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Abstract

SIMILE, a joint project between HP, MIT Libraries and the W3C, is investigating
applying Semantic Web tools, such as RDF (Resource Definition Framework) and
associated schema languages, to the problem of dealing with heterogeneous metadata.
Currently creating schemas involves writing them by hand using a text editor. As one
of the aims of SIMILE is to simplify the deployment of heterogeneous data, it is
desirable to investigate the applicability of schema authoring tools that reduce the
need for expert knowledge and the risk of schema errors. This report reviews existing
applications that support the creation of metadata schemas and graphical user
interfaces for entering instance data based on those definitions. It also compares and
contrasts these applications with existing applications used for the creation of
thesauri, which have many similarities with schemas and ontologies.
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1 Introduction

SIMILE" is a research project investigating how to extend DSpace’, a digital asset
management system developed by Hewlett-Packard Laboratories and MIT Libraries.
It ams to provide an architecture for information search and retrieval across
heterogeneous metadata that describes multiple collections of resources from
disparate domains. Typically these collections use different metadata schema to
define the structure and organization of metadata descriptions for a given domain.

What is the difference between ontologies, schemas and
vocabularies?

Currently terms like schema and ontology are used in multiple, conflicting ways.
Therefore this report proposes some specific terms in order to distinguish between
these conflicting definitions:

Instance data: Instance data is metadatathat is specific to resources.

Schemas: Schemas are generic descriptions of collections of metadata. This report
proposes that it is possible to distinguish between four different types of schemas:
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vocabulary, ontological and constraint schemas and controlled vocabularies. In the
Semantic Web specific schema information, possibly composed of all four types of
schema, is identified using a namespace.

Vocabulary schemas A vocabulary schema defines a set of classes and properties
that can be used to describe a particular domain. Note a vocabulary schema is quite
different to a controlled vocabulary.

Ontological schemas Ontological schemas describe relationships between classes
and properties, both within a namespace and between multiple namespaces The
Semantic Web community refers to ontological schemas as ontologies, but here we
use the term schema to emphasise the similarity with the other schema language

types.

Constraint schemas: A constraint schema describes constraints that are applied to
classes and properties. Constraint schemas may be used to validate metadata
associated with a particular schema, but they may also be used for inference.

Controlled vocabularies: A controlled vocabulary defines a set of terms that may be
used as property values. The controlled vocabulary may optionally define relations
between the terms such as synonyms.

Namespace: A namespace is a grouping of related information that uses a common
name. A namespace may provide no information at all, but ideally it will provide a
vocabulary schema, optionally supported by an ontological schema, a constraint
schema and optionally one or more controlled vocabularies.

Application profile: An application profile is a vocabulary schema derived from
subsets of several other vocabulary schemas and associated with a particular
application.

SIMILE is investigating applying Semantic Web tools to the problem of dealing with
heterogeneous metadata, so instance data will be represented using the Resource
Definition Framework (RDF)?, and associated schemas will be written in languages
such as RDF Schema’, DAML+OIL®> or OWL® and XML Schema. In gross
simplification, RDF Schema is primarily used for vocabulary schemas, OWL for
ontological schemas and XML Schema for constraint schemas although both RDFS
and OWL have vocabulary, ontological and constraint elements whereas XML
Schema is primarily concerned with constraint elements.

Why are schemas necessary?

RDF has much in common with the OEM semi structured database mode where
property arcs are explicitly labelled so in principle schemas are unnecessary. So why
do we need schema information in order to process RDF? Here we propose that there
are several advantages for providing schemas in the SIMILE context:
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Providing vocabulary schemas means users only need to perform the operation
of deciding what metadata is required to describe a collection of resources
once, rather than for each individual resource.



Schemas can provide labels and textual descriptions for classes and properties,
that are more human readable than the URI notation used in the RDF model.
Once a vocabulary schema has been defined, it is possible to reuse part of or
the entire schema for describing a different collection of resources. This
reduces the effort required to specify the metadata required by a collection,
and may also simplify the task of searching multiple collections.

Vocabulary and constraint schemas may be used to validate instance
metadata’.

Vocabulary schemas can be used to automatically create user interfaces for
entering metadata and to automatically create user interfaces for templated
gueries.

