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Abstract

In this paper we present an extension of regular languages to support graph queries. The proposed extension
is based on the introduction of a partial order on the strings of the languages. We extend regular expressions and
regular grammars by introducing partial orders on strings and production rules, respectively. The relations between
regular expressions and regular grammars are analyzed. We show how partially ordered languages can be used to
define path queries to search graph databases and present results on their computational complexity. Finally, we
present an application of partially ordered languages for searching the Web.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Graph data is an emerging model for representing a variety of database contexts ranging from ob-
ject oriented databases to hypertext and semistructured data[18,19,7,16,22,25,26,28]. Also many of the
recursive queries that arise in relational databases are in practice graph traversals[2,12,13,27,29]. Re-
cently, several languages and prototypes have been proposed for searching graph-like data such as the
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Web[1,3–5,14,20,21,23,24]. All these languages permit us to express (declarative) navigational queries,
called path queries, by means of regular expressions denoting paths in the graph[3,8,9,11,13,22].

Path queries permit us to express queries of the form “find all objects reachable from a given node by
paths whose labels form a word inr” wherer is a regular expression over an alphabet of labels. However,
path queries are not satisfactory since the result is the complete set of answers. In practical applications,
where the number of answers can be large, the result should be a (limited) list of answers ordered with
respect to some criteria specified by the user[10]. This is confirmed by current index servers which
enable the user to search documents in the Web, by defining criteria based on the content of documents
[6]. Generally, the answer of index servers is a list of documents, ordered on the basis of the criteria
specified by the user.

Thus, in order to better capture the navigational aspects of graph-like data, we introduce partially
ordered regular languages, an extension of regular languages where strings are partially ordered. Two
stringss1 ands2, such thats1 > s2, denote two paths in the graph with the constraint that the paths1

should be preferred to the paths2. Thus, in terms of grammars generating (partially ordered) strings, the
relations1 > s2 implies that the strings1 should be generated before the strings2. In terms of paths, this
means that the paths spelling the strings1 should be navigated before the paths spelling the strings2.

Whenever the user wants a limited set of answers, the whole graph does not need to be explored and the
possibility of expressing a preference between paths should be given to the user. This is a very common
situation in searching graph-like data such as the Web, where the number of paths and solutions can be
extremely high. Thus, partially ordered languages capture the important aspect of navigational queries
such as “search first the paths starting with the edgee1 and next, in case the solution is not complete,
those starting with the edgee2”.

1.1. Contributions

The main contributions of this paper are
• the extension of regular expressions by introducing a partial order between ‘alternative’ strings;
• the extension of regular grammars to generate sets of partially ordered regular strings;
• results on the complexity of and algorithms for graph searching by means of partially ordered path

queries.
A practical contribution is the application of partially ordered languages, in query languages for searching
graph-like data such as the Web.

1.2. Organization of the paper

The rest of the paper is organized as follows. In Section 2, we present basic definitions on regular
languages and regular grammars. In Section 3, we introduce partially ordered languages. More specifically,
we introduce, in Section 3.1, extended regular expressions and then, in Section 3.2, we present partially
ordered regular grammars. In Section 4, we show how partially ordered regular languages can be used to
search graph data and present an algorithm to compute path queries. In Section 5, we show how partially
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