who often writes ‘bad’ code)
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Managers

• see aggregated overviews of developer performance, 
reliability, ‘quality’

• see aggregated overviews of software metrics for source code 
to observe progress

• identify critical source code or developers based on 
knowledge tags (e.g., bug, bad code, deprecated code)

• observe knowledge and experience transfer between 
developers (e.g., who uses whose code snippets)

• track capabilities and workload of developers
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MORE EXAMPLES



Gaming as source 
for semantics



Game-driven crowdsourcing

• Goal: relevant domain terms (concept 
relationship network)

• Games
– Motivate people to participate
– Force people to develop winning strategies
– Support emergence of the wisdom of the crowd
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Little Search Game

• Discovery of concept relationships
• Game of search query guessing
• Query must follow specific pattern

– “Jaguar –car –animal –company”

• Game goal: minimize amount of returned results
– “Jaguar” – 56.2 millions of results
– “Jaguar –car” – just 30.5 milions of results
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• Relationships are hidden in the guessed queries
– “Easter –bunny –egg –spring”
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PexAce – metadata authoring
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PexAce – metadata authoring
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City Lights – metadata validation

• The basic task for the player - to guess, which set 
of tags was originally assigned to the music track 
that is currently being played 
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Domain dependent 
approaches



Content-based News Recommendation

• Tree construction
– binary decisions
– add new branches

• Recommendation
– locate stereotypes
– find relevant
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ALEF – Adaptive Learning Framework

Student

Learning Object Annotation

Metadata
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Learning and Collaborating

domain model

collaborative adaptive 
content creator

presenter

semantic logger

user model

user model 
inferencer

personalizer
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ALEF – student’s view

WISM 2012, Florence, October 18, 2012



Question-Answer 
Learning Objects



ALEF – student creates a question



ALEF – student creates a question



ALEF – student answers a question



Collaborative validation of learning 
objects
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ALEF – motivational element



User centric 
approaches



We search…
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Social Layer over Search
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Social-context driven query expansion

• Find keywords co-occuring with the keywords from 
the query

• Limit the search to user models from the user’s 
communities

• Append the keywords to the original query
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User interest estimation

• Analyzing browsing behavior within a web portal
– finding patterns in navigation (path, loop, circle, spike)
– grouping users according to patterns

• Behavior while visiting a particular web page
– actions: time spent, scrolling, text copying 

• interest indicators (comparing to average)

– comparing actions of current user with actions of others
– estimating user’s interest in visited page (CF based)

WISM 2012, Florence, October 18, 2012



User interest estimation
• Actions (scrolling, time spent, ...) = interest indicators
• Positive interest – indicators above average
• Negative interest – indicators below average

• Based on collaborative filtering
• Rating = estimated interest

average rating

ratings of similar users

correlation coefficient

interest prediction
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WebsiteImprover

same 
content for 
all users

content
personalized
for every
user
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Conclusions

• Major Features of Lightweight Semantics
– Separation between domain conceptualization and content 
– Extendibility, a possibility of new types of content 
– Reusability across various domains and applications 
– Explicit support for collaboration
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