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Abstract: The Performing Arts Data Service (PADS), funded by the Joint Information
Systems Committee (JISC) and based at the University of Glasgow, aims to support research
and teaching in UK Higher Education by collecting and promoting the use of digital data
relating to the performing arts: music, film, broadcast arts, theatre and dance. The PADS is
one of 5 service providers of the Arts and Humanities Data Service (AHDS) which will
provide a single gateway for arts and humanities scholars wishing to search for datasets across
various discipline areas. Data is indexed with Dublin Core metadata, will interoperate with
other databases within the AHDS and beyond, and will be available viathe Web.

1. Introduction and Background

The Performing Arts Data Service (PADS) is one of a syndicate of five Service Providers appointed by the Arts
and Humanities Data Service (AHDS)[1], funded by the Joint Information Systems Committee (JISC)[2] of the
UK's Higher Education Funding Councils, and is based at the University of Glasgow. The AHDS'sS mission is to
co-ordinate access to, and facilitate the creation and use of, electronic resources in the arts and humanities by
offering a range of services. It will encourage scholarly use of its collections and make information about them
available through an on-line catal ogue.

The AHDS provides a single gateway for arts and humanities scholars wishing to search for datasets across
various discipline areas. Other service providers include: the History Data Service (HDS), The Archaeology Data
Service (ADS), the Oxford Text Archive (OTA) and the Visual Arts Data Service (VADS)[3]. The service
providers databases interoperate with other databases within the AHDS and beyond via 239.5(0{4], and searching
will be available viathe Web. In order to achieve meaningful search results, data from al the service providersis
indexed with Dublin Core metadata.

The Performing Arts Data Service's role within this framework is to support research and teaching in UK Higher
Education by collecting and promoting the use of digital data relating to the performing arts: music, flm,
broadcast arts, theatre and dance. The PADS differs from the other service providers in that it has a particular
concern with data consisting of and representing time-based media. The results of two recent projects have had a
major influence on the system of the PADS as it stands today. The (Scottish Higher Education Funding Council
funded) NetM use Project[5] was a project developing web-based music courseware for delivery over the ATM
based Scottish Metropolitan Area Networks (MAN's). This included development of a Java based audio player
[Malloch and Pflicke, 1997] for streaming full CD quality music, further developed as part of the SMaTBaM
project [Boehm 1997] (Serving Massive Time Based Media[6]). The SMaTBaM project researched storing,
retrieval and delivery of time-based media and was designed specifically to benefit the work of the PADS whose
remit does not extend to conducting research.

The SMaTBaM project researched and set up a prototype of a system which had to be suitable for the PADS,
including the means of delivery of time based data as well as the storage and retrieval issues. This prototype has
been scaled up and forms the basis of the PADS system which consists of two Silicon Graphics (SGI) Origin 200



servers. one is a media server streaming audio and video using SGI MediaBase software; the other runs an
object-orientated database with a web-gateway (Hyperwave Information Server) which stores both the non-time-
based data and the metadata of the material on the media server. This solution combines the demanding
performance of a media server with the advanced database features required for modelling and handling big
collections of data. Addiotional gateways have been set up to secondary remote Hyperwave servers via HGI-
CSP, realtional database management systems via Netdynamics and library databases and catalogues via a newly
implemented Hyperwave-Z39.50 gateway.

Thus the user, although accessing information from different locations, different platforms and different kinds of
databases sees one sort of interface, i.e. a browsable webpages guiding him through the information space via
navigational aids such as discipline specific and discipline independant searching templates, knowledge domain
related, hierarchical browsing hierarchies, depiction of relationships between resources via metadata and other
hyperlinks.

The PADS has recently been involved in a major project to provide a digital catalogue records for the Scottish
Music Information Centre (SMIC)'s unique collection of scores, manuscripts and recordings, with funding from
the Scottish Cultural Resource Access Network (SCRAN). The project "Five Centuries of Scottish Music" aims
to digitize 1000 items and metadata of manuskripts, scores, composers' bibliographies, concert programmes and
recordings of ten representative scottish composers taken from the last 5 centuries and adding an additional

glossary explaining musicological relevant terms mentioned in these records. This project is near its final stage
and the collectiom is planned to be accesable in the near future.

