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Where are we? 

# Title 

1 Introduction 

2 Semantic Web Architecture 

3 Resource Description Framework (RDF) 

4 Web of data 

5 Generating Semantic Annotations 

6 Storage and Querying 

7 Web Ontology Language (OWL) 

8 Rule Interchange Format (RIF) 

9 Reasoning on the Web 

10 Ontologies 

11 Social Semantic Web 

12 Semantic Web Services 

13 Tools 

14 Applications 
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Agenda 

1.  Motivation 
2.  Technical solutions and illustrations 

1.  Dr. Watson 
2.  Yahoo! SearchMonkey 
3.  ACTIVE case study 
4.  INSEMTIVES case studies 
5.  LARKC case study 

3.  Summary 
4.  References 
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MOTIVATION 
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Motivation 

•  Novel technology is often validated in real world case 
studies.  

•  Example: 
–  Company X wants to improve their knowledge management 

system by semantic technology. 
–  Company Y produces virtual worlds and wants to annotate 

multimedia elements in these games.  
•  Common scenarios:  

–  Data integration 
–  Knowledge management 
–  Semantic search 
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Data integration 

•  Data integration involves combining data residing in different sources 
and providing users with a unified view of these data. 

•  This process becomes significant in a variety of situations both 
commercial (when two similar companies need to merge their 
databases) and scientific (combining research results from different 
bioinformatics repositories, for example).  

•  Data integration appears with increasing frequency as the volume and 
the need to share existing data increases. 

•  In management circles, people frequently refer to data integration as 
"Enterprise Information Integration" (EII). 

•  By the use of ontologies, semantic technology can provide a solution to 
many data integration problems.  
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Based on http://en.wikipedia.org/wiki/Data_integration  
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Knowledge management 

•  Knowledge management comprises a range of strategies and practices 
used in an organization to identify, create, represent, distribute, and 
enable adoption of insights and experiences.  

•  Such insights and experiences comprise knowledge, either embodied in 
individuals or embedded in organizational processes or practice. 

•  Many large companies and non-profit organizations have resources 
dedicated to internal knowledge management efforts, often as a part of 
their 'business strategy', 'information technology', or 'human resource 
management' departments.  

•  Several consulting companies also exist that provide strategy and 
advice regarding knowledge management to these organizations. 

•  The management and preservation of knowledge has become a big 
topic in our information-based society.  

•  Semantic technology provides solutions to many knowledge 
management problems.  
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Based on http://en.wikipedia.org/wiki/Knowledge_management  
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Search 

•  Improved search is the underlying motivation for many semantic 
technologies.  

•  Semantic search seeks to improve search accuracy by understanding 
searcher intent and the contextual meaning of terms. 

•  Regardless, whether on the Web or within a closed system. 
•  Rather than using ranking algorithms such as Google's PageRank to 

predict relevancy, Semantic Search uses semantics to produce highly 
relevant search results.  

•  In most cases, the goal is to deliver the information queried by a user 
rather than have a user sort through a list of loosely related keyword 
results. 
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Motivation (cont’d) 

In today’s lecture we look into example applications of semantic 
technology.  

•  Dr. Watson is an academic application for searching ontologies and 
semantic data on the Web. 

•  Yahoo!’s SearchMonkey allows developers and site owners to use 
structured data to improve Yahoo! search results. 

•  The ACTIVE project aims to develop technology that supports 
knowledge workers in their daily knowledge-related tasks. ACTIVE 
technology includes mostly plug-ins for Microsoft Office tools.  

•  The INSEMTIVES project aims at developing tools for the Semantic 
Web that are as appalling as many successful Web 2.0 apps.  

•  The LARKC project develops methods that enable large-scale, massive 
reasoning.  
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TECHNICAL SOLUTION AND 
ILLUSTRATIONS 

10 

www.sti-innsbruck.at 11	  11 

Dr. Watson: Application for 
searching ontologies and 
semantic data on the Web 
http://watson.kmi.open.ac.uk  
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Watson – What is it? 

