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Abstract

We present a novel framework for mapping
between any combination of XML and rela-
tional schemas, in which a high-level, user-
specified mapping is translated into semanti-
cally meaningful queries that transform source
data into the target representation. QOur ap-
proach works in two phases. In the first phase,
the high-level mapping. expressed as a set
of inter-schema correspondences, is converted
into a set of mappings that capture the design
choices made in the source and target schemas
(including their hierarchical organization as
well as their nested referential constraints).
The second phase translates these mappings
into queries over the source schemas that pro-
duce data satisfying the constraints and struc-
ture of the target schema, and preserving the
semantic relationships of the source. Non-
null target values may need to be invented in
this process. The mapping algorithm is com-
plete in that it produces all mappings that are
consistent with the schema constraints., We
have implemented the translation algorithm in
Clio, & schema mapping tool, and present our
experience using Clio on several real schemas,

1 Introduction

An important issue in modern information systems
ications is providing support

3t s 'l

*University of Toronto
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semi-structured formats (e.g., DTDs, SGML or XML
Schema), scientific formats, etc. Integration of such
data is an increasingly important problem. Nonethe-
less, the effort involved in such integration, in practice,
is considerable: translation of data from one format
(or schema) to another requires writing and managing
complex data transformation programs or queries.
We present a new, comprehensive solution to build-
ing, refining and managing transformations between
heterogeneous schemas. Given the prevalent use of
the Web for data exchange, any data translation tool
must handle not only relational data but also data
represented in nested data models that are commonly
available on the Web. Our solutions are applicable to
any structured and semi-structured data that can be
described by a schema (a relational schema, a nested
XML Schema or DTD). We do not, in this work, con-
sider the exchange of documents or unstructured data
(including multimedia and unstructured text). Our
approach can be distinguished by its treatment of two
fundamental issues. We discuss them below, highlight-
ing our contributions and the main related work.
Heterogeneous Semantics We consider the sehema
mapping problem, where we are given a pair of inde-
pendently created schemas and asked to translate data
from one {the source) to the other (the target). The
schemas may have different semantics, and this may
be reflected in differences in their logical structures
and constraints. In contrast, most work on heteroge-
neous data focuses on the schema integration problem
where the target (global) schema is created from one
or more source {local) schemas (and designed as a view

Mauricio A. Herndndez' Ronald Fagin'
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® Source-to-Target TGD

® |ogical formula used to constrain how data should appear
in the target based on data in the source

V t,y: Bookl(t,y) = 3IN: Book(t,y, N)

V t,3,y: Book2(t,a,y) = 3IN: Book(t, y, N) Author (N,a)
V t,i:Book3 (t,i) = 3IN: Book(t, N, i)
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Vti,y:Book (t,y, i), Book (t,y,i)— (I = P) (Y = Y’)
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Abstract

Data exchange is the problem of taking data structured under a source schema and creating
an instance of a target schema that reflects the source data as accurately as possible. In
this paper, we address foundational and algorithmic 1ssues related to the semantics of data
exchange and to the query answering problem in the context of data exchange. These issues
arise because, given a source instance, there may be many target instances that satisfy the
constraints of the data exchange problem.

We give an algebraic specification that selects, among all solutions to the data exchange
problem, a special class of solutions that we call universal. We show that a universal so-
lution has no more and no less data than required for data exchange and that it represents
the entire space of possible solutions. We then identify fairly general, and practical, condi-
tions that guarantee the existence of a universal solution and yield algorithms to compute
a canonical universal solution efficiently. We adopt the notion of the “certain answers™ in
indefinite databases for the semantics for query answering in data exchange. We investi-
gate the computational complexity of computing the certain answers in this context and
also address other algorithmic issues that arise in data exchange. In particular, we study the
problem of computing the certain answers of target queries by simply evaluating them on a
canonical universal solution, and we explore the boundary of what queries can and cannot
be answered this way, in a data exchange setting.
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Laconic schema mappings: computing core universal soluti
by means of SQL queries*

Balder ten Cate', Laura Chiticariu®, Phokion Kolaitis®, and Wang-Chiew Tan*

! University of Amsterdam
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Abstract. We present a new method for computing core universal solutions in data exchange
settings specified by source-to-target dependencies, by means of SQL queries. Unlike previously
known algorithms, which are recursive in nature, our method can be implemented directly on
top of any DBMS. Our method is based on the new notion of a laconic schema mapping. A
laconic schema mapping is a schema mapping for which the canonical universal solution is the
core universal solution. We give a procedure by which every schema mapping specified by FO s-t
tgds can be turned into a laconic schema mapping specified by FO s-t tgds that may refer to a
linear order on the domain of the source instance. We show that our results are optimal, in the
sense that the linear order is necessary and the method cannot be extended to schema mapping
involving target constraints.

