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ABSTRACT

Archives are of direct and indirect importance to everyone,
especially over the last two decades as technology has allowed
digital formats to become useful to society. This has allowed a
large amount of data to be transformed and saved in a digital state
or more recently born solely in a digital form. It is therefore
important to investigate and develop new means of preserving
data. This review highlights relevant work in the digital archiving
domain, such as the tools, models, standards, and case studies
applying these. In particular: the Fedora, DSpace and Greenstone
repository model are compared, the Dublin core, METS and
PREMIS metadata schemes are reviewed, the Mellon Fedora and
Digital Library of India implementations are mentioned, the key
characteristics of SimpleDL are included and lastly The Internet
Archive is included. This allowed us to identify relevant areas
such as: Greentones flat file format, Simple DL’s architecture and
basic OS components as a basis for archiving archives.
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1 Introduction

The work on digital libraries as archives have become of greater
importance over the last twenty-five years. Initially, work started
out converting traditional library material to a digital form for
safekeeping, distribution and searching [1]. Examples include the
scanning of files and books and the use of analog to digital
converters. More recently, however, items appearing in digital
libraries are ‘born’ digitally. This change, along with the
increased scale and development of technology, has seen a
tremendous change to the size and importance of digital libraries.

The continuous and rigorous process of the preservation of these
digital libraries is therefore mounting. Any improper steps in the
process, as archiving is an active state, could lead to a devastating
loss to a complete archive [2]. Data that could have been
accumulated for years, which is irreplaceable. It is this continual
state of archiving, meaning that preservation is a never-ending
process, that is of concern to us. While also providing
opportunities for us at the same time.

This paper will review relevant work and research in the archiving
domain, more specifically a look into digital libraries, their
underlying architecture and models currently being used in the
space. Along with further tools and case studies to implement and
that have been used to implement digital libraries. Finally, an
explicit discussion is proposed, a comparison table between three
repository models; Greenstone, DSpace and Fedora is drawn up
and a summary is provided.

2 Digital Libraries

The main aim of digital libraries is to preserve significant digital
data and make it persistently available across networks, for
generations to come, for reasons such as education and research
[3]. Its integrated set of services include functionality such as
capturing, cataloging, storing, searching, protecting, and retrieval
of digital information [4].

As more data is inherently ‘born’ digitally, instead of being print
duplicates, it is therefore imperative that the means of archiving
the data is robust [5]. Contributors, such as publishers and
universities, now assume responsibility for preservation and are
therefore active in the creation of archives. To achieve reliability
and efficiency, these institutions have often implemented
customized models of self-sustaining libraries that adhere to strict
formatting standards. This stems from the realization that loosely
coupled modular architectures create flexible, extensible, and
scalable digital libraries that are configurable to specific use cases
[6]. Software packages have made this customization possible by:
providing open-source code, incorporating API’s (Application
Programming Interface) at a layer level or providing plug-in
support [7].

2.1 Digital Library Architecture

A common digital library architecture is comprised of 4 systems,
called the Generic Digital Library Model, derived from the
traditional library components [4]. Conveniently these can be
hosted on separate computer systems, creating modularity, over a
network such as the Internet. This is beneficial for scaling, access,
maintenance, and security. Organizations and institutions also


mailto:olvale005@myuct.ac.za

Archiving Archives

have multiple choices available to them when considering how
they are going to store their digital objects. Big-data-friendly
architectures propose hosting a distributed system in the Cloud.
This provides the advantage that memory management is
distributed, components can be scaled horizontally, and the
systems parts are decoupled [7].

Generic Digital Library Model:

Firstly, the repositories are responsible for managing digital
objects. This includes the insertion, deletion, and retrieval with
restricted access to digital objects [8].

Most modern digital libraries conform to the OAIS (Open
Archival Information System) specification, with permanent
access to the libraries content using a URI (Uniform Resource
Identifier). To simplify matters an interfacing abstraction is
applied to the repository called an RAP (Repository Access
Protocol) [4]. With the integration of the Internet however, RAP is
now used for rich interactions between co-operation repositories,
but HTTP-based standards are embraced for web usage [9].

Secondly, the system provides identifiers to where digital objects
are stored. This is achieved by assigning ‘handles’, as general-
purpose identifiers, to digital objects in repositories. Users’
request these when submitting digital objects to the repository
[10]. The repositories are then able to return where the digital
object is stored within the repository [4].

Thirdly, digital libraries can accrue large amounts of data. It is
therefore likely that many indices and catalogs will be searched
during the retrieval of information, these can be independently
managed with multiple protocols [4].

