ACM SIGCSE ‘97 Workshop
Digital Libraries for CS Education

INSTRUCTORS: Edward A. Fox, John Urquhart

SCHEDULE: Saturday, Mar. 1, 1997, 1:30 p.m. - 4:30 p.m.

LOCATION: Fairmont Hotel, San Jose, CA, USA

PARTICIPANTS: Participants are encouraged from those working in fields like
computing, library science, information science, multimedia, and publishing. Those with
little background on digital libraries are invited.

PART 1.

URL.: http://ei.cs.vt.edu/~fox/[FoxMM96tutA.pdf is identical except for 1st page
Objectives: Attendees should be able to help in design, development, evaluation, and
standardization efforts related to digital libraries. They should understand the key aspects
of representative digital library projects, as well as their successes, failures, and
implications for the future. They should become familiar with the underlying technologies
for digital libraries, such as information retrieval, hypertext and electronic publishing.
Planned Activities: There will be coverage of the following PROJECTS: NETLIB
(numerical analysis); CORE (chemistry); TULIP (material science & engineering, with
Elsevier, OCLC); IBM digital libraries products and projects; Hyper-G/HyperWave
(clients and servers); BEV HistoryBase; CS technical reports (CS-TR, WATERS,
NCSTRL) and related efforts; CS education (ACM literature, courseware on IR,
multimedia, hypertext, history); Digital Library Initiative (CMU, Michigan, Stanford, UC
Santa Barbara, Illinois); ETD (electronic theses and dissertations).

PART II.

URL.: http://ei.cs.vt.edu/~fox/FoxMM96tutB.pdf is identical except for 1st page
Objectives: Attendees should be able to help in design, development, evaluation, and
standardization efforts related to digital libraries. They should understand research and
development issues, including principles and guidelines for design of scalable, sustainable
DLs.

Planned Activities: There will be coverage of the following SOURCES: Digital Library
conferences; II'TA meetings (e.g., May 1995 workshop); Allerton Institutes (from U.
Illinois, NSF); D-Lib (research, magazine, working groups); D-Lib research articles
(architecture, metadata, URNS, use); Virginia Tech information (DL page, Sourcebook);
Virginia Tech projects (Envision, ILDLCS, WWW traffic analysis/mod/sim); Z39.50
(overview, OCLC, CNIDR); Library of Congress; CNRI (architecture, handles); UMBC
agents, preservation, TEI, ...

PART I11. Discussion
A general discussion of the use of digital libraries in CS education will involve all
participants.
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Questions ?
1. How long will these last?  
2. What will be the value of working with these in 10 years?
3. What will be the state of the "communities" built" in 10 years?
4. Are digital libraries our best long term investment?
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Concerns
1. Remember social, political, economic, personal issues (including training) and consider them in planning.
2. When > 100 sites, Jim French of UVA has shown that backup server may be accesses for every access
3. Robert Kahn of CNRI is chair of NCSTRL steering committee and wants to open that out beyond CS TR
4. CNRI has implemented handles which can be used, or is working wtih OCLC so they can interoperate with PURLs (both types of URNs).
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- Principles http://etd.vt.edu/etd/principles.html

I1l. PERSPECTIVES:
* user and social needs
- Allerton [see prior|link]
- D-Lib WG [see prior[inK]
* interfaces and user interaction
- monitoring, analyzing, visualizing and modeling traffic [link
http://www.cs.vt.edu/~chitra/www.html
+ Sources of variation: daily, semester, local/remote
+ Excel graphs (18 months)
(see http://ei.cs.vt.edu/~fox/EDMEDIA96)
- Accesses [Tink]
- Bytes
* architectures, components, protocols
- Z39.50
+ ptrs http://ds.internic.net/z3950/23950.html
+ Isite http://vinca.cnidr.org/software/lsite/Isite.html

+ architecture http://vinca.cnidr.org/resources/isite_overall.gif

- CNRI

+ key issues [link] http://WWW.CNRI.Reston.VA.US/home/cstr/arch/slides.html
+ repositories of digital objects [link] http://www.cnri.reston.va.us/home/doa.html

- agents E
+ UMBC http://www.cs.umbc.edu/agents/
+ Michigan
- bus: Stanford [see previous[[inkd]
- systems, engines, and operations
* naming
- PURLs http://purl.oclc.org/

- handles [link] http://www.cnri.reston.va.us/nome/cstr/handle-intro.html


Addendum
architectures,...:
  agents: 
     Michigan:
This is a prior link.


* library and information science

- principles http://ei.cs.vt.edu/~cs5604/DL/DL7.html

- intellectual property rights
+ CMU NetBill [see prior [ink]

- preservation http://www-rlg.stanford.edu/ArchTF/

- representations
+ Text Encoding Initiative http://etext.virginia.edu/TELhtml
+ Amsterdam hypertext model ([link])

http://ei.cs.vt.edu/~mm/gifs/Amsterdam-hm.html
+ Database: Berkeley
+ IR: lllinois [see prior[inkd]
+ GIS: UCSB [see prior
+ Objects: Stanford [see prior [linkd]
+ Al: Michigan [see prior [linkg]
+ Multimedia: CMU [see prior [inkd]
- information retrieval
+ CODER ([Tink]) http://ei.cs.vt.edu/~cs5604/Adv/Adv-CODER.html
+ MARIAN
- overview ([Tink]) http://ei.cs.vt.edu/~cs5604/Adv/Adv-MARIAN.htm
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IVV. DISCUSSION:
* structuring principles
- consider PERSPECTIVES
- consider scalability, sustainability, usability
- borrow from similar past/present projects
- apply scenario-based design, claims analysis
- summarize design, open problems
* developing a world-wide digital library of theses and dissertations
* developing a world-wide digital library for computer science, or
* topics selected by the class

V. RECOMMENDATIONS:

* Join projects: electronic theses and dissertations, CS technical reports
* Use our courseware and add to it

* Work toward “Open Digital Library”
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The Second Annual Conference on the
Theory and Practice of Digital Libraries

June 11-13, 1995 - Austin, Texas, USA

Getting aphysical copy of the DL 95 Proceedings

Sponsors and cooperating institutions

From the Conference Chair, David M. Levy

From the Program Chair, Richard Furuta

Conference Committee

Attendee List
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Dedlivering Technology for Digital Libraries: Experiences as Vendors,
William T. Croccaand William L. Anderson

InterPay: Managing Multiple Payment Mechanismsin Digita Libraries,
Steve B. Cousins, Steven P. Ketchpel, Andreas Pagpcke, Hector Garcia-Molina, Scott W. Hassan, and Martin
Roescheisen

Providing Government Information on the Internet: Experiences with THOMAS,
W. Bruce Croft, Robert Cook, and Dean Wilder

A New Zedand Digital Library for Computer Science Research,
lan H. Witten, Sally Jo Cunningham, Mahendra Vallabh, and Timothy C. Bell

Cataloging in the Digital Order,
David M. Levy

Collection Maintenance in the Digital Library,
Mark S. Ackerman and Roy T. Fielding
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Querying, Navigating, and Visualizing aDigita Library Catalog,
Aravindan Veerasamy and Shamkant Navathe

Service Modds, Operational Decisions and Architecture of Digital Libraries,
Y uehong Y uan, Stephen Roehrig, and Marvin Sirbu

Author Index

Keyword Index

Frank Shipman / shipman@cs.tamu.edu / 95-06-08
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| nteroperability, Scaling, and the Digital
Libraries Research Agenda:

A Report on the May 18-19, 1995
[ITA Digital Libraries Workshop
August 22, 1995

Clifford Lynch (_clifford.lynch@ucop.edu)
Hector Garcia-Molina (_hector@db.stanford.edu)

Converted to HTML using GradStudentWare 2.2
Contact Christian Mogensen with bug reports.

Introduction

Definitions and Roles of Digital Libraries

Defining Interoperability in the Digital Library Environment
I nfrastructure Requirements for Digital Library Research
Research Issues and Priorities

1. Interoperability

2. Description of Objects and Repositories

3. Collection Management and Organization

4. User Interfaces and Human-Computer | nteraction
Conclusions

Executive Summary

Appendix 1 - List of Perticipants

Appendix 2 - Strawman Report

Appendix 3 - Report of the working groups
3-1 - The Publishing Perspective
3-2 - The Commercia Perspective
3-3 - TheLibrary Perspective
3-4 - The Internet Perspective
3-5 - The Multimedia Perspective

| ntroduction

This report summarizes the results of aworkshop on Digital Libraries held under the auspices of the U.S.
Government's Information Infrastructure Technology and Applications (I TA) Working Group in Reston,
Virginiaon May 18-19, 1995. The objective of the workshop was to refine the research agendafor digita
libraries with specific emphasis on issues of scaling and interoperability, and to identify the infrastructure
developments needed to make progress on these issues.

While there have been a number of workshops and other meetings examining the broader questions of support
for applications in the National Information Infrastructure (NII), we believe this was the first workshop that
focused specifically on Digita Librariesin this context. In the past year, Digital Libraries have emerged as one
of the central and most compelling applications enabled by the NII; numerous digital library research projects
are underway, including six large-scale pilot projects that have been funded jointly by ARPA, NASA, and
NSF. While Digital Libraries are now avibrant research area, and also afield in which considerable
commercia development istaking place (presaging the future economic importance of Digital Library
technology to the United States), many new questions are emerging as aresult of this flowering of research
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activity. Informed by insights gained from current research, this workshop offered an opportunity to consider
guestions such as interoperability objectives that might be defined among projects now underway.

The workshop was organized by Hector Garcia-Molina of Stanford University and Clifford Lynch of the
University of California Office of the President. The IITA working group, which sponsored the meeting,
reports to the National Science and Technology Council (NSTC) through the High Performance Computing,
Communications, and Information Technology subcommittee of the Committee on Information and
Communication. The workshop was attended by some 60 leading digital library researchers and developers
and by representatives from awide range of federal government organizations concerned with research and
development and policy formulation related to digital libraries (see Appendix 1 for aroster of attendees).

Workshop attendees were asked to consider the following questions as a point of departure in developing the
research agenda:

1. What isaDigital Library? How doesit differ from an information repository or from today's World
Wide Web? How many Digital Libraries will there be, and how will they interlink? How might this
look to users?

2. What Digital Library infrastructure is needed? What does "infrastructure" consist of in this context and
how doesit differ from the broader applications support infrastructure for the emerging NI1? What is
the relationship between infrastructure and standards? Who will use thisinfrastructure? When must it
be defined, and what parts are most urgently needed? How does the infrastructure relate to intellectual
property management and publisher concerns?

3. How can aDigital Library be evaluated? How will we know in three to four yearsif current research
projects have been successful in developing effective digital library servicesfor their user
communities?

To further frame and stimulate discussion, Hector Garcia-Molina prepared a position paper discussing the
issues and distributed it prior to the workshop (see Appendix 2).

Parti cipants spent the magjority of the workshop in one of five groups; unlike many workshops, in which each
group is assigned a different set of issues, here each group approached the full spectrum of questionsfrom a
specific, unique viewpoint and generated a summary of their discussions that reflected that viewpoint. After a
presentation from the five group leaders representing each group's approach to the issues, each participant
selected his or her group. The five groups and their |leaders were

Bill Arms,
Corporation for National Research Initiatives:
The Publishing Perspective

Michael Lesk,
Bellcore:
The Commercial Perspective

Bruce Schatz,
University of Illinois Urbana Champaign:
The Library Perspective

Mike Schwartz,
University of Colorado:
The Internet Perspective

Terry Smith,
University of California, Santa Barbara:
The Multimedia Perspective

Page: 2



http://www-diglib.stanford.edu/diglib/pub/reports/i Saturday, July 13, 1996
ita-dlw/main.html

The reports of these five groups appear in Appendix 3. This summary of the workshop extracts common
themes and also key points of disagreement from the work of the five groups and places them in broader
context. The report is not a consensus document; while it draws heavily on the five group reports and has also
benefited greatly from comments from attendees, it does not attempt to reflect completely any of the five group
reports.

This report addresses responses to the first two questions posed to the attendees (the definition of adigital
library and infrastructure needs to support digital librariesand discusses the research agenda. The third question
posed to the attendees -- how to evaluate Digital Library projects - -- did not receive much attention from most
of the groups; it isto be the subject of a separate workshop on User Evaluation Methods to be held October
29-31 at the Allerton Center under the auspices of The University of 1llinois Urbana-Champaign and NSF.
Some groups did identify the need for consistent instrumentation and data gathering across projects to facilitate
evaluation. In addition, severa groups stressed the need to make the transition from a systems technol ogy
framework to one driven by user access and collection organization in developing future digital library
technology and systems. This view is perhaps most eloquently stated in the reports of the Internet working
group and the Library working group.

Definitions and Roles of Digital Libraries

Considerable work has aready been done on operational definitions of Digital Libraries and their relationship
to traditional library institutions, as well asto the broader systems of scholarly and commercial publishing
(see, for example, Communications of the ACM, April 1995). Much of the discussion in this workshop was
motivated by questions of scaling, interoperability and needed support infrastructure.

Digita libraries were viewed as systems providing a community of users with coherent accessto alarge,
organized repository of information and knowledge. One group made the provocative proposal that this
organization of information was characterized by the absence of prior detailed knowledge of the uses of the
information. The ability of the user to access, reorganize, and utilize this repository is enriched by the
capabilities of digital technology; the Multimedia group provided particularly vivid examples of these
possibilities.

Several groups pointed out that, in fact, digital libraries would, for the foreseeable future need to span both
print and digital materials and that the central issue was to provide a coherent view of avery large collection of
information. In this sense, an emphasis on content solely in digital format istoo limiting. Really, the objective
isto develop information systems providing access to a coherent collection of material, more and more of
which will bein digital format as time goes on, and to fully exploit the opportunities that are offered by the
materialsthat arein digital formats. Additionally, the comprehensiveness and value of the collection accessible
through adigita library system can be strengthened by the ability to integrate materialsin digital formats that
have not been well-represented, easy to access, or effectively usablein traditiona library collections, such as
multimedia, geospatial data, or numerical datasets. Thereis, in redlity, avery strong continuity between
traditional library roles and missions and the objectives of digita library systems.

Participantsin the workshop repeatedly underscored this continuity, and emphasized that the traditional library
institutional missions of collection development, collection organization, access, and preservation must extend
to the digita library environment. Digital libraries will be acomponent in the broader range of future library
services, and librarianswill play a central role in developing and managing digital libraries.

While there would be many digital repositories, agiven digital library system should provide a coherent,
consistent view of as many of these repositories as possible. From the user's perspective, to the extent
possible, there should appear to be asingle digital library system. Usersincreasingly have access to various
types of digital collections and information systems:. personal information resources, workgroup and
organizationa information collections and collaboration environments, and more public digital libraries.
Defining the boundaries and characteristics of these information spaces and exploring ways in which they can
be fused into a coherent whole is a central problem that cuts across all aspects of the research agenda. From the
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user's perspective, the digital library system needs to extend smoothly from personal information resources,
workgroup and organizational systems, and out to personal views of the content of more public digital
libraries.

Some groups raised, but did not resolve, the question of the extent to which the digital library system should
incorporate support for publishing, annotation, and integration of new information, and the extent to which
additions to repositories within the digital library system should be mediated by librarians. It is clear that the
development of digital librariesis closely linked to the changes that are occurring in modes of scientific and
scholarly communication; the extent to which the digital library should actively embrace -- and perhaps even
drive -- these changes remains to be fully explored.

Libraries-- digital or traditional -- exist to serve diverse purposes and constituencies. To some extent, each
discipline, congtituency, and collection creates its own organization of information. In the digital library world
this differentiation among library collections, organization, and services may become more visible. One of the
key challengesisto retain this diversity, which is responsive to unique constituencies, and at the same time
permit information to be effectively shared across disciplines and constituencies. Thisis an essential
component of the interoperability questions that formed a major focus for the workshop. Workshop
participants represented many of these diverse perspectives: university research libraries, archives, libraries
supporting teaching, public libraries, and libraries of the performing arts.

Defining Interoperability in the Digital Library Environment

Defining interoperability proved difficult. It is clear that thisis still a central research problem in its own right,
and one that merits continued attention. Discussions of infrastructure focused on common tools, enabling
technologies and standards that would provide a basis for further exploration of interoperability issues,
particularly by encouraging and facilitating the growth of digital libraries on the Internet. Considerable effort
was spent on identifying infrastructure that was either unique or particularly critical to progressin digital
libraries, as opposed to more general-purpose infrastructure that arange of NIl applications, including digital
libraries, might share. One clear theme was that an understanding of interoperability issues required operational
experience which could only be gained by large-scale deployment of digital library systems. Speculation about
interoperability in the abstract is of very limited vaue.

