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Digital Repositories:
Current Situation

• Mushrooming number and variety of distributed
digital repositories (~ archives, digital libraries)

• Use variety of hardware, software, database
solutions

• Different search and retrieval interfaces
• Most of the content not indexed by web search

engines
• Content resides in backend databases – not

picked up by web search engines
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Problems faced by Users

• How users identify and retrieve relevant
information from different repositories?

• Visiting and searching individual
repositories is very expensive

• Key Requirement: How do we support
cross searching?
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Current Solutions

• Federated/ distributed searching
– Z39.50 IR protocol

• Metadata harvesting
– OAI-PMH protocol

What is a protocol?

A protocol is a set of rules defining communication between
systems. FTP (File Transfer Protocol) and HTTP (Hypertext
Transport Protocol) are examples of protocols used for
communication between systems across the Internet.
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Federated/ distributed searching

• Protocol: "Information Retrieval (Z39.50): Application
Service Definition and Protocol Specification", (ISO/
ANSI standard) (v1-1991, v2-1992, v3-1995)

• Client-Server model (TCP/IP Service)
• Process:

– Client (‘Origin’) sends queries, formatted according to Z39.50, to
repository Server (“Target”).

– Server translates this to local query format, searches the
database, sends the results to the client, formatted according to
Z39.50

– Client translates the results and presents it to the user
• Client can send queries to as many related z39.50

compliant servers as possible
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Z39.50 protocol …

• Example implementation: Distributed searching
of library catalogues/ bibliographic databases

• Problem - performance
– Implementation not easy
– Does not scale well (if nodes > 100)
– Network bandwidth
– Z39.50 implementation at client (“Origin’) end

• Z30.50 resources:
http://lcweb.loc.gov/z3950/agency/ (Z39.50
International Maintenance Agency, Library of
Congress)
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Metadata Harvesting Protocol

• Protocol: OAI-PMH: Open Archives Initiative Protocol
for Metadata Harvesting

• OAI (Open Archives Initiative)
– OAI is an initiative to develop and promote interoperability

standards that aim to facilitate the efficient dissemination of
content. (http://www.openarchives.org/)

• Lightweight harvesting protocol for sharing metadata
between services

• Defines a mechanism for harvesting XML-formatted
metadata from repositories

• Two key players: Data Providers and Service
Providers
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OAI-PMH Protocol…

• Data Provider
– maintains one or more repositories (web servers) that

support the OAI-PMH as a means of exposing metadata.
– respond to OAI-PMH queries over HTTP, and deliver

metadata in XML format
– OAI-PMH compliance

• Service Provider
– issues OAI-PMH requests over HTTP to data providers and

uses the metadata as a basis for building value-added
services (e.g. central indexing and searching)

• Users
– Search the central metadata index at the service provider,

browse metadata and obtain full document from individual
repository

– No need to install any software
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OAI compliant
Repository

Expose Metadata
(DP 1)

Data Provider Data Provider

OAI compliant
Repository

Expose Metadata
(DP 2)

Collect Metadata
from DP-1, DP-2
and build index

Service Provider

OAI-PMH OAI-PMH

User

Repository interoperability through OAI protocol
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OAI-PMH Protocol…

• Harvesting
– in the OAI context, harvesting refers

specifically to the gathering together of
metadata from a number of distributed
repositories (e.g. eprint archives) into a
combined data store
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OAI-PMH: Brief History

• Santa Fe convention – July 1999 – call for
single search interface to different
archives (Ginsparg, Luce and Sompel)

• Creation of UPS [Universal Preprint
Service] – October 1999 – metadata
harvesting

• UPS name changed to OAI

• OAI-PMH V. 1.0 [01/2001]

• OAI-PMH V. 2.0 [06/2002]
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Luce * Van de Sompel * Ginsparg
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Open         Archives     Initiative

    The protocol is openly      Archive/Repository -        OAI is happening at
    documented, and  is         contains collection of       break-neck speed
    compliant with open          document-like objects
    Standards – HTTP, DC
    and XML

What’s in the Name
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OAI-PMH v.2.0 [06/2002]

• Low-barrier interoperability specification

• Metadata harvesting model: data provider /
service provider

• Metadata about resources

• HTTP based

• XML responses

• Unqualified Dublin Core

• Stable; No backward compatibility

• Future releases will be backward compatible
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Basic Functioning of OAI-PMH
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Multiple data and service
providers

Service providers

Harvesting
based on
OAI-PMH
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Aggregators

Data providers

Service providers

Aggregator
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OAI-PMH: Structure Model
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OAI-PMH: Protocol Overview

• Protocol is based on HTTP

• Request arguments are issued as GET or
POST methods

• Responses are encoded in XML syntax

• Supports any metadata format (at least:
Dublin Core)



T.B. Rajashekar
NCSI, IIScOpen Access Workshop, 2-4 May 2004

OAI-PMH: Protocol Overview…

• Data providers may support granularity for
service providers for selective harvesting:
– Define a logical set hierarchy
– Date stamps (last change of metadata set)

• Error messages are http based
• Supports flow control
• Supports six request types (known as ‘verbs’)

– e.g. http://archive.org?verb=ListRecords&
metadataformat=oai_dc&from=2002-11-01
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Protocol Details: Definitions