•  Watson is a gateway for the 
Semantic Web. 

•  It provides efficient access 
point to the online ontologies 
and semantic data. 

•  Watson is developed at the 
Knoledge Media Institute of the 
Open University in Milton 
Keynes, UK. 
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Watson – How does it work? 

•  Watson collects available semantic content on the Web. 

•  The system analyzes this content to exstract useful metadata and 
indexes it. 

•  The system allows for efficient query facilities to access the data.  

•  Watson can be accessed via an HTML interface (cf. 
http://kmi-web05.open.ac.uk/WatsonWUI/), a Java API (cf. 
http://watson.kmi.open.ac.uk/WS_and_API-v2.html), or a REST 
(REpresentational State Transfer Architecture) API (cf. 
http://watson.kmi.open.ac.uk/REST_API.html). 
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Watson – How does it work? (cont‘d) 

14 
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Watson – Features at a Glance  

•  Watson attempts to provide high quality semantic data by ranking 
available data.  

•  The system allows efficient exploration of implicit  and explicit 
relations between ontologies 

•  Search results only show relevant ontology modules by extracting it 
from the respective ontology. 

•  Different interfaces are supported for querying and navigation as 
well as different levels of formalization. 

15 www.sti-innsbruck.at 16	  

Watson – example search via HTML interface 
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Search	  for	  movie	  and	  director	   ResulEng	  ontologies	  
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Watson for Semantic Indexing and Semantic 
Portals 

•  Web already offers topic-specific portals and generic structured 
directories like Yahoo!  

•  With semantic technologies such portals could: 
–  use deeper categorization and use ontologies 
–  integrate indexed sources from many locations and communities 
–  provide different  structured views on the underlying information  

•  Example application: Watson 
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Yahoo! directory 

•  http://dir.Yahoo!.com provides an alternative to keyword 
search. 

•  The portal indexes pages along a pre-defined taxonomy. 
•  The directory allows to browse Web pages along a 

taxonomy (cf. screenshots).  

18 
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Watson for Semantic Indexing and Semantic 
Portals (cont‘d) 

Watson‘s crawling and indexing features could be useful for a semantic 
directory in various ways:  

•  Instead of using a taxonomy, an ontology could allow for more 
meaningful and deeper categorization as well as relationships 
among Web resources.  

•  The indexing could be more meaningful, i.e. a better classification of 
Web resources would lead to better search results.  

•  It would allow to provide differing views on the underlying 
information.   
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Semantics for Search Result 
Enhancement: Yahoo! 
SearchMonkey 
http://developer.yahoo.com/
searchmonkey/  
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Applications for description, discovery and 
selection  

•  This is a category of applications the are closely related to semantic 
indexing and knowledge management. 

•  Applications are mainly for helping users to locate a resource, product 
or service meeting their needs. 

•  Example application: Yahoo! SearchMonkey 

21 

Slides based on slides by Peter Mika, presented at the INSEMTIVES meeting, Oct 2009, Madrid, Spain 
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SearchMonkey – What is it? 

•  Search monkey is a framework for adding 
metadata to Yahoo! Search results. 

•  Additional data, structure, images and links 
may be added to search results. 

•  Yahoo!’s crawler indexes and interprets 
RDFa, microformats, delicious data, etc. 

•  It displays the URL as an enhanced result, 
with standard or custom presentations. 

•  Yahoo!’s motivation for doing this:  
“Structured data is the new SEO”  (Dries 
Buytaert, Drupal) 

22 

http://developer.yahoo.com/searchmonkey/smguide/index.html  
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•  Creating an ecosystem of publishers, developers and end-users:  
–  Motivating and helping publishers to implement semantic annotation. 
–  Providing tools for developers to create compelling applications. 
–  Focusing on end-user experience. 

