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Abstract

The Context Interchange strategy presents a novel perspect-
ive for mediated data access in which semantic con
icts
among heterogeneous systems are not identi�ed a priori, but
are detected and reconciled by a Context Mediator through
comparison of contexts.

1 COIN

The Context Interchange (coin) project aims to develop
tools and technologies for supporting access to heterogen-
eous and distributed information systems.

The underlying integration strategy [GBMS96, SSR94],
called the coin strategy, presents a novel perspective for
mediated data access in which semantic con
icts among het-
erogeneous systems are not identi�ed a priori, but are detec-
ted and reconciled by a Context Mediator [Wie92] through
comparison of contexts (i.e the contexts associated with the
sources and receivers engaged in data exchange).

The coin framework [GBMS96] is a mathematical struc-
ture o�ering a sound and formal foundation for this strategy
and for guiding its implementation. The coin framework
comprises a data model and a logical language of the family
of the Frame-Logic [KL89]. The data model and the lan-
guage are used to de�ne the domain model of the applica-
tion and the contexts. The data model contains the de�ni-
tions of the semantic-types which constitute the domain of
discourse. The contexts, associated with both information
sources and receivers, are collections of statements de�ning
how data should be interpreted and how potential con
icts
(di�erences in the interpretation) may be resolved. Concepts
such as semantic-objects and semantic-comparisons,modi�-
ers, and conversion functions allow the semantics of data to
be de�ned both within and across the contexts. They have
been made explicit and built-in the coin data model and
language. Together with the deductive and object-oriented
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features inherited from the Frame-Logic, they constitute an
appropriate and expressive support for both the representa-
tion of semantic knowledge and the reasoning about semantic
heterogeneity.

Context mediation is the process of rewriting queries
posed in the receiver's context into a set of mediated quer-
ies where all potential con
icts are explicitly resolved. This
process is based on an abductive procedure [KK93] which
determines, according to the statements in the di�erent con-
texts involved, what information is needed to answer the
query, and what and how con
icts may be resolved.

From a system perspective, the coin strategy combines
the best features of loose- and tight-coupling approaches to
semantic interoperability among autonomous and heterogen-
eous systems by allowing the complexity of the system to be
harnessed in small chunks, by enabling sources and receivers
to remain loosely-coupled to one another, and by sustaining
an infrastructure for data integration. The integration ap-
proach is not only non-intrusive but also scalable, extens-
ible and accessible [GMS94]. By scalability, we require that
the complexity of creating and administering (maintaining)
the interoperation services should not increase exponentially
with the number of participating sources and receivers. Ex-
tensibility refers to the ability to incorporate changes in a
graceful manner; in particular, local changes should not have
adverse e�ects on other parts of the larger system. Finally,
accessibility refers to how the system is perceived by a user
in terms of its ease-of-use and 
exibility in supporting dif-
ferent kinds of queries.

2 The Prototype

Although, the strategy applies to a variety of application
scenarios, the coin project focuses on the integration of data-
bases and semi-structured information sources distributed
over public or corporate Internet based information infra-
structures. Users and application programs (e.g. users of
Web-browsers, spreadsheets, data-warehouses) have trans-
parent access to the remote information sources (e.g. on-line
databases, web-sites) through a server providing the medi-
ation services.

Figure 1 illustrates the architecture of the context medi-
ation infrastructure deployed in an application.

The sources we consider are ranging from on-line data-
bases (e.g. an Oracle database on our picture) to semi-
structured Web-sites. In order to provide a uniform access
to this sources, a set of components called wrappers are used
as interfaces between the mediation engines and the sources.
The wrappers are not only communication gateways between
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Figure 1: Architectural overview of the Context Interchange
Prototype.

the multi-database access engine and the sources, but they
also provide a SQL interface to any source including the
Web-sites and deliver answers to the queries in a relational
table format. The Web wrapping technology we have de-
veloped [Qu96] is based on a high level declarative language
for the speci�cation of what information can be extracted.
A program in the speci�cation language de�nes a transition
network corresponding to the possible transitions from one
Web-page to another, and regular expressions corresponding
to what information is located on a page.

On the receiver's side we propose an Application Pro-
gramming Interface (API) of the family of the Object Data-
Base Connectivity protocol (ODBC). The protocol support-
ing this API is currently tunneled in the HyperText Transfer
Protocol (HTTP) of the World Wide Web. The API can be
used within any application with basic capabilities for In-
ternet socket based communication. However, we have de-
veloped two types of ready-to-use interfaces: A HyperText
Markup Language (HTML) Query-By-Example (QBE) and
an ODBC driver which gives access to the mediation ser-
vices to any Windows95 and WindowsNT ODBC compliant
applications such as Microsoft Excel or Microsoft Access.

