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Abstract. Originally the target audience on the Web was presumed to be
humans. As a consequence, although a great amount of data available on the
Web is machine-readable, this data is presented in the form of weakly
structured (i.e. HTML) or even unstructured text. The only way to search this
data is to use a key-word based mechanism that does not regard the structure
and semantics of the data. As a result, search processing may produce data that
is not relevant enough to meet user’s needs. To eliminate this drawback of
modern search engines, concept of Semantic Web has been proposed. It is
based on using metadata presented in machine-understandable form to describe
the data contained on the Web. The emergence of XML leveraged a promising
consensus on the encoding syntax for machine-understandable metadata.
However, interoperating and searching over the Web on a syntactic level
proved to be a difficult task. In order to fill the gap between the syntax and
semantic layers, a variety of object modeling languages, such as RDF schema
description language and UML, are used to define metamodels (i.e. models of
metadata). In this paper, we propose an approach to uniform searching by
metadata that is modeled in different object metamodeling languages and
presented in XML in various ways. We suggest the key features of the approach
such as a unified metamodeling and query language. We describe the
mechanism of mapping queries expressed in terms of semantic layer (i.e.
metamodel layer) to queries expressed in terms of syntax layer (i.e. XML layer).

1 Introduction

While search engines based on keyword-based indexing mechanism are widely spread
they do not satisfy needs of majority of users. That is why efforts of many researchers
and developers are aimed at designing advanced search facilities. Today it is widely
recognized that, in order to solve the problem of effective searching over the
Internet/Intranet, data should be made understandable by search engines. Presently
several promising approaches are proposed to achieve this goal. These approaches are
similar in using metadata to describe data contained on the Web and in presenting
metadata in XML. But the manner in which metadata is modeled and presented in
XML differs in the variety of approaches. Factors like design independence,
competition, purpose-tailoring, and the increasing installed base of software that uses
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diverse approaches suggest that a variety of alternative approaches will always be
around. Therefore an integrated mechanism of searching by metadata corresponding
to various approaches is required. We aim our efforts at providing such mechanism.
Besides, the fact that metadata is usually modeled in high-level modeling languages
leads us to the idea of automatically generating end-user interface based on model of
metadata. It allows developers to avoid manual implementation of end-user search
forms or catalogs for each application domain.

In the first section of this paper work related to searching by metadata is
considered. In the second section we present our approach to searching by metadata
we are working on. In the third section a high-level unified model, on which the
proposed approach is based, is defined.

2 Related work

There are several approaches to metadata modeling and its representation in XML,

One of these approaches was proposed by World Wide Web Consortium (W3C) [1].

It is called Resource Description Framework (RDF). The essence of W3C proposal

lies in modeling metadata in a high level object-oriented modeling language. This

approach allows working with metadata not in terms of low-level XML structures (i.e.

graph structures) but in terms of high level object-oriented metamodel (i.e. model of

metadata). Also it could be natural to consider metamodel as a model of some
application domain. Thus we can think of working with metadata in terms of
metamodel as in terms of application domain.

As metamodeling language RDF schema specification language [2] is taken. RDF
schema specification language is used in specifying application-specific schemas (i.e.
metamodels). RDF schema specification language is similar to frame-based languages
but it can also be regarded as object modeling language. The main modeling
primitives defined in RDF Schema are:

* Classes - RDF Schema specification language allows defining classes and hierarchy
of class inheritance. Multiple inheritance is supported.

* Property and Property Constraints - RDF Schema specification language has
modeling primitives for defining property constrains that restrict the range and
domain of a property to certain classes.

Metadata corresponding to some schema is presented in XML according to a
standard mechanism described in “RDF model and syntax specification”[3].

But W3C does not specify a mechanism of searching by metadata. RDF can be
characterized as a specification of meta-framework, which includes a metamodeling
language and the rules of metadata and metamodel representation in XML format. A
searching mechanism is presumed by W3C to be built on top of this meta-framework.
Several searching mechanisms have been proposed. These mechanisms are usually
based on first-order logic [4] or frame logic [5] inference mechanisms.

But analogous solutions are proposed not only by W3C. There is another but
similar solution based on meta-framework proposed by Object Management Group
(OMQG) [6]. As metamodeling language MOF abstract language [7] is taken, which is
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a subset of widely known UML [9]. MOF stands for Meta Object Facility. The rules

of encoding metadata corresponding to some metamodel defined in MOF abstract

language are specified by OMG in “XML Metadata Interchange (XMI)” specification

[8]. As in W3C solution there is no mechanism of searching metadata specified by

OMG.