•  Rich abstracts as a first application. 
•  Standard Semantic Web technology 

–  dataRSS = Atom + RDFa (cf. the following slides) 
–  Industry standard vocabularies 

SearchMonkey 
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Yahoo! Search 

24 
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Before After

an open platform for using structured data to build 
more useful and relevant search results

What is SearchMonkey? 
SearchMonkey search results 
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image

deep 
links

name/value 
pairs or 
abstract

Enhanced Result SearchMonkey – examples 
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SearchMonkey – examples 

•  SearchMonkey enhances search results related to movies with 
movie information provided on Netflix (www.netflix.com) (cf. 
screenshot). 

•  Netflix is an online service that allows renting movies or TV shows 
and watching them via the Web.  

•  The system adds information about the searched movie and links to 
the search result (cf. screenshot).  
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Infobar 
SearchMonkey – examples 
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Acme.com’s
database

Index 

RDF/Microformat Markup

site owners/publishers share structured data with Yahoo!.  1

consumers customize their search experience with Enhanced Results or Infobars3

site owners & third-party developers build SearchMonkey apps.2

DataRSS feed

Web Services

Page Extraction

Acme.com’s 
Web Pages

SearchMonkey 
SearchMonkey – How does it work? 
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The user’s applications trigger on URLs in the search result page, 
transforming the search results.  

The inputs of the system are as follows: 
•  Metadata embedded inside HTML pages (microformats, eRDF, RDFa) 

and collected by Yahoo Slurp, the Yahoo crawler during the regular 
crawling process. 

•  Custom data services extract metadata from HTML pages using XSLT 
or they wrap APIs implemented as Web Services. 

•  Metadata can be submitted by publishers. Feeds are polled at regular 
intervals. 

•  Developers create custom data services and presentation applications 
using an online tool. 

30 

SearchMonkey – How does it work? 
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SearchMonkey – How does it work? (cont‘d) 
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Defining custom data services 

•  When defining new custom data services, first some basic information is 
provided such as name and description of the service and whether it will 
execute an XSLT or call a Web Service. (cf. screenshots) 

•  In the next step, the developer defines the trigger pattern and some 
example URLs to test the service with.  

•  Next, the developer constructs the stylesheet to extract data or specifies 
the Web Service endpoint to call. 

•  Note that custom data services are not required if the application only 
uses one of the other two data sources (embedded metadata or feeds). 

•  Creating a presentation application follows a similar wizard-like dialogue 
(cf. screenshots). 

32 
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Why semantic technologies for search result 
enhancement 

•  Semantic technologies promise a more flexible representation than 
XML-based technologies.  

•  Data doesn’t need to conform to a tree structure, but can follow an 
arbitrary graph shape.  

•  As the unit of information is triple, and not an entire document, 
applications can safely ignore parts of the data at a very fine-grained, 
triple by triple level.  

•  Merging RDF data is equally easy: data is simply merged by taking the 
union of the set of triples.  

•  As RDF schemas are described in RDF, this also applies to merging 
schema information. 

•  Semantics (vocabularies) are also completely decoupled from syntax. 
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DataRSS 

•  For SearchMonkey, the format DataRSS was developed, an extension 
of Atom for carrying structure data as part of feeds.  

•  Atom is an XML-based format which can be both input and output of 
XML transformation.  

•  The extension provides the data itself as well as metadata such as 
which application generated the data and when was it last updated.  

•  The metadata is described using only three elements: item, meta, and 
type.  

•  Items represent resources, metas represent literal-valued properties of 
resources and types provide the type(s) of an item. 

•  These elements use a subset of the attributes of RDFa that is sufficient 
to describe arbitrary RDF graphs (resource,rel, property, typeof). 

•  For querying, SearchMonkey uses an adapted version of SPARQL (cf. 
lecture 6).  