1 Introduction

We present a new method for computing core universal solutions in data exchange settings specifi
source-to-target dependencies, by means of SQL queries. Unlike previously known algorithms,
are recursive in nature, our method can be implemented directly on top of any DBMS. Our meth
based on the new notion of a laconic schema mapping. A laconic schema mapping is a schema ma
for which the canonical universal solution is the core universal solution. We give a procedure by
every schema mapping specified by FO s-t tgds can be turned into a laconic schema mapping spe
by FO s-t tgds that may refer to a linear order on the domain of the source instance.

Outline of the paper: In Section 2, we recall basic notions and facts about schema mappings. Secti
explains what it means to compute a target instance by means of SQL queries, and we state our
result. Section 4 introduces the notion of laconicity, and contains some initial observations In Secti
we present our main result, namely a method for transforming any schema mapping specified b
s-t tgds into a laconic schema mapping specified by FO s-t tgds asssuming a linear order. In Secti
we show that our results cannot be extended to the case with target constraints.
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ABSTRACT

The recent literature has provided a solid theoretical founda-
tion for the use of schema mappings in data-exchange appli-
cations. Following this formalization, new algorithms have
been developed to generate optimal solutions for mapping
scenarios in a highly scalable way, by relying on SQL. How-
ever, these algorithms suffer from a serious drawback: they
are not able to handle key constraints and functional depen-
dencies on the target, i.e., equality generating dependencies
(egds). While egds play a crucial role in the generation of
optimal solutions, handling them with first-order languages
is a difficult problem. In fact, we start from a negative
result: it is not always possible to compute solutions for
scenarios with egds using an SQL seript. Then, we identify
many practical cases in which this is possible, and develop a
best-effort algorithm to do this, Experimental results show
that our algorithm produces solutions of better quality with
respect to those produced by previous algorithms, and scales
nicely to large databases,

1. INTRODUCTION

Schema mappings are expressions that specify how an in-
stance of a source database can be transformed into an in-
stance of a target database. In recent years, they have re-
ceived an increasing attention both from the research com-
munity and the tool market.

A schema-mapping system I8 used to support the process
of generating and executing mappings in practical scenar-
ios. It typically allows users to provide an abstract speci-
fication of the mapping as a set of correspondences among
schema elements, specified through a friendly user-interface.
Based on such specification, the mapping system will first
generate a number of mappings — usually under the form of
tuple-generating dependencies (tgds) [4] that correlate source
tables with target tables; then, based on these mappings, an
executable transformation, i.e., a runtime script in SQL or
XQuery that can be practically used to run the mappings
and generate solutions.

Permussion to copy without fee all or part of thus matenal 1s granted provided
that the copies are not made or dastnbuted for direct commercial advantage,
the VLDB copynight notice and the title of the pubhication and its date appear,
and notice 1s given that copying is by pernussson of the Very Large Data
Base Endowment. To copy otherwise, or to republish, to post on servers
of to redistnbute to lists, requires a fee and/or special permassion from the

After the seminal Clio papers [20, 21] introduced the key
algorithmic techniques needed to generate mappings from
correspondences, and executable seripts from mappings, a
solid theoretical foundation for the data-exchange problem
was laid in the framework of data exchange research (10, 12].
More recently, sophisticated algorithms have been propo-
sed [17, 24] to take advantage of the theoretical background
of data exchange and adopt a more principled approach to
the generation of solutions. In fact, a data-exchange prob-
lem may have many different solutions. Universal solu-
tions [10] were first identified as preferred solutions, since
they contain only information that follows from the source
instance and the mapping. Among these, the notion of core
solution [12] was identified as the “optimal one”, since it is
the smallest among universal solutions. Second-generation
mapping systems [17, 24] made a significant step forward
by introducing algorithms that materialize core solutions by
using runtime SQL scripts.

Despite their increasing maturity, these techniques still
suffer from a significant limitation: they provide very limited
support for target dependencies. While target constraints
are recognized as an important feature of data exchange,
they introduce a number of subtleties in the computation of
solutions., Notice that target constraints typically come in
two forms: target tgds, and target equalify-generating depen-
dencies (egds) [4]. These two kinds of constraints have re-
ceived an unequal share of attention in schema-mappings re-
search, Target tgds corresponding to foreign key constraints

by far the most common form - are handled quite nicely
by mapping systems [21, 18]: in fact, the intuition of chasing
foreign kKeys to generate source-to-target tgds is at the core
of the original Clio mapping-generation algorithm.

