Knowledge Discovery from Multiple DatabasesJames S. Ribeiro, Kenneth A. Kaufman and Larry KerschbergGeorge Mason University4400 University DriveFairfax, Virginia 22030-4444ribeiro@osf1.gmu.edu; kaufman@aic.gmu.edu; kersch@gmu.eduAbstractKnowledge discovery systems for databases are employedto provide valuable insights into characteristics andrelationships that may exist in the data, but are unknownto the user. This paper describes a methodology andsystem for performing knowledge discovery acrossmultiple databases. These enhancements have beenintegrated into the prototype knowledge discoverysystem called INLEN. The enhancements include theincorporation of primary and foreign keys as well as thedevelopment and processing of knowledge segments.IntroductionDuring the past several decades, considerable effort has beenplaced on building computerized databases and on writingapplications which exploit that data. An automated systemthat assists the user in the discovery of knowledge from adatabase is referred to as a knowledge discovery system(KDS). A KDS can include research prototypes such asINLEN (Michalski et al, 1992), AURORA (INIS, 1988),Recon (Simoudis, Livezey, & Kerber, 1994), or recentcommercial offerings such as ReMindTM, IXLTM, orDatabase Mining WorkstationTM.Without a KDS, discovering knowledge from large orcomplex databases often proves difficult or, in most cases,impossible for the user, due to the amount of data that mustbe analyzed. Many potential discoveries go unnoticed forlack of appropriate knowledge discovery tools. Forexample, the term "pre-discovery" was introduced byscientists who had data on a supernova that went undetectedby their group, but was later discovered by another group(Jones, 1991). Thus, the ultimate goal of knowledgediscovery systems is to minimize pre-discovery byproviding the tools to mine ever-increasing and expandingdatabases in the ongoing quest for knowledge.Recently, attempts have been made to automate theknowledge discovery process by applying techniques fromArtificial Intelligence (AI) to databases, forming theinterdisciplinary field referred to as Knowledge Discovery in TM ReMind is a trademark of Cognitive Systems, Inc.TM IXL is a trademark of IntelligenceWare, Inc.TM Database Mining Workstation is a trademark of HNC, Inc.Databases (KDD) (e.g., Piatetsky-Shapiro & Frawley,1991). A number of algorithms developed within theMachine Learning field of AI to detect patterns in data havebeen employed in knowledge discovery systems. We willrefer to these algorithms as knowledge discoveryalgorithms. Two of the better known algorithms are AQ(Michalski, 1983; Michalski et al, 1986) and ID3 (Quinlan,1986). AQ presents its knowledge in the form of IF-THENrules while ID3 uses decision trees as a knowledgerepresentation structure.One prototype knowledge discovery system, developedat George Mason University, is INLEN (Michalski et al,1992). INLEN, whose name is derived from inference andlearning, contains the AQ algorithm as one of itsknowledge discovery algorithms. It can provide valuableinsights into characteristics and relationships that may existin the data, but are unknown to the user.To date, INLEN has been used only for discovery insmall single databases. Typically, the user hand-crafts adatabase for discovery from an existing database or multipledatabases by selecting a subset of the data for discovery anddefining preference criteria for knowledge discovery to beperformed on this dataset. We are extending this approachto knowledge discovery in multiple databases by applyingINLEN�s methodology to individual relations or databases,and then further processing this discovered knowledge. Ourapproach increases the effectiveness of the overallknowledge discovery process for the following reasons:1.Knowledge discovery on existing operational databasesavoids the set-up time required to hand-craft a databasefrom multiple databases. This approach is timeconsuming, especially in large database environmentswhich contain many attributes, records, and tables.Additionally, the various owners of the data may not bewilling to release their data in full for suchrecombination.2.We avoid the computational cost of performingknowledge discovery on a universal relation which willhave many more attributes and records than required bythe proposed approach. Many of the attributes in alarger set will be irrelevant to the current knowledgediscovery task, and as such will make the extraction ofuseful knowledge more difficult.