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Digital Libraries

 A Digital Repository/Archive stores and 
provides access to digital objects/metadata.
 Institutional repositories, heritage collections, etc.

 Digital Libraries is the meta-discipline that 
studies the development of digital analogues 
to non-digital libraries.
 Usually through the creation and management of 

digital repositories/archives.
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Major Goals

 Preservation
 Maintaining digital collections in perpetuity.
 Active curation of software/hardware/data.
 Hard? Is digital really durable?

 Engagement
 Connecting people with resources.
 Use and contribution/enrichment.
 Hard? People cannot find stuff.
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Typical Services of Digital Repositories

 Store documents and metadata
 Search and Browse
 Submission of documents and metadata
 Moderation of content
 Access through Web interface
 Compliance with standards
 Enrichment: comments, reviews, etc.
 Linking with other systems
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African Problems 1/3

Skills and Education

 Typical archivists are not as highly skilled as 
counterparts elsewhere.

 Digital media is still not the norm.
 Education levels of general population hinders 

preservation – end-user data curation is very 
difficult.
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African Problems 2/3

Funding

 Typically, there is little.
 Many preservation projects are funded by 

external agencies, but with restrictions on 
data accessibility.

 There is a desperate need to do more with 
less.
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African Problems 3/3

Internet Bandwidth
(Digital Divide)

 Non-existent in some places and poor 
everywhere else.

 Preservation projects designed for high 
bandwidth are not suitable.

 All online solutions must be bandwidth-
friendly.
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Principles of DL for African Heritage

 Efficient bandwidth use
 Advanced technology
 Appropriate technology
 Local relevance
 Modernization instead of Africanization
 Global applicability of solutions
 Minimalism of staff/money
 Multicultural/multilingual inclusivity
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Low Resource Archives

 Design Goals:
 Simplicity
 Low cost
 Portability
 Easier maintenance
 Preservation: Backup/Migration/Rescue

 Compromise:
 Scalability
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Technology Elements

 XML/XSLT
 All data stored in simple files in hierarchical 

directories – no database.
 Static generation

 Site is pre-created so software is not a long-term 
risk.

 Offline search/browse
 Provides services through browser-based 

Javascript.
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Approach 1: XML + XSLT  XHTML
 Encode all descriptive information using XML 

files for objects, users, etc.

 Use XSL transformations to convert the XML 
metadata into corresponding HTML page 
views.

 Also, pre-process XML to create 
search/browse indices.
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Approach 2: in-Browser Services
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Approach 3: Selected Online Services
 Use online Web applications to add items, 

comments, annotation, etc.

 Web applications must modify XML and 
regenerate portions of static site.
 No dynamic page generation.



department of computer science

  

FHYA Prototype 1/3
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FHYA Prototype 2/3
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FHYA Prototype 3/3
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Loosely-Coupled Archives
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Metadata
 Metadata refers to standardised descriptions 

of objects, digital or physical.

 Most digital repositories manipulate metadata 
records, which contain pointers to the actual 
data.
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Types of Metadata
 Descriptive

 title, author, type, format, …
 Structural

 part, subpart, relation, child, …
 Administrative

 location, identifier, submitter, …
 Preservation

 resolution, capture device, watermark, …
 Provenance

 source archive, previous version, source format, …
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DC Metadata in Valid Qualified XML
<oaidc:dc xmlns="http://purl.org/dc/elements/1.1/" 
xmlns:oaidc="http://www.openarchives.org/OAI/2.0/oai_dc/" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:schemaLocation="http://www.openarchives.org/OAI/2.0/oai_dc/ 
http://www.openarchives.org/OAI/2.0/oai_dc.xsd">
   <title>02uct1</title>
   <creator>Hussein Suleman</creator>
   <subject>Visit to UCT </subject>
   <description>the view that greets you as you emerge from the tunnel under the 
freeway - WOW - and, no, the mountain isnt that close - it just looks that way in 
2-D</description>
   <publisher>Hussein Suleman</publisher>
   <date>2002-11-27</date>
   <type>image</type>
   <format>image/jpeg</format>
   <identifier>http://www.husseinsspace.com/pictures/200230uct/02uct1.jpg
</identifier>
   <language>en-us</language>
   <relation>http://www.husseinsspace.com</relation>
   <rights>unrestricted</rights>
</oaidc:dc>
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Global Identifiers

 Identifier is a unique reference to a digital 
object.
 Can be used to access object online.
 Can be used as a reference.
 Can be used for disambiguation.
 Usually a URI (and sometimes a URL).

 Examples: DOIs, HTTP URL, etc.
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Interoperability

 Interoperability is the ability of systems to 
work together.

 It allows connecting of repositories so 
researchers can find data/documents across 
repositories.

 3 major aspects: standard metadata, standard 
network protocols and global identifiers.