34 
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SearchMonkey – Ontologies used 

•  Common vocabularies used: Friend of a Friend (foaf), Dublin Core (dc), 
Vcard (vcard), Vcalendar (vcal), etc. (cf. Following slides) 

•  SearchMonkey specific ontologies provided by Yahoo!: 
–  searchmonkey-action.owl: for performing actions as e.g. comparing prices of items 
–  searchmonkey- commerce.owl: for displaying various information collected about 

businesses 
–  searchmonkey-feed.owl: for displaying information from a feed 
–  searchmonkey-job.owl: for displaying information found in job descriptions or 

recruitment postings 
–  searchmonkey-media.owl: for displaying information about different media types 
–  searchmonkey-product.owl: for displaying information about products or manufacturers 
–  searchmonkey-resume.owl: for displaying information from a CV 

•  SearchMonkey supports ontologies in OWL but it does not support 
reasoning over this OWL data. 
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SearchMonkey vocabularies 

36 
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Example: FOAF 
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Developer tool 
Developer tool 
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Developer tool 
Developer tool 
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Developer tool 
Developer tool 
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Developer tool 
Developer tool 

www.sti-innsbruck.at 42	  

Developer tool 
Developer tool 
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Gallery 
Gallery of search enhancements 
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ACTIVE case study 
www.active-project.eu  

Based on slides by Ian Thurlow, BT 
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British Telecom: knowledge  
management 

www.sti-innsbruck.at 46	  

Background 

•  Background for ACTIVE 
–  80% of corporate information is unstructured 
–  task switching is a productivity killer 
–  80% of business people use 2 or more devices and 20% use 4 or 

more 
–  most knowledge worker activity is not based on formal processes 

•  In addition, knowledge workers tend to be: 
–  overloaded with information (from multiple sources) 
–  interact with multiple systems 
–  geographically dispersed 
–  under pressure to reduce costs (respond and deliver better, 

quicker) 
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Overall aims of the case study 

•  To improve the effectiveness of BT’s knowledge workers 
through the use (and evaluation) of ACTIVE technology 

•  Give people the information/knowledge they want (filter 
out what they don’t need) 
–  based on people’s context and their priorities 
–  re-use existing information/knowledge 

•  Put people in touch with other people (relevant to their 
current work) 
–  make knowledge-sharing easy and natural 
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Overall aims of the case study (cont.) 

•  Guide people through their everyday tasks 
–  identify informal processes, e.g. when creating a bid response, 

training somebody new to the area 
–  learning from previous experiences  
–  maximise re-use of solutions 

•  Reduce task switching 
•  Provide a useful and robust ‘knowledge workspace’ 
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The knowledge workspace 

Interrupts: 
• E-mail (multiple accounts) 
• Voice mail 
• Schedule 
•  Task list 
•  IM 
• SMS 
• News items 
• Stock market 
• Weather 
• Security alarm 
• Bank alerts 
•  Travel news 
• Media 
• … 

Context: 
•  Interest profile 
• Device type 
• Connectivity 
•  Time, date, location 
• Current tasks 
• Community… 

ACTIVE Technology 
Features 
•  Filtering information 
•  Learning your interests 
•  Learning your knowledge processes 
• Modelling your context 
•  Learning your priorities 

Knowledge Workspace: 
• Prioritisation of interrupts 
• Automated support for 

knowledge processes 
• Concise, timely, relevant 

information 
• Context and device sensitive 
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Research challenges 

•  How do we learn and exploit user context to give users 
access to information (and knowledge):  
–  that they want 
–  when they want it 
–  in the form in which they want it 
–  whilst mitigating information overload! 

•  How do we share information more effectively 
–  to support other people undertaking similar tasks 
–  without interrupting people unnecessarily 
–  without overloading people with information    
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Research challenges (cont.) 

