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ABSTRACT

New tools and fields have emerged because of technology
advancements, particularly in the subject of Digital Humanities,
notably in its sub-field of Digital Archiving. In the past, heritage
material would only be available for viewing through physical
archives. Recently, much of this heritage material has been
digitized and stored in digital databases as complex digital
objects with the objective of preservation, as well as viewing
these objects. With the addition of these digital archives to the
field, arose the need for tools for digital library exploration,
digital object creation, and virtual exhibition for viewing
heritage material. Organizing digital objects according to the
relationships among them and producing an archivable output
is an area where the existing tools lack functionality. This paper
reviews key concepts that would make up such a tool and
covers traversing and mapping of (complex) digital objects and
libraries through browsing and searching, concept maps and
topic maps. Content Packing standards are also reviewed,
where metadata and content containment types are discussed,
and, finally, existing tools that offer similar functionality to
what is required for best designing a tool that allows creation
for the mapping of the relationships between digital objects
from any given digital library.
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1. Introduction

The purpose of a mapping tool that allows for the organization
of various digital heritage materials should allow for a better
understanding of the material and its context that users can
create [7]. An example of such material can be found in the Five
Hundred Year Archive (FHYA)![1], a digital library assembled

1The Five Hundred Year Archive. https://fyha.org

from archives and museums from around the world that are
specifically related to South African history 500 years before
colonialism. An integral part of understanding this material
stems from the visualization of relationships among the
heritage material, thus this project aims to introduce a tool
where this material can be structured in a Knowledge-Graph
format using diagrams such as flowcharts, maps and
organizational diagrams that should be self-contained,
machine-readable and archivable.

This paper will discuss the related literature, such as searching
through digital libraries, techniques that can be used for
mapping the relationships among digital objects, content
packaging standards, and the existing tools that provide similar
functionality to what is required. The information drawn from
these areas will aid in developing a tool for mapping the
relations between digital objects or any other digital archive
that conforms to the standards of a digital object.

2. Traversing Digital Libraries

This section describes the different methods for traversing
through content in a digital library. Two exploration methods
that will be reviewed are Searching and Browsing. In most
digital libraries, both features are offered by different services
as they utilize different techniques for displaying and searching
for content [25].

2.1 Faceted Search

The conventional or traditional search technique known as
lookup search assumes that a user knows the content they are
searching for [22]. This is a limitation of a lookup search. When
users are not sure of what to search for, it becomes difficult to
construct a search query [22]. Faceted Search is one technique
that is used to aid users in searching across dimensions, called
facets, for broad search queries [25].
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One practical example of a faceted search implemented in a
digital archive is in the FHYA which incorporates a JavaScript-
based search engine [39] that allows a searcher to drill through
results based on the content features as a criterion for the
resulting search [41].

2.2 Browsing Techniques

2.2.1 Multi-Dimension Browsing

In ETANA-DL?, a digital library for archaeological data, it is
possible for a user to browse through various dimensions
simultaneously [25].

You are in: Main >> SITE=Bab edh-Dhra >> PARTITION=A >> SUBPARTITION=056 igation Path

Search within this context for 59,

View Records for the Context Below

Browse by space:: SITE=Bab edh-Dhra::PARTITION=A::SUBPARTITION=056:: LOCUS

Unclassified

Browse by object:: :: OBJECTTYPE
Pottery

Browse by time:: :: Period

EARLY BRONZE [] EARLY BRONZE 111

Figure 1. ETANA-DL's multi-dimensional browsing feature
[25]

Figure 1 above depicts this browsing feature, as a user
navigates through each path, a representation of the content
that each dimension describes will appear [25]. Thus, this also
serves as an exploratory search tool [25].

3. Mapping of (Complex) Digital Objects

Digital libraries are composed of (Complex) Digital Objects
[17]. A Digital Object is defined as an object with more than one
content file with corresponding metadata [5]. These objects
thus contain multiple layers of complexity that should be
accounted for when preserving them [9]. Since Digital Objects
contain varying levels of information, this could imply the
possible existence of related information or events between
any two digital objects. The following are the techniques that
can be used for mapping these relationships between digital
objects.

3.1 Mapping Techniques

3.1.1 Concept Mapping

Diagrams that organize information in enclosed shapes with
visually represented relationships are known as concept maps
[27]. The use of tools that generate interlinking information in
an organized manner is referred to as concept mapping [27].

2 ETANA-DL: A Digital Library for Integrated Handling of Heterogeneous
Archaeological Data. http://www.etana.org/
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Figure 2. A Concept Map [27]

Figure 2 displays an example of such a concept map.

