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1 Introduction

1.1 Data and Metadata

The word Metadata should be literally understood as “data about data”, that is data describing “the content,
quality, condition, and other characteristics of data”®. This definition is widely accepted; nevertheless, it is
often misleading, and a frequent source of misunderstanding. As a matter of fact, the notion of data, that is the
informative content conveyed by a piece of information, is largely dependent by our particular point of view,
and the intended processing of the information. As we change the interpretation of data, the relevant notion
of metadata is typically modified accordingly. For this reason, the list of functionalities embodied in metadata
is normally expanded to include (at least as the term is utilized in the Web context) support for “...any data
used to aid the description and location of networked electronic resources”?, and also the management of
information resources (including rights management) and their long-term preservation?3.

Of course, this is not much more informative, and the list of functionalities supported by “metadata” in
the future is probably going to grow, and in ways that are hard to predict at present. Perhaps it is for this
reason, that the World Wide Web Consortium defines metadata as “machine understandable information for
the web”4. Unfortunately, this definition, inspired by the so-called “Semantic Web”, is even more confusing:
was not providing a machine understandable, but platform and language independent representation of the
information, the very aim of XML? In consequence, it is not uncommon to encounter the claim that any
markup — being an annotation over a data — is a form of metadata. While this may be a reasoned position, it
somewhat distant from the original meaning of the word.

The meaning of the word “metadata” is thus so ill-defined and so dependent on the particular context and
perspective one is interested in, that any attempt of developing a general model, even in restricted domain such
as Mathematical Knowledge, is an impossible (and probably even useless) task. It seems by now accepted
that “no single type of metadata can suit every application, every type of resource, and every community of
users”>.

This document aims to provide a short survey on the topic, listing the main existing metadata systems,
research approaches and state-of-the-art technologies in this field.

2 Markup for Metadata

Independent of the precise definition of the word, metadata are still data, and must be expressed according
to some given format; moreover, since they are supposed to help in locating, managing and processing other
information in a completely automatic way, the requirements that the metadata specification should satisfy are
quite demanding.

In this section, we first briefly discuss these requirements and then look at the main “standard” markup
languages for expressing metadata that are currently available.

2.1 General Metadata Principles

According to [6], metadata should satisfy the following principles: modularity, extensibility, refinement, and
multilingualism (internationalization).

Modularity permits a clear distinction between metadata coming from different sources and provides a
way to use existing standards instead of redefining them in the concrete application. The use of nhame spaces
plays an essential role here.

http://www.fgdc.gov/metadata/metadata. html
2http://www.fgdc.gov/metadata/metadata html
3http:/www.ukol n.ac.uk/metadatal
“http://www.w3.org/Metadatal
Shttp://www.schemas-forum.org/project-info/
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The need for extensibility and refinement is clear: every particular application should be able to extend
the metadata set according to its needs as well as refine the existing structures (e.g. sorting with respect to
some additional properties or defining particular schemas for value sets).

Some metadata elements in multi-cultural environments can be interpreted differently depending on the
country. For example, the date formats differ in North America and Europe, so that in order to store the
date information correctly one might consider defining separate fields for day, month, and year rather than
representing the full date as a string, where the order of tokens plays a role. Another example is the differences
in education systems that makes it difficult to annotate some pedagogical levels of learning material.

2.2 Resource Description Framework RDF

The W3C Resource Description Framework (RDF) [4, 15, 14] provides a general, domain-neutral model
for representing metadata as well as a syntax for encoding and exchanging these metadata over the Web. It
supports interoperability of independently developed Web-servers and clients, and more generally, between
applications that exchange machine-understandable information on the Web. Documents described by RDF-
metadata can potentially be indexed by search engines in a more effective way.

The basic construct in RDF is a URI. RDF introduces the notion of a resource that is anything that
has a URI (Uniform Resource Identifier) and way of describing a resource using so-called statements that
are triples of the form (resource, property, value) where the elements are also referred to as the ’subject’,
"predicate’ and ‘object’ of a statement. Schematically, one could imagine an RDF document as a labelled
directed graph, consisting of nodes and arcs. The nodes of the graph correspond to resources or the values of
the properties assigned to this resources and the arcs represent properties themselves. By definition, a node
can be represented by a URI, as a blank node or a string (so-called “literal””) and an arc is always labelled by
URIs.

