DRTC Workshop on

Digital Libraries: Theory and Practice
March, 2003

DRTC, Bangalore

Paper: G

Design and I mplementation of Networked Digital
Libraries: Best Practices

Dr.Hussein Suleman
Lecturer

Prof. Edward A. Fox
VirginiaTech, Blacksburg, VA — 240 61, USA
emal: fox@vt.edu

ad

Dr. Devika P. Madalli
Lecturer, Documentation Research and Training Centre
Indian Statigtica Ingtitute, Bangalore - 560 059
email: devika@drtc.isibang.ac.in

Abstract
This paper introduces the concept of Networked Digital Libraries
(NDLSs). Discussesthe important components of NDLs. Also presents
case studies of afew NDLs. Summarizesthe best practicesfor design
and implementation effective NDLs.
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1 INTRODUCTION

Libraries have come a long way from being just physica collections of books and bound volumes
to latest digital libraries which are essentialy integrated system of information services. Digita

libraries by their content and function are complex systems and require specidized skills for their
management. As a discipling, Digitd library is interdisciplinary combining theory and practices
in library science, computer sciences and information systems, networking among other aress.

Digitd libraries are meant to serve as a one stop shop for information requirement of the users
through personalized services rather than the traditiona environment where such integration was
not possible due to physica collection being housed a different locations. An extenson of the
digita library environment is the Netwaked Digital Library (NDL) where digita libraries with

similar content, clientele and services form a network to give integrated services to users at all

nodes thus resulting in making the benefits and impact of the digitd library multifold. This paper
discusses the components of such networked digita library and also presents case studies and

summarizes the efforts in certain guiddines that may be followed for the desgn and
implementation of Networked Digital Libraries.

2. COMPONENTSOF NETWORKED DIGITAL LIBRARIES

The concept Networked digital library is intended for resource sharing among digita libraries of
smilar interests and content. The National Science Digitd Libray (NSDL) and Networked
Digita Library of Theses and Dissertations (NDLTD) are examples of NDLs which have
integrated severd smdler digitd library projects to holigicdly serve communities across
geographica and ingtitutional boundaries.

NDLs are bascaly combined efforts of a few member ingtitutions or projects bringing together
their resources and hence the basic component is the collection resulting from such co-operative
efforts. The functiona aspect encompasses sharing the work involved for making such a network
successful. This component is about the members, policy makers, administration and
management. The core comprises of the actual data, formats, hardware solutions, software
solutions, interfaces and managing protocols and upgrades as and when required. However it isto
be noted that Digita Libraries in themselves represent complex systems. Networked Digita

Libraries face additiona chalenges like maintaining standards in data representation, retrieva

and trandfer. In addition, they have to gear up to the technologica disparities and work with
changing network architectures and protocols. We would like to emphasize here that since NDLs
are complicated systems and involve dl sorts of physical and logica components, there should
enough efforts and time dedicated to planning and implementation of NDLs.

We pesent in the sections that follow a few NDLs with an objective of summarizing the best
practices for the design and implementation of NDLs.

3. CASE STUDIESOF DIGITAL LIBRARY PROJECTS

3.1. NSDL

The Nationa Science, Mathematics, Engineering and Technology (SMET) Education Digitd
Library (NSDL) (www.nsdl.org/) is a project initiated by Nationd Science Foundation. A project
of sgnificant importance and magnitude, NSDL is projected to have a great impact in education
with the objective of facilitating enhanced communication between educators and learners. The
basc objective of NSDL isto catalyze and support continual improvements in the quality of
Science, Mathematics, Engineering and Technology education. (1).
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NSDL is adigitd library of “exemplary resource collections and services, organized in support
of science educetion at al levels. In addition, NSDL dso ams at being acenter of innovation in
digita libraries as gpplied to education, and a community center for groups focused on digital-
library-enabled science education. NSDL is a comprehensive, online source for science,
technology, engineering and mathematics education. The NSDL mission is to both degpen and
extend science literacy through access to materids and methods that revea the nature of the
physca universe and the intelectud means by which we discover and understand it.
(www.nsdl.org)

