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Abstract

The location and provision of information services has dramutically changed
over the last ten years, There is no need to leave the home or office o locate ard
access information now readily available on-lne vig digital gutewnys fumished
by o wide variety of information providers, (e.g. libraries, electronic publishers,
businesses, organizations, individuals), Information nccess is no longer restricred
to what is physically available in the nearest library, It is electronically access-
ible from a wide varery of globally distributed information repositores—
“digital libraries”,

In this chapter we will focus on digitl lbrarics, starting with o discussion of
the historical visionaries, definitions, driving forces and enabling technologies
g and some key research issues. We will discuss some of the US and intemational
digital library projects und research initiatives. We will then describe some of the
emerging technigues for building large-seale digiul librares, including a disous-
sion of semantic interopersbility, the “Grand Challenge” of digital library
research, Finplly, we offer our conclusions snd o discussion of some future
directions for digital libraries,

ADVANCES IN COMPUTERS, VOL. 48 257 Copyright ©1999 by Academic Press
ISBM 0120121484 All rights of reproduction in any form reserved.




—

258 HSINCHUN CHEN AND ANDREA L. HOUSTOM
L IR N e e e pe e e o o b S E A e T 238
2. . Digital Libearies: Historical Overview: .. oL b coiiomdminddsiasnniieie. 259
3. 'What 1s a Digital Library? . oo e Tpatre ey —SE]
o O T T T i 0 o S ) e =
3.2 Indexing and Filtering Informmation . i 2o b du sl Dainaadi s Tk AR
3.3 Bupporting L Inive T A A OO 1 e o R & Fein b R e R L 264
B P BT AT TN i 2 e e i A T AT e AL P T AT 264
[ 4, Dirives towards THEn] LIBrmries . . .. cirreer revr s mrirre i s st 265
| R 7 T | T e Bl e e e e bl Rt S el e i e b 265
i. 42 Improved Eevel'of Sepvice-. i s e miaicnll sk e i Dan i S i 266
| T LT b Ty ] [T e e e P S Sl PO S PR 266
S e bt bl B ALk T w8 e sireadl CoBLY
3, Digiml Library Research Issues in the Social Comext ... ... ..o . oiieiiah 268
5 Boamnm e T e e L e 268
{ o M 1T 1 T e i A o T Ry o
| B G 11 UT AT 1% Bl e i o o 11 R e PR e A o ol b o S P e e et 273
| B e L T e e e e B e e e e R 274
!| 6. 'Digital Library Research Activities: An QVEIVIEW | . vri i iimm i pasisieassas 21l
{ 6.1 Digitnl Library Research AcHvitesin US. .o vurrvsinegiror s 277
6,2 Digitsl Library Activitiesin Other Countries o000 oo iiiiiiiiiiin e 293
7. Dignul Library Research Issues in Semantic Interoperability . ool oo 299
7.1 Digitl Library Grand Challenge: Semantic Interoperalility ..o weois .20
| 1 7.2 Research Towards Semantic Interoperability in Digital Librades ..., ..., A0
B R b Th B RO O e e i e e T S S O s s B
Fot ] k] [0 [ | L T e e P e e P e e D e LA o o 308
T ol e P bl o et g e L S b o L T
1. Introduction
|
i Over the last ten years, the way one finds or acquires information has dra-
| matically changed. It is no longer necessary to leave the home or office to
locate and aceess the vast amounts of information now readily available on-
. line via digital gateways; furnished by a wide variety of information
I providers (e.g. libraries, electronic publishers, businesses. organizations,
individuals) [99). Information access is no longer restricted to what is phys-
1l ically available in the nearest library but is elecironically accessible from a
, wide variery of globally distributed information repositories.
Hill Information is no longer simply text and pictures. It is electronically

available in a wide variety of formats many of which are large, complex (i.e.
video and audio) and often integrated (i.e. multimedia). This increased
_ variety of information allows one to take virtual tours of museums, histori-
il cal sites and natural wonders, attend virtual concerts and theater perfor-
mances, watch a variety of movies, and read, view or listen to books,
articles, lectures and music, all through digital libraries.

In this chapter we will focus on digital libraries, starting with a discussion
of the historical visionaries, definitions, driving forces and enabling
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echnologies and some key research issues, We will discuss some US and
international digital library projects and research initiadves. We will then
describe some of the emerging techniques for building large-scale digital
libraries, including a discussion of semantic interoperability, the “Grand
Challenge"” of digital library research. Finally, we offer our conclusions and
a discussion of some future directions for digital libraries.

2. Digital Libraries: Historical Overview

The ideas of several visionaries and their dreams for the future helped ini-
tiate the digital library concept. Three, whaose ideas predate the computer,
had visions based on entirely different technologies (microfilm and analog
machines). so it is their ideas not their designs that predicted digital libraries.

Watson Davis founded the American Documentation Institute (ADI) in
1937 (renamed the American Society for Information Science (ASIS) in
1068). Davis was a pioneer in the field of subject indexing and was inter-
ested in documentation and in document classification and distribution, He
interacted with the other visionaries of the time: Vannevar Bush (who dis-
cussed methods for indexing microfilm documents) and H. G. Wells

In 1937 Davis published an article in Science News Letter (now Science
News) predicting “anew way of duplicating records, manuscripts, hooks and
illustrations” which would significantly change scholarly communicarion.
The article also predicted greater information accessibility and inexpensive
publication of manuseripts [72]. Davis foresaw the proliferation of journals
and the difficulty of locating and integrating relevant information [rom
several different journals. Other Davis ideas related to digital libranes
include [23]: (1) one big library—{rom which users can prider information
from the nearest library with guaranteed prompl delivery and reasonable
prices; (2) auxiliary publications—a repository of document copies avail-
able on-demand, replacing paper-oriented publications; (3) one big
Jjournal—one central location listing a/l publications in one index; and (4) a
world brain—an idea presented in 1937 by H. G. Wells.

Herbert George Wells was an English novelist best known for science
fiction (e.g. The Time Machine, The Invisible Man, and The War of the
Warlds), Inspired by discussions with Watson Davis, Wells proposed a
Waorld Encyclopedia (presented at the 1937 World Congress of Docu-
mentation in Paris and described in his book, World Brain), He believed that
the assembling and distribution of world knowledge was extremely inef-
fective, handicapping anyone relying on organized information for decision
making. His solution, Permanent World Encyclopedia, was a distributed
microfilm-based repository of all world knowledge divided into different
topics, subtopics and levels consisting of “selections, extracts, quotations,

=
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very carefully assembled with the approval of owstanding authorities iy
each subject, carefully collated and edited and eritically presented .,
alive and growing and changing continually under revision. extension ang
replacement from the original thinkers” [72, 08].

His quote: “The time is close at hand when any student, in any part of the
world, will be able to sit with his prajector in his own study at his or her cop-
venience to examine any book, any document, in an exact replica” [98] i5
now almost true, especially in the network form that he envisioned. The idey
of a repository or encyclopedic intelligence is still being pursued (e.g. the
CYC project initiated by Dou glas Lenat in 1985),

Vannevar Bush was an American electrical engineer who oversaw 1§
govemment support of scientific research during World War II. In 1945,
Bush published an essay “As We May Think" in Atlantic Monthiy describ-
ing a hypothetical information retrieval and annotation system  called
“Memex”, a personal desksize machine that would store and retrieve
abstracts of scientific articles [8]. Some interesting “Memex” features from
a digital library perspective are: (1) using technology to organize and
retrieve information, (2) creating “irails” (chains of associations) of infor-
matien, (3) electronically annotating existing documents, () the idea that
desksized machine could store and use the contents of an entire university
library, and (5) the idea of a community of scholars sharing and exchanging
information, The descriptions of “Memex™ trails sound remarkably like
hypertext links. Although his technical implementation designs for
"Memex” were not achievable, the description is similar to the fateway
aceess digital libraries provide.

Prior to the Second World War, Bush deseribed the “information over-
load™ problem. In his words: “scientific literature 18 expanding faster than
man’s ahility to understand, let alone control it .., publication has been
extended far beyond our present abilir ¥ to make real use of the record” [9].
The problem as he saw it was that “before knowledge can be used it has to
be selected out of an undifferentiated mass .., knowledge that can not he
selected is lost” [65]. Bush recognized that associative indexing could
mimic human associative memory, He was concerned about the problems
humans encounter when searching information indexed by an unfamiliar
vacabulary or ontology—a phenomenon called the “vocabulary problem” or
“semantic barrier” [63], He blamed the problem on the “artificiality of
systems of indexing” [9] rather than on the ambiguity of language,

There are many others who were influential in setting the stage for digital
libraries. Some of them include:

o Warren Weaver—an MIT professor who in 1945 wrote an essay
proposing machine translation [97], which initiated a stream of
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research on machine translation and on statistical approaches to lan-
guage and text analysis (the latter made famous by Gerald Salton [81],
generally considered the father of modern information retrieval).

e J. C. R. Licklider—a former Director of the Information Processing
Techniques Office (IPTO) division of the Pentagon’s Advanced
Research Projects Agency (ARPA) who established the funding priori-
ties leading to the development of the Internet, and the invention of the
“mouse,” “windows,” and “hypertext”. He is best known for three pub-
lications; (1) Man-Computer Symbiosis (1960) which describes his
vision of computing which led to IPTO funding priorities mentioned
above; (2) The Computer as a Communications Device (1968, co-
authored with Robert Taylor), which discusses the future predicting
that by the year 2000 millions of people would be on-line, connected by
a global network; and (3) Libraries of the Future [51].

o Ted Nelson—influential in the development of hypertext, he coined the
term “hypertext’” in his paper “A file structure for the complex, the
changing and the indeterminate” presented at the 1965 ACM national
conference and is known for the Xanadu project.

o William Wulf—who wrote a white paper on national collaboratories in
1988 while working for NSF and has been influential in collaboratory
research [18, 103].