The Multi-database access engine constitutes a front-end
of dictionary and query services to the multiple wrapped
sources. Its main functions are:

� Serving schema information such as names and attrib-
ute types of the table located in the various sources;

� Planning and optimizing the multi-source queries tak-
ing the sources capabilities, and the execution and com-
munication costs into account;

� Controlling the execution of the resulting query execu-
tion plan and executing the necessary local operations
(e.g. joins across sources).

For the management of dictionary information and in order
to handle large results or large sets of temporary data, the
multi-database access engine uses two local secondary stor-
ages.

The mediation engine intercepts a query to the multi-
database engine and rewrite it according to the context know-
ledge it has about the receiver and the sources involved. The
rewritten query is usually a union of sub-queries correspond-
ing respectively to the possible con
icts between the context
assumptions and their resolution.

3 A short Example of Mediation

Let us consider, for instance, the query \What are the names
and revenues, of the companies whose revenue is bigger than
their expenses?". Let us assume that such a query involves
two sources and one relation in each source. The tables in
the sources and the ancillary web source reporting currency
exchange rates are shown on �gure 2. The query is expressed
in SQL:

SELECT r1.cname, r1.revenue FROM r1, r2

WHERE r1.cname = r2.cname

AND r1.revenue > r2.expenses;

IBM

NTT

100 000 000

100 000 000

USD

JPY

IBM

NTT

1 500 000

5 000 000
104.00

JPYUSD

R1

R2 WWW

Figure 2: The relations R1 and R2, and the currency ex-
change Web source.

The above query, however, does not take into account
the fact that data sources are administered independently
and have di�erent contexts: i.e., they may embody di�erent
assumptions on how information contained therein should
be interpreted. For instance, the data reported in the two
sources di�er in the currencies and scale-factors of company
�nancials (i.e., �nancial �gures pertaining to the compan-
ies, which include revenue and expenses). Speci�cally, in
Source 1, all company �nancials are reported using the cur-
rency shown and a scale-factor of 1; the only exception is
when they are reported in Japanese Yen (JPY) in which



case the scale-factor is 1000. Source 2 reports all company
�nancials in USD using a scale-factor of 1. In the light of
these remarks, the (empty) answer returned by executing
Q1 is clearly not a \correct" answer since the revenue of
NTT (9,600,000 USD = 1,000,000� 1,000� 0.0096) is nu-
merically larger than the expenses (5,000,000) reported in
r2. The query is rewritten by the mediation engine into:

SELECT r1.cname, r1.revenue

FROM r1, r2

WHERE r1.currency = 'USD'

AND r1.cname = r2.cname

AND r1.revenue > r2.expenses;

UNION

SELECT r1.cname, r1.revenue * 1000 * r3.rate

FROM r1, r2, r3

WHERE r1.currency = 'JPY'

AND r1.cname = r2.cname

AND r3.fromCur = r1.currency

AND r3.toCur ='USD'

AND r1.revenue * 1000 * r3.rate > r2.expenses

UNION

SELECT r1.cname, r1.revenue * r3.rate

FROM r1, r2, r3

WHERE r1.currency <> 'USD'

AND r1.currency <> 'JPY'

AND r3.fromCur = r1.currency

AND r3.toCur = 'USD'

AND r1.cname = r2.cname

AND r1.revenue * r3.rate > r2.expenses;

The mediated query considers all potential con
icts between
relations r1 and r2 when comparing values of \revenue"
and \expenses" as reported in the two di�erent contexts.
Moreover, the answers returned may be further transformed
so that they conform to the context of the receiver. Thus in
our example, the revenue of NTTwill be reported as 9600000
as opposed to 1000000. More speci�cally, the three-part
query shown above can be understood as follows. The �rst
sub-query takes care of tuples for which revenue is reported
in USD using scale-factor 1; in this case, there is no con
ict.
The second sub-query handles tuples for which revenue is
reported in JPY, implying a scale-factor of 1000. Finally,
the last sub-query considers the case where the currency is
neither JPY nor USD, in which case only currency conver-
sion is needed. Conversion among di�erent currencies is
aided by the ancillary data source r3 (a Web service) which
provides currency conversion rates. This second query, when
executed, returns the \correct" answer consisting only of the
tuple <'NTT' 9600000>.

4 conclusion

Together with our industrial partners, we are currently de-
ploying our technology in several experimental applications
in particular in the area of �nancial analysis decision sup-
port (pro�t and loss analysis, marketing intelligence). We
have build demonstrations accessing several �nancial and
company pro�le on-line databases and using Web sites as
primary (for instance, sites reporting every 15 minutes se-
curity prices in the various stock exchanges) or ancillary (for
instance, date conversion services or currency exchange) in-
formation sources.
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