Concept maps allow their viewers to understand relationships
between objects in a concise, reduced fashion [6]. Despite this,
an increasing amount of information on a concept map is
inversely proportional to its utility, attributable to the high
number of related links between objects [35]. In an instance
where a researcher requires the input of more information or
a change of relational links, it may prove to be difficult [19,35].

3.1.2 Topic Maps

Topic maps are like concept maps in that they also visually
represent relationships between informational objects. The
difference between concept maps and topic maps is that topic
maps represent this information with formally defined and
structured graphs [20]. Topic maps are constructed with a
specialized version of eXtensible Markup Language (XML), XML
Topic Maps (XTM) [40]. Topic maps are defined in an ISO
standard, known as ISO/IEC 13250 [20, 26]. This means that
Topic Maps are an industry standard and are machine-readable
maps. This is also implied by its use of XML which is designed
to be machine-readable [16]. Topic maps are not restricted to a
domain, or the types of data that it can model [26].
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<topicMap
xmlns="http:/ /www.topicmaps.org/xtm/1.8/"
xmlns:xlink="http://www.w3.org/1998/x1ink">

<topic id="person":
<baseNams>
¢baseNameString>Person</baseNameStrings
</baseName>
</topic»
<topic id="standards-body">
<baseNams>
<baseNameString>Standards body</baseNameStrings
</baseName>
</topic»
<topic id="standard">
<baseNams>
<baseNameString>Standard</baseNameString>
</baseName>
</topics
</topicMap:
Figure 3 XTM 1.0 implementation of a Topic Map [42]
Figure 3 above demonstrates the XML-based XTM specification

is used to construct an arbitrary topic map.

4. Content Packaging Standards

To allow for appropriate exportation of diagrammatic
mappings, outputs of such a system would need to be machine-
readable and self-contained with the necessary data that
describes itself. Metadata provides a facility for this, as well as
its preservation [11]. For containment, 3 file formats will be
discussed, each that deal with concatenating multiple layers of
information into a single preserved object.

4.1 Metadata Standards

4.1.1 Dublin Core Metadata Initiative (DCMI)

A formal ISO3 standard (ISO 15836) [15], the Dublin Core is a
set of properties used for describing digital resources and
physical material [15]. The Dublin Core is defined in Resource
Description Framework (RDF) semantics, a framework that
enables organised metadata to be encoded, exchanged, and
reused [23], for Linked Data [8], or XML, JSON, UML or
relational databases for non-RDF data [8].

The Dublin Core standard in some instances is ambiguous for
applications that require a high level of granularity [43]. The
names of some elements can cause uncertainty about what
information it should retain and how it should be used,
according to a study that looked at the interpretation of the
Dublin Core's metadata semantics by information
professionals [30]

4.1.2 Encoded Archival Description (EAD) & Encoded Archival
Context (EAC)

EAD is used for encoding descriptive information concerning
archival information [32] and contains over 140 properties [36,

3 International Organization for Standardization. https://www.iso.org/
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10] for describing information. It is also possible for some
properties of EAD to be converted to other metadata structural
standards, one being Dublin Core [37]. Its latest version is
EAD3 and is defined as an XML schema or Document Type
Definition (DTD) [36].

EAC pertains to the information relating to the creators of
digital repositories or archived materials in a digital library
[31]. It is defined in XML and can be used in conjunction with
or independently of EAD and other metadata standards [31].

4.2 File Packaging Formats

4.2.1 Web ARChive (WARC)

WARC is a formal ISO standard (ISO 28500) [14], WARC is a file
packaging format for storing any number of HTTP requests and
responses with a catalogue of metadata for the corresponding
messages and is optimized for long-term preservation [2].

4.2.2 Baglt

Baglt is a formal IETF* standard (RCF 8493) [18], Baglt is a set
of hierarchical file layout specifications for the transfer and
storage of digital objects [18].

<base directory>/

+-- bagit.txt

+-- manifest-<algorithm>.txt

+-- [additional tag files]

+-- data/

| +-- [payload files]

4+-- [tag directories]/

I
+-- [tag files]
Figure 4: A Baglt “Bag” Structure [18]

Figure 4 above depicts the structure of a Bag. The following is a
description of the structure in the hierarchy in figure 4 [18]:

1. <base directory>: the root directory.

2. bagit.txt: the bag declaration, which identifies the bag
version and encoding characteristics.

3. manifest-<algorithm>.txt: a list of checksums and the

list of each corresponding file in the payload.
<algorithm> denotes the checksum algorithm.

4 Internet Engineering Task Force. https://www.ietf.org/
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4. data/: is the payload directory containing the digital
objects of the bag.

5. [tag directories]/: a directory that contains tag files,
where a tag holds metadata about its containing bag
or files in the payload of the bag.

