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Abstract

Knowledge Sifter is a scaleable agent-based system that supports access to heterogeneous information sources such as the Web, open-source repositories, XML-databases and the emerging Semantic Web. User query specification is supported by a user agent that accesses multiple ontologies using an integrated conceptual model. A collection of cooperating agents supports interactive query specification, refinement, decomposition, and processing, as well as result ranking and presentation. The Knowledge Sifter architecture is general and modular so that ontologies and information sources can be easily incorporated. A proof-of-concept implementation depicts Knowledge Sifter using a domain ontology together with geo-spatial and semantic name services to enhance query formulation and to search image databases such as Lycos and TerraServer.

1. Introduction

One important problem faced by the Scientific Database Community is the integration of data and knowledge from multiple heterogeneous sources. The federated approach [1-3] is used to allow scientists to maintain control of their data, while sharing it within the community.  Our goal is to provide a framework and architecture by which search and sharing can be easily implemented using standard protocols. 

The Knowledge Sifter project, underway at George Mason University, has as its primary goals: 1) to allow users to perform ontology-guided semantic searches for relevant information, both organic and open-source, 2) to refine searches based on user feedback, and 3) to access heterogeneous data sources via agent-based knowledge services. 

Ontology definitions associate the names of entities in the universe of discourse (e.g., classes, relations, functions, or other objects) with human-readable text describing what the names mean, and formal axioms that constrain the interpretation and well-formed use of these terms. Organizational ontologies can be complemented with personal ontologies created by users over the course of their investigations. These reflect personal preferences regarding: 1) how concepts are related and organized, 2) preferred data sources, and 3) opinions regarding the authoritativeness of a source and the accuracy of its information. These preferences can be used to rank, sift and winnow the results returned from the heterogeneous data/knowledge sources. 

2. The Knowledge Sifter Agent Architecture

The Knowledge Sifter conceptual architecture is depicted in Figure 1.  The architecture has three layers: User Layer, Knowledge Management Layer and Data Layer.  Specialized agents reside at the various layers and perform well-defined functions.

2.1  User, Preferences, Query Formulation and Ontology Agents

The User Agent interacts with the user to elicit user preferences that are managed by the Preferences Agent.  These preferences include the relative importance attributed to terms used to pose queries, the perceived authoritativeness of Web search engine results, and other preferences to be used by the Integration Agent.

Once the user indicates an initial query, the Query Formulation Agent., in turn, consults the Ontology Agent to refine or generalize the query based on the semantic mediation provided by the ontology services available.  The Ontology Agent provides a conceptual model for the domain by an OWL schema specification. In this example, there are two name services: Princeton University’s WordNet [4] and USGS’s GNIS[5].  

2.2. Web Services Agent

The Web Services Agent accepts a user query that has been refined by consulting the Ontology Agent, and decomposed by the Query Formulation Agent.  The Web Services Agent then transforms the subqueries to SOAP requests to the databases and open Web sources (TerraServer or Lycos) that have Web Service published interfaces; this is the case for the TerraServer, while Lycos provides an HTTP interface. 

2.3. Integration Agent

The Integration Agent is responsible for compiling the sub-query results from the various sources, ranking them according to user preferences, as supplied by the Preferences Agent, for such attributes as: 1) the authoritativeness of a source which is indicated by a weight assigned to that source, or 2) the weight associated with a term comprising a query.
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Figure 1: Knowledge Sifter System Architecture

The OWL schema for the domain model is depicted as a directed graph in Figure 2.
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Figure 2: Domain Model Ontology Schema in UML

Name, Theme (photo or map), Location, Date and Time, Size, Resource (Lycos or Terra) are all scored according to a similarity measure that is weighted by the user’s preferences. The Integration Agent calculates each result’s similarity by normalizing the total similarity value, ranks these results according to their similarity values, and returns the ranking information to the User Agent for display. 

3. Knowledge Sifter Implementation

The Knowledge Sifter proof-of-concept prototype has been implemented as an agent-based system, in which each agent is a Web service. Knowledge Sifter has been implemented as a web-application using the ASP and C# languages based on the Microsoft .Net Framework. The W3C Document Object Model (DOM) handles the XML data representation by using MSXML technology. Each Agent is implemented and deployed as a Web Service through the automation of Microsoft Visual Studio .Net and IIS server using a local UDDI. 

4. Conclusions

This paper introduces the Knowledge Sifter agent-based architecture and a proof-of-concept implementation to access heterogeneous data sources. 

The concept of ontology is central to our approach, in fact, we envision a collection of cooperating ontological sources, accessed by the Ontology Agent that allow a user to pose queries to those data sources without needing to know the location of the supporting data, nor how the ontological concepts are materialized through an integration and ranking process. 
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