Participants expressed afull spectrum of views on interoperability. At one end of the spectrum is the use of
common tools and interfaces that provide a superficia uniformity for navigation and access but rely amost
entirely on human intelligence to provide any coherence of content. At the opposite end of the spectrum is deep
semantic interoperability. The precise definition of deep semantic interoperability was the subject of some
debate, but deals with the ability of auser to access, consistently and coherently, similar (though
autonomously defined and managed) classes of digital objects and services, distributed across heterogeneous
repositories, with federating or mediating software compensating for site-by-site variations. It also extends
beyond passive digital objects to actual services offered by specific digital library systems. Deep semantic
interoperability isa"grand challenge" research problem; it is extraordinarily difficult, but of transcendent
importance, if digital libraries are to live up to their long-term potential. An intermediate position between these
two extremes advocates primarily syntactic interoperability (the interchange of metadata and the use of digital
object transmission protocols and formats based on this metadata rather than ssimply common navigation,
query, and viewing interfaces) as ameans of providing limited coherence of content, supplemented by human
interpretation.

Note that the term "digital object” here isintended only to describe, in the broadest sense, the type of
information objects that may comprise adigital library -- textual, audio, video, numeric, computer programs,
or multimedia composites of such components. It is not intended either to endorse or preclude an
object-oriented architectural framework for digital library systems (in the sense of object-oriented programming
or object-oriented databases, for example).

Infrastructure Requirementsfor Digital Library Research
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The most urgent infrastructure need is to establish common schemes for the naming of digital objects, and the
linking of these schemes to protocols for object transmission, metadata, and object type classifications. The
consensus of the groups was that naming schemes for digital objectsthat allow global unique reference
represented perhaps the most immediate infrastructure deployment priority in order to facilitate resource
sharing, linkages, and interoperation among digital library systems and to facilitate scale-up of digital library
prototypes. It was recognized that the design of large-scale naming systems and their integration into the larger
digital library framework will continue to be an important research area, but that infrastructure support needs to
be put in place quickly for at least an interim system, and that in fact experience with such an interim system
would inform further research.

The deployment of a public key cryptosystem infrastructure -- including the development of a system of key
servers and the definition of standards and protocols -- was also identified as essential to progressin digital
libraries; thisis necessary to support digital library needsin areas such as security and authentication, privacy,
rights management, and payments for the use of intellectual property. While the need for public key
cryptosystem infrastructure is hardly unique to digital libraries, the importance of the digital library services
and components which depend on this infrastructure mean that its absence represents a significant barrier. In
particular, until these problems are addressed, it seems unlikely that we will see commercia publishers and
other information suppliers making large amounts of high-value copyrighted information broadly available to
digital library users. Thisin turn will constrain the development of research prototypes and may be adistorting
factor in studies of user behavior.

Resear ch Issues and Priorities

The working groups outlined a wide range of important research issues; most groups were less successful at
prioritizing them, beyond the immediate infrastructure needs aready discussed. The five key research areas
that emerged from the workshop are described below; arguably, thefirst three are of most central and
immediate importance, specifically to the development of digital libraries, though the long-term importance of
research in the fifth area (economic, social, and legal issues) cannot be overemphasized. The distinctions
among the five areas are to some extent arbitrary; for example, progress on interoperability (the first areq)
depends critically on progressin our ability to describe successfully objects and repositories (the second area).

1. Interoperability

The difficulty in defining the objectives for interoperability have already been discussed; clarifying these
objectives, mapping the spectrum of interoperability, and establishing the key challenges at points along this
specturm are key research issuesin their own right.

The more technical interoperability research involve protocol design that supports a broad range of interaction
types, inter-repository protocols, distributed search protocols and technologies (including the ability to search
across heterogeneous databases with some level of semantic consistency), and object interchange protocols.
Interoperability is not smply amatter of providing coherence among passive object repositories. Digital library
systems offer arange of services, and these services must be projected in an interoperable fashion aswell. One
particular issue that emerged was that existing Internet protocols (such as HTTP, the basis of the World Wide
Web) are clearly inadequate. Research must move beyond the current base of deployed protocols and systems.
This raises complex questions about how to deploy prototype systems and the tradeoffs between advanced
capabilities and ubiquity of access.

The practica question of the nature of the installed technology base and the need to support thisinstalled base
will increasingly frame and influence interoperability research. Accessto digital librariesis not an end in itself
for most users, but rather a support service; many will be willing to sacrifice advanced functionality for
consistency, stability, and ability to use familiar, common access tools. Just as the installed base has become
the greatest barrier to meaningful large-scale trials of new approaches that improve existing services (as
opposed to providing entirely new services which do not compete with an installed base) in the overall Internet
environment, user expectations and the installed base will ultimately impede progress in fundamental

technology research within the large-scale experiments necessary to gain insights into interoperability among
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digital libraries. Managing this tension will be acritical element in the continued development of the
community's research agenda.

It should be noted that, at this relatively early stage in the evolution of digital library technology, it is of vita
importance that projects strive for approaches that incorporate high functionality and extensibility. A high level
of functionality in the standards and protocols used, even if not fully exploited initialy, will postpone the time
when the inertia of the installed base begins to confine research opportunities. Careful design of extensibility in
digital library systemswill facilitate continued research progress and understanding of the impact of new
approaches on the user community without the need to attempt to displace an installed base.

2. Description of Objects and Repositories

In order to provide a coherent view of collections of digital objects, they must be described in a consistent
fashion which can facilitate the use of mechanisms such as protocols that support distributed search and
retrieval from disparate sources. Research in description of objects and collections of objects provides the
foundation for effective interoperability. Interoperability at the level of deep semanticswill require
breakthroughsin description as well asretrieval, object interchange, and object retrieval protocols.

Issues here include the definition and use of metadata and its capture or computation from objects, the use of
computed descriptions of objects, federation and integration of heterogeneous repositories with disparate
semantics, clustering and automatic hierarchical organization of information, and a gorithms for automatic
rating, ranking, and evaluation of information quality, genre, and other properties. Other key issuesinvolved
knowledge representation and interchange, and the definition and interchange of ontologies for information
context. The idea of active "information matchmaking" emerged in several group reports.

Research is a'so needed to understand the strengths and limitations of purely computer-based technologies for
describing objects and repositories, and the appropriate roles for the efforts of human librarians and subject
expertsin the digita library context as a complement to these technol ogy-based approaches.

3. Collection Management and Organization

Collection management and organization research is the area where traditiona library missions and practices
arereinterpreted for the digital library environment. Progressin thisareais essential if digital library collections
are to meet successfully the needs of their user communities.

Policies and methods for incorporating information resources on the network into managed collections, rights
management, payment, and control issues were al identified as central problemsin the management of digital
collections. Approaches to replication and caching of information and their relationship to collection
management in a distributed environment need careful examination. The authority and quality of content in
digital librariesis of central concern to the user community; ensuring and identifying these attributes of content
callsfor research that spans both technical and organizational issues. Research is also needed to clarify the
roles of librarians and institutions in defining and managing collectionsin the networked environment.

With the enhanced potentia to support nontextual content effectively in the digital library environment, issues
in nontextual and multimedia information capture, organization, and storage, indexing and retrieval are clearly
key research areas. However, textual digital documents remain avitally important research areain their own
right, and are far from fully understood. The role of knowledge basesin digital libraries remains a poorly
explored but potentially important question.

The preservation of digital content for long periods of time, across multiple generations of hardware and

software technologies and standards is essential in the creation of effective digital libraries. Thisisan
extraordinarily difficult research problem which has not received sufficient attention.

4. User Interfaces and Human-Computer | nteraction
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While user interfaces and human-computer interaction issues are an extensive field of research in their own
right, there are some specific problems that are central to progressin digital libraries.

Display of information, visualization and navigation of large information collections, and linkages to
information manipul ation/analysis tools were identified as key areas for research. The use of more
sophisticated models of user behavior and needs in long-term interactions with digital library systemsisa
potentially fruitful areafor research. The necessity for a more comprehensive understanding of user needs,
objectives, and behavior in employing digital library systems was stressed repeatedly as a basis for designing
effective systems. Finally, it was observed that digital library systems must become far more effectivein
adapting to variations in the capabilities of user workstations and network connections (bandwidth) in
presenting appropriate user interfaces; new technologies such as personal digital assistants and nomadic
computing models will emphasize this need.

5. Economic, Social, and Legal |1ssues

Digital libraries are not smply technological constructs; they exist within arich legal, social, and economic
context, and will succeed only to the extent that they meet these broader needs. Rights management, economic
models for the use of e ectronic information, and billing systems to support these economic models will be
needed. User privacy needsto be carefully considered. There are complex policy issues related to collection
development and management, and preservation and archiving. Existing library practice may shed some light
on these questions. The social context of digital documents, including authorship, ownership, the act of
publication, versions, authenticity, and integrity require a better understanding. Research in al of these areas
will also be needed if digital libraries are to be successful.

Conclusions

This workshop has made substantial progress in refining and focusing aresearch agenda for digital libraries,
aswell asin developing insights into questions about interoperability among digital libraries and the
infrastructure necessary to support such interoperability. Interoperability islikely to continue to be a useful
organizing theme in refining this agenda in the coming years. The outcomes of the workshop also suggest that
afocus on broad architectural issuesin digital librarieswill be fruitful. Several working groups commented on
the need to devel op component software strategies that would facilitate the transfer of technology among the
current digital library pilot projects and from these projects to other new digital library research efforts. The
Internet working group went further in suggesting that the devel opment of a broadly available software base
for the digital library community would contribute to rapid progress, and we believe that this suggestion
deserves careful consideration.

Scaling was identified as amajor area of concern. The common vision is one of tens of thousands of
repositories of digital information that are autonomously managed yet integrated into what usersview asa
coherent digital library system. Accommodating this very large number of repositories -- avery different
environment than that in which today's handful of pilot projects operate -- will clearly have major implications
for infrastructure definition and design. We must move rapidly towards an infrastructure that can support and
facilitate research towards this common vision. The full range of issues here are unclear. Some immediate
needs are evident; these are reflected in the emphasis on establishing naming systems for digital objectsasa
high priority, for example.

We don't know how to approach scaling as a research question other than to build upon experience with the
Internet. However, attention to scaling as a research theme is essential and may help in further clarifying
infrastructure needs and priorities, aswell asinforming work in all areas of the research agenda outlined
above. For example, reliability questions are poorly understood; in a sufficiently large system, some
components will inevitably be out of service during the processing of any given query. The need to support
large-scale deployment projects (in terms of size of user community, number of objects, and number of
repositories) and to study subsequently the effectiveness and use of such systems was emphasized repeatedly.
It isclear that limited deployment of prototype systemswill not suffice if we are to understand understand the
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research questions involved in digital libraries.

Research in scale-up is very difficult to perform except by building and deploying alarge-scale digital library
system. Establishing infrastructure and tools to facilitate experimentation with large-scale systemsis essential,
asisfunding to study use and behavior of large-scale systems once deployed through this infrastructure. The
Internet as a context for deploying digital library systems offers an unprecedented opportunity -- not only
technically by providing connectivity to an enormous potential user base but aso culturally, given the Internet
community's models and traditions of technology diffusion through the distribution of publicly available
prototype software -- to move ahead large-scal e experiments. Research efforts should exploit these
opportunities.

Finally, it seems clear that the inevitable presence of large amounts of commercially vauable, proprietary
information in the future -- which can be viewed as another form of scale-up in digital libraries -- will also
shape the research agendain new ways. The near-term focus is on overcoming the infrastructural barriersto
supporting proprietary information (such as authentication, billing, and rights management). There are research
issues in the design of such an infrastructure, but also operational and policy problems impeding deployment.
While some of the research issues are complex and will require ongoing exploration, putting at least the first
steps towards the necessary infrastructure in place to accommodate such commercially valuable information is
ahigh priority in advancing the research agenda and addressing scale-up issues. It will also stimulate
commercia developments that will complement existing research initiatives. The development of an
increasingly rich marketplace of information resources under awide range of economic and legal constraints
will create new opportunitiesin all areas of the research agenda presented above, and will allow usto explore
vital new research questions in the devel opment of description, navigation, access, and resource discovery
technologies and systems that can function in this broader environment.
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37th Allerton Institute 1995

Graduate School of Library and Information Science
University of Illinois at Urbana-Champaign

How We Do User-Centered Design and
Evaluation of Digital Libraries:
A Methodological Forum

This conference was sponsored by the National Science Foundation

Introduction, Ann P. Bishop
Session 1 - Migrating Foundational Study Approachesto the Virtual Environment
Special Presentation: Findings from Digital Library Studies
Annelise Mark Petjersen, Designing for Retrieval in Library Collections: Lessons from Book
House
Michael Twidale, How to Sudy and Design for Collaborative Browsing in the Digital Library
Session 2 - Co-Designin Digital Libraries
Session 3 - Work Practice and Institutional Change
Session 4 - Electronic Information Seeking and Use
Special Presenation: Social and Organization Issuesin Classification (notes only) - S. Leigh Star and
Geof Bowker
Session 5 - Users, Diversity, and Change
Session 6 - Wrap-up

List of Participants

The 1995 Allerton site is available viathe EDFU Electronic Library

The Publications Office
Graduate School of Library and Information Science
University of Illinois, Urbana-Champaign

Last updated: 17 January 1996
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Digital Library 38ESz1¢s!

Here are pointers to some of the major cooperative projects and associated activitiesin digital library research.

e Federally-funded cooperative projects
e Coordinating and funding bodies

Federally funded cooperative projects

The NSF/DARPA/NASA Digital Library Initiative (DL1). Six federal funded projectsin digital library
research, with partnerships led by universities. Theindividual projects are listed below.

University of California, Berkeley: An Electronic Environmental Library Project. (A DLI project.)

University of California, Santa Barbara: The Alexandria Project: Towards a Distributed Digital Library with
Comprehensive Services for Images and Spatially Referenced Information. (A DLI project.)

Carnegie Mellon University: Informedia: Integrated Speech, Image and Language Understanding for Creation
and Exploration of Digital Video Libraries. (A DLI project.)

University of lllinois at Urbana Champaign: Building the Interspace: Digital Library Infrastructure for a
University Engineering Community. (A DLI project.)

University of Michigan: The University of Michigan Digital Library Project. (A DLI project.)

Stanford University: Stanford University Digital Libraries Project. (A DLI project.)

The Computer Science Technical Reports Project (CSTR). A collaboration involving CNRI, five universities,
and the Library of Congress.

D-Lib. A forum for researchers and developers of advanced digital libraries.

Coordinating and funding bodies

NASA's Digital Library Technology Project. A project that supports the development of new technologies to
facilitate public accessto NASA data via computer networks.

The Coadlition for Networked Information. A joint project of the Association of Research Libraries, CAUSE,
and EDUCOM to promote information resources in networked environments.

The Internet Engineering Task Force. The protocol engineering and development arm of the Internet.

The World Wide Web Consortium. The W3 Consortium exists to develop common standards for the evolution
of the World Wide Web.
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I SSN 1082-9873

Access to Stories, Briefings, and Editorials by Title

You may also browse by author.

