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Abstract� In the modern Internet environment� various types of
data sources have become accessible� including multimedia data and web
pages� Some of the fundamental assumptions in traditional databases�
such as the existence of a global schema and data consistency maintained
by a Data Base Administrator� are no longer true in many of the new
data sources� We outline the DIOM �LP��b
 object	oriented approach
to build interoperable heterogeneous information systems despite the
absence of global schema and the presence of data inconsistency� We de	
scribe the metadata catalog management component of DIOM� a key ser	
vice in the support for interoperation among heterogeneous information
sources� To support a �exible and customizable conection between infor	
mation consumers and information producers� DIOM metadata catalog
development utilizes the adaptive speci�cation mechanisms� provided in
DIOM interface description language� for explicit description of infor	
mation consumers� domain query requirements and for object	oriented
abstractions of information producers� information sources�

� Introduction

One of the important contributions of database research is the carefully
chosen set of assumptions made on the data in the database� For example�
a relational database is described completely by the database schema� and
data�schema consistency is maintained by the Data Base Administrator
�DBA�� Query processors and optimizers use database schema in critical
ways� Similarly� atomic transactions �GR��� depend on data consistency
assumption� since they are de	ned as programs that take a database from
a consistent state to another consistent state� In the current generation of
new information systems �or so called non
traditional database systems
�NDBs� such as scienti	c data �BP���� multimedia databases� a variety of
Internet data sources �LP��b�� some of these important assumptions do
not hold and classic database techniques may not apply directly� In this
paper� we examine two decreasingly valid assumptions in nontraditional



databases that strive to be interoperable� �
� data is consistent in the
database� and ��� database schema is reasonably stable� Our focus is
on the interoperability problems aggravated by inconsistency and rapid
evolution� We restrict our attention to these two assumptions due to
the complexity of the issue� We acknowledge the importance of other
traditional database assumptions and anticipate much more work to be
done in this direction�

We have proposed the Distributed Interoperable Object Model �DIOM� �LP��b�
to address the problem of data inconsistency and dynamic system evolu

tion in the integration of heterogeneous information sources� The main
idea of DIOM is to de	ne interoperability as a �exible and voluntary
interfacing of heterogeneous information consumers and information pro

ducers� This interfacing is de	ned explicitly� by using abject
oriented
abstractions to capture query requirements from the consumer side and
the metadata of information sources from the producer side� Our main
contribution in this paper is the design of a metadata catalog management
system� a key service in DIOM for supporting transparent and customiz

able access across multiple disparate information sources� We demon

strate that� given the evolving and inconsistent nature of individual data
sources� how object
orientation can be utilized in the DIOM metadata
model construction to facilitate the integration and access of heteroge

neous information sources�

� Problems Analysis

Although obvious in retrospect� it is worthwhile to restate that tradi

tional database assumptions do not necessarily hold simply because we
call a data source a database� There is a strong temptation to apply
database results to new data sources� since database theory and software
are typically stronger than existing data access support� However� with

out examining the validity of traditional database assumptions we run
the risk of introducing more problems than we solve� For example� if
data is already inconsistent� then using atomic transactions will not pro

duce a consistent database state� The inconsistency could be ampli	ed by
some transactions� for instance� one that makes multiplication involving
a numerical 	eld with inconsistency �RP����

In this section we focus our analysis only on the traditional assump

tions on data consistency and schema stability� By analyzing the validity
of the data consistency and schema stability assumptions in traditional
databases� we see that they are ensured by two basic factors� the central
authority of DBAs� and the existence of a globally valid database schema�
It is the role of DBA to run the programs that 	lter out inconsistent data�



and be the arbiter in deciding which data is good when con�icts and con

tradictions arise� Usually� the syntactic aspects of data consistency can
be decided automatically using the database schema and the semantic
aspects of data consistency depend on custom�application programming
or DBA intervention when everything else fails�

��� Data Inconsistency and Heterogeneity

One of the most important challenges in the interoperable database sys

tems of the future� especially in a rapidly growing environment such as
the Internet� is the handling of inconsistency when individual and hetero

geneous databases are integrated into an interoperable database system�

By analyizing inconsistency� we start with the inherent inconsistency in
an individual application
speci	c database� In some information systems�
the inconsistency in data is well recognized� although not necessarily ex

plicitly described� For example� most of scienti	c observational data� in

cluding much of satellite data such as the Earch Observation System� con

tain uncertainties inherent in the sensors� Sometimes these uncertainties
are included as part of data �e�g�� error bars�� Other times� these uncer

tainties are considered part of the sensor description �e�g�� model number
and brand of an electronic microscope for digital images�� or included in
the metadata� as part of experimental setup description �e�g�� in a Crys

tallographic Information File description of protein structures �NSF�����

To complicate matters� the inconsistency may take several forms or con

tain several dimensions� For example� some inconsistencies are given by
absolute bounds �RP���� as in bank accounts that allow limited with

drawals fromAutomatic Teller Machines� where the inconsistency is bounded
by the daily cash withdrawal limit� In contrast� other inconsistencies de

pend on statistical and probabilistic models� such as the error bars in
scienti	c data �BP���� Analogously� in addition to value inconsistency�
there is a time dimension to most data �PTWY���� For example� even if
we do not know the current value of a data item� knowing the last up

date time may be helpful� Another example of inconsistency involves the
issues known as data quality� Without a DBA certifying the correctness
and up
to
dateness of a data item� the judgment of its quality is much
harder�

As we attempt to integrate information from multiple autonomous and
heterogeneous data sources through interoperation� inconsistency is com

pounded� and in many cases� in an unpredictable way� Without a good
handle on the inconsistency problem� these interoperable databases will
become unreliable sources of data from the consistency viewpoint�



��� Dynamic System Evolution

A schema is often used as an interface between a data repository and
programs� Once a schema changes� three levels of inconsistency may oc

cur� �
�Incomsistency in schema itself� ���Inconsistency between existing
database and the modi	ed schema� ���Incompatibility of application pro

grams in accessing data�

In traditional database systems� schemas were assumed to be reasonably
stable� It is mainly because the cost of maintaining database consistency
and program compatibility in the presence of schema modi	cation can be
too high to be a�ordable�

As the number of databases available via networks increases swiftly� �even
when the changes in each individual component database schema are not
frequent at all� the large number of component databases may add up to
surprisingly frequent schema change events at the interoperable database
system level� Assuming that there is only one change in two years for any
component database schema� an interoperable system with two hundred
databases as such will have to contend with one hundred changes every
year� which corresponds to� on average� two changes every week�

� Distributed Interoperable Object Model� An
Overview

Distributed interoperable objects �DIOs� are objects that support a level
of interoperability beyond the traditional object computing boundaries
imposed by programming languages� data models� process address space�
and network interface �Bet����

Distributed Interoperable Object Model �DIOM� is developed mainly for
incorporating system
wide scalability and evolution support as well as
component composability into an interoperation framework� In an envi

ronment where multiple information sources are dynamically connected
to the Internet� it is highly desirable for users and applications to be able
to work with remote data sources and request services across networks as
if they were working with a single database system� We have captured
the requirements of these large
scale interoperable systems by USECA
properties �LP��b� Uniform access to heterogeneous information sources�
Scalability to the growing number of information sources� Evolution and
Composability of software and information sources� and Autonomy of
participants� both information consumers and information producers�

DIOM consists of an interface description language �IDL� and an inter

face query language �IQL�� Rather than inventing yet another object




oriented data model� DIOM adopts the ODMG
IDL and ODMG
OQL
object database standard �Cea��� Kim��� as the base model and adds
a number of interface abstractions to allow new interfaces to be con

structed in terms of existing ones� and to provide better support for the
USECA properties� These incremental interface construction facilities in

clude� import mechanism� interface aggregation� interface generalization�
and interface specialization�

DIOM introduces base interface and compound interface concepts to sep

arate the interface descriptions for information producers� source models
and the interface descriptions for information consumers� domain usage
models �personal views�� Such a separation serves dual purposes� �a�It
enables the system to automate the speci	cation of base interfaces� �b�It
allows information consumers to build dynamic and personal views� rather
than monolithic and integrated snapshots� over the growing number of in

formation sources� Other important features of the DIOM object model
include�

� the incremental design and construction of compound interoper

ation interfaces through recursive application of abstraction and
composition operators on the existing interfaces�

� the deferment of con�ict resolution to the later stage of query eval

uation in contrast to classical approaches that enforce con�ict res

olution by schema integration or at query formulation time�

� the support for application designers to de	ne their own interopera

tion interface schema� independently of any system
supplied global
schema�

A DIOM database consists of a collection of DIOs� which are composed
through dynamically binding data from multiple data repositories pro

vided by the underlying component systems� The DIOM interface de	ni

tion language �DIOM
IDL� is used to the relevant portions of the infor

mation sources through object
oriented abstractions�

Consider an enterprise system that deals with book inquiry� sale� and pur

chase business in a distributed and heterogeneous environment such as
the Internet� For concreteness� we assume that the relevant information
sources that are currently available include BookStore database �Ora

cle�� book club database �Sybase�� publisher database �Informix�� library
database �ObjectStore�� and bibliography 	le �in LaTeX �bib format��
We refer to these information sources as component information sources
of the given enterprise system� Fragments of the export schemas of these
information sources are given in Figure 
� where the primary keys are
underlined� Obviously� some of these information sources have similar



data contents� but their representations are di�erent� This is generally
true for most of the information sources that are created and managed
by separate organizations �information producers� with di�erent business
objectives or using di�erent types of data repository managers�

Figure 
� Fragments of the export schemas of example information
sources

Suppose that a consumer wants to access the book information and the
relevant supplier�s information� She may describe her domain query
model in IDL as follows�

CREATE INTERFACE Book
� extent books
key Book��ID �

� GENERALIZATION OF
select interface�name from Interface�Repository
where description � ��Book� OR description � ��Books�	

ATTRIBUTES
String ID

String title

Supplier supplier

String medium

Double price

Order orderNo	 �

CREATE INTERFACE Supplier
� extent suppliers
key Supplier��ID �

� GENERALIZATION OF
select interface�name from Interface�Repository
where description CONTAINS



��BookStore�
�BookClub�
�Publisher�
�Supplier�
	
ATTRIBUTES

String ID

String name

String addr	 �

All queries and request for data and services may be formulated using
DIOM interface query language �DIOM
IQL� against some IDL inter

faces� For example� the query Q� �	nd titles� prices and supplier names
of all the books that are related to �SGML� can be expressed in IQL as
follows�

SELECT Book��title� Book��price� Supplier��name
FROM Book� Supplier
WHERE Book��title CONTAINS �SGML��

Figure �� An example query

In DIOM� to process this query we 	rst select relevant sources that should
be used to answer this query� Then we reformulate this IQL query into
a number of subqueries� each targeting at one single source before trans

lating each subquery to the source
speci	c query expression that can be
executable at the source� The metadata catalog generated based on IDL
and IQL speci	cations plays a critical role in each step of the DIOM query
processing�

In the following section we discuss how we construct and maintain the dis

tributed metadata catalog in DIOM and what roles the metadata catalog
management play in each phase of the DIOM query mediation process
and in supporting USECA properties within the DIOM interoperation
architecture �LP��b�� Examples are provided to highlight the bene	ts of
object
orientated approach to the design of DIOM interface description
language� For further detail about DIOM
IDL and DIOM
IQL� readers
may refer to �LP��a� LPL����

� Metadata Support

In the Diorama project� metadata extracted from information consumer�s
interface schemas and information producers� export schemas are man

aged and maintained in the DIOM metadata catalog� In the following
sections we will discuss three most important components of the meta

data catalog� information source repository� interface repository� and im

plementation repository� Examples are provided based on the Book�Sale



application scenario and the consumer�s query given in the previous sec

tion�

��� Information Source Repository

Information source repository is created and maintained by the DIOM
information source registration manager� which is responsible for record

ing all the available source producers� information� such as the informa

tion producer�s name� the location pointer �e�g�� the URL in WWW��
the information source description �keywords�� the export schema loca

tor� the source type� and so on� A fragment of the DIOM information
source repository is shown in Figure �� Every application
speci	c media

tor �App
mediator�� once created� may also be registered as an informa

tion source to be available to the customer set of the DIOM system�

SourceName PointerToProducerSite SourceType Description ExportSchema

Harvest harvest�cs�colorado�edu Broker PCSofware�CSTR����
Yahoo yahoo�com Broker ���
CForder diom�cs�ualberta�ca AppMediator Claim�DiagnosisRep���� Diom ClaimForder
DR� dr��com RDB Books�BookStore���� DR��BookstoreDB
DR� dr��com RDB Books�BookClub���� DR��BookClubDB
DR� dr��com RDB Books�Publisher���� DR��USPublisherDB
DR� dr��com�de RDB Books�PurchaseOrder���� DR��GMPublisherDB
DR� dr��org� OODB Books�Library���� DR��LibraryDB
DR� ftp�cs�ualberta�ca �bib 	le Book�Article�TechRep DR��Bibliography
��� ��� ��� ��� ���

Figure �� Fragment of DIOM information source repository

��� Interface Repository

Interface repository is another basic component of the DIOM metadata
catalog� It is created and maintained by the IDL preprocessor and the
DIOM base interface generator� Whenever a new information consumer�s
domain model is de	ned in DIOM
IDL� the interface repository will be
extended� The 	rst scan of the IDL preprocessor over a given IDL
schema handles all the interfaces de	ned by means of the import and
hide mechanisms� The base interface generator is invoked for each IDL
interface de	ned using import� Figure � shows a fragment of the interface
repository� For each consumer
de	ned �compound� interface or system

generated base interface� a pointer to the list of attributes� relationships�
or methods associated with this interface de	nition is also maintained in
the interface repository�



interface�name interface�type description source�producer

Harvest base Security�PCSofware�CSTechReport���� Harvest
Yahoo base Yahoo
ClaimForder aggregation Claim�Image�DiagnosisRep���� Diom
DR��Books base Books DR�
DR��BookStore base BookStore�Supplier���� DR�
DR��Buyer base Buyer�Customer���� DR�
��� ��� ��� ���
DR��Books base Books DR�
DR��BookClub base BookClub�Supplier���� DR�
DR��Publisher base Publisher�Supplier���� DR�
��� ��� ��� ���
Diom�Book generalization Book� Books Diom
Diom�Supplier generalization BookStore�BookClub�Publisher���� Diom
Diom�Customer generalization Buyer�Customer�Reader���� Diom
Diom�Order generalization Order�PurchaseOrder���� Diom
��� ��� ��� ���

Figure �� Fragment of DIOM interface repository

��� Implementation Repository

The DIOM servers �mediator level and wrapper level� provide a num

ber of general services to facilitate the global query planning� the query
reformulation� and the parallel execution of a multi
information source
query� One of the most important services is the creation and mainte

nance of implementation repository metadata� which are used heavily by
the DIOM query services provided by the mediators and their associated
wrappers� The main issues to be addressed include� �
�how to establish
a semantic correspondence between the types and relationships de	ned
in the consumer�s domain model with the classes and relations used in
the producers� source models� ���how to maintain the implementation
metadata catalog in the presence of changes� The second issue will be
addressed separately in Section ����

The internal representation of relating an information source to a do

main model for the Book Sale and Purchase application is illustrated
in the Figure �� Figure �� and Figure �� Each of these 	gures represents
the attribute correspondence between mediated attributes de	ned in the
consumer�s domain model and source attributes de	ned in a particular
information source model� The 	rst column in each table contains the
names of the mediated attributes and their type� The second column
contains the corresponding information source level attributes� pre	xed
by the class or relation they belong to� For example� the attributes from
database DR�� DR�� and DR� are described in the second column of the
table in Figure �� Figure �� and Figure � respectively� A null value in a
source attribute column denotes the non
existence of the attribute in the



corresponding information source�

Mediated�attributes DR�

Book�ID Books�book�
Book�title Books�title
Book�supplier Books�store�
Book�orderNo Order�order�
Book�medium
Book�price Order�price
Order�ID Order�order�
Order�quantity Order�quantity
Order�customer Order�byerID
Customer�ID Buyer�buyerID
Customer�name Buyer�name
Customer�addr
Supplier�ID BookStore�storeID
Supplier�name BookStore�name
Supplier�addr

Figure �� Fragment of implementation repository maintained at the wrap

per to DR


Mediated�attributes DR�

Book�ID Books�bookID
Book�title Books�description
Book�supplier Books�clubID
Book�orderNo Order�orderNo
Book�medium Books�medium
Book�price Order�price
Order�ID Order�orderNo
Order�quantity Order�qty
Order�customer Order�customerID
Customer�ID Customer�customerID
Customer�name Customer�name
Customer�addr Customer�address
Supplier�ID BookClub�clubID
Supplier�name BookClub�name
Supplier�addr BookClub�address

Figure �� Fragment of implementation repository maintained at the wrap

per to DR�

From the implementation point of view� the mediated attributes and their
types are used as instruments to establish connections among similar
attributes and their classes or relations de	ned in the relevant component
information sources� These semantic links are central to the automation of
global query planing� query re	nement� query decomposition� and query
result assembly �packaging��

Note that this type of metadata is mainly obtained by applying machine



Mediated�attributes DR�

Book�ID Books�bookID
Book�title Books�title
Book�supplier SaleDept�publisherID

PublishDept�publisherID
Book�orderNo Order�orderRef�
Book�medium Books�medium
Book�price Books�price
Order�ID Order�orderRef�
Order�quantity Order�qty
Order�customer Order�customerID
Customer�ID Customer�customerID
Customer�name Customer�name
Customer�addr Customer�address
Supplier�ID Publisher�publisherID
Supplier�name Publisher�name
Supplier�addr Publisher�address

Figure �� Fragment of implementation repository maintained at the wrap

per to DR�

learning techniques to the metadata catalog and user pro	le �if any�� For
example� the knowledge about connecting term Publisher� BookClub�
and BookStore to the term Supplier can be learned directly from the
interface de	nition of Supplier� while the connection between the fed

erated attribute Book��price and the source attribute Order�price in
DR� can be learned by keyword
based partial matching� In order to build
comprehensive domain
speci	c terminology matching rules and ontology�
a sophisticated learning and knowledge discovery tool is needed� Appro

priate interaction with the information consumer or domain expert may
also be required� Our study on this topic will be reported in a forthcoming
paper�

��� Source�speci�c Metadata

In order to automate query translation and query result assembly� addi

tional metadata are required� For example� for each attribute de	ned at
an individual information source� the following information is needed� �
�
the scale of the attributes� ��� the key constraint of the attributes �key�
non
key� foreign key�� and ��� the logical connection paths� The con

nection path assignment scheme varies for di�erent types of information
sources� For example�

� the connection path assignment scheme for the information sources
managed by the relational systems is the following� A non
key at

tribute points to its key attribute�s�� A key attribute points to



their foreign keys� and each foreign key points to its home key� If
a relation has no foreign key� the pointer 	eld is null� This simple
path assignment schema ensures that all the necessary joins can be
constructed when translating a consumer
level query into a group
of subqueries at information producer�s source level� each against a
single information source�

� The connection path assignment scheme for object
based informa

tion sources is even simpler� Each oid 	eld corresponds to the key
	eld of a given object class� The rest are non
key 	elds� The nav

igational path for the same attribute type may vary from query to
query� depending on the speci	c structural pointers �object refer

ences� speci	ed in each query�

These metadata are mostly related to a single data source� They can
be obtained directly from the export schema of the given information
source� and incrementally maintained by the corresponding DIOM wrap

per� More importantly� the translation of subqueries into the component
query expressions should be carried out at the wrapper layer to prevent
query processing bottleneck at the DIOM distributed object server layer�
Figure � shows the internal representation of the metadata catalog main

tained by the corresponding DIOM wrapper� the local DIOM agent to the
DR� information source� Note that �
� the designated navigational paths

DR��attribute DR��domain DR��scale DR��key DR��keyFD

Books�bookID none none key
Books�title none none nonkey Books�bookID
Books�medium �CD�ROM� Paper� none nonkey Books�bookID
Books�price none US	 nonkey Books�bookID
Books�deptID none none fkey SaleDept�deptID

PublishDept�deptID
SaleDept�deptID none none key
PublishDept�deptID none none key
Order�orderRef� none none key
Order�bookID none none fkey Books�bookID
Order�customerID none none fkey Customer�customerID
Order�quantity none none nonkey Order�orderRef�
Customer�customerID none none key
Customer�name none none nonkey Customer�customerID
Publisher�publisherID none none key
Publisher�name none none nonkey Publisher�publisherID

Figure �� Fragment of source
sepci	c metadata extracted from the export
schema of DR�

in the above table only specify the logical dependency between the non

key attributes and the key attributes of the corresponding information
source which are involved in the MDB consumer�s interface description�



During the subquery translation� these designated navigational paths will
be re
examined based on the export schema in order to derive meaningful
intra
database joins� ��� For each source attribute� a concrete structural
pointer is derived at query execution time to replace the navigational
path�

��� Maintaining Metadata Catalog in the Presence of Changes

When a new information source is registered� to guarantee this new in

formation source will be used to respond a query� updates to the existing
metadata catalog is needed� Two strategies can be used for maintaining
the metadata catalog up to date� �
� Immediate update or ��� Deferred
update�

With immediate update approach� the maintenance proceeds in three
steps� First� the DIOM server triggers the metadata catalog manger to
perform an incremental recompilation on all the existing domain interface
schemas to which this new information source may be related� Second�
for each relevant domain interface schema� the implementation repository
manager will be invoked to relate object types used in this new infor

mation source to the object types de	ned in the given domain model�
Third� the source
speci	c metadata catalog manager� associated with the
wrapper to this new information source� is invoked� The source
speci	c
implementation metadata is extracted from the export schema of this new
information source�

With deferred update approach� the incremental recompilation of existing
domain interface schemas is delayed to the time when a query is issued�
By using deferred approach� instead propagating changes to all the do

main interface schemas� only those domain interface schemas that are
frequently used by queries are updated accordingly�

When a change is made to the information consumer�s domain model
or the information producer�s source model� a modi	cation to the corre

sponding metadata is performed accordingly and transparently� For ex

ample� modifying the domain of attribute medium by adding Postscript
format in the relation Books of the information source DR� requires a
change of the metadata� at the column of DR��domain and the row of
Books�medium in Figure �� from �CD�ROM�Paper� to �CD�ROM�Paper�PostScript��
Obviously� this change propagation can be done transparently�



� Discussion

DIOM is being implemented in the Diorama project� Diorama presents
the applications with a number of distributed query services in addition to
the interface description language IDL and interface query language IQL�
Information consumers may query the information from multiple het

erogeneous information sources through a uni	ed object
oriented view in
terms of IDL� and executes requests �e�g�� queries� updates on object links�
and method invocations� at the relevant information sources� Diorama�s
components conform to client�server standards such as CORBA �For���
and are dynamically bound to individual information sources to sup

port independent component evolution� For instance� DIOM interfaces
to C�� applications may be a set of C�� classes that act as �surro