3. What is a Digital Library?

What exactly is a digital library? A good general definition is that it is an
entity concerned with “the creation of information sources and the move-
ment of [that] information across global networks” [1] specifically identify-
ing and delivering refevant information to interested parties. A digital
library could be characterized as “a collection of distributed autonomous
sites (servers) that work together to give the consumer the appearance of a
single cohesive collection” [1]. In practice, each site will most likely store a
large amount of information in a wide variety of formats on a wide variety
of storage media [53], Individuals accessing the information will have a
wide range of expertise in key access-related areas such as computer liter-
acy, collection navigation abilities, and domain knowledge [4].

Digital libraries are characterized by “collaborative support, digital docu-
ment preservation, distributed database management, hypertext, informa-
tion filtering, information retrieval, instructional modules, intellectual
property rights, multimedia information services, question answering and
reference services, resource discovery and selective dissemination of
information” [30]. They allow information to be accessed globally, copied
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error-tree, stored compactly, and searched rapidly, “A true digital library
dlso provides the principles governing what is included and how the collec.
tion is organized” [49], Advances in information lechnology have enahled
digital libraries, and contributed to a blurring of traditional information-
related roles. Anyone with access to the right equipment (a computer an
access lo storage on a server) can become an information provider and
COnSUMmer,

Creating and maintaining a digital library typically involves the following
phases;

® creating digital library content

e indexing and filtering information
® supporting universal access, and
® preservation,

3.1 Creating Digital Library Content

The first decision to be faced when creating a digital library is to deter-
mine what information to provide and what information to discard, either
permanently (disposal) or through archiving. Unfortunately most of the
information digital libraries wish to provide is not digitized, calling for addi-
tional decisions (i.e. determining digitization priorities and cost-effective
conversion processes). Conversion challenges include both a technological
component (e.g, advances in OCR technology and storage media) and an
evaluation component (e.g. selection, prioritization, and choosing the
appropriate level(s) of digitized quality).

Another major problem is the dynamic nature of di gitized information
[40]. The content can change over time, requiring the storage of either mul-
tiple copies or versions or some mechanism that allows version differentia-
tion [50]. Other related challenges include identifying methods 1o capiure
and index continuous media in real time and techniques for proces-
sing, storing and managing vast volumes of ex tremely complex electronic
information [1, 96],

Finally, since hypertext links allow digital libraries to provide pointers or
links to information (as opposed to a digital copy), digital libraries must
decide what form of access they will provide. Concerns about information
ownership and archiving are becoming extremely important as a result, For
example, if a digital library decides 1o provide a pointer or link to a certain
piece of information, what happens when the aowner(s) of the electronic
copy decide it is no longer cost-effective to keep it? What are the responsi-
bilities of the owner(s) to notify pointer or link owners of changes to or
deletions of the original (a classic problem on the World Wide Weh)?
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3.2 Indexing and Filtering Informaticn

After the acquisition and storage issues are resolved, the next set of
challenges involve finding ways to make the right information available to
the right individuals at the right time [41, 53], Customers must be able to
identify or locate potentially relevant information, filter it so that only the
most relevant information is returned, and organize it (via ranking or cate-
gorization) into manageable units, Intelligent artificial agents will proba-
bly be heavily involved in future information location and filtering efforts
[5, 44].

There are at least two different kinds of information location processes.
The first kind is useful in a broad-based search where the information need
has not yet been specifically defined. Relevant information will probably be
widely dispersed among several distributed heterogeneous information
sources. The key challenge is to present a seamless mtegration of informa-
tion to the customer. Individuals interested in this kind of search will prob-
ably want the information to be summarized for quick perusal [90]. An
alternative is to provide effective organization and categorization tech-
niques that chunk information into manageable units which do not over-
whelm human cognitive abilities.

The second kind of information identification process involves a very
narrow, well-defined and focused search. This kind of search requires very
detailed information. Because precision will be most important, effective
filtering technigues will be required to return a small amount of the most
relevant information.

In either case, the user interface will be critical. Even the most relevant
information is worthless if the customer cannot understand the presentation
[84]. The best digital libraries will have uniform but customizuble, dynamic
user interfaces that can smoothly integrate existing common data types
(text, numeric, audio, video and image) from structured and unstructured
sources with specialized types of data (maps, three-dimensional data, and
continuous graphical data) and, potentially, new data types [1]. These
systems will incorporate algorithms and techniques that enable sermnantic
interoperability, so that humans can search in unfamiliar domains of knowl-
edge (each with its own specialized vocabulary and entology) using familiar
vocabularies and ontologies [4, 53].

Another important aspect of information location, is finding key relation-
ships, especially in distributed, heterogeneous information sources. Data
mining, the extraction of patterns, associations and anomalies from large
data sources [2], is a very promising research area that may produce
significant payoffs for large-scale, complex multimedia digital library
applications.
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3.3 Supporting Universal Access

The ultimate goal of a digital library is universal access, which is consis-
tent with the traditional library goal of providing public access to informa-
tion. To accomplish universal access, digital libraries need to solve the
problems of integrating distributed heterogeneous information and informa-
tion sources by designing and implementing effective user interfaces that
solve the “vocabulary problem™ (via semantic interoperability, to be dis-
cussed in detail) [88].

One of the challenges to providing universal access is devising technigues
that will support a wide variety of information display devices in handling
voluminous, diverse and complex information. Not only is there a variety of
operating systems in the computer domain, but there are a wide variety of
display devices (e.g. palm tops, televisions, fax machines. video ronitars,
modems, and other information “appliances™) to cope with. Accommodating
legacy display devices and receivers is probably a more difficult problem
than accommodating and integrating legacy information and information
sources [93],

Another major challenge is the limited amount of bandwidth available for
the transmission of electronic information to accommodate an Incrensing
number of users and increasingly complex {and large) data sets. For eqgui-
table universal access to be achieved, intelligent use of the bandwidth,
including the ability to guarantee bandwidth for a given period of time (in
particular for law enforcement and emergency situations) must be identified
and policies to support such uses enacted, These challenges, combined with
the economic pressures faced by digital libraries, have led to a perception
that information providers behave as “gate-keepers” of a service (or set of
services), providing a “gateway” to knowledge [25, 26, 68, 78]. The current
government and indusiry funded Internet-1I project was designed to help
alleviate some future problems in supporting universal access to digital
libraries,

3.4 Preservation

Electronic media do not disintegrate as readily as other types. Faper is
particularly vulnerable because it is susceptible to the problems of acid
paper and binding disintegration as well as to destruction through innocent
physical handling and vandalism. Other media (including tape, images, neg-
atives, vinyl records, etc.) are susceptible to disintegration due to pollution,
catastrophic events (floods, and other natural disasters), humidity, light,
insect and other kinds of pests, mold and mildew, vandalism and human
handling. However, constant changes and various enhancements in
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electronic document format (e.g. MARC, SGML, HTML, XML, etc.) and
associated incompatibility problems will need to be addressed carefully in
this digital age.

4. Drives Towards Digital Libraries

Over the past decade, several trends have steadily encouraged the transi-
tion to and expansion of digital libraries, The four major drivers are:
gconomics, accessibility, new technologies, and standards.

4.1 Economics

It is cheaper to produce, store, distribute, and reproduce electronic infor-
mation, Furthermore, digital libraries can cooperate with each other by pro-
viding a gateway (links) to information managed or provided by others,
allowing specialization as well as conservation of acquisition and produc-
tion budgets while still providing access to a wide range of information [49].
Other economic pressures driving libraries towards digitization include:

e Inflation: the rapid rise in library operating costs (especially in acquisi-
tion or collection expansion of scholarly journals), In the past 20 years,
journal prices have soared by 400 percent while book and monograph
prices have increased by 40% [31].

e Volume: the explosion in the amount, variety and complexity of
information,

o Maintenance: the preservation crisis in existing collections, especially
with regard to acidic paper (nationally the replacement cost of disinte-
grating print materials extrapolates to approximately §35-$45 billion
[31]).

e Multimedia: the increasing amount of multimedia information that
requires special viewing or listening facilities and different cataloging
and storage requirements,

e Collaboration: the advantages from resource sharing among libraries
and other information providers (both economically and in improved
level of service).

e Timeliness: electronic information is easy to produce, distribute, and
duplicate with few of the problems of multiple handling and redistrib-
ution, allowing a dramatic savings in costs [33].

e Scholarly communication: the severe cost problem associated with
scholarly communication [26]. in particular the excessive cost of
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providing dccess to an dappropriate number of scholarly  journals
[6,31,49] to maintain an adequate level of service, For example,
according 1o Andrew Odlyzko of Bell Lab, "a good mathemarics
library spends $100,000 per year on journal subscriptions, plus twice
more on staff and equipment. [The] US spends as much money buying
mathematics journals as NSF [the National Science Foundation]
spends on mathematical research” [66].