Metadata is the core of any information retrieval system and
dictates the ability of a digital library to deliver objects in a
meaningful way, which greatly affects its long-term preservation
ability [11]. Early implementations showed distinctive categories
of information that should be captured: descriptive,
administrative, technical, rights, digital and structural metadata. It
is now understandable why no single schema for metadata
collection is prevalent. Libraries are rather implemented with an
underlying metadata standard along with the institution’s own
metadata categories. This allows for a degree of interoperability
while fulfilling their own operational requirements.

Preservation metadata is also of concern to ensure the ‘fixity’ of
information as control over the library needs to be maintained.
This provides authenticity and validity to its data.

Finally, the user interface integrates the 3 other components,
providing a two-part interface. The first part allows users to
search and retrieve digital objects, while the second part allows
system administrators to manage the collection [4]. The primary
interface is usually web browsers that connect to client services,
an intermediary service between the browser and the rest of the
system. It is common to find HTTP GET or SOAP requests for
this interaction [6].
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2.1.1 The Dublin Core metadata set, consisting of 15 broad
elements, is one of the most common schemas for web content
and is widely used as it enables indexing by any metadata search
engine [6]. It is recommended to use the schema for general data
[8]. Dublin Core is also useful as it can be used on digital and
physical resources.

2.1.2 METS (Meta-data Transmission and Encoding
Standard), consisting of 7 sections that may contain sub elements
and attributes, is commonly used to encode metadata into an XML
format which allows objects to be managed and further exchanged
between repositories [12]. It acts as a wrapper and encoder around
the digital object [8].

2.13 PREMIS (PREservation Metadata Implementation
Strategies):

PREMIS has been extensively worked on by an authoritative
international working group, creating a well-established schema
for preservation [11]. Its elements include: the object and its
events, agents, and rights associated with it. It is however
problematic when trying to incorporate the schema in a
framework. For example, it is difficult to fit the agent schema into
the framework as it is ambiguous. Attempts have been made to
include the schema as a container into the framework, however
once again the placement implies some elements are illogically
placed.

Further, PREMIS and METS produce many metadata
redundancies, especially in the structural element, this produces
unnecessary data and causes a storage and priority issue [11]. The
use of multiple schemes can also be useful. Big Data sources can
be formed from unexpected places such as technical metadata sets
to make predictions for example [13].

Other schemas were developed to be used in specific cases: such
as the MARC (Machine-Readable Cataloging) schema, originally
developed for bibliographic communication and the ISO 19115
standard designed for representing geographical information.

3 Other Architectures and Tools

3.1 Fedora is a commonly used and implements a
distributed object paradigm using CORBA (Common Object
Request Broker Architecture), which allows the communication
between multiple distinct systems [12]. Its real success stems from
the Virginia reinterpretation that proved that Fedora could be run
as a web application, however sacrificed much of Fedora’s
advanced interoperability features. This was later fixed by the
Mellon Fedora implementation. Key advantages include: its open
architecture and data model, the flexible relationships among
digital objects and the ease of extending repositories, metadata,
relationships, and content types [7].

Other well-known and open-source packages include DSpace and
Greenstone.

32 GSDL (The Greenstone Digital Library):
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Greenstone provides an alternative approach to providing its
created collections on the Internet, it also allows for publishing on
a DVD or USB Flash Drive [14]. Greenstone is made up of two
components: the Receptionist and Collection Server. In a
networked implementation, the two components communicate via
a server over a user chosen protocol. The Receptionist interfaces
with the user and makes requests to the Collection server or
servers. The client is Java-based and can use CORBA. The
Collection server/s provide an abstraction to the Receptionist for
managing the collection. It makes use of two databases: the MG
(Managing Gigabytes) for full-text search and retrieval and
GDBM (Gnu Database Manager) for collection information.
Interestingly, the two components can be combined into a single
executable in a single server configuration; the protocol between
the components are now direct function calls referred to as a null
protocol. Extensibility is supported by plug-ins and the software is
freely available via the Gnu public licence [15].

33 DSpace:

DSpace, jointly developed by MIT Libraries and Hewlett-Packard
Labs, comprises of a three-layer architecture — the application,
business logic and storage layer [14]. It was developed to
encompass research functionality, while maintaining simplicity
[16]. All three provide an API interface for user customization
and future enhancement [14]. The storage layer uses PostgreSQL
database tables and offers two ways of storing data. It can either
use the file system on the server or use SRB (Storage Resource
Broker). The application layer supports OAI (Open Archive
Interface) for persistent access to its items.

34 Simple DL:

Simple DL takes an unconventional approach to building a digital
library. The most successful implementations arise from
organizations and universities that were well funded either by
companies such as HP or the Mellon Foundation [17]. However,
many poorer countries and unfunded universities and institutions
lack the resources to build, implement or manage a digital library.
While some implementations have been made, improper model
use and a software failure (middleware) can result in the loss of a
complete archive. Simple DL tries to address this gap by
providing a practical toolkit enabling long term access to digital
libraries even when active preservation is no longer applied. It is
able to do this because Simple DL does not implement the
traditional backend database and database management system, it
stores unstructured data as flat files and structured data as XML
[18]. The data is therefore easily distributed and viewed on many
devices, however, still provides a basic web application to display
collections, which can be customized using CSS and XSLT. The
collection is able to keep this static form due to Simple DL
requiring data to be pre-processed.