This paper will cover three principle areas:
- thegeneral information systems requirements for serving time-based media over the web;
the PADS system architecture
a report on the experiences gained in the first mgjor effort to make a collection of 1000 digital recources
available: the SCRAN/SMIC/PADS project.

2. Information Systems Requirementsfor Performing Arts data on the Web

In a time where the internet becomes the platform, the browsers become the operating system, and applications
become services a digital library project set in the perfroming arts has to define new methods of storing and
distributing time-based data to be able to serve quality and quantity information across wide area networks. It
also requires solutions of the more philosphical areas of research into how interfaces have to be set up and how
information should be represented in order for users to handle vast amounts of data as intuitively and as user
friendly as possible. In order to cope with the information increase and user capacity expected information
management services will always have to deal with the “three I's’: Information Structure, Information
Representation and Information Access.

2.1. Nature of the data in the performing arts

A collection dealing with Performing Arts related data consists of both secondary resources i.e. materials about
the performing arts, moving image and sound-based media, and primary resources, i.e. the digitised multimedia
objects themselves. As data compression and transmission technologies develop in the future, it is the service's
aim to facilitate the real-time access of video clips, sound files, movies, musical performances and multimedia
productions - both primary and secondary resources.

It is desirable that a collection is able to be expanded by collections of other service providers holding resources
in the same field but at the same time maintaining a "one-stop shop" in accessing time-based media resources.
This distributed resource environment allows the option of other collection holders keep and maintain their
collection physically in their own repository, while accessis handled by a central access point.[7]

A performing arts resource collection encompasses a wide range of different disciplines, starting with the
disciplines of music and film and stretching further toward dance, theatre and the broadcasting arts[8] The



resources as a whole can be characterised as a) being made out of different types of data, b) containing differing
complexities of data, c) possessing different relationships, and d) being time-based in their nature.

2.1.1 Different types of data

Aswith all multimediarelated systems, all the "usual" datatypes are involved from sound, video, text, image and
binaries. Storing them in a certain way provides us with a more complex entity of data types: html, sgml, mpeg,
wav, gif, jpeg, java, etc. It is certain that these data formats will evolve further in number and content. The use of
different formats in a system should therefore be a means but not a solution. In other words, to minimise the
danger of storing data in standards that might not be supported in the future, much thought should go into
separating the content of a resource from its presentations. To be able to store a resource in the highest quality
possible, combined with the ability to convert it into formats suitable for a certain purpose, or added formats in
the future, isto provide an open and flexible system with maximum compatibility in the long term.[9]

2.1.2 Differing complexity of data

Whereas video and images might be stored largely as single binary data-objects, music, theatre and the
broadcasting arts could involve the storing and accessing of highly structured data, presenting complex objects or
‘composite objects.[10] In some cases, it might be hard to distinguish which is the real, the original resource, and
which is a composite part of it. If one accepts the fact that the content of a resource might be of complex or
composite nature, then the step towards devising a way to store it as such is not far. Technologies are needed that
offer the ability to depict, represent, access, store and manipulate complex structures in their complex "Gestalt".
A broadcasting feature, as one resource, might encompass video data, sound data, and text data and still be one
work of art.

We should accept the fact that our future data might not remain in its binary form and much of our present
resources have never been in the "Gestalt" of one entity. Java Applets, Webobjects and other distributed object
environments are already being used by artists to create works made out of many components and having many
facades. Also the existing resources, which have been traditionally stored as metadata in catalogues, while their
real content is being stored as artefacts in shelves, cassettes, or discs, are often not just one entity. In trying to
devise resource systems of the next decade, it would be illogical to diminish the resources and their "real-life"
manifestation by disregarding their composite character.

It was clear for achieving the above requirements, normal library catalogues and conventional relational database
management systems would not be sufficient. Object-oriented or at least object-based information system
technol ogies would have to be imployed.