4.2 Improved Level of Service

Digital libraries have the ability to provide a previously unattainable leve
of service, i.e, “individual words and sentence search and delivery of infor-
mation to the user's desk—information that does not decay with time,
whether it 1s words, sounds or images” [49]. Information that was either pre-
viously unavailable or difficult to acquire is now readily available electron-
ically (ie. large government collections). Aceess to information can be
improved in several different ways: access time (retrieval speed and/or
timeliness), availability (recall), content relevance), improved visualization
{user interface) or some combination [6]. Historically, research has been
focused on generic improvements to information access. The current trend
i5 10 individually customize or tailor user information access methods and
interfaces,

Since the production and distribution of electronic information eliminates
multiple handling and redistribution, there is a dramatic savings in time
from production to use. Electronic information need only be created and
stored once to be immediately available over a network simultaneousiy to
multiple users as opposed to multiple copies being generated over time and
provided via traditional (postal andfor manual) distribution channels
(41,49, 77]. Many Internet news Web sites offer information in real-time,
tor example, with no time delay in printing or delivery.

4.3 New Technologies

To effectively meet the information needs of their chients, digital libraries
need 1o use a combination of technological advances and have the ability to
design, construct, manage, and use global electronic networks [37]. They
must be able to adapt rapidly to dyvnamic changes in technology and to cope
with the size, scale, and complexity of both the networks themselves and the
information available through them [4].

Many technological advances in information production, management
and distribution are responsible for enabling digital libraries, They are too
numerous to describe in detail but include such things as advances in:

(1) storage media:
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(2) digitization or information capturing techmigues {ie. DCR
technology);
(3) automatic indexing and organizing of large volumes of information
(B3]
(4) compubing speed;
(5) network technology (including data compression);
(6) content-based search and retrieval [90]:
(7) feature-based or texture-based search and retrieval [917;
(8) full-text indexing;
{97 resource or knowledge discovery;
{10y multimedia and hypertext;
(11) standards (i.e. Standardized General Mark-up Language (SGML)
and Hypertext Mark-up Language (HTML), and Z39.50);
(12) object-oriented techniques; and
(13) improvements in user-interface design and data visualization
[26, 42, 53, 76].

In the next section, we will review some of the recent technical advances
in several large-scale, high-impact digital library projects. In particular, we
will review new technologies that aim to improve semantic interoperability
in digital libraries.

4.4 Standards

In order for digital libraries to be truly global gateways, it is important o
have internationally accepted technical standards for electronic information
representation, formatting, transmission, and protacols. This is the only way
to ensure compatibility and therefore interoperability between equipment,
data, practices and procedures necessary o achieve universal access
[41,42,70,93] and global electronic information exchange, Unfortunately,
there are many social, cultural and political barriers to developing interna-
tional standards, even when the benefit is clear to all.

Several international organizations are involved in standard development,
including the International Organization for Standardization (ISO)—which
was responsible for the SGML (Standardized General Mark-up Language).
Another organization, IETF (Internet Engineering Task Force—see
www ietf.org) is specifically interested in Internet architecture and smooth
Internet interaction and operation [42]. One of the most important standards
from a digital library perspective is Z39.50 (the distributed information
retrieval standard, see leweb.loc.gov/z3950/agency/) which was adopted by
SO as the ISO 23950 standard [30, 61].

At a national level, while information and document standards such as
SGML. HTML, TEI (Text Encoding Initiative), VRML (Virtual Realicy
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Maodeling Language), and MARC (Machine-Readable Cataloging) exist, in
practice most electronic information exchange occurs via e-mail, anony-
mous ftp, Gopher, and Web browser platforms with TeX, LaTeX.
PostScript, PDF, ASCII text, and Word and WordPerfect formarted docy-
ments, Most of these formats do not have mechanisms to distinguish the
contributions of multiple authors or versions, nor do they have the ability to
include active links to other information. Many of the formats used in prae-
tice are commercial, proprietary, and therefore not platform independent
which means they are not universally accessible. Will comman practice
dictate what standards become accepted or will some governing body take
responsibility for thoughtful and independent (unbiased) standards develop-
ment? If a set of standards is accepted and adopted, what kind of transtation
capability from these “legacy” formats will be provided? Careful research
and policy related to standards will be needed to achieve a truly universal
digital library community,

5. Digital Library Research Issues in the Social Context

Digital libraries allow people to interact with each other and information
in novel ways. As is often the case with new technology, these abilities have
become available ahead of the societal norms, conventions, and policies that
help monitor, guide and evaluate their use. As a result, some economic,
social, and legal issues have arisen in response to digital libraries and the
technologies that have enabled them.

5.1 Economic Issues

While electronic information may be cheap to produce, store, modify and
distribute, it is much harder to determine a fair or market price and cost for
it than for a physical object. To date, there is no commonly accepted eco-
nomic model that can accurately and fairly determine either costs or prices
for digital libeary services.

Historically, information-related services were typically not broken down
into individual transactions or unit priced [78]. As a result, most digital
libraries and their clients have little idea what an information transaction is
worth [49]. This is such a difficult challenge that Saracevic and Kantor [85]
developed a derived taxonomy to address the problem of determining and
measuring the value of a library’s information and services. Customers
know that electronic information has an almost zero incremental reproduc-
tion and viewing cost and therefore expect that access should be free or
extremely cheap.
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Digital library services are not [ree, however. Some method of compen-
sation is necessary. Currently, there are at least two basic compensation
models: (1) allowing free access but charging for content (i.e. freely access-
ing the index and table of contents, but charging for anything more) and (2}
charging for access but allowing free perusal and consumption of the
content [49]. These two models are not mutually exclusive and both co-exist
pn the Internet

Several different digital library funding medels have been proposed, but
the basic models are either time-based (unlimited access for a given unit of
time, e.g. a month), request-based (per request), or some combination of
hoth [1, 26]. Some proposed models include 491

institutional (public and private) subsidies—the current model for most
digital libraries;

“free” general services and charging by transaction for unusual
services, especially those requiring human intervention;

charging for everything—assuming that information services can be
iransactionalized and costed. Common suggestions include charging
by: connect time, CPU usage, fee-per-search, fee-per-hit or retrieval,
and download fees. A problem with all of these suggestions is that
people generally do not understand how they work, creating a situation
where charges appear to be unpredictable and resulting in unreasonable
ar unpredictable behavior;

subsidizing services through advertising (typical of magazines,
television, and the Web),

other subsidizing mechanisms (for example, pledge breaks—public
appeals for donations similar to public television and radio);

taxes or other sources of public funds;

subscriptions (pay for a given period, i.¢. a year) or licenses (viable
concept in the software market);

memberships similar to “buying clubs” where individual consumers
pool their resources to allow access to information (pricing 1ssues
could be resolved via price discrimination, non-linear pricing and
service bundling [43]);

charge authors a per-unit fee for the “privilege” of having their infor-
mation and services accessible, then charge users for the nominal incra-
mental cost of accessing the information (similar to a per-page author
charge under consideration by some journals);

opportunity cost—measuring the opportunity cost of providing infor-
mation or @ service as opposed to measuring the cost of expended
resources. “Opportunity cost is determined by the relationship between
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supply and demand for a given resource, so that the opportunity cost of
an idle resource is close to zero but that of an over-utilized TESOUTCE is
so high that it is hasically unaffordable” [1]; and

e using a detailed byte-by-byte charging algorithm—an interesting idea
from Ted Nelson (CNRI) and CMU's NetBill project [49],

Current cost models and financial instruments used in traditional infor-
mation production and consumption do not adequately address the needs of
digital libraries. Fixed cost models are insensitive (o changes in content and
costs. Electronic information comes in a variety of formats with different
associated production and distribution costs, Flexible and adaptable cost
models are required to handle this diversity and complexity [1,20].
Economic models for digital libraries require a series of specialized costing
and pricing algorithms that can dynamically determine the cost and price of
information or services and modify the model with a variety of environmen-
tal factors [20, 49, 70].

5.2 Legal Issues

Digital libraries exchange electronic information on a global level,
Therefore, national governments will have to negotate an international-
level policy framework that can accommodate the exchange of information
across international boundaries and differences in cultural values and laws
(especially with respect to copyright, intellectusl property, privacy, infor-
mation ownership, fraud and other business crimes, taxation and currency
exchange) [57, 74].

Now that almost anyone can be an electronic information provider, it is
easier (o perpetuate ethically questionable acts. For example, it is harder to
prevent plagiarism in the digital age. The shear volume of electronic infor-
mation makes it very difficult to enforce copyright laws or even to detect
illegal copies. False representation and false information can edsily be pro-
vided electronically, leading to concerns about information quality, These
ethical considerations are challenging enough within a gIven nation or
culture, but digital libraries are global, and different nations and cultures
have very different perspectives, definitions, and social cudelines with
respect to concepts such as plagiarism, copyright laws, “fair use” and “truth
in advertising” [79]. How can internationally accepted ethical codes be
developed and enforced in light of these issues?