•  How do we learn and exploit informal knowledge 
processes both to guide users through those processes 
and to streamline them 
–  suggest actions to users based on previous ways of carrying out 

a process 
–  simplifying processes, making suggestions to users accordingly 

•  How do we measure the benefits of Active (technology)? 
–  e.g. efficiency of users, ease of access to information, user 

satisfaction? 
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Deployment challenges 

•  Engage the participants 
–  BT Retail sales workforce 

•  Sales specialists, technical consultants, sales consultants  

•  Keep participants interested (for 3 years) 
•  Target: 200+ people (M36) 

•  BT sales workforce/sales specialists - very busy people 
–  access to their time will be limited  
–  they will not tolerate anything which hinders their work 

•  applications and tools will need to be useful and robust 

–  people already interact with multiple systems (be careful of 
introducing others) 

•  can not just use the BT case study as a ‘test bed’ for all active technologies 
•  selective use of ACTIVE technology (to meet business needs) 

•  Integration of Active technology   
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BT Systems relevant for ACTIVE (cont’d) 

The core tools used by knowledge workers in BT that are 
relevant for ACTIVE technology include: 

•  Internet Explorer for browsing the Web 
•  Excel for preparing calculation tables and diagrams 
•  Outlook for e-mail management 
•  PowerPoint for preparing presentations 
•  Project for managing projects 
•  Visio for drawing figures 
•  Word for word processing 
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BT Systems relevant for ACTIVE (cont’d) 

Besides e-mail tools, other communication  tools include: 
•  Instant messaging,  
•  Mobile phone 
•  SMS 
•  SoftPhone (VoIP) 
•  BT MeetMe (conference) 
•  MS LiveMeeting 
•  Desk phone 

54 
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BT Systems relevant for ACTIVE (cont’d) 

In BT, we can identify the following information sources: 
•  BT Corporate Viewer storing customer information 
•  BT directory containing contact information of employees 
•  Intellact presenting corporate information and news  
•  Sales Zone for product information 
•  Offer Factory offering corporate proposal & bid support documents 

55 www.sti-innsbruck.at 56	  

BT Systems relevant for ACTIVE (cont’d) 

Tools that relate to knowledge processes include:  
•  LiveLink for document storage  
•  One View supporting customer order and information tracking 
•  Salesforce.com for tracking customer deals 

56 
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ACTIVE technology in BT 

•  The ACTIVE knowledge workspace is a system integrating smoothly 
with Microsoft Office applications.  

•  It supports the user in performing knowledge intensive tasks. 
•  In the BT case study, the system supports 3 major scenarios:  

–  Context and context switching application 
–  Process recording and playback 
–  Context-sensitive factbook  

•  We now provide an overview of each scenario and then show 
screenshots the process recording and playback functionality.  
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Context and context switching application 

The main functions of the context switching application aimed to 
demonstrate:  

•  a user switching their working context from one area of work to another, 
thereby enabling context relevant information to be delivered to them,  

•  a user tagging content, for example documents and spreadsheets, for 
the purposes of search and recall at a later date, and  

•  a user searching against tags and content of their own documents and 
information sources, and those of other knowledge workers.  

58 

www.sti-innsbruck.at 59	  

Process recording and playback 

The main functions of the process recording and playback application 
aimed to demonstrate the ability for a knowledge worker  

•  to record,  
•  re-use and  
•  possibly share informal processes, for example to guide somebody 

through the process of putting together a sales proposal, or a design.  
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Context-sensitive factbook 

•  The main functions of the context-sensitive factbook aimed to 
demonstrate how a shared repository of context-sensitive information 
could be used by BT’s knowledge workers.  

•  The mock-up factbook demonstrated the functions  
–  to store, 
–  tag,  
–  search, and  
–  share contextual facts and documents related to a particular working context.  

60 
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Process recording and playback 
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Process recording and playback 

62 
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Process recording and playback 
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Process recording and playback 

64 
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Process recording and playback 
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Process recording and playback 

66 
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Process recording and playback 
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Process recording and playback 

68 
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Process recording and playback 
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Process recording and playback 

70 
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INSEMTIVES case studies 
www.insemtives.eu  

71 www.sti-innsbruck.at 72	  

Idea 

6/2/10 www.insemtives.eu 
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Realizing the Semantic Web by 
encouraging millions of end-users to 

create semantic content. 
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What 

•  Bridging the gap between human and 
computational intelligence in semantic content 
authoring. 

