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Introduction

„ An Ontology is a formal and 
explicit specification of a shared
conceptualisation of a domain of 
interest.“ T. Gruber, 1993.

There are many formalisms, ranging 
from light-weight to heavy-
weight.

Examples: Concept Hierarchies, 
Thesauri, XML, RDF, OWL.
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Overview

Ontologies support a.o. the
following tasks of 
knowledge management:

• Acquiring Knowledge
• Organizing Knowledge
• Retrieving Knowledge

This talk gives some example
applications:

• Text Clustering
• Conceptual Email Manager
• Semantic Routing in P2P Systems

• Courseware Watchdog• Combining the above
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Clustering

Text Clustering with Background Knowledge

Task: 
Discovering structure in text 

collections by grouping together 
similar documents.

Test Data: 
(A subset of) 21578 Reuters News

Problem: 
1. Overlapping clusters should be allowed.
2. A conceptual description of the clusters is 

required.
3. The method should be computationally 

effective.

Can Background Knowledge – in form of a 
thesaurus – improve the result?
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Bag of Words
Dok 17892 crude 
============= 
Oman has granted term crude oil 
customers retroactive discounts from 
official prices of 30 to 38 cents per barrel 
on liftings made during February, March 
and April, the weekly newsletter Middle 
East Economic Survey (MEES) said. 
MEES said the price adjustments, arrived 
at through negotiations between the 
Omani oil ministry and companies 
concerned, are designed to compensate 
for the difference between market-
related prices and the official price of 
17.63 dlrs per barrel adopted by non-
OPEC Oman since February. 
REUTER 

Text Clustering with Background Knowledge
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Bag of Words
Dok 17892 crude 
============= 
Oman has granted term crude oil 
customers retroactive discounts from 
official prices of 30 to 38 cents per barrel 
on liftings made during February, March 
and April, the weekly newsletter Middle 
East Economic Survey (MEES) said. 
MEES said the price adjustments, arrived 
at through negotiations between the 
Omani oil ministry and companies 
concerned, are designed to compensate 
for the difference between market-
related prices and the official price of 
17.63 dlrs per barrel adopted by non-
OPEC Oman since February. 
REUTER 

Adding of 
superconcepts
of WordNet

Text Clustering with Background Knowledge
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Two-Step Clustering Approach:

First Step:
with standard algorithm “Bisection k-Means”
reduces efficiently the number of objects

Second Step:
with Formal Concept Analysis
provides descriptions of the clusters
and allows for multiple inheritance

Text Clustering with Background Knowledge
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Formal Concept Analysis (FCA) 
arose in the 1980ies as a 
mathematical theory, formalizing
the concept „concept“. 

Since then, FCA has increasingly
been applied in computer
science, esp. for

• data analysis,

• knowledge discovery,

• and software engineering.

FCA derives concept hierarchies
from data tables, and provides
means for their visualisation. 

Excursion: Formal Concept Analysis
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National Parks 
in California

Def.:  A formal context
is a triple (G,M,I), where

• G is a set of objects, 

• M a set of attributes

• and I a relation between
G and M.

• (g,m)∈I is read as 
„object g has attribute m“.

Excursion: Formal Concept Analysis
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Def.:  A

formal concept

is a pair (A,B) with

• A ⊆ G and B ⊆ M ,

• A and B are maximal 
with A × B ⊆ I.

A is the extent and B
the intent of the
concept.

Excursion: Formal Concept Analysis

intent

National Parks 
in California

ex
t e

nt
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National Parks 
in California

The blue concept is a  
subconcept of the
yellow one, 
because the blue
extent is contained in 
the yellow one.

( ⇔ the blue intent
comprises the yellow
one)

Excursion: Formal Concept Analysis
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National Parks 
in California

The concept lattice of 
the formal context.

Excursion: Formal Concept Analysis

Now let‘s come back to the Reuters news texts:

• the documents become the objects,

• the terms & wordnet concepts become the
attributes.

• A term is related to a document iff its tfidf
value is above a given threshold.
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compound, chemical compound

oil

refiner

Chain of concepts with 
increasing specificity.

Text Clustering with Background Knowledge
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Overview

Ontologies support a.o. the
following tasks of 
knowledge management:

• Acquiring Knowledge
• Organizing Knowledge
• Retrieving Knowledge

This talk gives some example
applications:

• Text Clustering
• Conceptual Email Manager
• Semantic Routing in P2P Systems

• Courseware Watchdog• Combining the above

with R. Cole, P. Eklund (Australia)
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In conventional systems, mails are stored
along a tree structure.

→ only one search path, which has to be
defined at storage time.

?

Structuring Email Collections
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Structuring Email Collections

Storing emails in a formal context (G,M,I):
G: set of all emails
M: set of all catchwords
(g,m) ∈ I is read „email g has catchword m“

The relation I
is composed automatically by Information Extraction:

(from p.eklund@    subject kvo subject meeting)
and can be modified by the user.

Folders correspond to formal concepts.

A partial order on M allows for inheritance of catchwords:
‚from Peter‘ → ‚from Australia‘

Conceptual scales allow for different views on the data.

Our approach: FCA allows for multiple search paths and different conceptual views.
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Structuring Email Collections

1.  An email is
assigned (automati-
cally) to different 
catchwords.

Several search
paths

Hierarchy of 
more
general/specific
folders.

supports
search along
hierarchy

2.  Computation of 
the concept lattice.

Available at www.mail-sleuth.com
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Peer to Peer Networks support resource sharing without central server. 

Problem: How to organise the communication between the peers efficiently? 
The number of communication partners should not be too low nor too high.

Database oriented solution: Distributed Hashtables. The hash function decides 
which document to store where...

Semantic Routing in P2P Networks

Our approach is inspired by “Small Worlds”, known from 
Sociometry
Biology
Bibliometry.

Can peers cluster themselves into Small Worlds using local knowledge only?
Peers in one cluster need to be semantically close, but they should also provide 
relations to communities further apart.

Can this improve the routing?
Are ontologies useful for this?
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Peers
contain content (sic)
which is described by an ontology.

Peers know something about the 
knowledge of other peers

and can query them.

We try to measure the similarity 
of contents using the ontology.

Ontology:
Concepts 
Instances      
Relations
Attributes

Semantic Routing in P2P Networks

d 

?
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Strategies for self organisation: 
Go to a dense neighborhood

of similar peers.
Meet new peers.
Eventually forget old peers.

Semantic Routing in P2P Networks
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Semantic Routing in P2P Networks

Current question: 
How to  obtain a compact self 
description of the peers?
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Scenario:
Accessing and structuring distributed resources, e.g. of lecture notes of all 
German computer science departments.

Descriptions of resources are complex.
The resources are distributed: 

in different documents,
at different locations,
among different users.

Solution: Courseware Watchdog
Information sources:

WWW via a focused crawler
Peer to peer network Edutella

User interface
Conceptual browsing

Courseware Watchdog
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Courseware Watchdog

Still an open question:
How to navigate along the 
relations of the ontology?

Ontology browsing
Navigation through 
ontologies using FCA.
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Courseware Watchdog
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The End

Ontologies support a.o. the
following tasks of 
knowledge management:

• Acquiring Knowledge
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