In the United States, more localized legal issues surrounding digiral
libraries include [29];

o Ownership issues. When a library owns a physical copy, decisions
about acquisition and archiving are relatively straightforward. If a
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digital library only owns a link or gateway connection to the informa-
tion, certain kinds of ownership problems arise [28]. For example, if a
digital library decides to cancel its subscription to regularly published
information (such as a journal), how will access be controlled?
Obviously access to future issues should not be permitted but the right
to access past issues has already been negotiated and paid for,
Dynamically having to keep this kind of information results in compli-
cated record-keeping and access control policies, procedures and
processes for digital libraries. What should be done about an informa-
tion provider that goes out of business or an information item that goes
“out of print.” In both cases the information provider can no longer
afford (or wish) to support physical storage, How can the rights of
owners of links to that information be protected?

o [inauthorized access. Electronic information appears to be more vul-
nerable to unauthorized access, theft and fraud than physical copies as
<uch incursions are harder to detect. A variety of techniques are being
investigated to help protect electronic information, including *fire-
walls,” electronic signatures, encrypton, special “rendering” or
viewing software or hardware, and electronic watermarks.

e [iability. Traditionally US law distin ouishes between authors and
publishers who are held responsible (liable) for information that they
have produced and distributors (the post office, libraries and hook-
stores) who are nor, Digital libraries can distribute as well us produce
information, raising difficult legal questions regarding their responsi-
bility for information published, displayed or distributed from their
cites. In situations where electronic information has multiple authors
and multiple versions, how can expertise be determined and liability
asstgned?

e Trademark infringement. Trade-marked images (for example a state or
university seal or a commercial caricature] can be copied or scanned
and used as wall-paper or images in electronic information, Many orga-
nizations require notification and/or payment for using trademarks
(trademark use 1s often interpreted as an organizational endorsement).
How will these rights be protected?

e Copyright and intellectual property rights. Copyright issues, in partic-
ular copyright violation and the related intellectual property rights
issues, are major digital library legal issues [49]. Pamela Samuelson
[82, 83] from Berkeley is a well-known authority on the topic.

Virtually anything that can he copyrighted can also be digitized. Once
digitized, anyone with a computer can capy it, modify it and distribute it 1o
anvone else who has access to a nerwork. Electronic information is easy to
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copy and redistribute, but it is difficult to distinguish a valid copy from an
illegal one. The regulations that exist today (e.g. no downloading at all: ng
electronic storage—view only; no copies or distribution, even internally;
no copies or distribution to third parties; and specific limitations o
; various types of use} are largely ignored [41]. Information providers (ie,
publishers) implicitly endorse this behavior by “looking the other way”
in many instances. What are the responsibilities of digital libraries in
enforeing copyright laws applying to the information and services they
provide?
| MNew copyright laws and practices, at least with respect to electronic infor-
| mation, are going (o have to be created because the speed of technological
advancements have left legal systems far behind [41, 957, In the US, several
proposals are being considered [49, 52], Since new laws and practices must
be enforceable, they must rely on new technology to help protect copy-
righted material from unauthorized access [19, 32], reproduction, manipula-
tion, distribution, and performance or display. New technology will
probably also assist in the detection of copyright violations through new
methods of authentication, management of copyright protected material
| {such as the clearing house model used predominantly by the music indus-
try ), and licensing techniques [41].
| Several methods to protect intellectual property rights and copyright of
| electronic information are currently under investigation, They include

[49]:

(1} Fractional access: this only applies to very large informution sources
(e.g. LEXIS/NEXIS) whose value lies in the volume of information
and the knowledge that can be gleaned [rom analyzing the entire col-
lection. There is no economic advantage to copyving small portions
of the data, and illegally copying the entire data source should be
relativelyv easy to detect.

| (2) Interface control: this requires a proprietary interface to access

information, implving that universal access is no longer possible.
(3) Hardware locks or “dongles”: these are the hardware equivalent of
interface control (a software solution). Access to information is

i restricted by proprietary access hardware (video games such as Sega
or Nintendo are good examples),

(4) Information repositories: legitimate copies are only available from

! one large repository or source; any other copy is not legitimate.

I Some organizations exploring this approach include: in the US

InterTrust (previously EPR—Electronic Publishing Resources) and

CNRI (Corporation for National Research Initiatives, currently

working with the US Copyright Office) and in Europe, Imprimatur
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(Intellectual Multimedia Property Rights Medel and Terminology for
Universal Reference).

(5) Steganography: the embedding of hidden messages in information.
Each legal copy is labeled with a different identification number
allowing illegal copies to be tracked back to the original purchaser
(i.e. “digital water-marks”—see [34] for a good example). The major
problems are that the “hidden™ codes or messages are easy o remove,
hard to insert and while the method appears to work with complex
images it does not work with simple rext and may not even apply to
audio data,

(6) Encryption: information is encrypted (sometimes in cryptolopes or
secret envelopes), and cannot be interpreted without an encryption
key (software or hardware dependent).

(7) Economic approaches: identifying ways to make it uneconomical to

pirate or illegally copy electronic information. Ideas include: provider

page charges to reduce the per-copy price, site licenses to reduce on-
site cheating, and advertiser supported publications,

Flickering or "Waobbling": information technology that allows a

customer to view but not capture information [48].

(8

—

5.3 Quality and Security Issues

Publication (especially by reputable publishers ani editors) lends credi-
bility to information content. There is less concern about fraud, plagiansm,
and unreliable or invalid information with non-electronic formats. Most
non-electronic information (especially scholarly information) is subject to
some kind of peer review or validation process, further augmenting percep-
tions of quality. Unfortunately, quality is harder to determine in on-line
information, None of the existing searching engines has a way of evaluating
electronic information quality (traditional information quality cues are typi-
cally missing) and therefore no way of sorting or filtering information by
quality,

Lack of information about quality tends to limit searching to known
experts (authors, Web sites, organizations, publishers or journals, etc.) or
information recommended by known experts. Some search engines do use
either an individual expert's profile or a group profile to request information
(i.e, “give me information identical to what Joe Einstein requests”).
Information integrity is still a problem, however, because electronic infor-
mation is so easily modified. Electronic information is tarely guaranteed to
be truly generated or endorsed by the expert. Currently, electronic scholarly
publishing is a hotly debated topic. Much of the concermn centers around
questions of information and intellectual quality [26, 33, 71].
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Issues of security and control are related to quality issues. Digital libraries
need 1o address security in at least four areas [1, 41]:

(1) Confidentiality: protecting access to the information content (espe-
cially sensitive information, such as personal, financial or health
information, and strategic business or national information) from
unauthorized access and distribution,

(2) Awthenticiry: attributing information to the correct author(s) and vali-
dating 1t as original, accurate, and correctly attributed. This can he
especially difficult in a multi-authored and multi-versioned environ-
ment [99],

(3) fniegrity: protecting information content from unauthorized modifi-
cation. This type of security invelves a balance between easily
enabling authorized updates and preventing unautharized ones, The
authenticity of modifications must be verifiahle (challenging in 2
multi-author, multi-versioned environment).

{(4) Privacy. protecting information access and usage patterns from
unauthorized access and resale,

An important challenge for the implementation of any security technigue is
to balance the needl for security with the need for performance (access and
timeliness). Authorized access and modification must not be so difficult that
it is never attempted, or abandoned before completion. Likewise, while val-
idation technigues must be as accurate as technically feasible, they eannor
be so time and resource intensive that the accessibility and timeliness of the
information is compromised. Information is not valuable {f it is not access-
ible, timely or useful.

5.4 Social Issues

There are several kinds of social issues faced by digital libraries. The
major ones include;

® Literacy: in order to use a digital library a certain basic level of educa-
tion or training is required, (i.e. a basic competence in the operation of
a computer). Who will be responsible for providing basic computer
skills and training? Should training be freely available through public
education systems or should it be part of the services provided by
digital libraries? Will access to training as well as access to the appro-
priate equipment (computer) and facilities (an account and storage
space on a server) separate society into information “haves” and “have-
nots™? If 50, what are the implications of this division?
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o Cultural biases: filtering wnd organizing electronic information 10
assist i coping with information overload is a useful service.
Unfortunately, the result, deliberate or unintentional, is that the cultural
biases and social values of the serviee provider are imposed [6], The
simplest example of this is language bias. Should information be
accessed in the language in which it was generated, or should part of a
digital library's information service be the ability to translate informa-
tion inte the customer's language of preference? One interesting
approach in Japan is the MHTML project which provides multilingual
browsing capability to a collection of Japanese fairy tales. The server
cun handle Japanese, Korean, Chinese, Thai, and several European
languages including French and English [55].

Translation of words (written or spoken) is relafvely staightfor-
ward, but what about translation of non-language information (i.e.
images or music)? Furthermore, information considered publicly
appropriate for one group of people may be offensive or even illegal lor
another [42]. One solution may be to develop highly sensitive and indi-
vidually customizable user-interfaces that could accommodate a given
individual or group’s cultural and linguistic preferences [29].

o Fthical considerations: the traditional librarian's perspective is that
libraries have a responsibility 1o ensure socially and economically
equitable public aceess to information [6]. However, not all govern-
ments, organizations or social groups support universal access and
may, indeed, actively attempt to restrict access to certain kinds of
information deemed inappropriate.