2.1.3 Different relationships

Assuming that we have objects stored in a persistent way, the access and search results are influenced by the
context these objects are in. The mapping of content and context into a digital world means defining and storing
different kinds of relationships between objects. Examples for generic implementations and standard definitions
can be found in OMG's Object Request Brokers and their Relationship Service Specification for distributed
objects [OMG CORBA -Relation 1997] or in the Knowledge Interchange Format of the Laboratory for Advanced
Information Technology [Finin and Labrou 1997]. Relationships can be of humerous variety. For example, five
basic relationships widely used in information systems are;

*Inclusion - one object is included in another object (e.g. a file in a folder, a certain sound used in a
composition, anote in abar)

*|nheritance - one object inherits the characteristics of another object (e.g. al service provider users
have read rights, these might be inherited down towards the developers of collections, who also have
write rights; or, as a third example, all sounds stored at high quality inherit the characteristic of being
served out over ATM network only).

* Association - one object is associated with another object (e.g. Mendelssohn's composition Fingals
Cave is associated with the geographical rock formation of Staffa. Another example would be that two
pages can be associated with each other in form of a sequence. One page should follow the other in a
certain context as for instance a book, course, slide show, score etc.).



* Attributes - an object contains certain attributes, or certain characteristics which describe its state of
being or its internal structure (e.g. al objects in the PADS archive have the attribute DublinCore, where
the DublinCore object itself has 15 further attributes defining the elements of the Dublin Core, see 2.2
M etadata).

*Web Links - Web-links can be thought of being a realisation of a certain kind of association in a web
environment. The publication of these resources involves the presenting of one resource via different
types of other resources or one resource related to others. For instance, a computer-music piece may
exist as a sound file, presenting the first recorded performance, as well as archived as the code of the
computer program itself and the secondary information associated with this resource.

Whereas relationships belonging to the categories of inclusion and inheritance are implemented “hard-core” into
the PADS system, attributes can be thought of being the metadata of the objects. Unlike normal library system in
which only metadata about objects is stored, which are not held digitally or stored seperately, in the PADS
system attributes belong directly to the objects described by them. In order to facilitate an interdisciplinary
approach of resource discovery, the PADS within the greater context of the AHDS searched for a standard way of
describing resources across different disciplines, across different types of resources and across the different
service providers.

During 1997, the PADS engaged in various activities to investigate and debate how best to facilitate resource
discovery in an on-line setting. Specifically, the PADS looked at the metadata standard known as the Dublin
Core[11] and how it could be applied as a tool to describe the time-based (sound and image) data resources that
are the specia responsibility of the PADS. The PADS work [PADS Metadata 1997], which formed part of a
series of activitiesin all the arts and humanities discipline areas represented by the AHDS, was conducted under
the auspices of the AHDS and the UK Office for Library and Information Networking[12] with funding from
JISC. The aim of the series was to explore how different subject domains both describe and search for
electronically held information and to evaluate the usefulness of the Dublin Core as common set of concepts
shared across disciplines that may be used in the construction of the AHDS's integrated catalogue.

One of the attractions of the Dublin Core metadata set isits simplicity - the Dublin Core was originally intended
to be used by non-specialist authors to describe World Wide Web documents. Although the AHDS workshop
series[13] and other initiatives from the library and information community have proposed some fairly complex
and lengthy qualifiers, and the AHDS has proposed amendments to some of the definitions, the Dublin Core
consists of 15 basic elements:

1 Title 6. Contri but or 11. Sour ce
2 Cr eat or 7. Dat e 12. Language
3. Subj ect 8. Type 13. Relation
4, Description 9. For mat 14.  Coverage
5 Publ i sher 10. Identifier 15. Rights

The PADS held two workshops in April-May 1997, inviting participants with a crosssection of expertise and
interest in moving image and sound resources from both service provider communities (libraries and archives)
and user communities (UK academics in performing arts disciplines). The groups examined the potential use of
the Dublin Core for describing time-based resources, tested it against a variety of examples and critically
reviewed its application. The findings from the workshops, which have been bourne out by subsequent pilot
applications to PADS data, were that the Dublin Core could function adequately, but there were some
reservations and concerns over certain of its elements. [14] The experience gained was used to develope and
implement a Dublin Core Metadata set with a data entry scheme, including additional subelements, which would
work for performing arts data resources in general and for the SCRAN/SMIC/PADS project "Five Centuries of
Scottish Music" specifically.