The Baglt system offers the benefit of assurance of completion
of a transferred collection attributable to its inventory and file
checksum features [24].

4.2.3 Self-contained Information Retention Format (SIRF)

SIRF is a storage container format designed for long-term
retention [34]. It has recently become a formal ISO standard
(ISO 23681) [15]. SIRF is self-contained, where both its data
and metadata are stored as a single unit, self-described, and
extensible, where additions are accounted for if necessary [34].

Magic Preservation
Object Objer 7
Presernvation
SIRF Object
Catalogy
Preservation Preservation
Object Object
reservation rooesation
Object Object

Figure 5. A SIRF container depicting its components [34]

Figure 5 above shows the definition of a SIRF container and its
composition of components:

1. Magic Object: holds SIRF container identifier and
version [34].

2. Preservation Object: immutable content to be
preserved [34].

3. Catalog: contains metadata about the container and
its preservation objects [34].

4.3 SIRF vs Baglt

SIRF is comparable to Baglt in the sense that both Baglt and
SIRF attempt to preserve digital objects, however, Baglt aims to
preserve a single object whereas SIRF aims to preserve a
collection of objects [34].

5 WordPress. https://www.wordpress.org/
6 Drupal. https://www.drupal.org/
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5. Existing Tools for Complex Digital Object
Visualization

5.1 Omeka

Omeka is an open-source content management system (CMS)
for use by digital libraries. It offers exhibition creation, content
organization and display [46]. Its open-source nature has
facilitated the creation of plugins for its plugin architecture
[46]. This provides a framework for the visualization of digital
objects exhibited on Omeka. The metadata standard that
Omeka utilizes is Dublin Core and Omeka can ingest any file
format [33]. Omeka is a web-based solution and requires a web
server and is often compared to WordPressS [33]. Omeka
comes with a robust exhibit creation tool, which allows users
to create exhibits with web pages that are composed of digital
objects from the repository stored with the Omeka instance
[29].

5.2 Collective Access

Collective Access is an open-source digital library management
tool and digital exhibition creation software. [44] Collective
Access is built on a web-based core called Providence [44].
Providence is an application that manages data modelling, a
media framework that can manipulate and convert images,
videos, audio, text and documents, an interface for cataloguing,
and traversing collections [44]. Collective Access supports a
wide array of metadata standards of which include EAD and
Dublin Core [44]. Collective Access makes use of its system, like
Providence, Pawtucket for the display of digital objects housed
in Collective Access [45]. Pawtucket uses either default or user-
defined display templates which format objects’ metadata for
viewing on-screen or as a PDF output [45].

5.3 Fedora Commons

Fedora Commons is an architecture that defines a framework
for digital asset management and offers functionality for the
management and discovery of digital assets at the expense of
the actual implementation of certain features for the reason of
high flexibility [4]. This means that it is possible to develop a
feature with no constraints imposed by the framework that can
allow users to view and create digital objects. Many repository
management tools use Fedora as its backend; Islandora falls
under this category.

5.4 Islandora

Islandora is a Fedora Commons backend, with Drupalé as the
front-end solution [21]. Islandora extends the Fedora
Commons file and metadata ingestion methods, meaning that
Islandora accepts the same files as Fedora Commons [33]. The
default metadata standard is the XML Schema definition of the
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Dublin Core [33]. Islandora offers Solution Packs, which are
custom Drupal modules tailored to Islandora’s functions for
digital object management and display but none of the
provided solution packs offers any additional diagrammatic
ability to visualize digital objects [3].

6. Conclusions

The material presented above emphasizes key considerations
when creating a tool that works with content from any digital
library. Digital Archives are made up of complex digital objects
that store multiple layers of data. Users may not always be
aware of the content that resides on an archive other than what
corresponds to their knowledge boundaries, hence this
information must be easily discoverable through searching and
browsing. When diagrammatically mapping digital objects and
their relationships, the produced output should be of a format
that can store metadata about its mappings and has utility
when it results in something of a large scale. The resulting
outputs should also be of a relevant mapping technique type,
the lack of recent literature about topic maps and
documentation of its language could indicate that such
technology is no longer relevant, despite being an ISO standard.
The analysis of content packaging standards posed some
important considerations. The digital objects that make up
digital libraries are defined by their metadata. This means that
any application that uses a digital object should provide a
facility for accessing this metadata. Secondly, resulting outputs
should be archivable and accessible in the long term. WARC
provides a good foundation for this as output formats are likely
to be HTML web pages. Many of the tools reviewed offer
viewing of digital objects in addition to the creation and
management of them. However, none offer the precise features
that are required such as manually mapping complex digital
objects and exporting the resulting map as a self-containable
object.
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