Universal access also involves ethical issues related to censorship
and cultural bias. Not all information is appropriate for all groups,
Different individuals and cultures have different opinions about the
accessibility and even the definition of material that could be consid-
ered inappropriate due to background (racial, religious, cultural), sex
(including sexual preference), age and health. Included here is such
information as: pornography, material generated by hate groups and
other racial or religious persecutors, sexual predators (particularly
child predators), drug cealers, terrorists and other criminals [49].
Should there be a limit on what information a digital library can
provide access to? How could such a limitation be imposed and by
whom? Or should there be limits on what kinds of information an indi-
vidual can receive (who has the authority to determine and impose such
limitations, and how might it be accomplished)?

o LEguality: this issue addresses questions such as, is there equal access to
information and do individuals have an equally likely chance of
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providing it. Experiences from some forms of electronic scholar] ¥ pub-
lication (i.e. e-print archive for high-energy physics) is very positive,
Access is more equal in the electronic version than the printed version
as the information is posted, and anyone can access it [33]. There are
other instances, in the vast biomedical collections for example, whers
the volume of information is so huge that information is typically
requested by a very small set of well-known and respected authors,
Journals, research cenlers, or some combination of those, making it
extremely difficult for newcomers to get recognized and accepted,
Fears about the lack of quality control in electronic information drive
this tendency even more dramatically. There miy be no difficulty in
equitably providing electronic information, but how can consumers be
encouraged to access it equitably?

6. Digital Library Research Activities: An Overview

In the last five years, there has been an explosion of digital library
research, digital library initiatives and digital library programs both in the
United States and around the world. In briefly describing some of these
efforts, we have tried to suggest their breadth and variety. As these pro-
grams are constantly growing, expanding and changing, the most current
source of information about them can be found through their Web pages,
from which we have heavily drawn in the following sections. We apologize
if the sites that we list have changed or are no longer active, There are many
more digital library efforts than can possibly be included in this chapter, We
have tried to offer descriptions of programs with which we are most famil-
1ar or consider interesting. Obviously, there are miny interesting efforts that
we may have missed,

The focus of digital library initiatives can either be research or techni-
cally oriented, primarily coming out of major research-oriented compuier
science departments, and emphasizing new methodologies, new technolo-
gies, new tools and new methods of storing and accessing information, or it
can be library or socially oriented, examining collections and social issues
and concerns related to digital libraries, In the United States, the federally
funded digital library initiative projects are at the research end of the spec-
trum, while most of the digital library projects in other countries, like Japan,
are more library and collection oriented [49]. However, many large-scale
digital library projects incorporate both components, but in different
proportions.

From an international perspective, the first US federally funded Digital
Library Initiative (DLI), described in more detail below, has made at least
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two fundamental contributions, First, the research effort is substantial and is
beyond the scope and definition of other digital library projects. All DLI
projects are heavily research oriented and focus on exploring and identify-
ing new scalable technologies for large-scale digital library content and
users. Second, each project has been given a great deal of autonomy in
defining the scope and focus of its research. While any large digital library
effort requires resources commonly found only at the national level, and
indeed most of the international digital library efforts are national govem-
ment level efforts, this US effort essentially provides research Hgeed
money,” with minimal governmental intervention [42]. The response and
support of this four-year research effort from the digital library community,
both in the US and internationally, have been overwhelming.

6.1 Digital Library Research Activities in US

Many digital library research activilies and programs are in progress in
the United States and the number is rapidly increasing every month, Most of
the research and work has occurred in the public sector and in institutions of
higher learning, although the private sector has often generously contributed
funding and technology exchange. As electronic comimerce mcreases in its
influence and its impact on the US economy, we believe that the private
sector will become more involved in digital library research programs.

Because the US federal government has been responsible for the majority
of the funding for US digital library efforts, this section is divided into two
parts: US digital library initiatives that are federally funded and others. It is
clear that the US government intends to continue funding this important
research. Two new federally funded US digital library initiatives are the
DLI-2 (Digital Library Initiative—Phase 2) announced in the spring of
1998. and the International Digital Library Initiative (announced in the fall
of 1998). The international initiative will be jointly funded by the US and
other nations’ governments and organizations and will stress international
cooperation and internationally distributed and accessible collections.

6.1.1 The NSFINASA|DARPA Funded Digital
Library Initiative (DLI)

In September 1993, the National Science Foundation {MSF) announced i
jointly funded digital library initiative in conjunction with the National
Aeronautics and Space Administration (NASA) and the Defense Advanced
Research Projects Agency (DARPA). A total of $24.4 million was awarded
to six research consortiums composed of major research universities,
industry and other interested organizations. This initiative has been the
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flagship research effort for the National Information Infrastructure ( NIT)
program.

The projects’ focus was to be on dramatically advancing the rechnology
involved in collecting, storing, and organizing digital information, and
making that technology available for searching, retrieval and processing via
communication networks. Particular emphasis was to be placed on user-
friendliness and leveraging prior research in high performance computing
and communications technology. The four-year projects (1994—1998) are
centered at Carnegie Mellon University, the University of California,
Berkeley, the University of California, Santa Barbara, the University of
Hlnois at Urbana-Champaign, the University of Michigan, and Stanford
University,

The digital library effort was identified as a “National Challenge™ (a fun-
damental application that has broad and direct impact on US competitive-
ness and the wellbeing of its citizens) in the Information Infrastruciure
Technology Applications component of the US High Performance
Computing and Communications Program (HPCC). The key technological
issue has been how to index, locate and display information of interest from
very large, distributed (potentially internationally distributed) digital infor-
mation repositories (or collections). In essence this involves developing
infrastructures or architectures and tools for multimedia information
retrieval on the Internet [B8]. The six projects are briefly described in
alphabetical order in the next six subsections.

6.1.1.1 Carnegie Mellon University: Informedia (www.infor-
media.cs.cmu.edu/) The title of this $4.8 million project is: “Full
Content Search and Retrieval of Video.™ It is also called the Informedia
project. The principal investigator is Howard Wactlar of the School of
Computer Science. Industrial partners and collaborators include:

o corporations—BBC  (British  Broadeast Communications), Bell
Atlantic Network Services, The Boeing Company, Digital Equipment
Corporation, the Vira I Heinz Endowment, Intel Corporation,
Microsoft Inc., Motorola, QED Communications (WQED in
Pittsburgh, Pennsylvania, a public television station); and

o educational institutions—the Fairfax Virginia County Public Schools,
the Open University, in the United Kinedom, and the Winchester
Thurston School in Pittsburgh, Pennsylvania,

The testbed database consists of 1000 hours of digital video from the
archives of public television station WQED/Pittsburgh, Electronic Field
Trips on video from the Fairfax County Virginia public school system and
video course material produced by the BBC for the Open University, The
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research is primarily concemned with creating and searching this interactive
on-line digital video library by capitalizing on a number of techniques for
which Camegie Mellon University is famous [49]:

e image analysis—partitioned video, image feature, frame classification
from the Machine Vision project,

o speech recognition—the Sphinx, HEARSAY projects,

e face recognition—matching faces to names in voice transcript, and

e natural language understanding—using content-hased video retrieval,

video paragraphs, and segmentation and experience from the Tipster.
Ferret and Scout projects.

The project is also investigating various methaods of protecting the collec-
tion's intellectual property data rights and techniques to provide security
and privacy through network billing, varizble pricing and access control
{NetBill praject).

The Informedia project digital video library system was created by
Carnegie Mellon University and WQED/Pittsburgh and allows users to
access, explore and retrieve video science and mathematics materials.
[nformedia integrates speech, image and natural language undersianding
technologies. The digital library is populated by automatically encoding,
segmenting and indexing video data that is partitioned into scenes using
image analysis (image and frame features), speech recognition (including
hoth closed captioned transeripts and automatically generated transcripts
using the CMU speech recognition abilities from Sphinx and HEARSAY
projects), face recognition (matching faces with names in the transcripts),
and natural language understanding. The collection is chunked or seg-
mented into video clips or video “paragraphs” (using visual scenes or con-
versations as boundaries). Video data contains temporal and spatial
information and is typically massive and unstrucrured, making it extremely
difficult to segment. The ultimate goal is full-content and knowledge-based
search and retrieval of the video collection. Usability studies are conducted
using K-12-age children from the Winchester Thurston School in
Pittsburgh, Pennsylvania and investigate questions related to human factors
such as learning, interaction and motivation [96].

Video user-interface requirements are more challenging than those of
other multimedia collections, so various new techniques and approaches are
under investigation. Especially challenging is the need for data representa-
tion for video clips which will allow “video skimming” by users to deter-
mine the relevance of a particular video segment. Problems encountered in
the resolution of video error and variability caused by music and noise
mixed with speech, segmentation of long fragments of video, inappropriate
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language models, error-prone closed-captioned data and SCTIPLS, d4coustic
modeling, identification of speaker change, and speech recognition for
keyword retrieval [96] are also being studied. Issues involving human-
computer interaction, pricing and charging for digital video use, and privacy
and security are being addressed as part of the research program. More
detail is available from the project’s homepage listed ahove, including links
ta a series of publications on the project [96].