There is a straightforward translation of RDF statements into XML that constitutes the intermediate
format for exchange between RDF applications. In this format, the nodes and arcs of the RDF-graph are
turned into XML-elements, attributes, element content and attribute values, while the URI labels for properties
and object nodes are written in XML using name spaces.

The basic syntax of RDF is defined by the RDF-schema. Using this schema one can create documents or
define one’s own RDF languages by specifying a new schema using the syntax of RDF.

Like XML-schema, RDF-schema have a mechanism to describe constraints on the elements. The main
difference from XML is that RDF focuses on the communication of its classes and properties using nested
elements to simulate the ordered graph of an RDF statement, while the difference of nature between elements
and attributes is ignored as they are freely converted one to another, whereas for XML, maintaining this
distinction is fundamental. This means that an RDF class is similar to a class in object-oriented programming
in that it can have super-classes, subclasses, instances and properties. The RDF-schema provide a mechanism
for specifying constraints on the use of properties and classes in RDF-documents. These constraints are
specified by declaring domains and ranges for properties that are the instances of particular classes.

Compared to the XML-schema, an RDF-schema is weaker in respect of the constraints it may express on
the XML-structure of a document. Furthermore, the semantics of the data types defined as abstract classes
in RDF depend on the application. RDF does not specify whether or how an application must process the
constraint information, so that different applications might use these constraints in different ways.

2.3 DAML+OIL

DAML+OIL is a is an RDF-based semantic markup language for encoding Web-resources. It extends the
basic RDF-schema with modelling primitives from Description Logic. DAML+OIL provides a semantic
interpretation for the parts of an RDF graph that instantiate the DAML+OIL schema.

DAML+OIL is a development of the DARPA Agent Markup Language (DAML)®, which aimed to ex-
press more sophisticated RDF class definitions than permitted by RDFS (RDF schema), and Ontology Infer-

éseehttp: //www. dani . org
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ence Layer (OIL)’, an alternative approach building on constructs from frame-based Al.

The additional classes and properties defined in DAML+OIL schema can express far more sophisticated
classifications and properties of resources then RDFS and, therefore, provide a powerful representation for-
mat for ontologies of machine processable knowledge. For example, one can express boolean combinations
of classes or specify that two classes are disjoint. In particular, the Pr operty class of RDF has some im-
portant refinements. It can be enriched with some qualifiers such as inverseOf that provide information about
the relation of one property to another or TransitiveRelation providing meta-information on the structure of
relations. Another important facility that DAML+OIL provides is property restriction, that provides a way
to restrict classes to a set of resources satisfying particular properties. The cardinality or the values of these
properties can also be specified.

Another key to the expressiveness of DAML+OIL is that apart from the RDF-mechanism for defin-
ing types it also allows the use of XML-schema data types simply by including their URIs within the
DAML+OIL ontology.

3 Existing Metadata Standards

The rise of the World-Wide Web has created an urgent need to define standard methods and vocabularies
for describing its contents in a consistent and orderly manner. Since 1995, a number of related initiatives
have arisen in what has been called a Metadata Movement. “Metadata” is a broad term that covers many
types of “structured data about data” — from traditional resources such as library catalogues, subject indexes,
book reviews and abstracts, to new forms of technical and descriptive data for Web resources ranging from
digital signatures and digitised map co-ordinates to on-line mail-order catalogues. In its most familiar form,
metadata may be used to list the Author, Title and Subject of resources in a collection. Other types of metadata
may list the price or quality rating of those resources, specify the format of their computer files, name the
administrators responsible for their preparation, or clarify the terms and conditions under which they may be
viewed or copied. Some of these metadata types are meant to be read by humans, while others are designed
to be processed directly by computers. No single type of metadata can suit every application, every type of
resource, and every community of users. Rather, the broad diversity of potential metadata needs can best be
met by a multiplicity of separate but functionally focused metadata packages, or schemas.