 Google: no metadata, HTTP, URLs
 Can we do better?
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High-Level History of Interoperability
 1993/4: Web was invented
 mid-1990s: Early digital archives emerged
 late-1990s: First experiments to connect archives together together 

into central catalogues
 NCSTRL, NDLTD, RePEc, arXiv

 1998: XML invented
 1999: Santa Fe Convention

 Representatives of academic digital libraries agreed to set up a low-barrier 
interoperability solution

 2000: Open Archives Initiative (OAI) formed out of Santa Fe 
Convention

 2000-2002: Large-scale interoperability experiments
 2002: v2.0 of OAI Protocol released for public use
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OAI-PMH

 Open Archives Initiative (OAI)
 Organisation created to solve problems of digital 

library interoperability by defining simple 
protocols, with most success in exchange of 
metadata.

 Protocol for Metadata Harvesting (PMH)
 Network protocol to transfer metadata from a 

source archive to a destination archive.
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OAI in Practice

 Multiple independent university-based and 
university-controlled collections of electronic 
documents

Virginia Tech

Humboldt U.

U. South Florida

International

ETD

Library

OAIOAI

Protocol for Protocol for 

MetadataMetadata

HarvestingHarvesting
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Harvesting vs. Federation
 Competing approaches to interoperability.

 Federation is when services are run remotely on remote data 
(e.g., Federated searching).

 Harvesting is when data/metadata is transferred from the 
remote source to the destination where the services are 
located (e.g., Union catalogues).

 Federation requires more effort at each remote 
source but is easier for the local system and vice 
versa for harvesting.
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Metadata vs. Data

 Data refers to digital objects or digital 
representations of objects (e.g., a PDF version of 
an scanned book).

 Metadata is information about the objects (e.g., 
title, author).

 OAI focuses on metadata, with the implicit 
understanding that metadata usually contains 
useful links to the source digital objects.
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Data and Service Providers

 Data Providers refer to entities who possess 
data/metadata and are willing to share this 
with others (internally or externally) via well-
defined OAI protocols (e.g., repositories).

 Service Providers are entities who harvest data 
from Data Providers in order to provide higher-
level services to users (e.g., search engines).
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HTTP and XML

 OAI-PMH  is an almost stateless 
request/response protocol.

 Requests and responses are sent through the 
WWW in standard URL-encoded formats.

 Responses are well-formed XML documents.
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XML Namespaces and Schema

 Consistency and data quality is ensured by 
using XML Schema descriptions for each 
possible response.

 XML Namespaces are used where necessary 
to clearly define which parts of the responses 
are actual metadata and which support the 
Metadata Harvesting Protocol.
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OAI Record

 A record refers to an independent XML structure 
that may be associated with digital or physical 
objects.

 Records are usually associated with metadata, 
not data.

 OAI advocates harvesting of records, which 
contain metadata and additional fields to support 
the harvesting operation.
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Sample OAI Record
(note: schema and namespaces have been left out for clarity)

<record>
   <header>
      <identifier>oai:fhya2019.uct.ac.za:talk1</identifier>
      <datestamp>2019-07-10</datestamp>
      <setSpec>talks</setSpec>
   </header>
   <metadata>
      <dc>
         <title>Talk at FHYA Workshop 2019</title>
         <creator>Hussein Suleman</creator>
         <language>English</language>
      </dc>
   </metadata>
</record>
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Multiplicity of Metadata

 Multiple formats of metadata allowed.
 Dublin Core is mandatory.
 Any other format allowed as long as it has an 

XML encoding.
 MARC (Libraries), ETDMS (Theses/Dissertations), 

VRA-Core (for works of art), etc.
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Sets

 Protocol mechanism to allow for harvesting of 
sub-collections.

 Useful to separate repositories based on type of 
data, subject area, etc.

 May be defined by arrangement between data 
providers and service providers.

 Allows a repository to supply one subset of data 
to one set of collaborators, and another subset 
to another set of collaborators.
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OAI Protocol for Metadata Harvesting
 Service Requests

 Identify
 ListMetadataFormats
 ListSets
 GetRecord
 ListIdentifiers
 ListRecords
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Sample Identify - Response



department of computer science

  

Advantages of OAI-PMH

 Lightweight protocol – not network-intensive. 
 Relatively easy to implement (8 hours?).

 Lots of software.
 Very large community – all modern archive 

software supports it.
 Allows any metadata.
 Allows archives to participate in multiple 

groups.
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Global ETD Search
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Global ETD Search
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Global ETD Search: How It Works

 Standard metadata
 DC, ETDMS

 Efficient way to share 
metadata
 OAI-PMH

 Collect updates from 
around the world every 
12 hours

 Discovery through 
search engine



  

that's all folks!
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