1990 Census LOOKUP: Mining aMountain of Data, Deane W. Merrill, Nathan G. Parker, Harvard H.
Holmes, Chris Stuber, Valerie J. Gregg

A

Access and Discovery: Issues and Choicesin Designing DIFWICS, Jeremy Hylton

Accessto Digital Objects. A Communications Law Strategy, Patrice A. Lyons

Accessing the Visible Human Project, Michael J. Ackerman

Advanced Web Presentation through Data Modeling: An Open Architecture for the Personalized Webs of the
Future, Leon Shklar

Agent-based Architecture for Digital Libraries, William P. Birmingham

B
Berkeley Digita Library SUnSITE, Roy Tennant

Briefings:

e ARTFL, Andrea Doane

e Brief Update on the Alexandria Digital Library Project: Constructing aDigital Library for
Geographically-Referenced Materials, Terence R. Smith

e CyberStacks(sm): A 'Library-Organized' Virtua Science and Technology Reference Collection, Gerry

McKiernan

Digital Librariesin the Classroom, Elliott Soloway

EduPort, Miriam Masullo

Highlights related to the Government Information Locator Service (GILS): Toward a Global

Information Locator, Eliot Christian

Integrated Document Access (IDA) Project, Margaret Colmer

Making aDigita Library: The Chemistry Online Retrieval Experiment -- A Summary of the CORE

Project (1991-1995), Richard Entlich, Lorrin Garson, Michael Lesk, Lorraine Normore, Jan Olsen,

Stuart Weibel

OCLC Internet Cataloging Project, Erik Jul

Oregon State University's Government Information Sharing Project, Jacquelyn Miller

Project Muse: 43 Humanities and Social Sciences Journals to Come on the Network

SuperJournal, David Pullinger, Christine Baldwin

TURNIP: The URN Interoperability Project, Renato lannella
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e UK Electronic Libraries Programme, Chris Rusbridge
e Z39.50 and the World Wide Web, Sebastian Hammer, John Favaro

C

Caching for Large Scale Systems, L essons from the WWW, Robert E. McGrath

Content Ratings and Other Third-Party Vaue- Added |nformation: Defining an Enabling Platform, Martin
Roscheisen, Terry Winograd, Andreas Pagpcke

Creating a Networked Computer Science Technical Report Library, James R. Davis

D

Digital Libraries and Corporate Technology Reuse, Jonathan T. Hujsak
Digital Libraries. Searching Is Not Enough; What We L earned On-Site, Andreas Pagpcke

E

Economic Framework for Pricing and Charging in Digital Libraries, J. Sairamesh, C. Nikolaou, D. Ferguson,
Y. Yemini

Editorials:

Double-Edged Sword of Access

Future is a Complex Place

Getting Used to Technology and Revolutionsin the Making
Levels of Abstraction

Taking the Measure of the Net

Teling Time

Text Is More Than Just Words on a Page, Susan Hockey
Tragedy of the Commons, Revisited (Again)

When is Honesty the Best Policy?

Where Are We in Space?

Word (or two) of welcome

F

French Minitel: Is There Digital Life Outside of the"US ASCII" Internet? A Challenge or Convergence? Jack
Kessler

G

Globa Change Data and Information System-Assisted Search for Knowledge (GC-ASK) Project, Roberta Y.
Rand

H

Historical Collectionsfor the National Digital Library: Lessons and Challenges at the Library of Congress,
(Part1), Caroline R. Arms

Historical Collectionsfor the National Digital Library: Lessons and Challenges at the Library of Congress (Part
1), Caroline R. Arms

Image Browsing in the Alexandria Digital Library (ADL) Project, B.S. Manjunath

K
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Key conceptsin the architecture of the digital library , William Y. Arms

M

Metadata: the foundations of resource description, Stuart Weibel
Mode Editions Partnership: Historical Editionsin the Digital Age, David Chesnuitt

N

Need for a Common Infrastructure: Digital Libraries and Electronic Commerce, Daniel Schutzer

Netlib Mathematical Software Repository, Shirley Browne, Eric Grosse, Tom Rowan

New Center at Columbia University for Digital Library Research: Fostering Interdisciplinary Research and
Bridging Cultural Clashes, Judith Klavans

News-on-Demand: An Application of Informedia® Technology, Alexander G. Hauptmann, Michael J.
Witbrock and Michael G. Christel

O
Optionsfor the Future, Joshua L ederberg

R

Recent Developmentsin GALEN I1: Evolution of aDigital Library for the Health Sciences, John A. Kunze,
Brian N. Warling

The Red Sage Project: An Experimental Digital Journal Library for the Health Sciences, A Descriptive
Overview, Richard E. Lucier and Peter Brantley

Research in Support of Digital Libraries at Xerox PARC; Part I: The Changing Social Roles of Documents,
Marti A. Hearst

S

SCAM Approach to Copy Detection in Digital Libraries, Narayanan Shivakumar, Hector Garcia-Molina
Secure Repository Design for Digital Libraries, Carl Lagoze
SUnSITE: Serving Y our Internet Needs Since 1992, Judson Knott, Paul Jones

T

Task Force on Archiving of Digital Information, John R. Garrett
Text Is More Than Just Words on a Page, Susan Hockey (guest editorial)

U

Uniform Resource Names: A Progress Report, The URN Implementors
User-Centered Iterative Design for Digital Libraries: The Cypress Experience, Nancy A. Van House, Mark H.
Buitler, VirginiaOgle, Lisa Schiff

wW

What Do People Want from Information Retrieval? (The Top 10 Research Issues for Companies that Use and
Sell IR Systems), W. Bruce Croft

Working Towards an Understanding of Digital Library Use: A Report on the User Research Efforts of the
NSF/ARPA/NASA DLI Projects, Ann Peterson Bishop

Y
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One of D-Lib's principa activitiesis stimulating and supporting working groups that address aspects of Digital
Library research. Some of these groups are created by D-Lib; some are affiliated with the Digital Library
Initiative, or other federally funded projects,; and some are independent groups.

The following working groupsin Digital Library research are currently associated with D-Lib:

Metadata to Describe Information in Digital Libraries

User Needs Assessment and Evaluation

Socia Aspects of Digital Libraries

Repository Interfaces

Digitization and Conversion

Naming Objectsin the Digital Library

Networked Computer Science Technical Report Library (NCSTRL)
Task Force on Archiving Digital Information

D-Libisaso asponsor of:

e TheFirst ACM International Conference on Digital Libraries; Program and Proceedings

D-Lib iscoordinated by CNRI and is sponsored by the Defense Advanced Research Projects Agency
(DARPA) on behalf of the Information Infrastructure Technology and Applications (II TA) Working
Group of the High Performance Computing and Communications (HPCC) program.

Home E spo t!ig,_}. Wﬂesearch

wya/af/reb-a
Last revised: June 14, 1996
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WORKING GROUPS

D-Lib Working Group on Metadata to Describe Information in
Digital Libraries

Joint Chairs: Michael F. Goodchild, Terence R. Smith, University of California, Santa
Barbara

If sense isto be made of the flood of information that will be available through digital libraries, it must be
described effectively, so that it can be found, its value assessed, and its acquisition handled efficiently.
Metadata is the term most often used to refer to the description of information objects to support these three
functions of digital libraries. Digital library technology is capable of both supporting major augmentationsto
traditional metadata activities and providing a basis for catalog interoperability.

D-Libisassociated with two activitiesin this field. Both focus on the process by which creators of digital
information can add metadata to their work at the time of creation. This metadata is then available for computer
programs to use in building indexes and other accesstools. It isaso available as abasis for subsequent
cataloguing or the creation of secondary information services.

Thefirst of these activities comes out of the Alexandria Digital Library project at the University of California,
Santa Barbara. This project concentrates on geospatia information, such as maps, but its studies of metadata
are broad based and applicable to all types of on-line data. Alexandriais one of the projectsin the
ARPA/NSF/NASA Digital Library Initiative (DL1) and its metadata studies involve members of several of the
other DLI projects.

The second activity isthe Metadata | and Metadata Il invited workshop series. The first of these was sponsored
by OCLC and NCSA in March 1995, chaired by Stuart Weibel of OCLC. Its mgjor contribution was the
"Dublin Core" metadata el ements. D-Lib has agreed to be a sponsor of subsequent workshops.

These two activities are inter-related. In particular, Alexandriais using the Dublin Core as a building block for
its own developments.

Home w

wya/reb-a
Last revised: March 17, 1996
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D-Lib Group on Naming in Digital Libraries

The D-Lib Group on Naming in Digital Libraries covers all aspects of naming of digital resources. Thistopic,
which appears ssimple on the surface, proves to be remarkably subtle when applied to the complex world of
digital libraries.

For several years, the Internet Engineering Task Force (IETF) was afocus for efforts to develop Uniform
Resource Names (URNS). These are globally- unique, persistent, location-independent names that can be
applied to any network resource. Thiswork is being continued by an informal group of URN implementors.
The focus of the D-Lib group is on the next stage, how to use namesin large scale libraries.

User groups that wish to assign namesto objectsin adigital library are faced with avariety of issues. One type
of question isthe relationship of names to semantic concepts such as uniqueness, mutability, etc. Are these
managed by the naming system or by an external system? In alarge library, rules and conventions for
assigning names can be very complicated. If users are to see the names, it is helpful if they have some structure
to help them be remembered or recognized, but there are real dangers in attempting to embed semantic
information into names.

There will be many naming schemes. Some, aready exist and must be merged into the digital library. The
integration of naming schemes is atechnical challenge and an organizationa one, requiring decisions about the
registration of naming schemes, and the allocation of top-level names.

Few digital objects exist by themselves. They are parts of larger groups or made up of many components.
Naming such complex and compound items proves to be intimately connected to questions of what metadata to
keep for each component and how to represent the rel ationships between them. Proposed sol utions include
composite objects (which contain severa separate objects) and meta-objects (which provide links to other
digital objects).

Finally, all questions of naming must consider scale. Processes for naming and organizing small numbers of
objects may be totally inadequate for large collections.

Home w

wya
Last revised: February 5, 1996
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_WORKING GROUPS

D-Lib Working Group on Repository Interfaces

Chair: William L. Scherlis, Carnegie Mellon University

Thisworking group focuses on technical issues associated with repository interoperation. Asdigital libraries
proliferate, many approaches to managing digital assets and associated meta-data are emerging. There are
important differences among these approaches, and these differences have technical, legal, social, economic,
and political dimensions. How can multiple repositories coexist and interact effectively?

The working group is motivated by severa important trends: The complexity and semantic richness of objects
and meta-data managed by repositoriesis increasing. Information objects of greater value are now being
managed more routinely, raising issues of security, access control, and support for commerce. Performance
demands are increasing, asisthe quantity and size of information Obj ects, particularly in multimedia
applications. Digital libraries are interacting more often with personal, group, and wide area information
services. Finally, the distinction is blurring between digital libraries and other institutional information
resources such as databases and corporate webs.

The starting points for the working group are technol ogies that support management of information objects,
their names, and associated meta-data-databases, distributed file systems, object bases, and the Web. Severa
digital library research groups have started to devel op concepts that could provide a basis for repository
interoperation, including the CS-TR architectural work of Kahn and Wilensky, the Stanford Infobus project of
GarciaMolinaand Winograd, and the agent architecture of the Michigan DLI project. In addition to the need to
reconcile these various approaches, there is a broader need to put them in the context of standards effortsin the
wider community, including Web-associated standards, CORBA, OLE, z39.50, and SQL and its successors.
All of these deal with resolving names to objects, and all deal in some measure with meta-data.

Theinitial effort of the working group is (1) to identify the dimensions of the space of repository interaction

and interoperability, and the issues associated with achieving some transparency for users of the digital
libraries, and (2) to assess current research and devel opment efforts to understand the differences among them.

Home w

wya/reb-a
Last revised: February 5, 1996
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D-Lib Group on Social Aspects of Digital Libraries

I. UCLA-NSF Workshop on Social Aspects of Digital Libraries

An invitational workshop was held at UCLA, February 15-17, 1996; 32 researchers, developers, and
practitioners, 9 UCLA faculty facilitators, and 6 UCLA graduate research assistants participated. All materials
from the workshop, including schedule and agenda, list of participants, participants' discussion papers and
biographical statements, and summary reports presented at the meeting are available on the web site
(http://www.gslis.ucla.edu/DL/).

We selected two research areas, each with three sub-topics, asfoca points for atwo-day workshop:
Information Needs:. Identifying real information needs and developing digital libraries to meet those needs.

e Social context and culture
e Information needs and information seeking
e Linking user-learner needs and behavior to digital library design

End user searching and filtering: Designing digita librariesin which it is possible to find the right information
inaglut of information.

e Organization, description and representation of information
e Search capabilitiesfor users
e Interface design for information retrieval

Il. Results of the workshop

While we bounded the scope of the workshop to provide a starting point for discussion and a set of criteriafor
selecting participants, our participants quickly expanded those boundaries.

The boundaries expanded in several directions:

e Leve of analysis: Our scope, as stated in the background paper (see web site), focused on the needs
and activities of theindividual user. While important, we must recognize that individuals do not work
with information resources in isolation from their communities. They perform individua tasksin the
context of their work teams, classroom, and other social organizations. Many tasks are performed in
group contexts; we must consider CSCW and collaboratory environments as well. Multiple levels of
analysis are required.

e Scope of analysis. Our scope addressed information searching and retrieval processes. While
important, we must set searching in the context of the cycle of information creation and utilization.
People will create information in digitized form that becomes part of digital libraries and need tools and
functional capabilitiesfor doing so. They will search for information created by other people, and for
purposes other than those intended by the creators, requiring a variety of searching functions. Once
located, they will incorporate new information into other products and processes that become part of
the life-cycle. We need consistent means to organize, describe, represent, and dispose of information
throughout these activities and processes.

e Content vs. process. Our scope addressed digital libraries as a set of digitized resources and associated
technical capabilities for searching for information, which is roughly the scope defined in the digital
libraries initiative. This scope statement addresses the digitized content of digital libraries but does not
recognize the social processes around digital libraries -- the "library"” in digital libraries. We need to
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address both, hence the distinction made in the second definition stated in the beginning of this report.
I11. Resear ch agenda for Social Aspects Of Digital Libraries

We will present the research agenda with respect to the two definitions of digital libraries outlined above.
These two definitions converge in amodel of the life cycle of information and information processes.

The model covers the sequence from the creation of information (author, artist, memo-writer, data-generation
scientist, publisher, etc.), through the searching for information, and the utilization of it, often for very
different purposes than it was originally created. An exit from the loop is given to indicate that we do not need
to save everything created in digital form -- indeed, we need criteria and mechanisms to decide what to keep
and what to destroy. The model addresses the social context for all aspects of the cycle -- people create
information for one purpose, search for it for another, and utilize for another. We need to organize, describe,
and represent for multiple uses but we must design based on an understanding of what those uses might be.
Similarly, we need searching and utilization interfaces that support many perspectives and purposes, with a
variety of functional capabilities -- but all must be based on some understanding of the underlying tasks/roles
that the information will play in asocia context.

Home W

clb/wya
Last revised: March 18, 1996
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I ntroduction

One of the most exciting promises of digital librariesis accessto agreat variety of information and servicesthat
transcend what is avail able today through on-line services, such asthe World-Wide Web (WWW). A library is
more than just stacks of materials on shelves; it is also highly trained people that provide valuable services.
These services include such things as organization and catal oging, research, notification of new publications,
and so forth. Indeed, one of the greatest assets of libraries are these high-valued services. The WWW, while it
probably contains more information than any single traditional library, is arguably not as useful as atraditional
library because it lacks these services (particularly organization and sophisticated search support). No oneis
dismantling their libraries because of the WWW yet. The University of Michigan Digital Library Project
(UMDL) [1,2] believes that a successful digital library needsto provide both access to awide variety of
valuable content and services.

Because the range of both content and servicesthat are possible for adigital library are potentialy large (we
cannot even imagine what will be available or needed in the future), there will be no single, complete
digital-library solution. Rather, we expect that as editing tools become better and access to networks becomes
easier and cheaper, there will be millions of content suppliers; "everyman" can become avanity press on the
information superhighway. We believe that the days of centralized suppliers of information (e.g., large
publishing houses and traditional libraries) are numbered, and that the traditional notion of a"collection” will
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span multiple databases, each residing in a different place in cyberspace.

Furthermore, the creativity of users of digital libraries will spawn thousands of different, specialized services
(e.g., notification and trandation, even special collections of information). Perhaps most importantly, methods
of organizing information will transcend asingle "digital library,” in that it isunlikely that asingle indexing or
naming scheme (e.g., the Dewey Decimal System) will be used across the multiplicity of digital libraries that
are sure to emerge. Thus, we must create flexible software architectures that can federate as many content
suppliers, information-organizational schemes, and service providers as possible, and yet scaleto the
extremely large size needed to support the digital libraries of the future.

Considering this view of digital libraries, we have devel oped some guidelines and objectives for our system.
First, the guidelines:

e Giventhat many digital librarieswill emerge, we want to make ours as attractive to users and content
and service providers as possible. Thus, we intend to make the fewest and least-restrictive standards.

e Theonly way to ensure intellectual property in the future isto provide incentives for its creation.
Thus, we intend to make support for economic incentives an integral part of the UMDL architecture.
This covers awide range of issues, from definition and protection of intellectual property rights
through payment for the use of intellectual property. Please note: we are not establishing policies
related to rates or payment, rights of users to access the contents of the library, or other related issues
such as"fair use". We simply plan to have the machinery in place to support whatever policies may
arisein the future.

e Theeements of the library (services and collections of information) are autonomous in that these
elements will make decisions based on their own perspective. In other words, thereis no central
authority that can press an element into service. All elements are considered peers, and thus interaction
is achieved entirely through negotiation processes.