Ontological schemas can be used to map one vocabulary on to another
vocabulary, enabling searching across heterogeneous collections of resources.
Ontological schemas can also be used to map between instance data that uses
the same vocabulary, but where different approaches have been used for
encoding data for different instances, for example the use of synoymns.

However, we note that there are limits to what can be described by ontological
schemas based on hierarchical representations and hence the type of mappings that
can be performed™.

Why do we need tools for schema creation?

Regardless of the type of schema being created, creating schemas currently involves
writing them by hand using a text editor, which is difficult, potentially error-prone,
and requires expert knowledge of schema languages. As one of the aims of SIMILE is
to simplify the deployment of heterogeneous data, it is desirable to investigate the
applicability of schema authoring tools that provide graphical schema authoring
environments, reducing the need for expert knowledge and the risk of schema errors.
This report reviews existing applications that support the creation of metadata
schemas for RDF based languages.

Why do we need tools for metadata creation and
visualisation?

Just asit is desirable to have tools to help create schemas, we also require tools that
help users create metadata. However as metadata varies with schema, it is undesirable
to require custom tools for each schema to be supported. Instead we need tools that
make use of schema information, and optional additional information to automeatically
create an authoring environment for metadata that uses particular schemas.

How does this relate to existing work?

Although the use of RDF based languages is relatively recent, the library community
already uses similar applications for the creation of thesauri. Therefore this report also
considers these applications, and compares and contrasts
them with the applications designed for RDF based
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many forms, but the current serialisation recommended by the W3C is RDF/ XML, an
XML, text-based serialisation that can be created using any plain text editor (vim,
emacs and others). Above this level, one can work with RDF at the data model level,
where the data model is a graph composed of individual triples. Going up a further
level, we reach the highest level of abstraction the underlying RDF data model is also
hidden, and instead the tools focus on the conceptual model of a schema associated
with a particular namespace or application profile. Here details such as anonymous
nodes in the underlying RDF data model are hidden from users.

Note that although tools at the various levels use a graph as part of their interface, this
graph represents different things: RDF editors use the graph to display the actual RDF
graph model of the triples that underpin RDF, while the schema creation tools use the
graph as a metaphor to represent the actual structure of the schema being developed.

2 RDF Editors

In the following section on RDF editors, the two tools evaluated display the RDF
document as a two dimensional graph. The ultimate goal of both tools is to smplify
editing RDF documents, without requiring knowledge of the underlying serialisation
e.g. RDF/XML. As such, both tools described are visual with a drag and drop
interface, where users ‘draw’ the nodes (either resource or literal) on screen, and click
between them to add properties.

As RDF Schema, DAML+OIL, and OWL schema languages are all expressed in RDF
these tools can be used for creating schemas in these languages as well as editing
instance data. This is the lowest possible level of tool for working with RDF, short of
using atext editor to create documents by hand.

IsaViz

The IsaViz'? interface consists of a number of
windows. The main window displays the RDF graph,
which is easy to navigate by zooming or panning the
display: functions readily available by dragging with
the right mouse button pressed.

An overview window provides information about
where in the graph the current section displayed in the
main window has come from, and gives the ability of
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and properties from a description, without losing the structure and information
contained within them. It is also possible to resize and modify the layout of sections
of the graph. This information is then stored in a custom IsaViz file that stores both
the RDF and the layout information. When you wish to publish the model so that
others can use it, you must export the RDF in an appropriate serialisation.

An attribute window displays the attributes of E'hglf'
whatever node or property is currently selected in the .., ya- e
graph, allowing for modification of the items property [#ssPaperBysut;

Val ues Deleta

Show Properties

Finally a definitions window provides access to manage multiple namespaces (by
associating prefixes with full URIS), property types used in the graph and the ability
to browse properties of a selected node in the main window.
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Schema support is lacking in the tool: building new metadata instances is done using
an existing instance document rather than the actual schema. IsaViz extracts the
properties from the existing instance document to make them available in the
‘Property Types tab of the Definitions window. Classes however must ill be typed
by hand.