Information retrieval is supported by a tf.idf (term frequency-
inverse document frequency) search system in the web application
with JavaScript. Results indicated an adequate response time for
less than one hundred thousand items [17].

A. Olivier

4 Case Studies

4.1 The Fedora System:

The Fedora system is one of a few digital libraries that supports
versioning and is documented. It preserves former instantiations
by versioning within digital objects [12]. This preserves content
and services by creating multiple datastreams and disseminators.
However, this type of versioning provides a means to track
changes in digital objects over time, from a management
perspective, than provide a view of the system at a particular time.
This choice seems to stem from the idea that the management
subsystem would rather have to deal with versions of
disseminators and datastreams than multiple XML files, which
stored on the same system would be redundant and further
introduce system capacity concerns.

Behavioral service changes are more difficult to represent in a
version of a system since the disseminators themselves can be
altered. The Fedora System dealt with this by using a versioning
strategy that records changes to methods and releases these as
upgrades to the behavior service implementation.

4.2 DLI (Digital Library of India):

The DLI uses a data farm with servers implementing a hardware-
based RAID (Redundant Array of Independent Disks) in an effort
to boost reliability [3]. This will ensure data is not lost when
singular occurrences of disk failures occur. For example, The
Internet Archive has reported disk replacement rates as high as
6% [19]. The cluster is setup with Linux enhanced by LTSP
(Linux Terminal Server Project) [3]. This allows for diskless
network booting without devoting storage for OS files, this saves
space and allows for easy management of nodes in the cluster, as
no configurations or installations are required. The DLI further
saves a redundant copy of the data in the case of a server crash,
however it does not appear to do the same with the metadata
server. This is advantageous if a failure occurs in the cluster
which is arguably more likely as it comprises of multiple servers.
However, a failure on the metadata server would leave the data in
an unusable state.

5 The Internet Archive

Traditional institutions such as national libraries have been
focused on preserving our cultural heritage. However, it is
estimated that 27% of interesting and important resources shared
on social media are lost within 2.5 years [20]. This problem has
been recognized by institutions and web preservation has been
started. The Internet Archive has the largest collection containing
2.5 Petabytes spanning from 1996. Another notable collection is
the Internet Memory Foundation, which focuses on specific
topics, domain, and projects. A common drawback of these
initiatives is trying to access and explore their data. While modern
search engines provide a means via an interface, the Internet
Archive’s Wayback Machine only allows retrieval of past web
pages. This provides an ineffective, manual search technique.
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Query logs have been identified as a major component needed to
understand users’ information needs, as they help rank search
results [20]. These however do not exist in the context of archived
websites. Kanhabua et al. [20] implemented their own search
system leveraging Bing’s search engine and entity-orientated
searches on the Wayback Machine. To compensate for the lack of
query logs, users are only allowed to query entities described in
Wikipedia. To help users formulate these queries, query auto-
completion and related entity suggestion functionality was
included. This is used to return a ranked list of results colour
coding the difference between current websites and archived ones.

Drawbacks and improvements to the system include the inability
to process complex entity-based queries, which would support
exploratory search, and refining searches to time periods or events
containing two entities [20]. Recall data incorporation for better
ranking of results and the related entity suggestion component can
be improved by considering entity relationship evolution over
time.

6 Discussion

The closest implementation to our aim is the Internet Archive’s
Wayback Machine [20]. The Wayback Machine, however, does
not include a range of functionality that is needed to classify it as
a digital library [4]. Notably, digital libraries require a browse and
search functionality. Where the Wayback Machine only supports
the direct retrieval of a website [20]. Kanhabua et al.’s
implementation does however propose a means of providing a
ranked search engine, however, it is not optimized due to the
reliance of search engines on query logs. It is also not possible to
formulate complex queries. Providing at best a primitive search
functionality.

The three architectures compared in table 1, all have open-source
licencing. This provides the advantage that they are not only
customizable and secure, but also aids widespread adoption,
which helps with the integration and standardization of multiple
digital libraries [14]. While all three architectures can use
relational databases, Greenstone is able to use a flat file system.
The flat file system could be beneficial to ensure long term
support [15]. Flat formats are easy to duplicate, store and view
using basic OS tools. Where repositories binary encode digital
entities and accompanying metadata [8]. Functionality could be
built to any extent in the future if needed. Instead of relying on
possibly outdated middleware or formats with dependencies that
are no longer supported, which can inhibit access to an archive.
[2]. Essentially, a tool would draw all data from an archive, pre-
process the data and save the files to storage. Making the tool and
original archive middleware unnecessary in accessing the data in
the future if needed. Simple DL implementations, prove that it is
possible to preprocess data, store it in a flat format and still
provide a search and browse user interface with common tools,
such as a web browser [18]. Scalability is however of concern in
this regard, as Simple DL’s JavaScript web search approach
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produced acceptable search results, up to one hundred thousand
items [17]. The accumulation of multiple archives could quickly
surpass this.