Broadly speaking, the objectives of the architecture are to provide services that fall under the following
categories.

e Registration: maintaining a comprehensive list of all the agents (collections, user interface, and others)
inthe UMDL.

e Brokering and teams of agents formation: finding potential information sources and support services
(e.g., trandation of query languages) to fulfill a user'sinformation needs.

e Commerce support: providing mechanisms to support commerce for information goods, and
protecting intellectual property and privacy.

Furthermore, we require that the architecture have the following properties:

e Modular, in that new elements can be added or removed without effecting the operation of other
elements;

e Scaleable, to alow for the potential of millions of constituent €l ements;

e Extensible, to allow new elements (collections, data types, services, etc.) to be easily added to the
digital library.

e Intheremainder of this paper, an overview of the UMDL architecture is given. We describe the notion
of software agents and types of agentsin UMDL, and then describe how agentsinteract to provide
service.

Agents

The architecture is based on the notion of a software agent. An agent represents an element of the digital library
(collection or service), and isahighly encapsulated piece of software that has the following special properties:

e Autonomy: the agent represents both the capabilities (ability to compute something) and the
preferences over how that capability is used. Thus, agents have the ability to reason about how they
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use their resources. In other words, an agent not have to fulfill every request for service, only those
consistent with its preferences. A traditional computer program does not have this reasoning ability.

e Negotiation: since the agents are autonomous, they must negotiate with other agentsto gain access to
other resources or capabilities. The process of negotiation can be, but is not required to be, stateful
and will often consist of a"conversation sequence”, where multiple messages are exchanged
according to some prescribed protocol, which itself can be negotiated.

Autonomy is critical to scaling UMDL to alarge size because autonomy implieslocal or decentralized control.
Asaresult, we do not have to update some "master” program everytime anew agent is added to UMDL. The
effects of adding or removing an agent are propagated locally using a set of protocols. Thus, there is no need
for global coordination among all agents [4]. The notion of decentralized control of autonomous agentsis
similar to the way our economy works. Each of usis similar to an agent in that the decision about how money
is spent is done individually. These spending decisions do not regquire communication across the entire
economy (e.g., when ones buy a car, she do not need to tell the whole country or even the car manufacturer,
just the car dealer), nor does one need to get permission from a central authority. Similarly, UMDL agents can
make decisions and form teams at alocal level, without requiring interaction with all agentsin the system or
with a central authority.

Negotiation is complementary to autonomy, in that autonomous agents must be capable of making binding
commitments for the system to work. Thus, when agents negotiate and strike a deal (i.e., something of value
is exchanged for something else of value), the agents are bound to fulfill that deal. It is possible, and even
likely, that some deals will allow agents to back out. This "feature”, however, must be explicitly negotiated in
our system.

The UMDL is populated by three classes of agents:

o UIAs (User Interface Agents) provide a communication wrapper around a user interface. This wrapper
performs two functions. Firgt, it encapsulates user queriesin the proper form for the UMDL
protocols. Second, it publishes a profile of the user to appropriate agents, which is used by mediator
agents to guide the search process.

e Mediator agents[8], of which there are many types, perform avariety of functions: essentially, all
tasks that are required to refer a query from a UIA to acollection, monitor the progress of the query,
transmit the results of a query, and perform all manner of trandation and bookkeeping. Presently, two
types of mediators populate the UMDL. Registry agents capture the address and contents of each
collection. Query-planning agents [5] receive queries and route them to collections, possibly
consulting other sources of information to establish the route. Another specia class of mediators
currently being developed, called facilitators [ 7], mediate negotiation among agents[3].

e ClAs(Collection Interface Agents) provide a communication wrapper for a collection of information.
While performing trandation tasks similar to those performed by the UIA for auser interface, the CIA
also publishes the contents and capabilities of a collection in the conspectus language (described in the
next section, "What the architecture provides").
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Collection

Figure 1. UMDL agent types

Asthe architecture is developed, the broad classes of agents depicted in Figure 1 will be continually refined;
specialized agents will be added to the system as needed (the modularity property). For example, we can create
user interfaces that are customized to a particular class of users, rather than to a particular collection or access
mechanism (e.g., Boolean search over controlled vocabulary). In addition, the ability to team agents (as
described in the next section, "What the architecture provides') dynamically creates new services with new
agents, which is especially important since we anticipate the agent population will be constantly changing.

What the architecture provides

From a user's perspective, the types of high-level support that make a digital library worth using, such as
searching, will be performed by ateam of agents. For example, consider Figure 2, where a user (through the
UIA) issearching for al articles by "Joan Q. Publique". Assuming that all agents have registered with the
registry agent, the UIA contacts a query planner by first requesting the registry for a query planner that knows
about author searching. The query planner then goes to the registry to get the addresses of a name authority
(meta data that gives variations of Joan Q. Publique) and a name index (a partia listing of collections that
contain works sorted by author). The planner then interrogates the authority, and then the index, finally
determining the address of a particular collection. The collection is then accessed by the UIA using a protocol
specific to the CIA.

It is easy to image how this process can be extended for different types of search by adding new types of
agents (e.g., subject indexes and new kinds of query planners). The teaming methods gives the architecture a
dynamic planning ability[5] that is critical for finding the best way to perform some service, aswell aseasily
incorporate new types of search methods. Thereis, however, a cost.
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Figure 2: Example search by author

We separate the activities of agents UMDL into two types: that used to organize agentsto perform the team
building (called architectural), and that used to perform the actual task (called task), such as actualy querying a
database. Strictly separating these activities allows us to reduce the commitments that an agent must make to
operate in our system (i.e.,, aCIA isnot required to support all query languages used in UMDL, only those it
chooses to support.). Thus, we require only that agents use alanguage, called the conspectus language,
designed to support architectural activities (see the next section, "The Conspectus and the conspectus
language'"); the decision to support any particular task language is left up to individual agents.

The distinction between architecture and task has advantages and disadvantages. The advantages include
minimal standards, and therefore increased flexibility in creating agents. Furthermore, the agents themselves
are smaller, and therefore easier to build and maintain. A disadvantage isthat not all agents will have accessto
all other agents. For example, if a CIA supports only Z39.50, but a UIA uses some other language X (and no
mediator exists that can trandate X to Z39.50), then that UIA cannot access the CIA. We see, however, no
practical solution to this problem at thistime.

Sinceit isimpossible to create an architecture that has everything, we prefer flexibility over guaranteed
interoperability among all agents. Task languages that will undoubtedly evolve over time, as we learn more
about digital libraries. By being neutral on which languages are supported, we avoid having to rewrite
significant portions of our software as the languages change.

The Conspectus and the conspectus language

The space of information in UMDL is potentially enormous, as is the possibility of bringing the system toits
knees with rogue query processes. To limit queries to potentially applicable CIAs, we reason about the
contents of each collection to derive an estimate of their likely usefulness. Thisleads usto atwo-level partition
of the information space:

e Conspectus: includes, among other things, the content of the collection, the search capabilities of the
search engine(s) associated with the collection, and the structure of the material (documents) in the
collection.

e Collection: the set of actual documentsin a collection. These documents are in native formats, and the
search engines are engaged through native query languages.

The conspectus is an abstracted description of the aggregate of collections populating the UMDL. Additionally,
the conspectus is a normalized description of content. Thisis important, as various collections will have
different methods for describing the samething (e.g., titteas Tl or TL). To help normalize terms, we are using
avariety of thesauri developed by various researchers around the world.

The conspectus is written in alanguage that we have defined (the UMDL conspectus language, UCL).
Although we retain complete control over the UCL, the actual conspectus expressed in UCL will be specified
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by the separate collections. Our aim isthat UCL (and its associated resources, such as various thesauri and
cataloging systems) provide sufficient structure for developing compatible representations of collections. Thus,
the conspectus provides interoperability for various search and retrieval methods through a common
representation over collections.

Since the conspectus will be large both in scope and in size, it will be distributed and hierarchically organized.
We expect to create special mediator agents whose sole responsibility isto maintain the integrity of the
conspectus.

Agents communicate using patterns of messages, where the content of the message is specified by UCL and
sets of performatives describing the purpose of the communication (e.g., to ASK or TELL something) [6].
The messages transmitted between the agents describe capabilities, services, and other primitives. For
example, all agents use the ASK performative to make requests to the registry for notification about classes of
agents with certain capabilities. The registry agent continues sending information about these agents, as they
come on-line, until the UNASK performativeis received.

Another example performative set is TELL, which istypically used in response to an ASK. The registry agent
uses TELL to send the names of agents that correspond to some capability specification. The registry agent
usesthe UNTELL performative to express that an agent is no longer available, or that its capabilities have
changed.

Protocols specify communication patterns among agents. In order to participate in UMDL, an agent must use
our protocols. Since these protocols are minimally restrictive in how atask is accomplished, we believe they
are not a significant impediment to the devel opment of agents by third parties. Standardizing the protocols, but
not the task languages, strikes a balance between flexibility and ease of integration into the UMDL
environment.

The agent-identification protocol (used by both the CIA and query planner in the example depicted in Figure 2)
provides away for agents to locate other agents with specific capabilities (Figure 3). The requesting agent (R)
usesthe ASK performative to describe the specific capabilities to the registry agent. The registry agent executes
alookup operation to match the specifications to the agents it knows about. Any matches are sent to the
requesting agent viathe TELL performative. The ASK performative implies a standing request for information
about agents, so that the registry agent continues to send R information about other agents as they advertise
their capabilities. When R receives information about an agent (A) from the registry agent, it has the option of
storing that information initslocal knowledge base for future use.

If R no longer wants to receive information about an agent, then it usesthe UNASK performative to
communicate this desire to the registry agent. Upon receipt of the UNASK performative, the registry agent
stops sending information to R. If A isno longer available, or has a change in capabilities, then the registry
agent sendsthe UNTELL performative to all agents who received a TELL performative about A. Thus, the
registry agent must keep track of the agentsto which it sent the TELL performative.

LEE or TTHARE =
Tt Registir agent executes

e TELL or TTHTELL Lookupdgents operation

Figure 3: Agent-identification protocol.

The performative and protocol features of the UMDL architecture are general enough to accommodate a variety
of actionswithin the library. Asillustrated here, the same protocol can be used by several different agentsto
achieve their objectives. We expect that once we have established abasic set of protocols, including those for
negotiations about intellectual property, they will become relative stable even though the variety of information
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and servicesin the library will grow enormoudly. In fact, the stability of these protocolsis the foundation for
growth of the system.

Status and summary

The UMDL isoperational, and can be accessed through http://www.si|s.umich.edu/Catalog/UMDL .html . The
current system has about 50 ClIAs and basic search support. We expect to have subscription, notification, and
known-item search running by the end of the calendar year. Two task languages are supported: Z39.50 and
FTL (alocaly created query language).

The current system demonstrates that the agent architecture approach outlined in this article is viable, and paves
the way for more interesting experiments with scaling both the total number of agents as well as the types of
services and collections available. It isinteresting to note that the architecture was able to handle the addition of
new services (new collections and a notification service) without modifications to existing agents and
protocols, thus demonstrating properties of scaleability, extensibility, and modularity.
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| ntroduction

For the past two years, the Computer Science Technical Reports project (CS-TR) has been developing an
architecture for adigita library with funding from the Department of Defense's Advanced Research Projects
Agency (ARPA). Thisisagenera purpose framework for adigital library in which very large numbers of
objects, comprising al types of material, are accessible over national computer networks. It isdescribed in a
paper by Robert Kahn and Robert Wilensky (cnri.dlib/tn95-01).

Thisintroduction describes the author's view of eight general concepts that emerged from the discussions.
These concepts are key issues in the transition to atrue digital library from the network servicesthat we have
today. The Kahn/Wilensky paper contains a comprehensive framework for resolving the issues.

General Principles

e 1. Thetechnica framework exists within alega and social framework
e 2. Understanding of digital library concepts is hampered by terminology

e 3. The underlying architecture should be separate from the content stored in the library
e 4. Names and identifiers are the basic building block for the digital library

e 5. Digital library objects are more than collections of bits
[
[
[
[

6. Thedigita library object that is used is different from the stored object
7. Repositories must ook after the information they hold

8. Users want intellectual works, not digital objects

Reference
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General Principles
1. The technical framework exists within a legal and social framework
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Early networked information systems were developed by technical and professional communities,
concentrating on their own needs. The emphasis was on making information available to colleagues and the
public, without charge. The digital library of the future will exist within amuch larger economic, social and
legal framework.

For example, musical works and their performance represent the livelihood of composers and musicians. Their
artistic reputations often depend on their work not being changed in storage or transmission. They require
payment, as do recording studios and concert halls. Such work will only be part of the digital library, if the
library supportstheir interests.

Thelega system'stask isto codify this rapidly changing economic and socia framework. The relevant areas
of law include copyright, performance, and other intellectual property, libel and obscenity, communications
law, privacy, and international law.

The Kahn/Wilensky architecture can not write the law, but it provides atechnical design that matches the legal
structure that is expected to emerge. The architecture respects the creators and owners of intellectua property.
It allows the preservation of rightsthat can last for more than one hundred years, and recognizes that digital
works may include material from many sources, with separate property rights.

Society expects the creators of worksto be responsible for their content, and for those who make decisions
about content to behave responsibility. However, the digital library will not thrive if legal liability for content is
placed upon parties whose only function is storage and transmission. Therefore, the architecture establishes
clear boundaries between the areas of responsibility of the various parties.

2. Understanding of digital library conceptsis hampered by terminology

Terminology proves to be abarrier in describing adigital library. Some words have such strong social,
professional, legal, or technical connotations that they obstruct discussion between people of varying
backgrounds. Simple words mean different things to different people. For example, the words "copy" and
"publish" have different meanings to computing professionals, publishers, and lawyers. Common English
usage is not the same as professional usage, and the versions of English around the world have subtle
variations of meaning.

Certain words cause such misunderstandings that they are best expunged from any precise discussion of the
on-linedigital library. Thelist includes "copy", "publish”, and "document". Other words have to be used very
carefully and their exact meaning made clear whenever they are used. An exampleis"content”.

In the Kahn/Wilensky architecture, itemsin the digital library are called "digital objects'. They are stored in
"repositories’ and identified by "handles’. Information about the digital object is known as"properties’ or
"metadata’.

3. The underlying architecture should be separate from the content stored in
thelibrary.

A conventional research library stores more than books, and the digital library stores more than digitized text.
Almost every type of information can be represented in digital form, including text, pictures, musical works,
computer programs, databases, models and designs, video programs, and compound works combining many
types of information.

The underlying architecture of the digital library, as described by Kahn and Wilensky, specifies those
characteristics that apply to all types of material. For example, every object needs to have aname or identifier;
the actions of adding objectsto the library or deleting them apply to all materia; general purpose methods of
security can be provided.

This underlying architecture is abase for extensions that can be tailored for various types of information. The
Page: 2



http://www.cnri.reston.va.us/home/dlib/July95/07 Saturday, July 13, 1996
arms.html

extensions typically include specific formats, protocols, and rights management that are appropriate for the
type of material. For example, the extensions for digitized movies will be very different from those for video
games; texts are usually described by bibliographic terms, such as author and title, which are of little relevance
to acomputer program; a protocol designed for interaction with a database is unlikely to be useful in

mani pul ating graphic designs.

Separating general functions from those specific to the type of content has other benefits. It encourages
different markets to emerge, and allows alega framework in which storage, transmission and delivery of
digital objectsis separate from activitiesto create and manage the intellectua content.

4. Names and identifiers are the basic building block for the digital library

Names are avita building block for the digital library. Names are needed to identify digital objects, to register
intellectual property in digital objects, and to record changes of ownership. They are required for citations, for
information retrieval, and are used for links between objects.

These names must be unique. This requires a administrative system to decide who can assign them and change
the objects that they identify. They must last for very long time periods, which excludes the use of an identifier
tied to a specific location, such as the name of a computer. Names must persist even if the organization that
named an object no longer exists when the object is used. There need to be computer systemsto resolve the
name rapidly, by providing the location where an object with a given name is stored.

The Corporation for National Research Initiatives has implemented a handle system which satisfies these
requirements. A "handle" is aunique string used to identify digital objects. The handle isindependent of the
location where the digital object is stored and can remain valid over very long periods of time. A globa handle
server provides a definitive resource for legal and archival purposes, with a caching server for fast resolution.
The computer system checks that new names are indeed unique, and supports standard user interfaces, such as
Mosaic. A local handle server is being added for increased local control.