Using these approaches to metadata modeling and representation as the basis for
building search engines have several obvious advantages:

» Working with metadata instead of data we can focus on really essential for search
purposes information.

* As the volume of metadata is smaller then that of data we can increase performance
of searching and embrace a greater number of sources (by storing metadata instead
of data)

* Ability to formulate search queries in terms closed to application domains
But there is a drawback also:

* As metadata is modeled in a high-level object modeling language we loose some
particular facilities of XML model such as irregular structure expressibility but
gain facilities to express more semantics of metadata in metamodel.

If we take a look at W3C and OMG solutions we can see that each solution is based
on three notions: meta-metamodel (i.e. language for defining metamodels or
metamodeling language), metamodel (i.e. model of metadata), and metadata. These
notions present so-called meta-architecture. Table 1 sets up correspondence between
these three notions and notions of W3C and OMG solutions.

Table 1. Correspondence between W3C and OMG solutions based on meta-architecture

Level \ Organization OMG W3C
Meta-metamodel The MOF abstract | The RDF Schema Definition
language language
Metamodel Metamodels Different RDF schemas
Metadata Metadata encoding in | Metadata encoding in XML in
XML in correspondence | correspondence with “The
with XMI RDF model and syntax”

3 Description of the proposed approach to unified searching by
metadata

Before we proceed with the description of the proposed approach let us set the
problem more precisely.

To solve the problem of unified searching by any kind of metadata, the integration
at the two upper levels of meta-architecture is required (the lowest level of metadata is
uniformly presented in XML so the integration is not required at this level). Below we
consider the meaning of the integration at each level.
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Integration at this level means choosing the existing meta-metamodel or designing
a new one that will represent a unified meta-metamodel. Also mapping between
existing meta-metamodels and the unified meta-metamodel must be set up. The
unified meta-metamodel must consist of at least two parts: structural (some
metamodeling language) and manipulative (some declarative query language that
allows formulating queries using terms of metamodel). Manipulative part is necessary
for providing mechanism of searching.

Assuming that the task of integration at meta-metamodel level is accomplished the
problem now is: from two given metamodels that describe different considerably
overlapping domains infer a new metamodel that describes the domain being covered
by both those metamodels with minimum loss of semantic information.

This task is rather complicated and we think that it is too hard to design mechanism
of automatic integration of metamodels. We don’t propose this mechanism now but
we are willing to solve this problem in future.

We now proceed with description of proposed approach to solution of the current
problem described above.

As stated above in order to design the unified mechanism of searching by metadata
modeled in high-level object modeling languages we must define some unified meta-
metamodel.

We propose to use unified meta-metamodel based on the MOF abstract language.
Because we consider that the MOF abstract language is the most expressive
metamodeling language today. As manipulative part of the unified meta-metamodel
we design a query language called UQL. UQL is based on Object Constraint
Language (OCL) [9] designed for expressing constraints attached to UML model. For
more information on unified meta-metamodel see next section.

If user wants search by metadata presented in XML in correspondence with XMI
specification and have written UQL query in terms of metamodel of interest expressed
in MOF abstract language, the proposed framework should provide component that
converts the UQL query to XML-based query language (XQL [11,12] or Quilt [10]
according to our approach).

If user wants to search by metadata presented in XML in correspondence with any
other specification (e.g. RDF), the framework translates RDF schema to a respective
metamodel expressed in MOF abstract language that is a part of the unified meta-
metamodel and provide user with this metamodel. Then user writes a UQL query
looking at this metamodel and passes this query to the component of the framework
that is responsible for processing UQL queries. If the algorithm of translating from
RDF schema into a respective metamodel expressed in MOF abstract language is
based on “one-to-one” principle, the framework will be able to translate the UQL
query into a query that is in terms of RDF schema and then execute this RDF query.

Note: Using the phrases like “user writes a query” or “user looks at a metamodel”
above we imply the existing of tools (such as form generator) that help user to perform
such tasks, save user from knowing the technical details of the implementation, and
form an illusion of working in terms of application domain.

We use XQL and Quilt as means of querying metadata presented in XML. In spite
of the fact that XQL is de facto a standard XML query language today Quilt is more
promising one by our opinion. Quilt has been proposed by Don Chamberlin, Jonathan
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Robie (author of XQL[11,12]) and Daniela Florescu (co-author of XML-QL[13]).
Quilt has borrowed features from several other languages, such as XPath[15],
XQL[11,12], XML-QL[13], SQL, OQL[14], YATL[16], and Lorel[17], that seem to
have strengths in specific areas.
The high-level framewor architect re that implements the proposed approach is
shown in ig re 1.
As it is shown in the fig re the proposed framewor consists of three services
ront-end, ore, and ac -end.


