6.1.1.2 University of California at Berkeley (elib.cs.berkeley.
edu/) The title of this $4 million project is “Work-centered D gital Infor-
mation Services.” The principal investigator is Robert Wilensky of the
Computer Science Department, Partners and collaborators in the project
include:

e University of California partners—Office of the President, University
of California at Berkeley Division of Computer Science, Office of
Information  Systems and Technology, Research Program in
Environmental Planning and Geographic Information Swstems, and
School of Information Management and Systems:

e State and federal agencies and organizations—California Department
of Fish and Game, California Department of Water Resources.
California Environment Resources Evaluation System, California Land
Use Planning Network, California Resources Agency, California State
Library, San Diego Association of Governments, Shasta County Office
of Education, Sonoma County Library, and USDA Forest Serviee:

o [ndustrial pariners—Hewlett Packard (HP}, Informix, IBM Almaden,
Phillips Research, The Plumas Corporation, Ricoh California Research,
The State of California Resources Agency, Sun Microsystems, and
Xerox Corporation (Xerox PARC); and

The primary testbed database contains environmental information. Primary
research topies for the project include [49]:

® image content gueries—under investigation primarily at Xerox PARC
using the Cypress engine and metadata or derived data generated al
data acquisition time:

e rechniques for database extraction from documentsi—including a
variety of data formats from tables to spreadsheets or databases:

o multivalent documents (MVD)—a new digital document model which
involves the creation of multiple potentially distributed layers of the
same document, each containing different “behaviors:”
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o natural language processing (NLP)—lexical disambiguation, and
statistically based NLP; and

e automatic categorization—TileBars based on TexTile analysis which
represent document content,

Other research areas include; automated indexing; intelligent retrieval and
search processes; database technology to support digital library applica-
tions; new approaches to document analysis; and data compression and
communication tools for remote browsing. A prototype digital library was
created and contains environmental information to be used for the prepara-
tion and evaluation of environmental data, impact reports and related mate-
rials. The research prototype will eventually be deployed in the State of
California as a full-scale CERES production system,

The project’s main goal is to develop technologies for intelligent access
to massive, distributed collections of photographs, satellite images, maps,
full text documents, and “multivalent” documents. To accomplish this the
project has focused on user needs assessments and a “simple” architecture
consisting of information repositories, interoperable clients, indexing and
searching techniques, interoperability mechanisms and protocols (e.g.
ZQL-—a Berkeley designed protocol that combines the SGL and Z39.50
protocol standards). The UC Berkeley project has created an interesting
approach to image representation, “Blobworld,” which locates objects by
erouping low-level image properties (color, texture, symmetry) together
into coherent units in a hierarchical manner. Users can query the image data-
base by indicating on a given photograph regions central to their query.
Blobworld returns images that contain regions that match user input. More
detail can be obtained from the project's homepage mentioned ahove
(including some very interesting demonstrations of their work and a list of
publications) [100].

6.1.1.3 University of California at Santa Barbara: Alexandria
(alexandria.sdc.ucsb.edu/] The focus of this $4 million project is on
“Spatially-referenced Map Information,” It is also called ADL (Alexandria
Digital Library), The principal investigator is Terrence R. Smith of the
Departments of Computer Science and Geology. Partners include:

e academic groups from the University of California at Santa
Barbara—Center for Remote Sensing and Environmental Optics,
Departments of Computer Science and Electrical and Computer
Engineering, Graduate College of Education. Map and Imagery
Laboratory, and National Center for Geographic Information and
Analysis (NCGIA),
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e academic researchers from NCGIA at other mstitttions—Universipy
of Maine at Orono and State University of New York at Buffalo
(SUNY-Buffalo);

e libraries—Library of Congress, St Louis Public Library, SUNY.
Buffalo Library, UC Center for Library Automation and US Geological
Survey Library: and

e industrial partners—AT&T, Conquest, Digital Equipment Corp-
oration (DEC), Environmental Systems Research Institute ( ESRI), and
KErox,

The project testhed database consists of maps, aerial photographs, atlases,
gazetteers, and other spatially indexed information. The research focus is on
[49]:

o spatial indexing and retrieval;

e rapid response to image data queries—including multi-resolution
image storage and display;

® image processing using features—(i.e. texiure, colar, shape, location):
anid

® a variety of problems related to a distributed (i.e. across the Internet)
digital library for geographically referenced information (ie. all the
objects in the library will be associated with one or more regions, or
“footprints,” on the surface of the Earth).

The primary project goal is to provide a comprehensive set of library ser-
vices for spatially indexed and geographic information. The user interface
supports both textually based and visually based queries focusing particu-
larly on content-based searching. The collection is indexed using both top-
down technigues (metadata based on a combination of USMARC I B
Machine-Readable Cataloging, and FGDC, Federal Geographic Daty
Committee standards) and bottom-up automatic techniques,

The project is centered at the University of California, Santa Barbara
(UCSB) because of its major map and image collections and its strong
research focus in the area of spatially indexed information. The project is
expected to expand to include other UCSB components, and other interested
libraries such as the SUNY-Buffalo Library, the Library of Congress, the
United States Geological Survey Library and the St. Louis Public Library.
Facilities for geographical information interfaces, electronic catalogues, and
information storage and acquisition will be included at each prototype test
site. More detail is available from the project’s homepage mentioned above
{including a demonstration and a list of publications), and from [91] and
[92].
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6.1.1.4 University of lllinois at Urbana-Champaign. Interspace
(dli.grainger.uiuc.edu/) The focus of this $4 million project is on
“Federating Repositories of Scientific Literature.” It is also called the
Interspace Project. The principal investigator is Bruce Schatz of the
Graduate School of Library and Information Sciences and the Nutional
Center for Supercomputing Applications at Illinois, Other principal
researchers include: Ann Bishop, Hsinchun Chen (University of Arizona),
and Bill Mischo. The principal partners include:

e publishing partners and professional societies (providers of digitized

material ) —Academic Press, Inc., American Association for the
Advancement of Science (AAAS), American Astranomical Society
{AAS), American Chemical Society (ACS), American Institute of
Aeronautics and Astronautics (ALAA), American Institute of Physics
(AIP), American Physical Society (APS), American Society of
Agricultural Engineers (ASAE), American Society of Civil Engineers
(ASCE), American Society of Mechanical Engineers (ASME),
Institution of Electrical Engineers (IEE), Institute of Electrical and
Electronics Engineers (IEEE), IEEE Computer Society, Institute of
Physics, Tribune Company, US News and World Report, and John
Wiley & Sons;

software and hardware providers—BRS/Dataware, Hewlett Packard,
Microsoft, Tnc., NETBILL, OpenText, SoftQuad, Spyglass, and United
Technologies; and

athers—The University of Anizona, Carnegie-Mellon University, CIC
Consortium (members of the Big Ten Universities), Corporation of
National Research Inidatives (CNRI), and National Center for
Supercomputing Applications (NCSA).

The testbed database consists of a collection of engineering and science
journals and magazines. The technology focus of the project includes
investigating:

conversion of SGML to HTML documents and the conversion of
digital non-SGML documents to SGML;

semantic retrieval using noun phrases—concept spaces;

e automatic semantic categorization using neurdal networks—category

maps;

supercomputing simulation of large-scale semantic analysis;
information representation or visualization; and

semanltic interoperability or vocabulary switching across knowledge
dlomains,
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The project is based in the Grainger Engineering Library Information Cenrer
at the University of Illinois at Urbana-Champaign and is centered arouni
engineering and science journals and magazines. The testbed pratotype
(called DeLlver) is a production facility at the university library. It contains
hundreds of thousands of full-text documents and is accessible to thousands
of users at the University of Illinois, The testbed software supports compre-
hensive indexing, searching, and display of the complete contents of the cal-
leetion including text, figures, equations. and tables, The primary focus is on
seamless textual information retrieval across distributed, heterogencous
digital information repositories. However, a joint praject with the
University California at Santa Barbara, The University of Arizona and the
University of lllinois at Urbana-Champaign is also investigating informa-
tion retrieval using fexture for images (in particular, satellite images and
aerial photographs) [17].

Indexing the collection combines humanly determined and assigned
meta-tdata (a top-down approach) and automatically generated, statistical
co-oceurrence analysis based indexing terms (a bottom-up approach),
Research includes sociological evaluation of the testbed (including a user
evaluation study), technological development of scalable deep semantic
retrieval and data visualization techniques, and a prototype design of «
future scalable information system (the Interspace). The ultimate goals of
the project are to bring professional quality index, search and display capa-
bility to a large digital collection that is accessible via the Internet and 1o
develop and implement an Interspace prototype (a vision of future evolution
of the Internet). More detail is available from the project's homepage listed
above, which includes a list of publications and presentations on the project
and from [86] and [90].

6.1.1.5 University of Michigan: UMDL {www.si.umich.edu/
UMDL/] The focus of this $4 million project is on “Intelligent Agents for
Information Location.” It is also known as UMDL (University of Michigan
Digital Library), The principal investigator is Daniel Atkins of the School of
Information. Partners include:

o library partners—Ann Arbor Public Library and New York Public
Library:

e school partners—in Ann Arbor, Michigan: Huron High School,
Community High School, Roberto Clemente Student Development
Center, and Ann Arbor Public School Administrative Staff and in New
York: Hunter College High School, and Stuyvesant High Schoal;

e publishing partners—American Mathematical Society, Association of
Research Libraries (ARL), Cambridge University Press, Elsevier
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Science, Encyclopedia Britannica Educational Corporation, Groliers,
MeGraw-Hill and University Microfilm (LUIMI): and

o corporate and organizational partners—Apple Computer, Bellcore,
Eastman-Kodak, Hewlett-Packard, IBM, Svbase and UM Intermnational,

The testhed database contains earth and space science multi-media informa-
tion. The major focus of the research includes:

e scalability—using agents to help unify diverse collections and locate
information; and

e education—investigating “inquiry-based education,” a new teaching
style that heavily utilizes the Internet and digital libraries.