•  Methodologies, methods, tools for the large-scale 
creation of semantics 
–  Driven by ideas from incentive theory and participatory 

design. 
–  Optimally combine human input and automatic techniques.  

•  Wide range of content types (text, multimedia, Web 
services). 

•  Case studies addressing the most important issues 
of semantic content creation projects. 

www.insemtives.eu www.sti-innsbruck.at 74	  www.insemtives.eu 

Why 

•  More and more information is available on 
the Web. The information overflow is un-
manageable. 

•  Semantic technologies help to make 
sense of this huge amount of information.  

•  BUT: Many tasks related to semantic 
content creation are human-driven and can 
not be carried out automatically.  

•  Limited involvement of users in the 
Semantic Web. 

•  Incentive structures are not in place for 
semantic content authoring. 

www.sti-innsbruck.at 75	  www.insemtives.eu 

How 

www.sti-innsbruck.at 76	  www.insemtives.eu 

Expected outcomes 

•  A unified 
methodology for 
authoring semantic 
data. 

•  Incentive 
mechanisms for 
semantic content 
creation. 

•  Design guidelines for 
tools. 
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Expected outcomes (cont) 

•  Models and methods for the 
creation of lightweight, structured 
knowledge. 

–  Bootstraping through the extraction of 
contextual knowledge. 

–  Converge of semantics. 
–  Linking semantic content. 
–  Semantic search. 
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Expected outcomes (cont) 

•  A semantic content 
management 
platform for the 
storage and retrieval 
of user-generated 
content, including 
methods for 
supporting the 
lifecycle of this 
content. 
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Expected outcomes (cont) 

•  A toolkit implementing 
guidelines and incentive 
mechanisms for ontology 
development and 
annotation of different 
types of media.  
–  Generic games toolkit and 

games. 
–  Semi-automatic annotation 

tools. 
–  Bootstrapping tools. 
–  Search and navigation 

tools. 
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Expected outcomes (cont) 

•  3 case studies for evaluation of 
INSEMTIVES technology in real-
world settings. 

–  Different types of communities of 
users. 

–  Different types of information items. 
–  Different types of semantic content. 
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OKEnterprise 

•  In corporate 
environments, important 
information is often lost. 

•  Okenterprise is a social 
network for corporate 
knowledge management 
in Telefonica.  

•  We will apply 
INSEMTIVES 
technology to this 
network in order to 
generate and share new 
knowledge among co-
workers. 
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Virtual worlds  

•  Media producers and companies face the lack of reliable 
metadata for the huge collections of assets they 
produce. 

•  In this case study, we will apply incentive methods to the 
virtual world “Tiny planets” to semi-automate the creation 
of descriptive metadata. 

www.insemtives.eu 
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Web service annotation 

•  The lack of rich 
descriptions beyond their 
current syntactical 
interface hampers the 
automatic retrieval of Web 
services on the Internet.  

•  The case study will apply 
INSEMTIVES technology 
to facilitate user-provided 
annotation of Web 
services. 

www.insemtives.eu www.sti-innsbruck.at 84	  6/2/10 www.insemtives.eu 
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Potential impact 

•  Massive amounts of useful semantic content which can 
enable the uptake of semantic technology through the 
development of application producing real added value 
for the Semantic Web and for industrial adopters. 
–  Production of digital resources easier and more cost-effective 
–  Enhanced search of digital resources 

•  Case studies solving real world problems 
–  PGP: multimedia annotation  
–  Seekda: annotation of Web services 
–  Telefonica: semantically enhanced corporate knowledge 

management 
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Demos 

•  Demos are available on http://insemtives.eu/community.html 
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LARKC case study:  
Urban computing (www.larkc.eu)  

86 

Based on slides by LARKC consortium 
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LARKC 

•  LARKC (Large Knowledge Collider) is a European research project that 
works on large-scale reasoning. 