Client Caching Server Harndle Servers

g = -
Hash table

Cache
- = e

Figure 1. The CNRI handle system

5. Digital library objects are more than collections of bits

Inthedigital library, information is stored as "digital objects’. A primitiveideaof adigital objectisthatitis
just aset of hits, but thisideaistoo ssimple. The content of even the most basic digital object has some
structure, and information, such as intellectual property rights, must be associated with the digital object.
Figure 2 showsthat adigital object in arepository has two parts, content and associated data, sometimes called
"metadata’.
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Figure 2. Parts of adigital object

To enable the content to represent useful information, its type must be known. Thus part of the content may be
of type text (perhaps encoded in a mark-up language), while another part may be of type audio. A single digital
object may contain many types of content. It turns out that arbitrarily complex data types can be constructed
from afew basic types, notably bit-sequences, handles and other digital objects. By combining thesein
various combinations, any digital content can be represented.

To manage valuable intellectual property, certain metadatais required. Thisis shown in thefigure. It always
includes aunique identifier (the handle). It may aso include properties such as rights and access methods. For
example, one property states whether adigital object is mutable, in that it may be altered after being placed in a
repository. Another isadigital signature or other method of validating that an object has not been changed.
Frequently, it isuseful to keep alog of all transactions associated with each digital object.

6. Thedigital library object that isused is different from the stored object

Inthedigital library, what you store is not what you get. The architecture must distinguish carefully between
digital objects asthey are created by an originator, digital objects stored in arepository, and digital objects as
disseminated to a user.

The user receives the result of executing a program on the stored object. This may be a ssmple program, such
as afiletransfer program, or something very complex. For example, animageis stored in alibrary as a set of
wavelets. To useit, the stored wavelets are used to generate an image with the characteristics requested. Thisis
transmitted over the network to a user's computer, where it can be further processed or displayed.

Some classes of digital objects can be provided it to a user in more than one way. For example, the score of a
musical work isheld in the library. One form of useisto transmit a representation of the score to the user's
computer. Alternatively, the user could request the repository to execute a synthesizer program, which would
perform the score, and transmit the digitally encoded audio over the network. For some types of object, such
as adatabase or avideo game, the use consists of an interaction between the user and the execution of the
program.

Lega scholars see an interesting parallel between the computer viewpoint of executing a program to supply a
digital object to auser and the legal concept of performance. This may prove to be the correct framework for
managing rightsin adigital library.

7. Repositories must look after the information they hold

A repository stores digital objects, both the content and the metadata.

A digital object as stored in arepository may be very different from the digital object that is made available to
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users computers. Different repositories will have very different internal organizations, but for each digital
object every repository will have a properties record, which holds attributes of the object, and a transaction

log.

Since digital objects may contain valuable intellectual property, the stored form of adigital object within the
repository includes information that allows for it to be managed within economic and socia frameworks. The
repository maintains this information, provides basic reference information, and provides security to ensure
that only valid operations are carried out on the digital objects.

Handle iz uzed to ?mPEI‘tiﬁS &IESIE .
el : ransaction Records

access Digital Objects e

— each Digital Object

T P

i i
0]

Security is provided -
by the Repository —

Figure 3. A repository

Theinterna organization of arepository and the way that digital objects are stored are hidden from the user. A
simple protocol is provided for interactions with the repository. This protocol is called the "repository access
protocol.” The basic commandsin this protocol are those to access adigital object and its metadata, and the
service request to disseminate adigital object. In addition there are commands to add and delete digital objects.

8. Users want intellectual works, not digital objects

Digita objects are the basic building blocks of the digital library, but users of the library usually want to refer
to items at a higher level of abstraction. Common English terms, such as "technical report", "computer
program", or "musical work", often refer to many digital objects that can be grouped together. The individual
objects may have different formats, minor differences of content, different usage restrictions, and so on, but
certain users are willing to consider them as equivalent.

Which digital objects should be grouped together can not be specified in afew dogmatic rules. The decision
depends upon the context, the specific objects, their type of content and sometimes the actual content. The
underlying architecture has to support two main needs. It must provide methods for grouping digital library
objects and must provide meansfor retrieval.

The Kahn/Wilensky architecture supports these higher level ideas in several ways. Oneisto have adigita
object containing severa digital objects. Thus several formats of atext might be assemble into asingle digita
object. Another approach is to have these variants stored as separate digital objects, each with its own handle.
These handles are contained in adigital object, known as a"meta-object”, which acts like a catalog record. It
contains alist of the variants with their handles and information about the differences amongst them.
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This paper is an abbreviated version of the Summary Report of the OCLC/NCSA Metadata Workshop . It sets
forth aproposal for the content of a simple resource description record (the Dublin Core Metadata Element Set)
and outlines a series of further steps to advance the standards for the description of networked information
resources.
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| ntroduction

The explosive growth of interest in the Internet in recent years has created adigital extension of the academic
research library for certain kinds of materials. Vauable collections of texts, images and sounds from many
scholarly communities -- collections that may even be the subject of state-of-the-art discussions in these
communities--now exist only in electronic form and may be accessible from the Internet. Knowledge regarding
the whereabouts and status of this material is often passed on by word of mouth among members of a given
community. For outsiders, however, much of this material is so difficult to locate that it is effectively
unavailable.

Why isit so difficult to find items of interest on the Internet or the World Wide Web? A number of
well-designed locator services, such as Lycos [http://lycos.cs.cmu.edu/] , are now available that automatically
index many of the resources available on the Web and maintain up-to-date databases of |ocations. But indexes
are most useful in small collections within a given domain. Asthe scope of their coverage expands, indexes
succumb to problems of large retrieval sets and problems of cross disciplinary semantic drift. Richer records,
created by content experts, are necessary to improve search and retrieval. Formal standards such asthe TEI
Header and MARC catal oging) will provide the necessary richness, but such records are time consuming to
create and maintain, and hence may be created for only the most important resources.
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An alternative solution that promises to mediate these extremes involves the creation of arecord that is more
informative than an index entry but isless complete than aformal cataloging record. If only a small amount of
human effort were required to create such records, more objects could be described, especialy if the author of
the resource could be encouraged to create the description. And if the description followed an established
standard, only the creation of the record would require human intervention; automated tools could discover
these descriptions and collect them.

Can asimple metadata record be defined that sufficiently describes awide range of electronic objects? The
Online Computer Library Center (OCLC) and the Nationa Center for Supercomputing Applications (NCSA)
convened theinvitational Metadata Workshop on March 1-3, 1995, in Dublin, Ohio to address thisissue.
Fifty-two librarians, archivists, humanities scholars and geographers, as well as standards makersin the
Internet, Z39.50 and Standard Generalized Markup Language (SGML) communities, met to identify the scope
of the problem, to achieve consensus on alist of metadata elements that would yield ssmple descriptions of data
in awide range of subject areas, and to lay the groundwork for achieving further progress in the definition of
metadata elements that describe electronic information.

Goals

Goals of the workshop included fostering a common understanding of the problems and potential solutions
among the stakeholders and promoting a consensus on a core set of metadata el ements to describe networked
resources.

Scope

Since the Internet contains more information than professional abstractors, indexers and catal ogers can manage
using existing methods and systems, it was agreed that a reasonable alternative way to obtain usable metadata
for electronic resources is to give authors and information providers a means to describe the resources
themselves. The mgjor task of the Metadata Workshop was to identify and define a simple set of elements for
describing networked electronic resources. To make this task manageable, it was limited in two ways. First,
only those elements necessary for the discovery of the resource were considered. It was believed that resource
discovery isthe most pressing need that metadata can satisfy, and one that would have to be satisfied
regardless of the subject matter or internal complexity of the object.

Secondly, the discussion was further restricted to the metadata el ements required for the discovery of what
were called document-like objects, or DL Os by the workshop participants. It was believed that DLOs are
still the most common type of resource sought in the Internet and that whatever solution could be proposed for
DL Os could be extended to other kinds of resources. More importantly, the likelihood of making progress on
this challenging problem would be increased if attention could initially be restricted to something familiar.

DL Oswere not rigorously defined, but were understood by example. For example, an electronic version of a
newspaper article or adictionary isa DL O, while an unannotated collection of didesis not. Of course, the crux
of the problem is that in a networked environment, DL Os can be arbitrarily complex because they can consist
of text with callouts to images, audio or video clips, or to other hypertext documents. The Metadata WWorkshop
participants made no attempt to limit the complexity of DLOs, except to say that the intellectual content of a
DLO isprimarily text, and that the metadata required for describing DLOs will bear a strong resemblance to the
metadata that describes traditional printed texts.

Asaresult of the restricted focus of the workshop, certain issues required for a complete description of DLOs,
such as codt, archival status and copyright information, were eliminated from the scope of the discussion.
Elements required for the description of objects other than DL Os, such as the elements required for the
description of complex geological stratain a geospatial resource, were also beyond the scope of the discussion.
The goal wasto define a core set of metadata elements that would allow authors and information providers to
describe their work and to facilitate interoperability among resource discovery tools. But because the core
elements do not yield a compl ete description of objectsin a networked environment, careful consideration was
also given to mechanisms for extending the element set.

Page: 2



http://www.dlib.org/dlib/July95/07weibel.html Saturday, July 13, 1996

The primary deliverable from the workshop was a set of thirteen metadata elements, named the Dublin Core
M etadata Element Set (or Dublin Core, for short). The Dublin Core was proposed as the minimum number
of metadata elements required to facilitate the discovery of document-like objects in a networked environment
such asthe Internet. The syntax was deliberately |eft unspecified as an implementation detail. The semantics of
these elements was intended to be clear enough to be understood by awide range of users.

Below isabrief description of the elementsin the Dublin Core Dublin Core Element Description

Subject: The topic addressed by the work

Title: The name of the object

Author: The person(s) primarily responsible for the intellectual content of the object
Publisher: The agent or agency responsible for making the object available

Other Agent: The person(s), such as editors and transcribers, who have made other significant
intellectual contributions to the work

Date: The date of publication

ObjectType: The genre of the object, such as novel, poem, or dictionary

Form: The physical manifestation of the object, such as Postscript file or Windows executable file
Identifier: String or number used to uniquely identify the object

Relation: Relationship to other objects

Sour ce: Objects, either print or e ectronic, from which this object is derived, if applicable

L anguage: Language of the intellectual content

Coverage: The spatia locations and temporal durations characteristic of the object

To make this discussion concrete, consider an electronic arecord created with the relevant portions of the
Dublin Core, and a sample syntax, that describes an el ectronic version of Maya Angelou's poem "On the Pulse
of Morning". This description is based on arecord created by the University of VirginiaLibrary's Electronic
Text Center. (For a description of that project, see Gaynor [Gaynor] .)

Subject: Poetry

Title: On the Pulse of Morning

Author: MayaAngelou

Publisher: University of VirginaLibrary Electronic Text Center

Other Agent: Transcribed by the University of Virginia Electronic Text Center
Date: 1993

Object: Poem

Form: 1 ASCII file

Identifier: AngPulsl

Sour ce: Newspaper stories and oral performance of text at the presidential inauguration of Bill
Clinton

e Language: English

Underlying Assumptions

The discussions at the Metadata Workshop revealed severa principles that should guide the further
development of the element set. Adherence to these principles increases the likelihood that the core element set
will be kept as small as possible, that the meanings of the elements will be understood by most users, and that
the element set will be flexible enough for the description of resources in awide range of subject areas. These
principles are intrinsicality, extensibility, syntax independence, optionality, repeatability, and modifiability.

Intrinsicality
The Dublin Core concentrates on describing intrinsic properties of the object. Intrinsic datarefer to the

properties of the work that could be discovered by having the work in hand, such asitsintellectual content and
physical form. Thisis distinguished from extrinsic data, which describe the context in which the work is used.

Page: 3



http://www.dlib.org/dlib/July95/07weibel.html Saturday, July 13, 1996

For example, the " Subject” element isintrinsic data, while transaction information such as cost and access
considerations are extrinsic data. The focus on intrinsic datain no way demeans the importance of other
varieties of data, but smply reflects the need to keep the scope of deliberations narrowly focussed.

Extensibility

In addition to its use in dealing with extrinsic data, extension mechanismswill allow theinclusion of intrinsic
datafor objectsthat cannot be adequately described by asmall set of e ements.

Extensbility isimportant because users may wish to add extra descriptive material for site-specific purposes or
specialized fields. In addition, the specification of the Dublin Core itself will change over time, and the
extension mechanism will alow revisions while maintaining some backward compatibility with the originally
defined element set.

Syntax Independence

Syntactic bindings are avoided because it istoo early to propose formal definitions and because the Dublin
Coreisintended to be eventually used in arange of disciplines and application programs.

Optionality

All the elements are optional. The Dublin Core may eventually be applied to objects for which some elements
have no meaning (who isthe author of a satellite image?). It also seems counterproductive to mandate complex
descriptionsif the creators of the content are expected to provide the descriptive material. A smple description
IS better than no description at all.

Repeatability

All elementsin the Dublin Core are repeatable. For example, multiple author elements would be used when a
resource has multiple authors.

Modifiability

Each element in the Dublin Core has a definition that isintended to be self-explanatory. However, it isalso
necessary that the definitions of the elements satisfy the needs of different communities. Thisgoa is
accomplished by alowing each element to be modified by an optional qualifier. If no qualifier is present, the
element has its common-sense meaning; otherwise, the definition of the element is modified by the value of the
qualifier.

Qualifierswill betypically derived from well-known conventions in the library community or from the field of
knowledge appropriate to the resource. Qualifiers are important because they give the Dublin Core a
mechanism for bridging the gap between casual and sophisticated users. For example, the datain the Subj ect
element consists of any word or phrase that describes the object's content. However, a professional cataloger
may wish to supply the name of the authoritative source from which the subject terms are taken. In such a
case, the element may be written as Subject (scheme=L CSH) , indicating that the subject terms are taken
from the Library of Congress Subject Headings.

| mplementations

One of the goals of the OCLC/NCSA Metadata Workshop was to promote prototype resource description
projects based on a common model of resource description. A number of Metadata \Workshop conferees
represent organizations that have ongoing activities or are starting activities that will be influenced by the
results of the workshop. These include:
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e The OCLC Spectrum Project
Contact:Diane Vizine-Goetz, vizine@oclc.org
e The OCLC Internet Resources Cataloging Project
Contact:Erik Jul, jul@oclc.org
e Library of Congress
Contact:Rebecca Guenther, rgue@loc.gov
e O'Rellly Associates
Contact: Terry Allen, terry@ora.com
e LosAlamos National Laboratory and Indiana University
Contact:Ron Danidl Jr.,rdaniel @acl.lanl.gov
Contact:Pete Percival,per cival @bronze.ucs.indiana.edu
e Bunyip Systems
Contact:Chris Weider,clw@bunyip.com
e Georgialnstitute of Technology
Contact:Michadl Mealling, michael.mealling@oit.gatech.edu , http://www.gatech.edu/iiir
e SoftQuad
Contact: Y uri Rubinsky,yuri@sg.com
e ConcordiaUniversity
Contact:Bipin Desai, bedesai @cs.concordia.ca,
http://www.cs.concordia.ca/~faculty/bcdesai/cindi-system-1.0.html

Next Steps

Refinement and standardization of the metadata element set defined in this document will be an ongoing,
dynamic process involving many stakeholder communities. No single forum will sufficeto air all concerns and
no single standard can be expected to accommodate the needs of all communities. The problem must be divided
into manageabl e chunks and the process must engage the relevant stakeholder communities. Implicit in the
present activity is the proposition that there are core elements common to many object types, and that asimple,
extensible framework of such elements can be defined to support more complete resource descriptions.

Theinitia objective--the specification of elementsfor the discovery of document-like objects--can be extended
inavariety of directions:

e Expansion of the Dublin Core to include other object types, such as services or collections.

e Expansion of the Dublin Core to embrace functionality other than resource discovery, such asarchival
control and the authentication of users and charging mechanisms.

e Establishing standardized methods for extensibility.

e Refinement of existing work. The Dublin Core is an untested approach to the description of resources
that will need to be modified with experience.

OCLC and NCSA will establish aworkshop series to address aspects of this agenda. A Metadata Workshop
Steering Committee will be established to define topics and assure appropriate representation of stakeholders.
Design groups of perhaps adozen or fewer individuals will be solicited to prepare discussion papers to focus
workshop activities. Participants will be invited based on their publicly evident accomplishmentsin relevant
areas or by reviewed application. Workshops will be limited to 50 or fewer participants and conducted in
roughly the style of the March 1995 Workshop.