2.1.4 Time-Based Data

The common denominator of many prospective resources of the PADS service has the characteristic of being
time-based. Storing and accessing time-based media requires special attention in storage and delivery of the
objects. Solutions are needed to store information in its inherent complex form on the server side, to transmit
these information packages in reaktime with high-quality over a wide-area network, and to provide a user



interface able to access and use the resources intelligently. For a high-quality service four types of time-based
material, all requiring real-time access, can be identified:

large binary data objects. such as sound or video - streaming binary data combined with using a
guaranteed bandwidth to ensure no glitches or breaks. Requires:
high performance networks providing high bandwidth and guaranteed quality of service;
client-server software tools to provide the streaming;
high-performance media servers, and high-end client workstations.
subsets of large binary data objects: playing just a part of a sound or video
two or more parallel large binary objects: such as synchronisation of multiple audio streams, requires
Intra-stream and Inter-stream synchronisation to maintain the temporal relationship between multiple
streams [Robertson 1998 and Robertson 1998] E.g. 'lip sync' in film and tv, where sound and vision
tracks are often recorded on different media.
complex objects: such as MAX music scores, more complex Java applications, or sound-sound
combinations require a fast and time-coordinated access of all the composite parts of an object: the
synchronisation of multiple, periodic, logically independent streams of arbitrary type.[see Flinn 1995]

In the first two instances, high-performance media servers designed specially for serving time-based media offer
many solutions for streaming large amounts of data. Automatic recognition of bandwidth and consequential

choice of mmpression and delivery means ensures that users have the best quality availble to them. More
difficult are the last two instances. First results to synchronize separate streams on ATM networks have been
achieved trhough the work of George Robertson at the University of Glasgow [Robertson 1997] and are planned
to be integrated into the PADS system. Several upcoming standards such as MPEG7 will hopefully further this
research and evelopment.

3. The PADS system
3. 1. PADS System Infrastructure

A goal of the PADS service is to provide interoperability with other collection holders by conforming to and
implementing relevant standards. To shortly sketch the status-quo situation of using multimedia digital resource
collections already available, one can look towards broadcasting stations, music/video archives, record
companies and libraries. It must be taken into account that collections are stored in different storage mediums,
ranging from simple file systems, to relational database management systems to the growing number of object-
oriented database management systems[15] In addition, a large number of music catalogues in a variety of
formats has to be also made accessible.[ 16]

Between library and library-like catalogues, an implementation of the Z239.50 protocol (version 3, 1995) is
sufficient. For interfacing catalogues with relational databases, there will need to be a Z39.50 - SQL interface.
There are very few relational database vendors who have implemented a Z39.50 support; one reason being that
their "interoperability protocol” has been SQL, which has been universally accepted and implemented by almost
all of the database vendors.

Discussions have already taken place to extend the Z39.50-1995 protocol with SQL.[17] From here it is logical
step and a matter of time to stay interoperable with the present database generation which is based on object-
oriented technologies, and has defined an object query language (OQL) and an object definition language
(ODL)[18] With the prospective widespread use of digital libraries, object-oriented database management
systems will become a major means of storing, accessing and using complex, multimedia data objects. [19]
Assuming a basic interoperability of different collections holding digital, multimedia objects, the underlying
transfer protocol will have an influence on the performance, the quality and the representation means of the
objects to be delivered. Using a stateless protocol, such as http, means that only one object can be delivered per
session. Thus the connection closes after each document is delivered, losing all the information of the former
session.

In devising a secure and distributed system, with collections stored in different locations, access handled from a
central gateway and user access in the best case being controlled to a point of write, read and execute rights of



single objects and collections, stateless protocols can be a problem. Solutions lie in the underlying existence of
user rights management, such as a database management system able to control the access of many users in
dependency of objects or collection of objects, or/and the use of a stateful protocol such as Z239.50 or
Hyperwave's HG-CSP.

PADS Hyperwave Information Server is able to handle these security issues, as well as offer an expandable
protocoll layer. Relational Database management systems are hooked up to it by Perl Database Modules
(DBI:DBD-ODBC, DBI:DBD-Oracle, etc). In cooperation with the AHDS, Index Data (Denmark) and
Hyperwave R&D GmbH (Germany) a generic Z239.50-Hyperwave gateway was implemented, translating
incoming Z requests into the object query language used by Hyperwave. With this gateway, the requirements of
being able to access library catalogues, as well as relational database management systems, as well as other
object serverswas fullfilled.