Specific research topics include investigating: the use of agents to unify col-
lections and services (scalability); conspectus search (i.e. finding appropri-
ate collection); new educational methods (i.e. “inguiry-based education”);
and several different approaches to copyright and intellectual property pro-
tection on the Internet. A critical component of the project is the testing and
evaluation of the prototype system by a wide variety of users, including
those from on-campus, local high schools and public libraries. Michigan has
several other ongoing digital library projects (JSTOR, TULIP, and “The
Making of America”) that it is integrating with this effort [49],

The Michigan project is investigating the coordination of three levels or
types of agents for intelligent information identification and retrieval: user
interface agents which interact with the user to define and determine the
scope of the inquiry, mediation agents which coordinate the requests of
many user interface agents and their interactions with the collections (using
a conspectus approach to searching) and collection agents which handle the
specific details of searching various media types within a given collection.
Another focus of the project is investigating the pricing of electronic access
to knowledge using agents that negotiate access fees based on supply and
demand or market information (see the Internet AuctionBot information on
the project's web site). More detail can be obtained from the project’s home-
page (which also contains a list of publications, a demonstration, and links
to other related sites) and [5] and [22],

6.1.1.6 Stanford University: InfoBus (walrus.stanford.edu/
diglib/) The focus of this $3.6 million project is on “Interoperation
Mechanisms among Heterogeneous Services.” It is also called the InfoBus
project. The principal investigator is Hector Garcia-Molina of the Computer
Science Department.

Participating organizations include: Association for Computing Machinery
(ACM), Bell Communications Research (Bellcore), Enterprise Integration
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Technologies (EIT), Hewlett-Packard Labs (HP), Hitachi Corp., Hughes
Research Laboratory, Interconnect Technologies Corporation (ITC), Intervy|
Research  Corporation, Knight-Ridder Information (Dialog Information
Services—DIS), MIT Press, NASA/Ames Research Center ( NASA/ARD)
including the Advanced Interaction Media Group and the library, Nayy]
Command, Conirol and Ocean Surveillance Center (NCCOSC), O'Reilly angd
Associates, WAIS Inc. and Xerox PARC.

The primary focus of this project is interoperability. It has a small testhed
database consisting of computer science literature. Primary research topics
include:

e investigating different database infrastructures for digital library
support primarily focusing on CORBA (the distributed-object standard
developed by the Object Management Groupj;

e investigating different network infrastructures for digital library
support; and

e investigating a World Wide Web annotation service which allows “per-
manent” annotation of Weh pages without modification to the original,

The problems involved in the integration of a variely of heterogeneous
information sources (ranging from personal sources to public library or
repository sources to private or proprietary domain specific sources) at o
higher level than the current transport-oriented protocols is one of the
primary research thrusts of the project. The goal is ta develop enabling tech-
nologies for a single, integrated “virtual™ library available over the Internet
that provides uniform access to a large number of networked information
sources and collections, thus requiring new forms of information sharing
and communication models, client information interfaces and information
finding services. Another research focus is on the legal and economic issues
of a networked environment, Inter-Pay, for example, is an architecture
designed to provide interoperability for fee-based services; while the
Stanford SCAM and COPS (Copywrite Protection Service) projects ire
involved with the protection of intellectual property in electronic or digiial
forms [70)].

The heart of the Stanford project is the “InfoBus” protocol, which pro-
vides a uniform way to access a variety of services and information sources
through “proxies™ acting as interpreters between it and each collection’s
native protocol and thereby allowing access to multiple, distributed infor-
mation sources, The InfoBus protocol is supported by a variety of user-level
applications, which provide powerful ways to find information by using
cutting-edge user interfaces for direct manipulation or through agent tech-
nology. Examples of Stanford projects involved in information location



DIGITAL LIBRARIES 287

include GIOSS (Glossary-of-Servers Server) which helps identily the most
relevant information sources for a particular query and SIFT (Stanford
Information Filtering Tool). More detail is available from the project’s
homepage mentioned above, which contains some excellent links to other
digital library information [35, TU].

5.1.2 Other Major US Digital Library Research
Activities

There are several other major US digital library research activilies, Most
of them involve large-scale content creation and user testheds.

6.1.2.1 Library of Congress (leweb.loc.gov/) The most ambi-
tious national level project in the United States is the Library of Congress
National Digital Library Program under the direction of James Billington.
This project’s goal is to digitize over 3 million multimedia items from the
oxtensive Library of Congress collection with particular focus on historical
information. There are currently 32 historical collections available for
keyword searching and browsing (by titles, topics, and library division by
collection type—i.e. photos and prints, documents, maotion pictures, maps
and sound recordings). This project includes: the American Memory project
which will become one of the testbeds for the DLI-2 initiative; THOMAS,
which provides full text access to bills under consideration in the US House
of Representatives and Senate; and Library of Congress exhibitions which
are now indefinitely available on the Internet. Many other databases and
information resources are available on-line through the Library of Congress
Internet gateway. Some of these resources include: Library of Congress cat-
alogs (which contain over 110 million items); access to catalogs at over 200
other libraries both within and outside the US (through the Z39.50
Gateway); Library of Congress Thesauri; the Vietnam FEra Prisoner of
War/Missing in Action and Task Force Russia Databases; Science Tracer
Bullets (SCTB) Online (bibliographic guidesk; GLIN—Global Legal
Information Network: and US Copyright Office Records.
Other digital library projects at the Library of Congress include:

e Standards: The Library of Congress is the maintenance agency for
several key standards used in the information community, including US
Machine-Readable Cataloging (MARC) formats, the Z39.50 informa-
tion retrieval protocol, the Encoded Archival Description (EAD)
Document Type Definition (DTD) for Standard Generalized Markup
Language (SGML), and the International Standard Serial Number
(ISSN}.
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The Library of CongressiAmeritech National Digital  Library
Competition: With a gift of $2 million from the Ameritech Foundation,
the Library of Congress is sponsoring a competition to enable public,
research, and academic libraries, museums, historical societies and
archival institutions (except federal institutions) to create digital col-
lections of primary resource material, These digital collections wil]
complement and become part of the collections of the National Digital
Library Program at the Library of Congress. The Library of Con-
gress/Ameritech National Digital Library Competition’ will tun for
three consecutive years beginning in 1996, with the expectation that
eight to ten awards of up to $75,000 each will be made annually,

The Digital Library Federation: Fifteen of the nation’s largest research
libraries and archives agreed in 1995 to cooperate on defining whay
must be done to bring together digitized materials that document the
building and dynamics of United States heritage and cultures and will
be made accessible to people everywhere, Members include: Columbig
University, the Commission on Preservation and Access; Comell
University, Emory University, Harvard University, The Library of
Congress, National Archives and Records Administration, The New
York Public Library, Pennsvlvania State University, Princeton
University, Stanford University, University of California at Berkeley,
University of Michigan, University of Southern Calif, ornia, University
of Tennessee, and Yale University.

Some of the projects include: Computer Sciences Technical Reports

(CSTR) Project at Berkeley, Emory University Virtual Library,
Information Infrastructure Project (Harvard University), Making of
America Project (Cornell University and the University of Michigan),
Networked Computer Science Technical Reports Library (NCSTRL ar
Cornell  University), New York State Museum Bulleting Project
(Columbia University), Open Book Project (Yale University) and
Stanford University Computer Science Electronic and Technical
Reports Library,
The Global Information Society: The Library of Congress is a member
of the Global Information Society and participates in the G-7
“Electronic Libraries' Praject (a part of the Group 7 Bibliotheeca
Universalis project) with France, Japan, Germany, Canada, Italy, and
the United Kingdom. The Library officially represents the United
States on issues of international importance to the future of libraries,

6.1.2.2 National Aeronautics and Space Administration—

NASA (www.nasa.gov/) In addition to supporting the Digital Library
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Initiatives, NASA provides the ability to search on-line its extensive collec-
tions, with particular emphasis on its earth science scientific data collection
(predominantly satellite data and images). Some of the available NASA
information includes: AVHRR 1 km Data Browser (Traly) Live Access to
Climate Data (NOAA), Crustal Dynamics Data Information System
(NASA), The Earth Science Data and Information System Project, EOS
Data Information System Distributed Active Archive Centers, The Global
Change Data Center, Global Hydrology Resource Center (GHRC), Guide to
NASA Online Resources, National Climare Data Center (NOAA), NASA
Documents on-line, NASA News Archives, NASA's Earth Observing
System Earth Images and Data, NASA Facis on-line, NASA News
Archives, Pathfinder Datasets, SeaWiF5 Project—Ocean Color Data, The
Total Ozone Mapping Spectrometer (TOMS) Project and Dara, and many
other NASA publications.

NASA's Digital Library Technology (DLT) project supports the develop-
ment of new technologies to facilitate public access Lo NASA data via com-
puter networks, placing greatest emphasis on scalable technologies that
develop tools, applications, and software and hardware systems, The DLT
project and the Public Use of Remote Sensing Data (RSD) project, are two
related elements of the Information Infrastructure Technology and
Applications (IITA) component of NASA’s High Performance Computing
and Communications Program (HPCC).