•  LARKC has the following core goals:  
–  Scaling to infinity by giving up soundness & completeness and by switching between 

reasoning and search 
–  Creating a reasoning pipeline by plugin architecture 
–  Building a large computing platform by cluster computing and by wide-area distribution 
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LARKC technology 

•  The sketched use cases all involve 
enormous amounts of data and incomplete 
information. 

•  LARKC works on technology that allows 
massive, distributed, and incomplete 
reasoning. 

•  This involves methods for knowledge 
representations, inference methods, 
knowledge acquisition tools, for broad 
domain reasoning. 

•  The outcome is a platform for infinitely 
scalable reasoning on the Web. 

•  The LARKC process is sketched here:  

88 

Retrieve	  

• Relevant	  Sources	  
• Relevant	  Content	  
• Relevant	  Context	  

Abstract	  

• Extract	  InformaEon	  
• Calculate	  StaEsEcs	  
• Transform	  to	  Logic	  

Select	  

• Relevant	  Problems	  
• Relevant	  Methods	  
• Relevant	  Data	  

Reason	  

• ProbabilisEc	  Inference	  
• ClassificaEon	  
• Context	  reasoning	  

Decide	  

• Enough	  answers?	  
• Enough	  certainty?	  
• Enough	  effort/cost?	  
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LARKC technology (cont’d) 

•  For the LARKC basic platform, there are various plug-ins that are used 
by meta-reasoner and tactical memory. 

•  Languages that plug-ins use: SPARQL, OWL, CycL, … 
•  Types of queries plug-in is optimized for: is-a, generalizes, located-in, 

negated-integer, … 
•  Types of reasoning: probabilistic, approximate, forward, backward, 

transformation, removal, … 
•  Knowledge base: geographical locations, biological taxonomy, history 

facts, … 
•  Technical parameters: resource requirements (amount of RAM, disk, 

processors, time, …), parallelizable (for what queries, how many 
instances can run in parallel, can they share bindings, …), connection 
(type, speed, band 
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Our cities face many challenges  

•  How can we redevelop existing neighbourhoods and 
business districts to improve the quality of life?  

•  How can we create more choices in housing, 
accommodating diverse lifestyles and all income levels? 

•  How can we reduce traffic congestion yet stay connected? 
•  How can we include citizens in planning their communities 

rather than limiting input to only those affected by the next 
project? 

•  How can we fund schools, bridges, roads, and clean water 
while meeting short-term costs of increased security? 

Today Cities’ Challenges 
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Urban Computing as a Way to Address those 

challenges 
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Coping with zillions of facts  

Heterogeneous 
Inconsistent 
Unbounded 
Coming in rapid, continuous, time-varying (burst) streams 
Correlated but un-related 

Real-time requirements 

All data cannot be taken into consideration at the same time 
Need for abstracting rough data in meaningful facts 
Need for selecting the relevant ones 
Need for parallel inference and query processing 

The reasoning challenge 

Graceful approximation of results while applying selection and abstraction  
 techniques 
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Short Term 
CEFRIEL’s Traffic Predictor  

•  CEFRIEL together with Milano Municipality has develop a Traffic 
Predictor (TP) for emergency vehicle routing in the Milano fair area 

•  The objective of TP (2 years long for  
some 60 PM effort) was to simulate real traffic  
in a metropolitan area in order to achieve: 
–  Short-term (i.e.:10-15 min) traffic conditions on  

the whole area 
–  Emergency Vehicle guidance support system 
–  Long-term (i.e.: 6-48 hours) traffic conditions  

on the whole area  
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Input data and simulation 

•  Input data:  
–  static 

•  A detailed (1 meter resolution) vectorial map of the  
15,3 Km2 of the Milano fair area 

•  All vertical and horizontal traffic signs 
•  Traffic lights and their daily and weekly timing  
•  Parking lots and major destinations 
•  Distribution of driving styles among drivers 

–  Dynamic 
•  75 traffic detectors in the Milano fair area that 

generate a 
stream of data updated every 5 minutes 

–  Historical 
•  3 months of data are kept for statistical purposes 

94 

Micro-‐simulaEon	  

Macro-‐simulaEon	  
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Input data and simulation (cont’d) 