3.2. NDLTD

The Networked Digita Library of Theses and Dissertations (NDLTD)(2) is a collaboretive effort
of universities around the world to promote creating, archiving, distributing and accessng
Electronic Theses and Dissertations (ETDs). Since its inception in 1996, over a hundred
universties have joined the initiative, underscoring the importance ingtitutions place on training
their gaduates in the emerging forms of digita publishing and information access. The outreach
and training mission of NDLTD is an ongoing project. Recent research has focused on creeting a
union database that will provide a means to search and retrieve ETDs from the combined
collections of NDLTD member ingdtitutions. In response to the need for a focused and accessible
catalog with a low barrier to participation, NDLTD has adopted a solution that uses the Open
Archives Initiative' s Metadata Harvesting Protocol (4) to gather metadata in the ETDMS format
and then to make it accessible a a central porta. NDLTD project has internationa members
from over a dozen countries sharing eectronic theses and dissertations. Eventualy this will
become one of the world's brgest digitd libraries, with the potentid of 200,000 multilingud
hypermedia works being added each year.

3.3.  NCSTRL
The Networked Computer Science Technica Reference Library (NCSTRL) is a distributed

digitd library of technicd reports published by computer science departments internationally.
Origindly, the sysem was made up of a centrd ste and multiple remote Stes ether running
Diengt (3) or supporting a lightweight FTP-based protocol for metadata transfer (5). Since the
introduction of the Open Archives Initiative's (6). Protocol for Metadata Harvesting (OAI-PMH)
(4), the old system has been replaced by components adhering to newer interoperability
standards. Figure 1 shows the architecture of the current system.

Institution A Institution B Institution C

Fig.1: Architectureof NCSTRL
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The centra www.ncstrl.org sSite provides users with search and browse facilities, using the ARC
software (7) over the metadata collected from all partner sites.

The computer science department at each ingtitution runs any OAl-compliant DL software. The
central NCSTRL site then harvests metadata from each partner site on a periodic basis using the
OAI protocol. In addition, in order to maintain continuity between the old and new systems, a
higtorica archive was st up to store a sngpshot of the entire NCSTRL system before the
trangtion. This historica archive stores a copy of al metadata and documents from partner sites,
exposing them to the centra site using the OAI protocol. The centrd site then uses data from the
historical archive whenever such datais not available directly from each partner site.

4. BEST PRACTICESFOR NETWORKED DIGITAL LIBRARIES

4.1 Systems Planning

4.1.1. System/Network Resources

Individud digitd library sysems are based loosaly on the client-server model where the data and
metadata are stored on one or more centrally-located serverswhich are typically accessed by Web
clients. The hardware required to set up such a system is influenced by the DL software, system
architecture, projected system use and projected content size. A networked digitd library
requires hardware resources at each node of the distributed network architecture, as discussed in
later sections.

For a angle DL ingtance, a single low-end desktop PC has sufficient computing cycles to cater
for the requirements of open source software such as Eprints (8) or Repository-in-a-Box (9).
Both of these software packages, among others, dlow for multiple ingtalations on a sngle server
S0 a dedicated machine is not required. On the other hand, some packages, such as the ARC
system (7), require the use of higher-end commercid databases, which may impose additiona
hardware requirements. The lowest common denominator — homegrown software — varies in
requirements depending on the development platform.

System architecture depends on the software used and the expected popularity of the system.
Dedicated machines for search engines and/or databases are a possibility in the long term and
should be planned for if needed. However, the limiting factor in most developing countries is
network bandwidth rather then compute cycles so optimizing the use of the network is most
critica. Due consideration should be given to packages such as Greenstone (10, 11)[Witten, et
d., 2000] [Witten, 2003], which has the ability to work off a sandard CDROM with no network
connectivity, a feature especialy amed at disseminating information in areas with poor network
connectivity.

A 24/7 (T1, DSL, fixed line, leased ling, Ethernet) network connection is required for any online
sysem that is available to the generd public, especialy those aimed at an internationd audience
with users in different timezones. The bandwidth of this connection is often the determining
factor but this may be upgraded as needed. The need for stable network capacity also suggests

the possibility of outsourcing the web hosting or opting for a co-location solution with a network
sarvices vendor.  The philosophy of taking the data to the users is aso gpplicable: if the mgority
of users of a system arein India, a server should be located on aloca network; if the mgority of
users are in Europe, a server should be located in Europe.  This will avoid network delays
transferring data to/from a developing country with little bandwidth to spare.
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4.1.2. Software and OS

The software suite chosen in many instances dictates the operating system (or type of operating
system) to be used. If not, there is a compromise between cost and support. Free operating
systems, such as Linux and FreeBSD, are easily obtained and have alow acquisition cost but may
incur support cods if expertise is not readily avalable. On the other hand, commercid server
vendors such as Microsoft provide an international support network for their products.  Service-
oriented companies such as RedHat provide support for Linux, thus atempting to provide the
advantage of stable service without incurring high software costs.

