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Navigation is at the core of most XML processing tasks. The W3C endorsed nav-
igation language XPath is part of XPointer (for creating links between elements
in (different) XML documents), XSLT (for transforming XML documents) and
XQuery (for, indeed, querying XML documents). Navigation in an XML docu-
ment tree is the task of moving from a given node to another node by following a
path specified by a certain formula. Hence formulas in navigation languages de-
note paths, or stated otherwise binary relations between nodes. Binary relations
can be expressed in XPath or with first or second order formulas in two free
variables. The problem with all of these formalisms is that they are not compo-
sitional in the sense that each subexpression also specifies a binary relation. This
makes a mathematical study of these languages complicated because one has to
deal with objects of different sorts. Fortunately there exists an algebraic formal-
ism which is created solely to study binary relations. This formalism goes back
to logic pioneers as de Morgan, Peirce and Schröder and has been formalized by
Tarski as relation algebras [7]. (Cf., [5] for a monograph on this topic, and [8]
for a database oriented introduction). A relation algebra is a boolean algebra
with three additional operations. In its natural representation each element in
the domain of the algebra denotes a binary relation. The three extra operations
are a constant denoting the identity relation, a unary conversion operation, and
a binary operation denoting the composition of two relations. The elements in
the algebra denote first order definable relations. Later Tarski and Ng added the
Kleene star as an additional operator, denoting the transitive reflexive closure
of a relation [6].

We will show that the formalism of relation algebras is very well suited for
defining navigation paths in XML documents. One of its attractive features is
that it does not contain variables, a feature shared by XPath 1.0 and the regular
path expressions of [1]. The connection between relation algebras and XPath
was first made in [4].

The aim of this talk is to show that relation algebras (possibly expanded
with the Kleene star) can serve as a unifying framework in which many of the
proposed navigation languages can be embedded. Examples of these embeddings
are

1. Every Core XPath definable path is definable using composition, union and
the counterdomain operator ∼ with semantics ∼R = {(x, x) | not ∃y : xRy}.

2. Every first order definable path is definable by a relation algebraic expression.
3. Every first order definable path is definable by a positive relation algebraic

expression which may use the Kleene star.
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4. The paths definable by tree walk automata and certain tree walk automata
with pebbles can be characterized by natural fragments of relation algebras
with the Kleene star.

All these results hold restricted to the class of finite unranked sibling ordered
trees. The main open problem is the expressive power of relation algebras ex-
panded with the Kleene star, interpreted on this class of models. Is this formalism
equally expressive as binary first order logic with transitive closure of binary for-
mulas? Whether the latter is equivalent to binary monadic second order logic
is also open [2, 3]. So in particular we do not know whether each regular tree
language can be defined in relation algebras with the Kleene star.
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