3.2. PADS Database and MediaServer System

In the greater context of the AHDS, a central WWW-Z39.50 gateway residing at the AHDS is responsible for
incoming requests for multiple-database searches via 239.50. Z39.50 targets, installed at each of the 5 service
providers including the PADS, process the incoming requests and send the result-sets back to the AHDS WWW-
Z39.50 central gateway. The PADS also has its own gateways, providing their own specific user community with
specialized services relevant for time-based media. Thus gateways to a number of clients is realized, such as
www browsers, media-players, Zclients, telnet clients, etc. Direct requests for subject specific searching is
possible, with or without the use of Z39.50 protocols. The PADS resources reside on several database
management systems, interoperable with each other through hyper-G, CGI and SQL interfaces. Hyperwave
Information Servers are responsible for controlling incoming and outgoing requests from clients and interfacing
databases. A, for this project implemented generic Z39.50-Hyperwave gateway was linked to the server,
transposing incoming requests into the object query language used by Hyperwave. The hyper-G protocol allows
proprietary clients (such as Harmony and Mozart) to have session-based protocols with graphical browsing
abilities. These graphical representations of relationships of the objects in the DBMS are also realised with the
http-Web gateway through Java/JavaScript implementations. The loss of functionality in using http, a stateless
protocol, instead of statefull HG-CSP, is compensated by the use of Cookiefiles or java variables.

As the media server MediaBase on a separate Silicon Graphics Origin 200 is used. Movie players or
soundplayers, either from MediaBase or those created by the University of Glasgow are able to make direct
connections over the ATM networks. These players are installed on the client machines as browser plugins.
Sound and movie objects are put into Hyperwave as objects, calling the functions by scriptsto establish the direct
ATM connection through Java classes and or C++ classes.

The PADS uses the feature of running several different web-gateways with different presentation schemes on
different ports, in different colections and on different machines. The PADS is running two general webgateways
at the moment, one serving webpages out for non-javaljavascript browsers, the other utilising java and javascript
in order to depict dynamically the resources and their relationships with each other. For specific data entry needs
another webgateway is running at locations where collections are being archived, digitized and metadata’d. A
fourth oneisin development, to offer additional functionality needed for usage as adigital library service.

Interoperability between the HWIS and remote RDBM S/ORDBMS is supported through a HGI-SQL gateway.
For example, to hook up a MS Access database, as the PADS has with a catalogue of a Glasgow -based film
association, Hy perwave's own HGI (hyper-G Gateway Interface, using HG-CSP, hyper-G Client Server Protocol)
communicates with its SQL gateway, which in turn interfaces to the standard available DBI-DBD perl-gateways.
These have RDBMS vendor specific modules, such as DBD-Oracle, DBD-ODBC, DBD-Informix, etc. On the
Access side, the only thing required isan MS ODBC or SQL server driver.

Another way used to link external sources to the Hyperwave Information server is by using the HGI (HyperG
Gateway Interface) to call upon remote objects using as an additional attribute the protocol used such as http,
telnet, Java Objects, CGI programs, etc. Mediabase, the database used by the PADS to store and deliver videos, is
hooked up to the HWIS through the HGI. Metadata of videos and high quality soundfiles are stored on the
Hyperwave Information Server, asis the protocol used for the delivery, but the BLOBs (Binary Large Objects) of



video or sound themselves are stored on Mediabase. The user thus accesses the videos through the Hyperwave
Information Server, which builds up adirect connection between the client of the user and the M ediabase Server.

With this architecture, certain specifications demanded by a service such asthe PADS are answered. It isan open
but secure system running on a distributed resource environment with full user administration and rights
management. It has, among other gateways, a web gateway and can be expanded by future gateways, answering
the need of any upcoming specialized clients. It is interoperable with RDBMS and ORDBMS through SQL, and
with its own object query language it is theoretically expandable with ODMG's OQL and ODL, linking it to
OODBMS and distributed objects. It has powerful indexing capabilities and additional features deriving from the
OODBMS world, such as versioning, inheritance of functionality, separation of content and view, and scal ability
of the delivery as well as the storage system.
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