The three architectures, by default support the Dublin core
metadata schema. Greenstone and DSpace however, are better
suited for custom formats [14]. This is advantageous for new
types of data, that might be restricted, when classified by current
metadata fields or are insufficient for particular institutions.
Metadata fields are plagued with inconsistencies and ambiguity.
Work on containerizing schemes has also fallen short as a
solution, work on PREMIS noted this [11].

Lastly, Greenstone provides an uncommon means to distribution.
The ability of a portable distribution, such as on a USB Flash
Drive or DVD provides a unique ‘air gap’ level of security,
complementing the digital libraries authenticity [15]. However,
complicating a scheduled backup and introducing concerns with
software dependency mentioned above.

Table 1: Comparison Table Between Greenstone, DSpace and

Fedora
Greenstone DSpace Fedora
Licence Open-Source, BSD Licence Open-Source
GNU General
Public Licence
Database | Flat file database Relational Relational
/ engine - databases - databases -
RDBMS GDBM/JDBM PostgreSQL/Or MySQL,
or relational acle Oracle,
database systems PostgreSQL
- Microsoft SQL & Microsoft
SQL Server
User Two interfaces — | Two interfaces Website
interface Greenstone — JSPUI and application
Librarian XMLUI for user interface
Interface for user and
library information administratio
management. searching and n tool.
Greenstone user administration
interface, tools.
website
application user
interface.
Metadata | Default - Dublin Default - Default -
core. RFC 1807, Dublin core. Dublin core.
NZGLS (New OAI-PMH OAI-PMH
Zealand (Open Archive (Open
Government Initiative Archive
Locator Protocol for Initiative
Service), AGLIS Metadata Protocol for
(Australian Harvesting) Metadata
Government compliant. Harvesting)
Locator Service) METS and compliant.
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and METS PREMIS METS and
support. New support. New PREMIS
format support format support | support. RDF
with with XML. (Resource
Greenstone’s Description
Metadata Set Framework)
Editor. support.
Distributi Server or Server Server
on distributable via
a USB Flash
Drive or DVD.

Versioning is only touched on by a few papers. The well-known
Mellon Fedora System particularly uses distinct datastreams and
disseminators to portray versioning [12]. The full extent to which
versioning functionality is preserved by an archive, will unlikely
be able to be ported over to a pre-processed flat file system. This
would usually be managed at a middleware layer in an archive [4].
Archive logs could possibly be transferred but would not portray
the system at particular points in time, like a snapshot [12].
Authenticity would rely on the fact that the original archive has
protocols and strategies in place and that any redundant backup of
the archive would safely stored.

7 Summary

Many digital library architectures are available. The Mellon
Fedora case study provides an example of how these architectures
can be modified to suit current requirements. If resources allow,
institutions prefer to build these components in-house because off
the shelf implementations cannot provide for their requirements.
Most of the bought solutions offered are expensive, require
training, and need regular maintenance. They therefore present a
risk to low resource institutions as preservation is an ongoing
concern. Years of careful well archived work can be lost due to
the current circumstances.

Solutions can be born out of common pre-existing tools, a few
popular ones, namely: Greenstone, DSpace and Fedora, are
conveniently open-source, or provide functionality in order to
customize them to suit their institution or use-case. This is still
typically only attempted by bigger institutions and organizations,
that have the required resources and funding to attempt an
implementation. Institutions also try keep their digital libraries as
integral as possible, by first implementing well known commonly
accepted metadata standards such as Dublin core. They do
however customize metadata sets or implement multiple schemes
to satisfy internal needs. This often leads to redundant data
capture and illogical data placement. This is a downfall of
metadata schemes.

Greenstone provides a unique distribution format of digital
libraries suited to low resource environments, with limited
networks or Internet access. It also, along with SimpleDL,
provides an alternative approach to saving data. While most
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digital libraries use a relational database, Greenstone has the
option of, and Simple DL uses a flat file system as a repository.
Complementing a low resource environment that might not be
able to install additional software, to access data and provide long
term access.

This led to a discussion around the possibility of extending Simple
DL, like other institutions have - to other architectures in the past,
to build a custom implementation that would be able to archive
archives. This could be beneficial due to the use of flat files, that
are widely supported and accessible for persistence concerns. The
possibility of later configuration and use of already existing OS
tools.
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