• Harvester
– client application issuing OAI-PMH requests

• Repository
– network accessible server, able to process OAI-PMH

requests correctly
• Resource

– object the metadata is “about”, nature of resources is not
defined in the OAI-PMH

• Item
– component of a repository from which metadata about a

resource can be disseminated
– has a unique identifier
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Protocol Details: Definitions (2)

• Record

– metadata in a specific metadata format

• Identifier

– unique key for an item in a repository

• Set

– optional construct for grouping items in
a repository
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Protocol Details: Definitions
(3)

resource

Metadata
about David item

Dublin Core
metadata

MARC
metadata

SPECTRUM
metadata

item = identifier

record
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Uniqueness and Persistence

• Each record must be uniquely addressable
by a distinct identifier
– (identifier + metadataPrefix)

• Each metadata entity should ideally be
persistent to guarantee that service
providers can always refer back to the
source.
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OAI Verbs (Request Types)

• Six different request types
– Identify

– ListSets

– ListMetadataFormats

– ListIdentifiers

– GetRecord

– ListRecords
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OAI Verbs - Identify

• Purpose
– Return general information about the archive

and its policies (e.g., date stamp granularity)

• Parameters
– None

• Sample URL
– http://eprints.iisc.ernet.in/perl/oai2?verb=Identify
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Identify Request
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OAI Verbs - ListSets

• Purpose
– Provide a listing of sets in which records

may be organized

• Parameters
– None

• Sample URL
– http://eprints.iisc.ernet.in/perl/oai2?verb=ListSets
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ListSets Request
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OAI Verbs -
ListMetadataFormats

• Purpose
– List metadata formats supported by the

archive as well as their schema locations and
namespaces

• Parameters
– identifier – for a specific record (O)

• Sample URL
http://eprints.iisc.ernet.in/perl/oai2?verb=ListMetadataFormats
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ListMetadataFormats Request
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OAI Verbs - ListIdentifiers

• Purpose
– List headers for all items corresponding to the specified

parameters

• Parameters
– from – start date (O)
– until – end date (O)
– set – set to harvest from (O)
– metadataPrefix – metadata format to list identifiers for (R)
– resumptionToken – flow control mechanism (X)

• Sample URL
– http://eprints.iisc.ernet.in/perl/oai2?

verb=ListIdentifiers&metadataPrefix=oai_dc
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ListIdentifiers Request
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OAI Verbs - GetRecord

• Purpose
– Returns the metadata for a single item in the form of

an OAI record

• Parameters
– identifier – unique id for item (R)
– metadataPrefix – metadata format for the record (R)

• Sample URL
– http://eprints.iisc.ernet.in/perl/oai2?

verb=GetRecord&identifier=oai:iiscePrints.OAI2:10&metadataPrefix=oai
_dc
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GetRecord Request
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OAI Verbs - ListRecords

• Purpose
– Retrieves metadata records for multiple items

• Parameters
– from – start date (O)
– until – end date (O)
– set – set to harvest from (O)
– resumptionToken – flow control mechanism (X)
– metadataPrefix – metadata format (R)

• Sample URL
– http://www.anarchive.org/cgi-bin/OAI?

verb=ListRecords&metadataPrefix=oai_dc&from=2003-01-01
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ListRecords Request
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Service Provider

Harvester Repository

Data Provider

Protocol Details: Flow Control

“want to have all your records”

archive.org/oai?verb=ListRecords&
metadataPrefix=oai_dc

“have 267, but give you only 100”

100 records + resumptionToken “anyID1”

“want more of this”

archive.org/oai?resumptionToken=anyID1

“have 267, give you another 100”

100 records + resumptionToken “anyID2”

“want more of this”

archive.org/oai?resumptionToken=anyID2

“have 267, give you my last 67”

67 records + resumptionToken “”
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OAI Compliant Tools

• eprints.org (http://www.eprints.org)

• Dspace (http://dspace.org)

• CDSware (http://cdsware.cern.ch)

• Kepler (http://kepler.cs.odu.edu/)

A guide to Institutional Repository Software. 2nd edition. Open Society
Institute. January 2004. Contains summary information about each
repository software and a very detailed feature and functionality table.
http://www.soros.org/openaccess/software
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OAI-PMH Based Services

• Repository Explorer:
– http://oai.dlib.vt.edu/cgi-bin/Explorer/oai2.0/testoai/

• Serach engines
– Arc: http://arc.cs.odu.edu/

– MyOAI: http://www.myoai.org/

– Physnet: (subset of arXive, IOP…)

    http://physnet.uni-oldenburg.de/oai/query.php

– OAIster: http://oaister.umdl.umich.edu/o/oaister/
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OAI Cross-Archive search
Example
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Summary

• Low-cost mechanism for harvesting
metadata records from one system to
another

• Based on HTTP and XML – Web-friendly
• Development over last 2-3 years has seen

move from specific (discovery of e-prints)
to generic (sharing descriptions of any
resource)
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Summary…

• Recommends simple DC as record format
but extensible to any format encoded in
XML

• OAI-PMH is not a search protocol
• Metadata and full-text typically made freely

available – but not a requirement
– OAI-PMH can be used between closed

groups
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Related Resources

• OAI Web site:
– http://www.openarchives.org/

• Open Archives Forum
– http://www.oaforum.org/tutorial/index.php