Beyond the operating system, a DL requires software to manage the data and arbitrate the
requests from wsers. This software can be developed in-house or a pre-packaged system may be
used. Popular packages used in production environments include Eprints (8), Greenstone(10) and
the newly released DSpace (12, 21) [MIT Libraries-HP, 2003]. All offer the ability to submit
items, access the items, manage them internaly by means of a review mechanism and various
levels of customisation.

4.2. Backupsand Replication

Like any production system, a DL should be backed up regularly, preferably off-gte. With a
server, this can be accomplished through automated procedures. Another aternative to safeguard
data is the use of RAID, which is possble without additiond hardware on some operating
systems.

Replication on a didributed basis is dso an option. The LOCKSS project (13) is setting up
distributed replicates of critica DL-like Web systems. In this gpproach, content is preserved a
multiple remote locations, which are used to automaticaly reconstruct the content in the event of
a catastrophic failure.

4.3.  System Architecture

A

Institution A [~ — | InstitutionB [~ Institution C [

Fig. 2. Generalised architecture of networked digitd library

Figure 2 shows a generalised view of the architecture of atypica networked digita library. Data
collection and basic services are provided at each ingtitution or organisation, which manages its
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own DL or DLs. If there are multiple DLs for specific subject areas or subsections of the
organisation, these can be merged into inditution-wide archives (e.g., DLA). Regiond archives
can then interoperate with the inditution-wide archives of each organisation while subject
archives can interoperate with the subject archives (e.g., DLA1) and extract subjectspecific data
where individua subject archives do not exist (e.g., DLB).

In generd, collection of data is done as dose to the source as possible, thereby giving the creators
of data control over the management of the data. Services, however, are provided at a sufficiently
high level of aggregation so that the data is interesting to users. This is the model followed by
most current large-scae networked DL projects, including NDLTD, NCSTRL and CITIDEL.

4.4, Protocols

4.4.1. Metadata Harvesting

One of the amplest forms of interoperability among individuals DL systems is the harvesting of
metadata.  Any DL that wishes to share its data with other systems can implement the Open
Archives Initiative' s Protocol for Metadata Harvesting (4). This protocol alows a remote system
to obtain a copy of dl the metadata in a specific format, with incremental updates a discrete
intervals. The protocol is designed for amplicity so it can eadlly be implemented in a custom:
built DL (14). In addition, many popular DL (eg., EPrints, DSpace) and ILS systems (eg.,
SIRSE) have built-in support for the OAI protocol.

4.4.2. Remote Search
Interoperability can adso be accomplished at the higher level of federated searching, if al parties
agree to a common protocol or wrappers can be created to access different remote systems.

Library systems traditionally use Z39.50 (19) [ANSI/NISO], while newer DLs prefer smple
protocols such as SDLIP (15). The recent ZING (20) project is an attempt to incorporate best

practices from Web development, including smplicity, while retaining the essence of Z39.50.

45.  Component-based Services

As digitd libraries become more commonplace, system designers are moving towards the use of
standard components to support reusability and repeetability of the process of building digita
libraries (16, 17). Emerging component-based DL systems, such as OpenDLib (18) and ODL
(19), use well-defined APIs and externa Web interfaces to facilitate inter-component interaction.
This type of DL alows replacement of individua components, interconnection of DLs and
extenson of functiondity without impacting the exising system. Some service components are
available for interconnection into any existing systems solely by means of the OAI-PMH.

5. CONCLUSON

Digitd libraries emerged with increased availability of digita information and user demand for
services in digital format. They became widely used in the research and academic world with the
feasbility of data dissemination speedily over networks. Just as library networks emerged for
resource sharing networked digitdl libraries aso share the same ams and objectives. However,
the planning and implementation of networked digitd libraries poses new challenges and involves
policy making regarding the members, content, content management, governance, maintenance
and the technica know-how. However in the networked world where more and more information
is made available online and through didtributed systems, properly implemented NDLs would be
very impactful in promoting research and education.
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