Other work will be done in coordination with IETF working group on Uniform Resource Identifiers (URIS) to
assure that the results can be integrated into the emerging protocols for resource location and persistent
naming.

Finally, active promotion of resultswill be carried out by establishing liaison with formal associations of
stakeholders. In the library community, MARC standards evolve under the guidance of the Machine-Readable
Bibliographic Information Committee (MARBI), composed of representatives of the Library of Congress and
other stakeholdersin the library community. A close relationship should be sustained between this committee
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and the Metadata Work Group. Relationships should also be established with publishers, document vendors,
SGML vendors and theoreticians working on the problem of text encoding. Other communities aso have
requirements that must be accommaodated in any framework for resource description. These communities
include the GIS community, government information providers and business communication groups.
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A Progress Report

The URN Implementors

D-Lib Magazine, February 1996

I SSN 1082-9873

I ntroduction

The development of networked information requires reliable ways to name resources on networks. The
Internet community has adopted the term, "Uniform Resource Name (URN)", for aname that identifies a
resource or unit of information independent of itslocation. URNs are globally unique, persistent, and
access ble over the network.

The concept of universal names has been warmly embraced by the networking and library communities, but
convergence on the details proved difficult until recently. During fall 1995, however, members of the principal
groupsthat are actively working in the field reached outline agreement on most of the major topics. The main
characteristics of this agreement are described in this paper.

The catalyst for the recent progress was a meeting in October 1995 hosted by Keith Moore at the University of
Tennessee. Invitations were sent to every group that had a current Internet draft on this subject. The URN
groups represented are listed at the end of this report. This meeting was followed by a series of discussions
including informal sessions at the December meeting in Dallas, Texas, of the Internet Engineering Task Force
(IETF).

Convergence is important because many people who manage large collections of on-line information have been
reluctant to commit to using any form of URN during a period of flux. The present consensus has two major
results:

e Userswho wish to give permanent names to on-line resources can now plan to incorporate URNS
from existing naming schemes in documents, indexes, and on-line systems. They can be reasonably
confident that future developments of the URN framework will not force them to reformat or
otherwise modify existing URNS.

e Theimplementation of thisframework will remove the concern that using a particular name scheme
might affect longevity or the future usefulness of assigned URNS. The framework allows continued
support for existing URNS, through other resolution systems, if one name scheme ceases to be
supported inits original form. Thus users who assign names within any of the agreed-upon schemes
are assured against obsol escence.

This report summarizes the emerging consensus. A strength of the framework isthat it allows different
approaches to be pursued, and the framework has the ability to evolve over the long term. Naming isa
complex issue and the groups are interested in URNSs for avariety of different reasons. They bring different
philosophies and different technical approaches. Their implementations range in scope and complexity. Itis
therefore encouraging for the community that they have reached general agreement and are working together to
find technical solutions to the outstanding questions.
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Background

A good introduction to URNs is Internet RFC 1737, "Functional Requirements for Uniform Resource
Names', by Karen Sollinsand Larry Masinter, December 1994. The following is an extract from their
introduction. It describes the function of URNs and, in particular, how they differ from the Uniform Resource
Locators (URL) used by the World Wide Web.

"A URN identifies aresource or unit of information. It may identify, for example, intellectua
content, a particular presentation of intellectual content, or whatever a name assignment
authority determinesis adistinctly namable entity. A URL identifies the location or a container
for an instance of aresource identified by a URN. The resource identified by a URN may
residein one or more locations a any given time, may move, or may not be available at all. Of
course, not all resources will move during their lifetimes, and not all resources, athough
identifiable and identified by a URN will be instantiated at any given time. AssuchaURL is
identifying a place where aresource may reside, or a container, as distinct from the resource
itself identified by the URN."

The RFC concentrates on the relationship between alocator (URL) and a persistent name (URN), but naming
questions arise in many other contexts. For example, the Resource Cataloging and Distribution System
(RCDYS), developed in the Computer Science department of the University of Tennessee, uses URNS to
support cataloging, replication and caching (for high availability and fault-tolerance), and authenticity and
integrity assurances using digital signatures. The paper "A Framework for Distributed Digital Object Services'
by Robert Kahn and Robert Wilensky, May 1995, also identifies persistent names assigned to objectsin
repositories as a key component of aframework to manage intellectua property on networks.

A class of hames with some characteristics similar to URNSs are the domain names (such as
"andrew.cmu.edu'), used to identify computer systems on the Internet. Domain names are supported by a
well-tuned computer system, the Domain Name System (DNS). Several URN implementations build on
domain names and DNS.

URN Requirements

RFC 1737 lays out functional requirements for URNS. It also makes recommendations about the form that
such names might take. An updated version of RFC 1737 is under discussion, but, with some important
clarifications, the following list of requirements has been widely accepted.

"Global scope: A URN isaname with global scope which does not imply alocation. It has
the same meaning everywhere.

"Global uniqueness: The same URN will never be assigned to two different resources.
"Per sistence: It isintended that the lifetime of a URN be permanent. That is, the URN will
be globally unique forever, and may well be used as areference to aresource well beyond the
lifetime of the resource it identifies or of any naming authority involved in the assignment of
its name.

"Scalability: URNs can be assigned to any resource that might conceivably be available on
the network, for hundreds of years.

"L egacy support: The scheme must permit the support of existing legacy naming systems,
insofar as they satisfy the other requirements described here. ...

"Extensibility: Any scheme for URNs must permit future extensions to the scheme.

"Independence: It issolely the responsibility of aname issuing authority to determine the
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conditions under which it will issue a name."

Notice that these requirements focus on the URN, but make no assertions about the resource that it identifies.
A URN may be globally unique and last for ever without any guarantee that the resource identified by the URN
IS unique or permanent.

Resolution

To use aURN, there must be a network-accessible service that can map the name onto the corresponding
resource. This processis called r esolution.

Frequently, the resolution system will return the current location of the resource or alist of locations. RFC
1737 concentrates on the case of a URN that resolvesto a URL, but a URN can resolve to any network
resource or service. For example, in RCDS, a URN may resolve to one or more location-independent file
names (L1FNs), which can themselves be considered a specific type of URN. In the Kahn/Wilensky model a
URN, known as a "handl€", resolves to the name of the repository that holds the resource. In other contexts, a
URN may resolve to a data structure containing meta-information about the resource.

The URN Framework

This section describes the URN framework that has emerged from the discussions of the past few months.
Although many details remain, the level of agreement is promising.

General Principles

e Naming schemes and resolution systems. The framework distinguishes between naming
schemes and resolution systems. A naming scheme is a procedure for creating and assigning unique
URNSs that conform to a specified syntax. A resolution system is a network-accessible service that
stores URNSs and resolves them.

e Independence between naming schemes and resolution systems. A naming schemeis not
tied to a specific resolution system. Any resolution systemsis potentially capable of resolving a URN
from any given name scheme.

e URN registries. Since naming schemes and resolution systems are conceptually independent,
mechanisms must be created so that the user of a URN can discover what resolution systems are able
to resolve the URN. Thisis called a URN registry or smply aregistry.

Multiple independent naming schemes and resolution systems are anticipated. Although the maintainer of a
particular URN resolution system may also wish to maintain aregistry, it isimportant to realize that registries
and URN schemes are conceptually independent of one another. Any registry is capable of registering
resolution services for any URN scheme, and a client may wish to consult multiple registries when attempting
to resolve aname.

Syntax

The URN implementors have agreed on the following syntax, with one outstanding difference of opinion;
opinions differ whether the leading characters "urn:" should be part of the name. This syntax is acceptable in
all proposed naming schemes and resolution systems. There are many details that need to be discussed (for
example the precise character sets allowed in URNS).

The following are examples of URNS:

urn:hdl:cnri.dlib/august95
urn:lifn:some.domain:anything-goes-here
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urn:path:/A/B/C/doc.html
urn:inet:library.bigstate.edu:aj 17-mcc { Correction to this entry made with permission from
the authors. Ed., 2/19/96.}

Notice that the syntax of a URN explicitly indicates the naming scheme, by including a naming scheme
identifier, "hdl", "lifn", "path", "inet", etc. Thisisfollowed by a colon and a string that has a syntax defined
by the specific naming scheme.

As can be seen from the examples, the different naming schemes use different formats. Some naming schemes
divide the name into two parts, a naming authority followed by a unique string, which is assigned by the
naming authority. Thus the handle "cnri.dlib/august95" consists of a naming authority, "cnri.dlib" followed by
aunique string, "august95”. The path URN "/A/B/C/doc.html" consists of a naming authority (or path),
"/A/B/C", and a unique string, "doc.html".

The Internet community is developing a general framework of uniform resource identification (URIS), of
which URNs are a component. The URI framework was originally outlined in RFC 1630. Under the proposed
framework, each participating naming schemesis aURI as defined in the RFC.

Management of Naming Schemes

The long term value of URNS requires the naming schemes to be well managed. Initially, a small number of
schemes are under development. Hopefully, a small number of high quality naming schemes will be added in
the future.

The criteriafor an acceptable URN scheme will be outlined more formally as the URN framework is defined.
They arelikely to include a requirement that each naming scheme must have a verifiable management system to
ensure the integrity of the naming scheme and of the URNs within it. Thisincludes the process for assigning
unique URNSs within the naming scheme. It must also make sure that there is at least one resolution system
able to resolve the names.

Those URN schemes that include naming authorities (e.g., handles, paths) will determine the names of the
authority names themselves. Thus, it is possible that different organizations may get the same naming authority
string under different naming schemes.

URN Registries

A URN registry isanetwork service that stores data about URN naming schemes, naming authorities, and
resolution systems. A registry provides two types of service. It may provide rules for extracting the naming
authority from URNsin a particular naming scheme. In this case, the first step of the URN resolution service
may be to provide information on how to find the naming authority in the URN string. The second function is
to know which resolution systems are capable of resolving agiven URN, from the name scheme and, when
appropriate, the naming authority.

The concepts of URN registries and resolution systems are not tied to any specific computing system or set of
software. Thisisimportant since URNSs are intended to be valid for long periods of time, much longer than
any computer system can be expected to last. The format of datato be stored in aregistry is currently under
development. It has been given the working name NAPTR ("Naming Authority PoinTeR"). In practice, itis
probable that several URN resolution systems will include URN registries, but every registry need not hold
full information for all naming schemes. One proposed implementation is amodified version of DNS. Another
uses the handle system.

Flexibility within the URN Naming Schemes and Resolution Systems

This report emphasi zes the areas where the various URN devel opments are converging on a common
framework. In anumber of key areas, the URN implementors have carefully agreed to support flexibility

Page: 4



http://www.dlib.org/dlib/february96/02arms.html Saturday, July 13, 1996

rather than to enforce unnecessary conformity.

The value of a naming scheme or aresol ution system depends upon anumber of assertions. Are the names
unique? Can a resource have many names? Can it change? Isit guaranteed to exist? What is the retention
scheme? Does a URN resolve to untyped data, typed data, entity-attribute pairs, a URL, the address of a
repository, etc.? Within the general URN framework, such assertions about names, semantic decisions, and
management issues may be enforced by the naming scheme or the resolution system, or they may be left to
external systems. Variationsin these important areas will give the schemes their distinctive features and will
determine which are most suitable for specific application areas. The objective of the URN framework isto
encourage wide flexibility within a stable system of naming and resolution.

URN Implementors

The following projects were represented at the University of Tennessee meeting in October 1995 and have
continued to work together to reach agreement on the URN framework.

Resource Cataloging and Distribution Service (RCDS)
Thiswork isled by Keith Moore, Shirley Browne, Stan Green and Reed Wade of the University of
Tennessee. Itsaim isto provide transparent replication along with integrity/authenticity assurances,
and aleviate the problem of huge demand for some random network resource.

The Handle System
Thiswork isled by David Ely and William Arms of the Corporation of National Research Initiatives.
It is based on the ideas in the Kahn/Wilensky framework.

x-dns-2
Thisis a scheme developed by Paul E. Hoffman of Proper Publishing and Ron Daniel, Jr. of Los
Alamos National Laboratory. Asthe nameimpliesit is based on the Internet domain name system
(DNS).

URN Services
Thisisaproposal by Keith E. Shafer, Eric J. Miller, Vincent M. Tkac, and Stuart L. Weibel of
OCLC. It focuses on the syntax and functions of URNS.

Path URN
Thisis another scheme that make use of DNS. It has been developed by Dan Lal iberte and Michael
Shapiro at the National Center for Supercomputing Applications.

Whoist+
Several groups are working towards using Whoist++ as an Internet Directory Service. Work done by
Michael Medlling of Georgia Tech and Patrik Faltstrom and Leslie Daigle of Bunyip Information
Systems, Inc., focuses on the distribution of URN resolution data and maintenance responsibility in a
global publishing environment.

Contributorsto thisreport
The following URN implementors contributed to this report: William Arms (CNRI), Ledlie Daigle (Bunyip),

Ron Daniel (Los Alamos National Laboratory), Dan LaLiberte (NCSA), Michadl Mealling (Georgia Institute of
Technology), Keith Moore (University of Tennessee), and Stuart Weibel (OCLC).

Home Comments

NEXT »
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Working Towards an Understanding of
Digital Library Use

A Report on the User Research Efforts of the NSF/ARPA/NASA DLI Projects

Ann Peterson Bishop
Graduate School of Library and Information Science
University of Illinois at Urbana-Champaign
218 LIS Building, 501 East Daniel Street
Champaign, IL 61820
abishop@uiuc.edu

D-Lib Magazine, October 1995

I ntroduction

The Digita Library Initiative (DLI) projects, funded jointly by the National Science Foundation (NSF), the
Advanced Research Projects Agency (ARPA), and the National Aeronautics and Space Administration
(NASA) began about ayear ago. Their user study teams have aready produced some vauable findings and
described some provocative theoretical and methodological challenges. From my vantage point as coordinator
of the University of Illinois DLI Social Science team, | will highlight the efforts of the six projectsto
communicate with each other about user research. Linksto the DLI project home pages and to some of the
papers published by project members have been included for more in-depth coverage of some of the issues
summarized. Inthisarticle, | will also discuss the upcoming Allerton Ingtitute at the University of Illinois, a
methodological forum on digital library use that will provide another means for researchersin avariety of
disciplines and settings to share their ideas and concerns about the conduct of social science research related to
digital library use.

The Growth of Digital Libraries and the Challenge of Understanding Their
Use

Improvements in information technologies and increased support directed towards our national information
infrastructure have led to the development of awide range of digital library collections and services. Academic,
special, and public libraries are implementing on-line systems that provide their patrons with electronic access
to library catalogs and a variety of other information resources. NASA is developing on-line collections of
images and data for scientists and engineers. Museums are digitizing their collections and making them
available on the Internet. Members of scientific communities are building collaboratories to support their work
and communication. Publishers are experimenting with the creation of digital archives of their journals and
books. And individuals and groups from all walks of life are using community-based networks to provide
local and global access to information resources they have created. In addition to this array of existing
networked information tools and resources--all of which can be thought of as variations on theme of the digital
library or as pieces and layers of the digital information infrastructure--research and development projects
related to building the next generation of digital library systems are a so flourishing.

Digita libraries pose fascinating socio-technical challenges for understanding their use. Those supporting the
construction of digital libraries are naturally concerned that their investments pay off in terms of attracting users

and making information services more effective and efficient. The design and evaluation of digital libraries,
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however, are complicated by the newness of the systems, their ability to integrate a range of functions that
were previously designed and evaluated separately, the heterogeneity of their user population, the physically
distributed nature of usage, the ability to fragment and rearrange previously integrated documents and images,
and the rapid versioning of digital objects. Appropriate user-centered research objectives, measures, and
methods for the digital library are just beginning to emerge.

Results from user studies can help digital library designers and policymakers formulate appropriate goals,
arrive at amore complete understanding of costs and benefits, design and allocate resources to both
technologies and programs that offer the best means of achieving goals, and assess the degree to which
network policies and programs have achieved their stated goals. Granted, determining (let alone predicting)
impacts from information technology at the individual, organizational, and societal levelsis notoriousy
difficult. But without such investigations, the views, needs, and experiences of individual information creators
and consumers will be lost in the push and pull of constituencies with more powerful and direct voicesin the
process of building digital libraries, aprocessin which users themselves are al too apt to be considered mere
passive consumers in the technol ogy-implementation chain.