•  Simulation 
–  Micro-simulation of position an speed for a maximum 

of 40.000 “standard” vehicles 
–  Macro-simulation of number of vehicles and average  

speed per segment 
•  Output data: 

–  Number of vehicles and average speed for each segment (junction-to-
junction) in the next 10-15 minutes (meaningful up to 48 hours) 
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Micro-scopic simulation 

96 

Simulation 
from pictures 
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Business Modeling 

•  Scope 

• Business process 

analysis  

KB Modeling 

•  Ontology  

•  Reasoning Rule  

Analysis 

•  Reasoning Engine  

•  Architecture 

•  Related systems 

Pilot System 

•  Infra & reasoning 

S/W installation 

•  Applications 
•  POC verification 

2007. 03 ~ 2007.06 (4months) 

Intelligent Car Navigation Service 

Traffic control application for intelligent car navigation 
Ontology modeling for u-city services 
Development for reasoning technology to cover city-scale 
Development of service scenarios for u-city 

Short Term  
Saltlux’s Ubiquitous City Service 
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Background: U-City Project in Korea 

• Korea is a leader in building social spaces 
online and they connect back to the real 
world very well 

• Ubiquitous technologies will let us strengthen 
this linkage by: 
 - merging online social networks with 
offline social 
 - linking online and offline events and 
information

"  Organization: New Songdo City Development LLC

(NSC) 

"  Area:  Songdo(International Songo Business 

Compound)     5,619,834 m2

"  Period: 2003 ~ 2014 

"  Cost : 1 billion euro

• Asia Trade Tower(2006 ~ 2010. 12) 
• Convention Center & Hotel(2006 ~ 2008) 
• Apartments & Stores(2006 ~ 2014) 
• Central Park(~ 2008.11) 
• Ecotarium(2007. 2 ~ 2009. 12) 
• Waterfront Park 
•  International Hospital 
• Golf Course (2007. 4 ~ 2009. 4) 

Songdo 
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U-City is an integrated, intelligent and innovative new city-
making service that works through city domain 
convergence based on ubiquitous computing and 
information communication technology. It includes 
system integration, operation and all services except 
devices. 

Objective & Scope:  
Traffic Control System 
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1. Normal Path 

2. Detour by Accident at the starting point 

3. Detour by Accident on a road  

Use case Scenario: Intelligent Navigation 
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Identified key concept through domain competency questions and used a traffic agent with U-
city ontology and rules 

SOR	  (with	  OntoBroker	  
4.3)

Traffic	  Agent

Reasoner

LOS*	  Creator

RoadAc?on	  Interface

Ontology Rule

Web	  
applica?on

Agent

Reasoning	  
Core

Knowledge	  
Base

Type Total 

Building 20 

CarSituation 3 

CompleteEquipmentCom
pany 1 

Coordination 88 

FireStation 1 

Hospital 1 

InsuranceCompany 1 

LevelOfService 6 

Link 228 

PlannedEventStat 8 

PoliceStation 1 

RecommendationBasis 1 

Road 30 

TrafficAccidentAgencySt
at 4 

TrafficAccidentStat 432 

TrafficEventTime 2 

Use case Scenario: Intelligent Navigation 
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SUMMARY 

102 
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Summary 

In today’s lecture we looked into example applications of 
semantic technology.  

•  Dr. Watson, a system for indexing and searching 
ontologies and semantic data on the Web. 

•  Yahoo!’s SearchMonkey for enhancing search results by 
metadata. 

•  The ACTIVE project’s extensions to MS Office tools to 
help knowledge workers increase productivity using 
semantic technology.  

•  The INSEMTIVES project’s use cases for creating 
attractive applications that enhance knowledge 
management in areas such as corporate knowledge 
management or games. 

•  The LARKC project’s use cases on urban computing 
involving large amounts of data and great reasoning 
challenges. 
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