On the contrary, state-of-the-art schema-mapping systems
cannot handle target egds, i.e., there is currently no system
to efficiently generate optimal solutions for mapping sce-
narios with key constraints and funetional dependencies, as
discussed in the next example.

Motivation Suppose we want to solve the mapping prob-
lem shown in Figure 1. This is a typical data-fusion ex-
ample [5] which requires to merge together data from three
different tables — possibly from three different original data
sources — as shown in Figure 1.a: (:) a table about students
and their birthdates; (i11) a table about employees and their
salaries; (121) a table about drivers and the cars they drive.
The target schema contains two tables, one about persons,
the second about cars. On these tables, we have two keys:
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Abstract— We consider data exchange for XML documents:
given source and target schemas, a mapping between them, and
a document conforming to the source schema, construct a target
document and answer target queries in a way that is consistent
with source information, The problem has primarily been studied
in the relational context, in which data-exchange systems have
also been built.

Since many XML documents are stored in relations, it is
natural to consider using a relational system for XML data
exchange. However, there is a complexity mismatch between
query answering in relational and XML data exchange, which
indicates that restrictions have to be imposed on XML schemas
and mappings, and on XML shredding schemes, to make the use
of relational systems possible.

We isolate a set of five requirements that must be fulfilled in
order to have a faithful representation of the XML data-exchange
problem by a relational translation. We then demonstrate that
these requirements naturally suggest the inlining technique for
data-exchange tasks. Our Key contribution is to provide shred-
ding algorithms for schemas, documents, mappings and queries,
and demonstrate that they enable us to correctly perform XML
data-exchange tasks using a relational system,

I. Introduction

Data exchange is the problem of finding an instance of a target
schema, given an instance of a source schema and a schema
mapping, that is, a specification of the relationship between the
source and the target. Such a target instance should correctly
represent information from the source instance under the
constraints imposed by the target schema, and should allow
one to evaluate quenies on the target instance in a way that
is semantically consistent with the source data. The problem
has received much attention in the past few years, with several
surveys already available [22], [9], [8].
The general setting of data exchange is this:
b4 mapping M [____4  queryQ
source S| =P ‘ target 7
L .

> -

We have fixed source and target schemas, an instance S
of the source schema, and a mapping M that specifies the
relationship between the source and the target schemas. The

- L

The mappings rarely specify the target instance completely,
that is, for each source S and mapping M, there could be
multiple target instances 7,73, ... that satisfy the conditions
of the mapping. Such instances are called solutions. The
notion of query answering has to account for their non-
uniqueness. Typically, one tries to compute certain answers
CERTAIN \4(Q.,S) = ), Q(T;), that is, answers independent
of a particular solution chosen. Such an answer must be
produced by evaluating some query — not necessarily ) but
perhaps its rewriting Qewy Over a particular solution 7: so that
Quewi(T) = CERTAIN (4 (Q, S).

Thus, the key tasks in data exchange are: (a) choosing
a particular solution 7 among {7,,7;,...} to matenalize,
and (b) finding a way of producing query answers over that
solution by running a rewritten query Qy.uy over it. Usually one
builds a so-called universal solution [13], [8]; these solutions
behave particularly nicely with respect to query answering.

These basics of data exchange are independent of a partic-
ular model of data. Most research on data exchange, however,
occurred in the relational context [13], [14], [22], [8] or slight
extensions [33], [19]; the first paper that attempted to extend
relational results to the XML context was [6], and a few
followups have since appeared [4], [3]. They all concentrate on
the algorithmic aspects of query answenng and constructing
solutions, with the main goal of isolating tractable cases.
The problem these papers do not address is how XML data
exchange can be implemented?

One possibility is to use a native XML DBMS such as
[20], but this is not the most common route: XML data
are commonly stored in relational DBMSs. In fact, many
ETL products claim that they handle XML data simply by
producing relational translations (known as shredding [23)).
This leads to a two-step approach:

o first shred XML data into relations;

o then apply a relational data-exchange engine (and publish

the result back as an XML document).
The approach seems very natural, but the key question is
whether it will work correctly. That is, are we guaranteed
to have the same result as we would have gotten had we
implemented a native XML data-exchange system?

20
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