3.1 Dublin Core Metadata Element Set

The Dublin Core Metadata Initiative® proposes a minimal metadata element set comprising the basic metadata
needed by most Web applications, and in particular, this covers administrative information concerning the
document.

According to version 1.1 of the Dublin Core Metadata Element Set (DCMES), there are fifteen metadata
elements:

Title, Creator, Subject, Description, Publisher, Contributor,
Date, Type, Format, ldentifier, Source, Language, Rel ation,
Coverage, Rights

Each Dublin Core (DC) element is defined using a set of ten attributes from the ISO/IEC 11179 [10]
standard for the description of data elements. Every metadata element has a Nanme, |dentifier, Ver-
si on, Language, Definition etc.. This meta-metadata specifies some technical properties of the
metadata element itself and suggests the usage.

Note that the DCMES is not sufficient for describing even its own elements, that is, some of the ten
attributes used to describe a DC-element are not DC-elements themselves (such as Maxi mum Cccur rence
indicating a limit on the number of instances of the data element). This, however, does not speak against the

"seeht t p: / / ww. ont oknow edge. org/ oi | /
8seeht t p: // www. dubl i ncore. org
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aim of the Dublin Core Metadata Initiative, that is to provide a minimal set of elements used by an application
in order to administrate the data.

Various applications implement DCMES in their data representation formats with different levels of re-
finement, attributing some of the elements by sub-properties such as r ol e of Contributor with values “edt”
for editor, “trl” for translator etc..

3.1.1 I|EEE Learning Object Metadata and Extensions

IEEE Learning Object Metadata (LOM) together with IMS Learning Resource Metadata propose a metadata
element set for use in annotating learning objects. According to the LOM specification,® the purpose of this
standard is to facilitate search, evaluation, acquisition, and use of learning objects by learners or teachers.
Another goal is to facilitate the sharing and exchange of learning objects.

The elements of the Base Scheme of LOM are grouped in nine categories:

CGeneral, Lifecycle, Meta-netadata, Technical, Educational,
Ri ghts, Relation, Annotation, C assification

Each of these categories groups data elements and every element has an explanation that defines this
element:
size indicates the number of values
order of these values
value space
data type
example providing a suitable illustration.

The Dublin Core element set is represented as a subset of LOM, and some refinements of the DC elements
are provided. For instance, the element r el ati on is refined into separate category, including important
properties of relation such as kind specifying the nature of relation, keywords, or other classifying metadata.

In addition, LOM defines learning situation specific metadata. For example, one can specify the type of
learning resource (exer ci se, tabl e, sel f assessnent etc.), intended role of the user (I ear ner,
t eacher, aut hor etc.), learning context (secondary educati on,uni versity first cycle,
etc.), semantic density and technical difficulty of the content.

Finally, LOM also provides metadata for specifying the degree of interactivity. There is the interactivity
type that is defined according to criteria such as the balance of the information flow between the learning
object and the user, and the interactivity level for measuring the quantity of communication.

Some extensions of IMS such as EML (Educational Modelling Language) 1° are designed to serve not
only as static descriptions of properties of learning objects, but also try to annotate the dynamic process of
learning and teaching.

3.1.2 IMScontent packaging

The IMS (Instructional Management Systems) Global Learning Consortium! has issued a proposal attempt-
ing to standardize the organization and distribution of learning materials in the form of so-called content
packages. The objective here is to define standardized structures in order to enable the exchange of content.

According to the IMS Content Packaging information model, a package represents a unit of reusable
content together with information about the organization responsible for it. A package may be a part of
another package, but it must contain all information needed in order to use it stand-alone.

The package consists of a so-called manifest that describes the package itself and of the actual content
files. The manifest contains metadata about the package, an organization element describing the organization
of the content within manifest, a resources element consisting of resources that are records of metadata,

®seehttp://|tsc.ieee.org/doc/ wygl2/ LOM VWD3. ht m
©http://em . ou.nl
M http:/www.imsglobal .org/
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dependencies and identifiers of the physical resource items (files), and possibly one or more (sub)manifests.
Any of the IMS metadata elements can be used to express this metadata.