gates� for the corresponding de	nition of the DIOM interface schema�
Information consumers may de	ne their domain query requirement with

out having any precise knowledge of the available underlying information
sources� New applications may de	ne their interoperation interfaces by
aggregation or generalization of existing interfaces� or by re	nement of
pre
de	ned interfaces� rather than starting from scratch� When a com

ponent source evolves into a new version� to incorporate the changes at
the component level into the interoperation interface level� some modi	

cation to the DIOM distributed metadata library may be necessary� To
ensure the subsequent queries are processed against the up
to
date infor

mation sources� the incremental IDL�IQL recompilation will be invoked
transparently� As a result� no manual rewriting of consumer�s query in

terface schema and application programs is required� Furthermore� when
the number of information sources that participate in the interoperation
increases� the existing legacy applications may continue to work without
source code changes�

� Related Work

Representative projects in the area of integration of heterogeneous infor

mation sources �Wie��� Wie��� include TSIMMIS �GMea��� PGMW����
which introduces an object exchange model and a query language for in

tegrated information access� The Context Interchange approach �SSR���
GMS��� represents data semantics explicitly using a shared ontology�
Other projects include work at USC �DS���� HP Labs �Sha���� and IBM
Almaden Research Center �CHea���� The entire area of distributed object
management �ODV��� has also important impact on this line of research�

In addition� much of the work on heterogeneous databases are also rel

evant� However� our viewpoint is somewhat di�erent from the previ




ous research on the integration of schematic and heterogeneity� such
as �KS�
� SK��� SL��� SM�
� VH�
�� Instead of trying to minimize the
di�erences and make them disappear� we accept the di�erences and try to
characterize them and utilize them as semantic annotation in the DIOM
query evaluation process�

� Conclusion

We have looked into two of traditional database system assumptions
in this position paper� �
� data is consistent in the database� and ���
database schema is reasonably stable� These assumptions are severely
strained in distributed interoperable data sources� such as multimedia
databases� object
oriented databases� web pages and other information
sources on the Internet� Due to autonomy of component data sources� an
interoperable information system will contain inherent inconsistency� as
well as frequent schema changes� As a starting point for discussion� we
have outlined the DIOM approach as a possible technique to handle the
schema evolution and the data inconsistency incurred by representational
and semantic heterogeneity of data�

The main idea of the DIOM approach is mandating explicit and vol

untary declarations of what are information consumer wants and what
information producers� supplies are of most interest� These declarations
are stored in the metadata management system and used for deriving the
relevant portions of producers� source data and for connecting informa

tion consumers with information producers in a �exible and dynamic way�
We have described how the DIOM metadata catalog is constructed� man

aged and maintained in a DIOM environment� Three groups of metadata
repositories are discussed� �
�metadata related to information sources
�information producers� source information�� ���metadata related to con

sumer�s interface descriptions �information consumer�s domain query re

quirements�� and ���metadata related to query implementations �estab

lishing a �exible connection between consumer�s queries and producers�
source data�� We also highlight the bene	ts of building distributed meta

data catalog based on the object
oriented design of IDL�

Our work on the DIOM distributed catalog management continues� The
proposal for distributed metadata catalog management and the utiliza

tion of object
oriented abstractions to IDL design is still in its early stage
of development� The metadata model and catalog management present
only a 	rst step towards 	nding solutions for the interoperability prob

lem� No doubt other ideas and techniques will arise in response to the
breakdown of these traditional database assumptions� We contend that
in large networks such as the Internet� interoperability among heteroge




neous information sources requires a systematic re
examination of many
of the assumptions made by traditional databases� The investigation of
which traditional techniques still apply under the relaxation of a par

ticular set of assumptions become an increasingly challenging area for
research and development� For example� techniques such as Epsilon Se

rializability �ESR� �PL�
� WYP��� RP��� have been developed to bound
the amount of inconsistency in individual transaction processing systems�
We are currently studying the application of ESR algorithms to control
inconsistency in the Internet environment�
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