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FOUNDATIONS OF DATA EXCHANGE

The problem of exchanging data between different databases with different
schemas is an area of immense importance. Consequently data exchange has been
one of the most active research topics in databases over the past decade. Founda-
tional questions related to data exchange largely revolve around three key prob-
lems: how to build target solutions; how to answer queries over target solutions;
and how to manipulate schema mappings themselves? The last question is also
known under the name “metadata management”, since mappings represent meta-
data, rather than data in the database.

In this book the authors summarize the key developments of a decade of research.
Part I introduces the problem of data exchange via examples, both relational and
XML; Part I deals with exchanging relational data; Part III focuses on exchanging
XML data; and Part IV covers metadata management.
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Preface

Data exchange, as the name suggests, is the problem of exchanging data between different
databases that have different schemas. One often needs to exchange data between exist-
ing legacy databases, whose schemas cannot be easily modified, and thus one needs to
specify rules for translating data from one database to the other. These rules are known as
schema mappings. Once a source database and a schema mapping are given, one needs to
transfer data to the target, i.e., construct a target database. And once the target database is
constructed, one needs to answer queries against it.

This problem is quite old; it has been studied, and systems have been built, but it was
done in a rather ad hoc way. A systematic study of the problem of data exchange com-
menced with the 2003 paper “Data exchange: semantics and query answering” by Fagin,
Kolaitis, Miller, and Popa, published in the proceedings of the International Conference
on Database Theory. A large number of followup papers appeared, and for a while data
exchange was one of the most active research topics in databases. Foundational questions
related to data exchange largely revolved around three key problems:

1. how to build a target solution;
2. how to answer queries over target solutions; and
3. how to manipulate schema mappings themselves.

The last question is also known under the name of metadata management, since mappings
represent metadata, rather than data in the database.

This book summarizes the key developments of the decade of research in the area of
data exchange. It is organized into four parts.

In Part One, the problem of data exchange is introduced via examples, both relational
and XML. We present key definitions: of schema mappings, of solutions (possible target
instances), and of query answering and rewriting. We also describe some background ma-
terial on relational databases, query languages, incomplete data, complexity theory, and
automata theory (that will be required in the study of XML data exchange).

Part Two deals with exchanging relational data. We start by looking at the problem
of checking if solutions, or possible target instances, exist. In general, the problem may
even be undecidable, so we look at restrictions on schema mappings to guarantee not only
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xii Preface

decidability but also tractability of the problem of building solutions. Under one restriction,
called weak acyclicity, particularly nice solutions can be constructed efficiently. These are
called universal solutions, and they are particularly well suited for query answering in data
exchange. It turns out that a given source may have many targets compatible with it, and
thus we use the semantics of certain answers, i.e., answers true in all compatible targets.
It is those answers that can be efficiently found in universal solutions. Universal solutions
themselves are not unique, and we look at two types of these, the canonical universal
solution, and the core, that have particularly nice properties. We also look at alternative
ways of defining the semantics of query answering in data exchange.

Part Three deals with exchanging XML data. It mimics the developments of Part Two,
but there are crucial differences between XML and relations. In particular, the complexity
of many basic tasks increases in the XML case, and one needs different types of restric-
tions for keeping the complexity manageable. We identify those, particularly by placing
restrictions on schemas, as it is their complexity that affects data exchange problems most.
We also look at answering two types of queries: XML-to-relations, and XML-to-XML.
Finally, we show how to perform XML data exchange tasks using relational data exchange
engines.

Part Four deals with metadata management, i.e., handling schema mappings themselves.
We deal with their static analysis, in particular, the consistency (or satisfiability) problem
and the simplification problem. We study schema evolution described by means of op-
erations on mappings. Two key operations one needs are composition of mappings and
inverting mappings, and we provide a detailed study of both.

Each part of the book comes with a summary, bibliographic comments, and exercises.

A much shorter draft of this book was published in the Morgan & Claypool Synthesis
series under the title “Relational and XML Data Exchange” in 2010. While working on
that short version, and on the full draft, as well as on papers that are reflected in this
book, we benefited from comments and critical remarks from our colleagues. We would
like to thank Shunichi Amano, Mikotaj Bojariczyk, Rada Chirkova, Wojtek Czerwinski,
Claire David, Ronald Fagin, Wenfei Fan, Amélie Gheerbrant, Andre Hernich, Phokion
Kolaitis, Maurizio Lenzerini, Katja Losemann, Wim Martens, Jorge Pérez, Juan Reutter,
Cristian Riveros, Miguel Romero, Nicole Schweikardt, Thomas Schwentick, and Cristina
Sirangelo. We are also grateful to Tamer Ozsu and Diane Cerra for convincing us to write
the short Morgan & Claypool version of the book, and to David Tranah at Cambridge
University Press for persuading us to turn it into a proper book, and for his patience and
assistance.

Santiago, Edinburgh, Warsaw M.A.,, PB.,L.L., EM.
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