4 Mathematical Metadata

Dublin Core, LOM and IMS Content Packaging are all examples of “wide range” metadata models. Focusing
on a particular domain of knowledge, such as Mathematics, for instance, it may become necessary to extend
or refine the model in order to meet new requirements for particular or enhanced functionalities.

As an example, the Euler project!? has recently defined an extension of the Dublin Core explicitly tailored
to mathematical documents, and in particular supporting classification and transmission of such documents
across the Web. In this case, however, the refinement has been drive more by expected new functionalities
(web management and transmission), than by the actual content of the information (i.e. mathematics). This
latter is merely reflected in the use of standard Mathematical Classification Systems for describing the subject
of the document.

4.1 Mathematical Classification Systems

Currently, there are three Mathematical Classification Systems in use: the Mathematics Subject Classifica-
tion3, the Dewey Decimal Classification'#, and the Universal Decimal Classification System°. The latter
two are general schemas of which mathematics forms a part.

The Dewey Decimal Classification (DDC) was conceived by Melvil Dewey in 1873 and first published in
1876. The DDC is published by Forest Press, a division of OCLC Online Computer Library Center. The DDC
system is one the most widely used classification system in the world. It is familiar to librarians but almost
unknown amongst mathematicians. At the broadest level, the DDC is divided into ten main classes meant to
cover all areas of knowledge. Each main class is further divided into ten divisions and each division into ten
sections. Not surprisingly, for a given area of knowledge, such as mathematics, the final classification is not
as fine-grained as that of MSC 2000.

The Universal Decimal Classification system (UDC) is a similar “universal” classification schema which
was originally inspired by DDC and then independently evolved into an international standard. UDC is cur-
rently widely spread in Russia but less used than DDC in western countries.

The common standard in mathematics is MSC 2000 which currently is supervised by Jane Kister (editor-
in-chief of Mathematical Reviews) and Bernd Wegner (editor-in-chief of Zentralblatt MATH). The MSC is
used to categorize items covered by the two reviewing databases, Mathematical Reviews (MR) and Zentralblatt
MATH (Zbl). The MSC is broken down into over 5,000 two-, three-, and five-digit classifications, each
corresponding to a discipline of mathematics (for example, 11 = number theory; 11B = sequences and sets;
11B05 = density, gaps, topology). A recognized problem in practice with MSCS is that different reviewers
may annotate a document with different classification keywords.

It is to be expected that following the development of this area of research, the organizations maintaining
the classifications will gradually gain interest in standardizing symbol sets which will be used by authors and
will subsequently sought in databases.

411 Mathematical Reations and Dependencies

In learning environments such as AcTivEMATH® [13] additional metadata for educational purposes are par-
ticularly important. These metadata may be essentially classified as follows:

http:/www.emis.de/projects’' EUL ER/indexx.html. European Libraries and Electronic Resources in Mathematical Sciences, Eu-
ropean Project, Telematics for Libraries sector.

BMSC 2000, ht t p: / / www. ans. or g/ nsc/

“DDCht t p: / / www. ocl c. or g/ dewey/

BUDC, seefor exampleht t p: / / www. | i b. denpkrit os. gr/ udceng. ht m

®http:/www.activemath.org/
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e description of administrative/legal characteristics of a document or mathematical item;

¢ information needed to update the user model when the user has worked on the material;

e information needed for choosing automatically the most suitable material in the current learning situa-

tion.

While all of them are important, only the third category is strictly related to the mathematical content of
the information (for the first category a Dublin-Core like metadata model may suffice, while the representation
of feedback on user’s actions is still an active and somewhat obscure subject of research).

