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Evolution of Concept Hierarchies through Interaction among Users
in a Peer-to-Peer Environment

HIROYUKI SATOWit and SHIGEO SUGIMOTO't

Many studies that have the goal of providing multiple users and organizations with Web-
based common vocabularies or ontologies for use in describing metadata on informational
resources are now under way. This paper describes a method that facilitates reference to
and utilization of concept hierarchies evolved by individual users or organizations and made
available in distributed environments. In the method we use an object-oriented paradigm to
define resource-related concepts as classes, the instances of which represent resources. We set
up these classes in a hierarchy that represents the hierarchy of concepts. We use the Semantic
Web as a framework for a way to define metadata that reflects linkages between concepts and
resources in a way that makes it easy for users to find associated concept hierarchies held by
other users in a peer-to-peer environment. Moreover, we propose a model for the evolution
of concept hierarchies through interaction among users. This process takes advantage of the
motivation of users to organize information which they find relevant. We implemented the
system and ran an experiment which demonstrating that hierarchies created by using the
system evolve as the users refer to or make connections with concept hierarchies held by other
users. We also identify an interesting feature of new concept hierarchies produced by applying
the evolutionary process to merge concept hierarchies initially produced by sets of three to
six “strongly related” users: actions common to the users make up an average of 71% of all
actions (connection and reference) that lead to the evolution of new hierarchies.
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Fig.1 Graph representation of metadata and concept
hierarchy.
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Fig.2 Metadata and concept hierarchies produced by users
U, and U» (right) in phase 1. User U is able to refer
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Fig.4 Context Bureau as part of a wider system.
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Table 1 Number and type (recording in phase I, quotation
or linkage in phase II) of user actions related to
class.
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Table 2 Sets of extracted concept hierarchies and similarity of evolution from

one user’s point of view.
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{CE1,Cc2,Cr2,Cra} 0.83 23 (uB) 19 82.6%
{CB1,Cp2,CFr2,Cr2} 0.83 23 (uB) 13 56.5%
{CchCHQ,C]g,CLz} 0.83 46 (uC) 40 87.0%
{Cp1,Ca2,C52,C12,Crc2} 0.8 53 (uD) 24 45.3%
{CF1,CB2,Cc2,Cr2,CK2} 0.8 43 (uF) 39 90.7%
{Cc1,Ca2,Cp2} 1 8 (uG) 4 50.0%
{CGl,CCQ,CDQ,CK27CL2,CIQ} 0.8 8 (uG) 7 875%
{Cu1,CB2,Cp2} 1 33 (uH) 18 54.5%
{CHl,Ccz,cDg,CGQ,CKz,CLz} 0.8 33 (uH) 27 81.8%
{C11,Cp2,0G2,Cx2,Cra} 0.9 60 (ul) 41 68.3%
{C11,CFr2,CKr2} 1 60 (ul) 37 61.7%
{Ck1,Cp2,Cr2,Cr2} 0.83 37 (uK) 34 91.9%
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