
Mining in the Global BrainMining in the Global Brain

Krzysztof (Krys) Cios

University of Colorado at DenverUniversity of Colorado at Denver
University of Colorado at BoulderUniversity of Colorado at Boulder
University of Colorado Health University of Colorado Health 

Sciences CenterSciences Center
Center for Computational Biology Center for Computational Biology 

October 10, 2002



Discovering Knowledge on WWW

World Wide Web can be thought of as Global Brain
– Web has about 3.0 x 109 web pages

– human brain has about 1010 neurons

– Web pages are highly 
interconnected

• the knowledge is hidden in:
– individual web pages
– the structure/interconnections 

– it is impossible to analyze
the Web without 
resorting to 
machine intelligence
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Scenario 

online article

online job ad

What useful knowledge can be learned from these two independent pieces of 
information?
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Machine Intelligence Tools 

Data Mining - concerned with extraction of valid, useful, easily  
understandable knowledge from large collections of 
data, for high level decision making

Machine Learning – generation of a new data structure that is 
different from an old one
• generates knowledge in the easy to understand  format of

IF…THEN… rules

Data Integration - methods that provide unified access to 
semantically and structurally different information 
sources

Cios, K.J., Pedrycz, W., Swiniarski, R., Data Mining Methods for Knowledge Discovery, Kluwer, 1998

Kurgan, L., Swiercz, W., & Cios, K.J., (2002) Semantic Mapping of XML Tags using Inductive Machine Learning, Proceedings of the 2002 
International Conference on Machine Learning and Applications (ICMLA'02), pp. 99-109, Las Vegas, Nevada
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What are we looking for?

The knowledge hidden in individual and/or different web pages
– Information Integration methods discover correspondence 

between data stored in different web pages 
– It can be done using Machine Learning

INFORMATION
INTEGRATION

DATA MINING

IF…THEN… rules
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Structured vs. Unstructured Data

Unstructured/Semi-structured  
HTML or raw text data

• information stored in 
unstructured way

• hard to identify meaning 
(semantics) of the information

Structured XML data  

• documents containing 
structured information

• easy to define semantics of 
the stored information
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How to discover the knowledge?

Data Integration methods are highly accurate and can be used 
for discovering large amounts of interconnected information 
on the WWW

– Structured documents can be easily converted into format 
compatible with most data integration methods

• XMapper algorithm
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How to discover the knowledge?

Data Mining methods are fast and accurate

– Structured documents can be easily converted into format 
compatible with most DM methods

• 4cRuleBuilder and DataSqueezer algorithms

IF
“yachts, fishing boats, small barges, tugboats, 
lighters, launches are OK”  AND
“preferred professions: cargo handlers, 
longshoremen, seamen, port police, security 
guards, shipping agents and truck drivers”
THEN
hired by Joe Doe

IF
“barges, tankers, launches, lighters, patrol craft 
and tugboats”  AND
“cargo handlers, immigration and Customs officers, 
longshoremen, seamen, port police, security 
guards, shipping agents and truck drivers”
THEN
drug trafficking

Cios



Scenario Uncovered

Only by integration of the dispersed web information and by using 
data mining methods on the integrated data we can hope for 
automating the discovery of useful knowledge for quick decision 
making. 

IF
hired by John Doe
THEN
possible drug trafficking
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Dilemma
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