How can we learn more about the use and users of digital libraries? How can people involved in user-centered
studies associated with the vastly different kinds of digital library initiatives described above share their ideas,
concerns, methodological approaches, and findings? | would like to turn now to describing digital library user
research, and mechanisms for sharing that research, that | have become involved with as a participant in the
NSF/ARPA/NASA Digitd Library Initiative.

Synchronizing Work Acrossthe Six DLI Projects: The Role of the User
Research Working Group

With encouragement from project sponsors, we have established an informal DLI-wide User Research
Working Group. The motivation for the working group stems from our sense that the six DLI projects are
similar enough that we can learn from each others experiences. In addition, we have found that each user
research group has different strengths. While our group at University of lllinois, for example, is especially
strong in ethnographic approaches to studying system use, other groups have had more experience with
conducting usability tests and designing system instrumentation. Common problemsinclude the need to
develop new methods for tracking distributed "virtual" users, difficulties in integrating and making sense of
data vrom various quantitative and qualitative sources, and dealing with alarge and heterogeneous user
popul ation.

For thisfirst year, our interactions have been somewhat limited in scope and informal in nature. We get
together twice ayear at the DLI synchronization meetings and have set up amailing list for working group
members. At the Spring 1995 meeting, we discussed our basic approaches to user evaluation and the
recognition that evaluation can proceed at different levels, to reach different goals. Summarizing our
discussion, Karen Drabenstott of the University of Michigan suggested the following schemafor evaluation
levels:

e Adequacy of the collection, functionality, interface, usability.
e Search and retrieval performance and behavior.

e Effect on work of users, fundamental changesin processes
e Public policy implications

It was clear that the six projects are devoting varying amounts of attention to each of these evaluation levels.

We also redlized that there were a number of unresolved issues confronting virtualy all the user research
groups. We discussed the way, for example, in which the new phenomena engendered by digital library
technology lead to exploring unfamiliar methods and conceptual realms. Another major dilemmawe al faced
was figuring out how best to produce useful results for our system designers. Problems arose in juggling
conflicting schedules, maintaining effective communication, and knowing how to make our findings
operational. We concluded that there were new pulls on both system designers (new ways of thinking about
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use and users) and social scientists (new approaches to studying systems), so that it was important to try to
keep dialogue open among users, sponsors, social scientists, and computer scientists.

We agreed that members of our cross-project working group would present a status report on goals, methods,
results, and problems for each synchronization meeting. We also agreed that we would try to facilitate
cross-team sharing through posting our working papers, including instruments, on our project home pages,
and that members from each project would complete brief user research "templates” (see Figure 1) to describe
their work.

Figure 1: DLI User Research Template

1) Capsule summary (3-5 sentences) of the DLI project itself (i.e., what kind of DL your project team
is building)
2) Age and experience levels of the users you're studying
3) Evaluation "levels' you're addressing in your user research:
o a. Adequacy of the collection, functionality, interface, usability
o b. Search and retrieval performance and behavior
o c. Effect oniwork of users, fundamental changesin processes
o d. Implicationsfor public policy
4) Use settings you're studying (e.g., laboratories, public libraries, high schools)
5) Methods you're using
6) Theoretical considerations of particular import in your work

Based on information provided by members of each DLI project, | have prepared capsule descriptions of each
project's user research efforts (http://anshar.grainger.uiuc.edu/dlisoc/home_page.html/user_research wg).

Building Understanding Beyond the DL Projects: The Allerton Institute

One recommendation that arose from the User Research Working Group at the Fall 1994 DLI synchronization
meeting was to find away that we could get together with other interested researchersto explore
methodological approaches associated with the use of digital libraries. This recommendation has been redlized
in the 1995 Allerton Institute conducted by the Graduate School of Library and Information Science at the
University of Illinais, titled "How We Do User-Centered Design and Evaluation of Digital Libraries: A
Methodological Forum." The Ingtitute, sponsored by the National Science Foundation (NSF), will be held on
October 29-31.

As chairperson, my goal isto bring together an interdisciplinary group of researchers and practitioners
involved in the design and study of information systems, in user-centered research in traditiona libraries, and
inawide range of digital library projects. The purpose of the forum is to present both the range of
user-centered methods available for studying digital libraries and rationales for choosing amongst them; we
also want to look ahead to new methods and devel opments and map out the challenges that lie ahead. This
methodological forum will give the 60 invited participants an opportunity to share their expertise, experiences,
and ideas with their peersin arelaxed environment. Forum activities will be devoted to issues such as:

e What are appropriate measures for gauging digital library outcomes at the individual, group,
ingtitutional, and global levels?

e How can we best incorporate knowledge of user needs and behavior in designing digital library
interactions and interfaces?

e What do we need to know about how people use electronic texts and how can we gain this knowledge
and apply it to the development of digital libraries?

e What can we learn from studies of traditiona library use?

e How can we develop an understanding of the computerization of library work that will help as digital
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systems are incorporated into current ingtitutional practices?

e How can we deal with the ethical, practical, and conceptual issues that arise in the remote observation
of on-line (and off-line) behavior on avery large scale?

e How do we foster effective communication among digital library designers, users, and socia science
researchers?

Each participant submitted a brief discussion document outlining their work and the issues they were most
eager to explore. These papers were used to develop the five mgjor Institute sessions, which will focus on
co-design approaches, work practice and institutional change, migrating foundational approachesto virtual
library environment, electronic information seeking behavior, and understanding diversity and change.
Participants include researchers from the fields of Computer Science, Sociology, Library and Information
Science, Education, and Psychology who are involved in digital library projectsin awide range of settings.
Presentations will be given by a number of participants, including Michael Twidae, Annelise Mark Pejtersen,
William L. Anderson and Susan L. Anderson, F. W. Lancaster, Andrew Dillon, John M. Carroll, Brenda
Dervin, Rob Kling, Chip Bruce, and Gary Marchionini. Discussion documents from participants, plus perhaps
other related material from the Institute, will be made publicly available at some point after the Institute.

| hope that the user research efforts of the DLI projects, along with the ideas arising from the Allerton Ingtitute,
will help in building aframework for understanding the use and implications of digital information
infrastructure, as our research methods, systems, and expectations of systems continually evolve. By situating
the study of DLI testbed use within the broader context of professional work and social practices, | believe we
will gain more robust insights into the functions and features that will make digital libraries more effective. In
addition, we will get a sense of large-scale changes in work and cognition that occur as the nation's entire
information infrastructure begins to change.
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Meseting Schedule

Content List

Digital Libraries Research and Development Forum (D-lib)

Florida Center for Library Automation's Digital Library Project
IBM Digital Library

Pointers to information about Digital Libraries

References: Research Department Virginia Tech Computing Center
VirginiaTech Tactical Plan (PDF) and Project Reports

Pieces of the Puzzle:

o Agents
o UMBC Intelligent Software Agent Resources
o Survey of Intelligent Software Agents
o Full list of agent links

o Metadata
o Metadata: the Foundations of Resource Description
o OCLC/NCSA Metadata Workshop Report
o RFC-1807
o TEl

o Naming
o Handles
o PURL

o Z39.50
o Isite Software
o Library of Congress WWW/Z39.50 Gateway/Info
o Prise 1.0 Software
o Willow

Some of these documents are in Adobe's Portable Document Format (PDF). In order to view them, you will
need a PDF viewer

University Libraries, Virginia Tech
Send Suggestions or Comments to webmaster@scholar.lib.vt.edu
Last updated: May 23, 1996

URL: http://scholar.lib.vt.edu/digilib/

Page: 1



http://fox.cs.vt.edu/DLSB.html Saturday, July 13, 1996

Digital Library Source Book, 1993, ed. E.
Fox

To order apaper copy, or find out background information please look at the README file. To use an Adobe
Acrobat Reader or Exchange to work with the book, look at the PDF version. Otherwise, use the PostScript
version that appears below in sections.

Title Page

Table of Contents

Chapters 1-7 dll together (1.26 M)

Chapter 1: Future Directionsin Text Anaysis, Retrieval and Understanding (esp. white paper on A
National Electronic Science, Engineering, and Technology Library)
Chapter 2: July 1992 Workshop

Chapter 3: December 1992 Workshop

Chapter 4: Notable Events

Chapter 5: Directory of Interested Parties

Chapter 6: Summary and Recommendations

Chapter 7: Glossary

Index

See also more information of interest:

April 1995 Communications of the ACM

Gladney et al. report on DL requirements and architecture (PostScript)

Power Point presentation by Fox for 1994 Digital Libraries Workshop at Rutgers (to be decoded by
binhex)

Power Point presentation by Fox for 1994 Digital Libraries Workshop at Texas A&M (printable, in
black and white, to be decoded by binhex)

Power Point presentation by Fox for DL Keynote at EG-MM'94 in Graz (to be decoded by binhex)
Power Point presentation by Fox for DL Keynote at ISMIS94 in Charlotte (to be decoded by binhex)
VWMV Pages for CS2984 Course Notes on Digital Libraries
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Netlib Repository at UTK and ORNL

Netlib isa collection of mathematical software, papers, and databases.

There have been 11,785,446 requests to this repository as of Sat Jul 13 02:23:01 EDT 1996 .

Softwar e, papers, etc.

e Browse the Netlib repository
e Searchthe Netlib repository

Services provided at Netlib
Conferences Database

°
e National High-Performance Software Exchange (NHSE)
o Numerical Analysis Net (NA-Net)
°
°

Performance Database Server
Top500 Supercomputer Sites

Information about Netlib

e Frequently Asked Questions about Netlib (FAQ)
e Netlib Editors

e Netlib Mirror Sites

o Netlib Server Statistics

Netlib Maintainers
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Netlib Attribute-Value Database

Thisisan index of the Netlib Attribute-Vaue Database. Please type a query in the search dialog. Y ou may use

freeWAIS-sf query syntax.

Thisis asearchable index. Enter search expression:

| Submit |

Attribute names:

(globd indicatesthat the field isincluded in the global index that will be searched if no attribute nameis

specified)

file -- any portion of the pathname for aregular file

lib -- any portion of the pathname for a directory

for (global) -- problem solved or description

gams -- GAMSclass

prec -- Fortran precision (single, double, complex, or doublecomplex)
title (global)

alg -- agorithm or method

by (global) -- author (name <email>)

keywords (global) -- terms as would be drawn from a subject thesaurus
lang -- programming language

Search Examples:

1

2.

3.

To seach for single precision routines in the lapack directory that do Schur factorization:
file=lapack and file=single and Schur

(since the lapack single precision routines are in the lapack/single directory)

To search for curvefitting or gams class E1 and its subclasses:

(curve and fitting) or gans=el*

To do aliteral search for ‘cosine transform':

'cosi ne transforni
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Digital Libraries - Example: The CORE
Proj ect

Some digita libraries have been developed for a profession. The CORE Project is such an effort, for the field
of chemistry. It involves the mgjor US publisher and information provider of chemistry information, the
American Chemical Society, and its subsidiary, Chemical Abstracts Service.

Statistics regarding CORE Digital Library:

Pages: 430K (now 375K)

Extracted Graphics: 387K

Articles: 82K

Gbytes Page Images. 50

Gbytes Text: 4.4

Gbytes Graphics: 6

Gbytes Index: 11

Scanning from: paper, microfilm

High Resolution (to print): 300dpi (2560x3328) B&W
Low Resolution (to display): 100dpi (856x1109) grey scale
Conversion of Figures. extraction

Conversion of Text: typesetter tapesto SGML

search engine: OCLC's Newton

Interfaces: OCLC's SCEPTER, Bellcore's Pixlook
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core/

The CORE Project: Overview

The CORE project is an electronic library prototype the provides networked access to the full text and graphics
content of the American Chemical Society journals and associated Chemical Abstracts Servicesindexing since
1980 (some 250 journal years of data). The database is coded in SGML (Standard Generalized Markup
Language) which was trandated from the origina typography codes, captures the structural richness of the
original document and provides flexibility for indexing, searching and display. The prototype provides a
full-scale laboratory environment in which to explore issues of database structure, user interface capabilities,
and information retrieval questions on alarge, real-world scholarly electronic journa database. The complete
database, representing more than 600,000 pages of full text and graphics, will be available at Cornell
University in late 1994. The major contributors of this eectronic library project include:

e Cornell University (Mann Library)
e OCLC

e Bedllcore

e American Chemical Society

o Chemical Abstracts Services

Relevant publications

e The CORE Project: Technica Shakedown Phase and Preliminary User Studies
e The Design and Implementation of XSCEPTER, an X-Windows Graphica User Interface to the

CORE project

Some Images of XSCEPTER

XSCEPTER provides "on-the-fly" formating of SGML as defined by configurable style guidesand aDTD, to
provide rapid display of scholarly data. The XSCEPTER interface is coupled with NEWTON, OCLC's
proprietary search engine, to provide navigational capabilities of the CORE collection.

XSCEPTER main window

Find Box to alow indexed full boolean searching of the CORE database.
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Result hit-list of database search

XSDOCUMENT view of article including dynamic table of content, table of
graphics and "on-the-fly" rendering of SGML text.

5k
= S S
= BN
= .

Selection of image from table of graphics allowing hyperlink to referenced text or
animation through image list.

KLKLEZEua

—— ! Hyperlink of bibliographic reference to either location current document or retrieval
ud citation from database.

8§
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TULIP

Program

The University Licensing

When you scroll further down this page you'll find

[ ntroduction

The TULIP Fina report

TULIP Newsdletters

The Journal Titlesin TULIP

The Universitiesinvolved in TULIP
The Anonymous FTP facility for TULIP
Contact information

Introduction

TULIP is acooperative research project testing system for networked delivery and use of journals, performed
by Elsevier Science and nine Universitiesin the USA. The participants set three objectives at the outset:

Technical

To determine the technical feasibility of networked distribution to and across institutions with varying levels of
sophistication in their technical infrastructure. "Networked distribution” means sending the information both
across the national Internet and over campus networks to the desktops of students and faculty. Elsevier will
deliver the journa information to participating universities in standard formats. The universities will
incorporate the information in local prototype or operationa systems. A wide variety of delivery alternatives,
search and retrieval systems and print-on-demand options will be compared.

Organizational and economic

To understand, through the implementation of prototypes, alternative costing, pricing, subscription and market
models that may be "viable" in electronic distribution scenarios; comparing such models with existing
print-then- distribute models; and understanding the role of campus organizational units under such scenarios.
The overdl goal isto reduce the unit cost of information delivery and retrieval. "Viable" means economically
and functionally acceptable to all parties.

User behaviour

To study reader usage patterns under different distribution (technical, organizational and economic) situations.
Improvement in the functionality of the information, whether asto article structure or retrieval tools, will also
be considered. Certain datawill be collected uniformly at all sitesfor analysisin the aggregate and for
comparison among different systems.

Click hereto return to top of information
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The TULIP Final report
Thefinal report for the TULIP project is currently availablein draft version only.

A noteon printing thisreport
For easy printing of the entire report by your Webbrowser, it isdivided in three files
1. Thetop level document including the Table of Contents and the Executive Summary
2. The HTML document with all chapters| through VI This document is approximately 220
Kilobytes. The included artwork totals to approximately 380 Kilobytes.
3. The HTML document with appendices | through X1 This document is approximately 35
Kilobytes. Note that this document is missing parts.

Click hereto return to top of information

TULIP Newsletters
Thefollowing TULIP Newdletters are available for browsing

e TULIP Newsletter no. 6 - May 1995

e TULIP Newdetter no. 5 - September 1994
e TULIP Newdetter no. 4 - April 1994

e TULIP Newsletter no. 3 - January 1994

°

°

TULIP Newsletter no. 2 - Augustus 1993
TULIP Newsletter no. 1 - November 1992

Click hereto return to top of information

Journalsin TULIP in thefield of Material Science

The participating universities have in common strength in the physical and engineering sciences. In looking
within these disciplines for atarget area, we wanted afield in which the researchers were comfortable with
computer applications and had a higher than average installed base of workstations. An obvious choice might
have been computer science itself, but we felt these users would be so atypical in their computer facility asto
make it hard to generalize results to other disciplines. Materials science provided afield in which there was
both a sufficiently large corpus of frequently-cited material within one publishing company and interested
faculties. Therefore 83 journal titles were chosen from the collection of Elsevier Science journal titles.