In order to choose material depending on the learning situation one has to introduce metadata modelling
the learning situation and refine the structure of relations of the mathematical items with respect to the rep-
resentation of learning situation. This work requires first of all a content description of the mathematical
document at a sufficient level of granularity (at least at the level of individual statements, examples, etc.),
and then a classification of the relevant dependencies between these items, which could be of interest in the
learning environment (see also [5]). For instance, given a definition the user may be interested to:
see an example;
check other notions the definition is relying on;
view where the definition is actually used;
be warned if the definition is a particular case of a more general notion;

All these complex operations requires a sophisticated model of relations between mathematical items. In
respect of this, the MOWGLI project'’ has recently developed and is currently validating a model (see [1, 7])
based on the following kinds of mathematical relations:

e requi res indicates a reference to the required knowledge (converse: i s_r equi r ed by).

e i s_i nst ance_of means that the current item is an instance of the concept it relates to (converse:

has_i nst ance)

e i s_generalization.of means that the current item is a generalization of the item it relates to
(converse: has_general i zati on)

e f or isused when the current item serves the item referred to e.g., proof f or a theorem, definition f or
a concept (converse: has).

e exanpl ef or indicates the item is an example for some concept (converse: has exanpl e f or).

e count er exanpl e f or is used if the given item is a counterexample for some concept (converse:
has_count er exanpl e).

e | emma_for, coroll ary for and assunpti onfor indicate that the current item is a lemma,
corollary or assumption respectively for the item referred to, that is, an assertion can be a lemma with re-
spect to another assertion (counter values: has | enma, has cor ol | ary and has_assunpt i on).

e ci tati onisareference to a bibliographical entry (converse: i s ci t ed by).

These are further extended by a set of relations pertaining to OvVDoc[11]:

e al t er nat i ve states that one mathematical item is an alternative to another

e entai |l ed_by, entail sandequi val ent by provide references to other mathematical resources
proving that either the two given items are mathematically equivalent or one entails (or is entailed by)
the other.

4.1.2 Searching for Mathematical Expressions

The requirements for effective search techniques for mathematical notions based on a content-driven encoding
of the information may be highly demanding. In particular, typical queries may require complex elaborations
that cannot be trivially compiled into standard database query languages. Typical examples are:
1. matching “equivalent” notions, such as say n~! and 1/n. Supporting this feature requires the imple-
mentation of some form of “reduction” eventually comprising the unfolding of definitions.
2. taking into account “isomorphic” shapes. When looking for a formula of the shape A A B, we would
like to match B A A as well.

T hitp://www.mowgli.cs.unibo.it European Project 1ST-2001-33562 MOWGL|
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3. supporting unification, as opposed to “pattern matching”.

An essential prerequisite for this kind of elaboration is the low-level markup of the content of mathematical
expressions, such as that provided by, eg. MATHML-content. Thus, mathematical expressions (and sub-
expressions) becomes structured data, possibly deserving of their own metadata.

The exploitation of metadata for mathematical expressions has been pursued for the first time inside the
HELM Project® [2] with promising results. In this case, metadata provides an approximate description of
the mathematical formula, comprising a list of the identifiers occurring in it, with some additional informa-
tion about the position of these occurrences with respect to the tree-like structure of the formula [9]. These
metadata allow a fast trimming of the search space, which can then possibly be refined by other techniques. In
other words, because of the complexity of queries and the dimension of the data base it may be interesting to
divide the search into two phases, where we first select a restricted number of “candidate” documents, and then
secondly interrogate this subset in a more precise way, to get the final answer [8]. The first “selection” step,
could be based on metadata automatically generated form the source document in the spirit of the HELM
approach. This approach is really modular, since by choosing metadata in different ways we may enhance
different searching functionalities.

5 Summary

We have provided a brief motivation and background to the origins and use of metadata, up to and including
DAML+OIL. We have summarized the relevant aspects of some of the key existing metadata standards —
Dublin Core for generic information and two education oriented metadata schema. In conclusion we explore
three existing taxonomies for mathematics, two being general library classifications and the third developed
by the American Mathematical Society: the Mathematics Subject Classification (2000). Considering the
problem of querying mathematical content, it is observed that conventional regular or structured (data base)
query languages are likely to be inadequate and that (mathematical) domain-specific knowledge and even
significant computational effort, using mathematical knowledge, may be necessary for even apparently quite
straightforward queries.
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