One limitation with IsaViz isthat it usesthe AT&T GraphViz DOT layout algorithm
to initially render the display. This graph toolkit is platform specific so the binary
version is not portable between platforms, although IsaViz itself is written in Java and
made available under a GPL-compatible license.
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window, for drag-and-drop usage in creating an instance document. When classes and
properties are added to the instance document, the application automatically types
nodes and properties.
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Both IsaViz and RDF Author are suitable for use by people familiar with the RDF
data model. The tools are a step in the right direction as far as support for editing
RDFXML documents is concerned, but they are not necessaily suitable for users
who do not require knowledge of the underlying data model. Furthermore using these
tools to create schemas and ontologies requires specialist knowledge of the associated
RDF vocabularies e.g. RDF schema. The tools avoid some syntactic errors in the
creation of schema but they do not facilitate easily capturing the relationships between
properties and classes as they operate a the base RDF level so the user manipulates
nodes and arcs, not a the level of the conceptual model, where the user would
manipulate classes, properties, relations and constraints.

3 Schema Editors

Here we consider tools specifically designed for the creation of schemas. Most of
these tools also facilitate knowledge acquisition and any relevant features are noted.
These tools all provide a conceptual model of the schema. For other reviews of tools
for creating schemas and ontologies, see ™ * *°. For an excellent introduction to how
to create ontologies and schemas see !’

OilEd

OilEd*® isatool created specifically for editing DAML+OIL documents. DAML+OIL
is a precursor to the W3Cs OWL. OWL was developed from the DAML knowledge
interchange language commissioned by DARPA, and a language created by the
description logic community called OIL. The main OIlEd application interface
consists of a number of tabs, each providing a different editing option. Within each
tab the left of the screen is occupied by a pane listing the relevant items for that pane,
for example the pane contains a list of all classes in the classes tab, while it contains
all properties while the propertiestab is selected:
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Classes. The classes tab allows the user to define classes, document those
classes, define super / sub class relations and attach properties with specified
restrictions.

Properties. The properties tab allows the user to create and edit DAML+OIL
properties. In addition to cresting propertiess, DAML+OIL provides
mechanisms for defining inverse, hierarchical and transitive relationships
between properties, as well as domain and range restrictions amongst others.
Individuals: This tab allows for the creation of instance data using the defined
ontology, for example specifying what classes this instance is an instance of,
applying propertiesto the instance etc.

Axioms. This section allows for the definition of logical axioms that apply to

the ontology, such as specifying that two classes

are digjoint i.e. Class Male and Class Female
may not have any instances in common.

- Two ‘housekeeping’ tabs. Container, which
provides general information about the ontology
and Namespaces, which allows for the control
of multiple namespaces within the ontology.

The classification of classes and instances in OIlEd is
performed using a reasoner external to the system.
Based on class definitions, it creates an appropriate
class hierarchy (using both the specified sub/super class
relations, and also using those inferred by the system).
Rather than typing instance data explicitly, OilEd is
designed so that the reasoner can infer which classes a
particular instance belongs to and classify the instance
accordingly. The class hierarchy output is shown in the
adjacent window.

Hierarchy
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The main list of classes and properties displayed on the left of the interface does not
reflect the sub/super class relationship hierarchy, but is simply ordered alphabetically.
After invoking the reasoner, double clicking on any class in the class list will display
a hierarchical classification of all classes. This view is not available for properties or

instances however.




OilEd supports importing other DAML+OIL projects, allowing for mixing different
schemas when creating metadata descriptions. It also supports the use of multiple
namespaces using a prefix #(INT) on class and property names to indicate which user-
configured namespace they are taken from. It is available open source under the GPL.

Protege-2000

OilEd is strongly based on Protégé-2000", so there are a number of similarities in
their user interfaces. Tabs in Protégé are available for:

- Classes: This tab is used to define classes, including sub/super class
relationships and restrictions upon those properties attached to the class.

- Slots: Slots are another name for properties.

- Forms: This tab allows the user to create a form for entering individual class
instances.

- Instances: Thistab is used to create class instances.

- Queries. For searching and creating stored queries of the instance data in the
knowledge base.
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The class/slot lists are displayed as hierarchical trees modelling the defined sub/super
class/property relationships. Elements within the hierarchy with multiple super
class/slot relationships are replicated in the tree structure. Additional tabs are
available depending on installed third party plug-ins.