Click hereto return to top of information

Universities participating in TULIP

e University of California (all campuses)
o Berkeley
o Davis
o lrvine
o LosAngeles
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o Riverside
o SantaBarbara
o SantaCruz
o SanDiego
o San Francisco
Carnegie Méllon University (Pittsburgh, PA)
Cornéll University (Ithaca, NY)
Georgia Institute of Technology (Atlanta, GA)
University of Michigan (Ann Arbor, MI)
o A demo versionof the prototype of Michigan'slibrary system based on World Wide Web
M assachusetts I nstitute of Technology (Cambridge, MA)
University of Tennessee (Knoxville, TN)
Virginia Polytechnic Institute and State University (Blacksburg, VA)
University of Washington (Seattle, WA)

Click hereto return to top of information

TULIP through Anonymous FTP

TULIP has anumber of files available for download through Anonymous FTP. Connect to ftp.elsevier.nl,
enter "anonymous" as username and enter your email address as password. Change into the /TULIP directory
and read the Readme.txt file.

Click hereto return to top of information

For general information on the TULIP Program

Project Manager
Jaco Zijlstra (Singapore), voice +65-434 3714, fax +65-337 2230, e-mail J.Zijlstra@Elsevier.nl

Project L eader
Karen Hunter (USA), voice +1 212-633 3787, fax +1 212-633 3764, e-mail K.Hunter @Elsevier.com

Technical Coordinator
Paul Mostert (The Netherlands), voice +31 20-485 3574, fax +31 20-485 3706, e-mail P.Mostert@Elsevier.nl

Mail Address
Elsevier Science
655 Avenue of the Americas
New York, NY 10010
United States of America

Click hereto return to top of information
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SiteSear ch

Sear ch for specific topics

Goto OCLC Home Page

e Demonstration

e Descriptions of Products and Services
® News

e Publications

e User Documentation

Demonstration

o TheWebZ Demo Page lets you search OPAC data and several other reference databases
(http://tikal.dev.ocl c.org:2000)

Descriptions of Products and Services

o Introducing OCL C SiteSearch: To the Next Stage of the Electronic Library
o Elsavier Science/OCL C Electronic Publishing Pilot Program

o WebZ Server Questions & Answers

o Z39.50 Server System Questions and Answers

News

OCLC Newsletter Features
o Georgias GALILEO Project
o Interview: Merryll Penson, Ralph E. Russell, and William Gray Potter. The directors of three
librariesinvolved in the GALILEO project discuss the creation of the statewide project, its
current status and future plans

News Releases
o 'GALILEOQO' to Use OCLC SiteSearch Software to Deliver Information, FirstSearch to
Georgia Libraries--December 1, 1995

See thecomplete newsrelease list for earlier news rel eases.

Publications

Reference News
o Winter 1996, No. 29
o Fall 1995, No. 28
o Summer 1995, No. 27
o Spring 1995, No. 26
o December 1994, No. 25
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| ntroducing
OCLC
SiteSear ch

To the Next Stage of the Electronic Library

Welcometothe OCL C SiteSear ch® family of software products. For librarians, SiteSearch brings you a
significant step closer to the dream of avirtua library--seamless integration of local and remote information
resources. Y ou enhance access to your local collection, and your library becomes the doorway to the global

information environment.

For end-users, SiteSearch means one interface, one access point, and one search process--all from one
desktop. Users have the most comprehensive reference system available whether they arein the library,
dormitory, home or office. Read on to see how SiteSearch enables your college or university and other groups
to build databases and link your local area networks, OCL C reference services, and the World Wide Web into
a customized virtual library that accommodates both print and electronic infor mation.

Hiir=Seearch

What is SiteSearch?

SiteSearch is a complete set of software tools that lets you create an integrated information home for your users
with your library. It is based on client server technology, and it works for individual libraries or library
groups, such asregional, state, or local consortia.

SiteSearch alows you to:

e load commercial databases|ocally

e bring remote databases--commercia or public--to your library

e build your own unique, local databases

e index those databases

e provide one user interface to search your databases and any remote Z39.50 compatible databases

The SiteSearch software tools are:

e Z239.50 Server System

o Database loading, creation and maintenance software: Helps you mount
commercia databases locally and build and maintain unique, local databases. L ets you define
indexing rules and display formats.

o Search engine: Supports searching very large or very small databases of citations, full text,
images, and sound with speed and efficiency. The search engine used is Newton, which is
used for al of OCLC’ s online reference systems.

o Z39.50 server: Manages connections to database servers and supports the Z39.50-1992
protocol for communication between the user interface and the search engine.

o Image support: Providestoolsfor creating el ectronic image collections for applications
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such as photo collections, archives and reserves.

o Z39.50 client: Provides agateway to Z39.50 servers and accessto OCL C SiteSearch
databases for World Wide Web browsers, such as NetScape, Mosaic and Lynx. Theclient is
caled WebZ.

These components can be purchased individually or as an entire package with site licenses based on user
population or simultaneous log ons.

Teinet Z39.50

World Wide
“~Web Browser
" Y
WeabZ
Servar
Z39.50 Server ¥ i
Subsystem 799.50
Server
Y
Opearmator o Mawton ot Databassa i Image
Interfaca Engina Tools Package
¥

The SiteSearch Base Package
Satisfy Your UsersInformation Demands

By linking resources fromyour library, remote sites and the World Wide Web, users will have a
comprehensive and thorough information search. Their journey could take themto an electronic journal on the
Internet, a database halfway around the world, or deep within your library’s archives--all transparent to the
user thanksto SteSearch software.

Increase their awareness of your library’s value. SiteSearch draws people to your library, both
electronically and physically. Your library collection becomes more accessible, and your library becomesthe
starting point to the global information networks.

Enhance their library experience. Userswill see your library as bringing some order to today’ s chaotic
global information environment, where amyriad of systems and a mountain of information are available to
them. Their confidence in their research will increase because they are searching and gathering information
globally. And they can search at their convenience, wherever they are.
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IBM Digital Library

The Digital Future Is Now
In Your Hands

From the boardroom to the classroom to your
living room, multimediais now apart of
everyday life. The synthesis of video, audio
and text on personal computersin homes and
on networks is profoundly changing how
people share, exchange and value information.
And organizations that already own
storehouses of information -- movies, music,
manuscripts and more -- are tapping into vast
new markets where digitized information can
be available for an unlimited number of
applications.

So What's Holding You Back?
Several obstacles seem to prevent content
owners from becoming content providers.
Digitizing existing materials like printed texts,
audio recordings and reels of video or filmis
just the starting point. Once in digital form
these materials need to be managed and
maintained. Then deciding who gets access --
afew usersover aloca network or everybody
in the world viathe internet -- isamajor issue.
What about protecting your copyrights and
intellectual property rights? And how do you
. provide fair compensation to intellectual
What's property owners and providers for materials
New that are copied or downloaded?

Histories

Your Information. Your Assets. IBM Digital Library In Your Hands.

Pushing those obstacles out of the way just got awhole lot easier with IBM Digital Library. It'snot asingle
product per se; you don't buy IBM Digital Library in ashrink-wrapped box. IBM Digital Library isaunion of
software and hardware backed by IBM intelligence and know-how. By harnessing diverse technologies and
making them work as one, IBM Digita Library gives you the capability to capture assorted mediain digital
form, distribute multimedia content across public and private networks, search and access reams of
information, manage multimedia databases of any scale, and protect your intellectua property rights. IBM
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Digita Library isthe Information Age tool for extracting value from your information assets in new ways.

Digital Library Adapts To Your Needs

Every digital library presents unique challenges. That'swhy IBM Digital Library isnot only comprehensive
but scalable and flexible. To see digital libraries that exist today, go directly to the Case Histories Quick and
thorough overviews of IBM Digital Library solutions for organizations in government, higher education,
media and cultural ingtitutions are included. For fast access use the button below the Wheel.

On the other hand, get the essentials on building your own digital library by taking five steps through the main
components of IBM Digital Library. The Whedl isyour guide. Jump in anywhere, and explore the key
functions: Create & Capture, Search & Access, Didtribution, Rights Management, and Storage &

Management.

To have an IBM representative with digital library expertise bring you detailed information for your own
Digital Library project, usethe More Infolink at the bottom of every page. And help us serve you better by
taking afew minutes to complete our survey while you're at it.

Reguest Technical
More Info White Papers

® @

Software Short
home Cuts

[IBM home page | Order | Search | Contact IBM | Help | (C) | (TM)]
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IBM Digital Library

Explore IBM Digital Library
On A Case By Case Basis

Taking the initiative to build asolution using IBM Digital Library requires foresight, strategic acumen and trust
in the technology that supports the enterprise. Arranged here by categories (Government, Higher Education,
Media, and Cultural Institutions) are case histories of several IBM Digital Library solutions. No two are
exactly alike, yet al share challengesthat IBM Digital Library's end-to-end capabilities are uniquely qualified
to handle.

Government

Government agencies collect and store massive amounts of information. Widespread bureaucracies need to
share the information assets they command. Meanwhile, the public's desire to gain access to public
information seems endless.

IBM Digital Library provides the foundation for linking hubs across a range of government sites. A user
needn't travel to the capital to find governmental information. IBM Digital Library enables people to find what
they need from wherever they are.

Derwent

With IBM Digital Library, Derwent offers network accessto U.S. patent information. Users see a L otus Notes
interface while they access 20 years of patent data with weekly updates. A full patent document can be ordered
from Derwent with a single button click.

Higher Education

The concept of a school without walls has been discussed for over a century. By setting the stage for distance
learning and access to learning archives, both using multiple forms of media, IBM Digital Library finally
makes the "open classroom™ truly open. All the important documents can be available on-line 24 hours aday, 7
days aweek.

Case Western Reserve University

In ajoint effort with IBM, Case Western Reserve University's faculty, librarians and information service staff
undertook a project to identify the critical needs and components for developing adigital library. A big part of
the success story is IBM's rights management technology, which administers the terms and conditions for use
of copyrighted materials.

Indiana University School Of Music

Indiana University's Variations Music Information System, created with IBM Digital Library, puts an entire
music library on-line. It allows the music students to immerse themselvesin their studies wherever they are,
whenever they want.

Marist College
With 100,000 objects currently digitized and stored, Marist College anticipates adding an average of 10,000

more per month. Within the next four years, Marist will have several million objectsin their digital library.
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This supports the new paradigm for learning, providing accessto learning archives, at higher educationa
institutions.

Media

The convergence of entertainment, information and technology is dynamically changing the media and
entertainment industries. IBM Digital Library brings intelligence and value to content creation and hosting,
asset banking, workgroup access, electronic commerce, rights management and protection, royalties payments
and licensing, distribution and archiving. What's more, IBM Digital Library can be "under the covers,”
whereby content owners can establish their own branded image for the services and archives they create.

EMI'sKPM Music Library

Among the world's largest suppliers of music (and other media) for producers of movies, TV shows,
advertising and presentations, EMI Music Publishing has opened the vaults of KPM's Music Library through
IBM Digital Library and IBM's partner Multimedia Archive and Retrieval Systemsplc.

Institute for Scientific Information

After searching 6 months for atechnology partner to build an "electronic library system,” the Ingtitute for
Scientific Information chose IBM Digital Library for good reasons. |Sl's Electronic Library Pilot project
contains over 1,350 journalsincluding tables of contents, bibliographic data and abstracts.

Cultural Institutions

Imagine reading the Dead Sea Scrolls. Or the Rosetta Stone. Until very recently, only the privileged few
among the world's scholars could view the great artifacts of human history. With IBM Digital Library, the
great works of mankind can be opened up to the world. The opportunity to preserve for future generations the
knowledge of antiquity has arrived -- IBM Digita Library.

The Vatican Library

An IBM Digital Library project of monumental proportions, the Vatican Library holds over 150,000
manuscripts, including the oldest known manuscript of the Bible from 350 A.D., and 1.5 million books
including 8,000 published during the first 50 years of the printing press.

Archivo General de Indias

To better serve researchers and to preserve its archives of 90 million pages of historical materials documenting
the Spanish conquest of the new world, Archivo General de Indiasjoined IBM Spain and the Ramon Areces
Foundation in creating a digital library. Currently, more than 9 million pages may be searched and accessed on
40 IBM workstations.

Digital Reqguest
Library Home More Info

® D
Software Short
home Cuts
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The QBIC Project

SAQ0E B M Corporation

MAGE

} STAR SITE

This sitereceived a4 star rating from McKinley Group's editorial team.

Query By Image Content(QBIC)

On-line callections of images are growing larger and more common, and tools are needed to
efficiently manage, organize, and navigate through them. We have developed a system called
QBIC which alows complex queries of large image databases. The queries are based on

Image content -- color percentages, color layout, textures, and shapes of image and their objects. Some of this
technology is currently availablein IBM's Ultimedia Manager product.

To try the World Wide Web QBIC search engine on a database of approximately 1,900 images, click on the

button below:

Try our latest browser:

You must havea HTM L 3.0 capable browser to run the above demo. If you
don't, try downloading the new IBM WebExplorer for OS/2 or Netscape.

Otherwise, you can use our older browser:

Did You Enjoy Our Demo?

If you did, we are looking for early-adoptersin selected application areas. If you have aweb site with images
and would like to use this technology, please contact The QBIC Group

If you didn't, we would like to know if we can improve it in some way. If you have any suggestions or
comments please mail to gbicwww@al maden.ibm.com

If you would like to be on our mailing list, please enter your name in the following box and press Enter:

Your e-mail address: |

Other linksrelated to QBIC:

e A show and tell of the OBIC technology.

e Technica paper requests on OBIC.
e UltimediaManager 1.1 - A product that incorporates some of the OBIC technology.

e DB2 Extenders, which will soon include OBIC technology.
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IBM Digital Library

Rights Management:

New technologies bring
new opportunities, but not
without risk

The definition of content ownership is not
universal. Copyrights may be protected in one
country and practically ignored in the next. So
how do you protect your intellectual property
rightsin adigita library that anyone with a PC
can learn to use in afew minutes? Rights
Management is the answer. IBM has
concentrated on Rights Management as a key
factor in creating IBM Digital Library and
allowing you to develop afull digital library
solution to meet your business needs.

The challengeisto provide ease of use, privacy,
content integrity and cost utility for users while
establishing bulletproof Rights Management
solutions for content owners. To meet that
challenge, IBM Digita Library incorporates the
rich legacy of IBM's decades-long innovations

in networking security and transactions technology.

The Legacy At Work

Compare using aDigital Library to making awithdrawal from an automated banking machine. A user is
identified, enters a password, requests information or an object, and the system checks the request against the
user's digibility. Upon approval the requested objects can be watermarked to deter illegal duplication. And the
entire process is conducted in a secure environment without the threat of intrusion. Meanwhile, compensation
for the value added to the information or object is duly processed.

Did you know that the vast magjority of the world's automated banking systems are built on IBM software and
technology? Trust and reliability are what make legacies, and the Rights Management functions of IBM Digital
Library have inherited both.

Signed, Sealed, Delivered

IBM Digital Library can authenticate original media-- photos, manuscripts, audio, video, film and pictures --
by using electronic signatures. Digital content can be recognized as authentic with these signatures.
Watermarks, aform of electronic signature currently in use throughout several IBM Digital Library solutions,
are encoded onto photos, films, videos and manuscripts. Visible watermarks can be graphically representative
of acontent owner'sidentity, like alogo or crest. Watermarks are sophisticated identifiers that inhibit the
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misappropriation of content owners' assets while assuring users confidence in the authenticity of the content.

IBM infoMarket Search service represents a giant leap forward in Network-centric computing for both content
owners and users. TheinfoMarket service enables users to search simultaneously available network databases
(private, public or both). For content owners, infoMarket providesits Plug-N-Publish® toolkits and the
Cryptolope®, an encryption-protected "envelope” that can travel on public networks.

Anybody who wants to open a Cryptolope to read its contents must use a key to unlock it. Users can preview a
Cryptolope's contents, then decide whether to pay for the key. For sensitive content needing increased
security, a Cryptolope may require severa keys. And a Cryptolope can travel on networks with only the
intended recipient being aware of its presence. All the while, the infoMarket service keeps impeccable records
of rights payments transacted.

IBM Digital Library follows through for all content owners. With the rise of multimedia, the work of several
content authors is contained within a single media object. For instance, a digitzed document might contain a
photo, an illustration, a page of text and some music---each authored by a different person who should be
compensated. Furthermore, a customer accessing this document might not be required to purchase the entire
work, but rather just the individual section that is accessed. The Rights Management capabilities of IBM Digital
Library offer discreet recognition for each content author, keeping track of who gets paid for what.

IBM Digital Library provides trusted means for protecting and managing the rights of content owners. Rights
Management issues impacts every aspect of IBM Digital Library -- Create & Capture, Storage & Management,
Search & Access and Distribution. Use The Wheel at the top of this page to continue exploring IBM Digital
Library technology.
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