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The article “Fragmentation of XML Documents” in this issue is a reprint of our original contribu-
tion to the 2003 Brazilian Symposium on Databases [Ma and Schewe 2003]. It is one of our early
publications devoted to the development of a sound theory of distribution design for complex-value
databases, a notion we use as an umbrella for all kinds of databases with tree-structured objects such
as nested relational, object oriented and also XML databases. Our goal was to extend and generalise
the known approach by fragmentation and allocation – replication was not considered – for relational
databases.

We started looking at fragmentation operations focusing on horizontal and vertical fragmentation,
first for object oriented databases [Schewe 2002], then also for XML [Ma and Schewe 2003]. As
fragmentation is coupled with algebra operations selection and projection, while defragmentation uses
union and join, we added a third kind of fragmentation operation based on splitting with dereferencing
needed for defragmentation.

In addition, we considered a cost-based approach in order to determine an optimal fragmentation.
This lead to defining heuristics for determining when further fragmentation may not be helpful [Ma
2003]. Our first steps only considered horizontal fragmentation [Ma and Schewe 2005], which was
later generalised to the other cases [Ma et al. 2007; Ma et al. 2007b].

When looking at cost-based fragmentation and allocation we discovered an unpleasant circularity in
the problem: we can only obtain a good estimate for cost efficiency if we assume to deal with optimised
queries, but optimising queries requires knowledge of the fragmentation and fragment allocation [Ma
and Schewe 2006; Ma et al. 2007]. This lead us to try an approach, which we now call the variational
approach to fragmentation and allocation [Ma et al. 2007a].

The approach starts from the assumption of a given set of optimised query trees on an optimal
allocation of database fragments, and asks how a single elementary fragmentation operation would
impact on the allocation of the new fragments and on the query trees by means of another round of
query optimisation. We could show that the effect on the query trees is small, as only projection-
selection-subqueries would be affected. As a consequence the problem of query optimisation including
optimal allocation of intermediate results could be largely separated from the fragmentation and
allocation problem. With the completion of Hui Ma’s Ph.D. [Ma 2007] we did not continue this line
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of research, though we felt that the approach still requires further investigation, in particular with
respect to its mathematical rigour.

Throughout the research programme we frequently encountered two major counter-arguments:
Firstly, distribution design is a largely solved problem, and secondly, distribution of XML documents
is the “wrong” problem, as the inter-operation of XML documents that are de facto distributed over
the web is the much more relevant problem. As for the first of these arguments we discovered through
our research that distribution design is to the contrary a largely unsolved problem, even for relational
databases. In the literature one of the motivations for distribution is an expected performance gain,
but no proof for this is given. In particular, connections with query optimisation are rare and the
circularity of the problem is widely ignored.

As for the second argument we did indeed redirect our interest to data-intensive services and
cloud computing. However, when many tenants address services offered by a cloud, the problem of
distribution (and replication) resurfaces naturally. Furthermore, as many services offered via the web
are XML-based, the distribution of XML documents (or better: XML databases) becomes unavoidable.
We therefore believe that in due time our new line of research on web-based data-intensive services
will bring us back to picking up the thread on distribution design that we abandoned at the end of
2007.
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