6.1.2.3 FedStats (www.FedStats.gov) The collection available in
this multiple agency project includes statistical information (reports, charts,
tables. ete,) from more than 70 different US governmental agencies. This
information has two major data types (textual and numerical) and is Web
accessible in a variety of formats from spreadsheets to relational databases.
The major challenges include designing flexible presentation and intelligent
user interfaces that can assist users in transforming raw statistics into useful
information or knowledge.

6.1.2.4 IBM (www,software.ibm.com/is/dig-lib/] The IBM
digital library is one of the first commercial digital library efforts in the
United States. It consists of an array of products and services aimed at
helping customers transform information into digital multimedia forms that
can be shared with others via networks and includes tools to manage,
present and protect that information. The primary focus of the IBM digital
library is on image retrieval (e.g. Seriptorium) with particular emphasis on
high quality image presentation, searching capabilities for multimedia infor-
mation, and copyright and intellectual property management capabilities
[34]. The IBM digital library integrates a wide array of scalable information
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storage, munagement, search, retrieval, and distribution technologies, many
of which were already availuable, into a single architecture. Excellent exam.-
ples of the IBM digital library are the El Archive General de Indies, the
works of Andrew Wyeth, and the Vatican Library project, all of which i
be found in [34].

6.1.2.6 The California Digital Library Project (www.lpai. ucop.
edu) The California Digital Library or CDL is the tenth system-leve|
University of California library and is administered from the Office of the
President, The University of California system (nine campuses with nine-
system level libraries) owns a collection of over 29 million volumes in it
100-plus individual libraries. With the exception of the Library of Congress,
this collection is the largest on the American continent. Each of the nine
University of California campuses has its own library svstem, but the CDL
(formerly known as the Division of Library Automation) is the first system-
wide library with a primary emphasis on accessibility and digitization. The
CDL is responsible for leading several automation and digitization projects
for the University of California, and far expanding both the accessible col-
lections (to include more public and private libraries and museums und
libraries and museums from California, around the United States. and even-
tually the world) and extending accessibility (1o include the general public).
Resource sharing is ohy iously one important focus of CDL, but another
major research area includes efforts to reduce staggering increases in costs
over the last five years by exploring electronic alternatives to scholar] ¥ puh-
lishing. The first target shared collection for digitization in the CDL is 4
Science, Technology and Industry Collection which will include ACCESS to
approximately 1000 science and technology journals when it is complete,
Plans are already underway to begin processing a Humanities and Social
Sciences shared digitized collection.

CDL's responsibilities include the maintenance and continuing develop-
ment and expansion of MELVYL, which can search on-line the entire sys-
tem’s catalog, the California Academic Libraries list of Serals and
approximately 120 other databases, 25 of which are commercial products
such as MEDLINE. The system can be accessed either by telnet or through
the Interner, The original objective of the MELVYL system was to unite and
pravide on-line access to the library collections of the entire University of
California system, The objective has since shifted to providing state-wide
and wider access to a broad ran ge of information sources for research and
education, Several other public and private libraries in California (including
museums and museum collections) like the Stanford University Library are
now accessible, and the goal is to continue to expand accessibility. Richard
E. Lucier was named to head the CDL in October of 1997, Funding for CDL
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was budgeted for $1.5 million in the fiscal year 199798 and approximately
¢4 million in the fiscal year 199899 [64].

6.1.2.6 The DARPA D-Lib Program (www.dlib.org} D-Libisan
excellent on-line digital library reference source coordinated by CNRI and
sponsored by the Diefense Advanced Research Projects Agency (DARPA),
The Web site provides access to the D-Lib Magazine (an on-line manthly
compilation of contributed stories, commentary, and briefings); Ready
Reference (an exceptional clearinghouse of pointers to other sites on the
Web of interest to researchers and users of digital libraries); Technology
spotlight (a collection of demos and interesting reports and papers related to
digital library research); and other information.

6.1.2.7 JSTOR (www.jstor.org/] JSTOR is a not-for-profit organi-
sation initially established with funding from The Andrew W, Mellon
Foundartion. It is dedicated to helping the scholarly community take advan-
tage of advances in information technologies, in particular electronic pub-
lishing capabilities, in an effort to ease the costs of scholarly journal storage
and access, The project goals are to convert back issues of paper journals
into electronic formats to save space (and the capital costs associated with
that space) while simultaneously improving access to journal contents and
offering a solution to preservation problems associated with SLOFing paper-
based information.

A pilot project at five library test sites provided electronic access to the
hack files of ten journals in two core fields, economics and history. Every
issue of the ten participating journals published prior to 1990—approxi-
mately 750,000 total pages—has now been converted from paper into an
slectronic database that resides at the University of Michigan and is mir-
rored at Princeton University. Using technology developed at Michigan,
high-resolution (600 dpi) bit-mapped images of ‘ench page are linked 10 a
text file generated with optical character recognition (OCR) software which,
along with newly constructed Table-of-Contents indexes, permits complete
search and retrieval of the journal material.

Currently the collection contains the “back files” of over 530 journals and
it permits access from more than 300 universities and colleges around the
world [94]. Future plans include extending the collection to more tharn 100
journals (by the end of 1999).

6.1.2.8 Making of America—Cornell University and the
University of Michigan {moa.cit.cornell.edu/ and www.umdl.
umich.edu/moa/] The goal of the Making of America (MOA) Project
is to create and make accessible (over the Internet) a distributed digital
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library of materials on the history of the United States. The Cormel|
University and University of Michigan libraries have cooperated in the
initial phase of MOA, which has been funded by the Andrew W. Melloy
Foundation and the Charles E. Culpeper Foundation. The MOA project ix
designed to seleet complementary Journals ind monographs on I9th-century
US history from the two universities, create digital images of the material iy
a manner that ensures full capture of all significant information, and provide
equitable access to the combined digital collection from both campuses,

6.1.2.9 Project Open Book— Yale University (www.library,
yale.edu/preservation/pobweb.htm) Yale University Library's
Project Open Book is a resedrch and development program that is exploring
the feasibility and costs of large-scale conversion of preserved material
from microfilm to digital imagery. The project has three overall goals:

(1) Conversion—create a 10,000 volume digital image library from con-
verted microfilm and evaluate issues of workflow, quality, and cosi;

(2) Intellectual access—enhance intellectual access through the creadon
of document structure and page number indexes enabling scholars o
godirectly to a particular page or document structure element, such as
a table of contents; and

(3) Distributed physical access—enhance physical access to the digiral
library by providing distributed access over the Yale campus network
and eventually over the Internet.

6.1.2.10 The Red Sage Project {www.ckm.ucst edu/projects/
RedSage/) The Red Sage project was a four-year (1992-96) experi-
mentil cooperative effort between the University of California at San
Francisco, AT&T Bell Laboratories (Right-Pages), and Springer-Verlag
to provide on-line access to 70 Springer-Verlag, American Medical
Association (AMA) and other health-science related journals on molecular
biology and radiology. The goal of the project was to allow researchers,
clinicians, and students 1o search, read and print the full-page text, including
graphics and photographs, Red Sage investigated technical, legal, business,
and human factors issues related to network delivery of scientific journal
literature,

6.1.2.11 The TULIP Project—Elsevier (www l.elsevier.nl/
homepagefabou:r‘respmj/ruﬁp.shtmﬂ TULIP [7] was an Elsevier
Science Publishers initiative (1991-95) credted to explore the issues
involved in electronic scholarly journal electronic distribution. Ten universi-
ties (Camegie Mellon University—CMU, Cornell University, Georgia
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fnstitute of Technology, Massachusetts Institute of Technology—MIT,
princeton University, University of California (all campuses), University of
Michigan, University of Tennessee, University of Washington, and Virginia
Polytechnic Institute and State University) were involved in the project,
which also included several official observing insttutions (California State
University, Harvard University, Pennsylvania State University, Stanford
University and the University of Southern California). Approximately 60
\aterials Science journal titles comprised the testbed collection. The project
was especially interested in exploring economic models for electronic
access, investigating the technical feasibility of networked distribution
of journals, and investigating usage patterns for electronic access. One of
the maost significant contributions made by this project is its extensive user
evaluation effort [37]. It is now a commercial product.

6.2 Digital Library Activities in Other Countries

Most digital library activities in other countries focus on collections, par-
ticularly on improving access to collections of historical, cultural or artistic
significance. Many of the social issues surrounding digital libraries, espe-
cially legal issues related 1o copyright laws and protection of intellectual
property, are also of primary impartance in these activities. As most of these
efforts are at a national level, the primary lead organization is the national
library of the country or government agencies.

6.2.1 Canada

There are several Canadian digital library initiatives, The most recent, the
Canadian Initiative on Digital Libraries (CIDL) was initiated in 1998 and
comprises an allisnce of Canadian libraries. CIDL's goal is to promote,
coordinate, and Facilitate the development of Canadian digital collections
and services, emphasizing interoperability and long-term  access 10
Canadian digital library resources, (see wiww.nle-hne.caleidll).

The University of Waterloo developed text-searching software based on
the Patricia tree data structure that is now being commercially sold by
OpenText [49]. Waterloo is also the site of 4 major community network pro-
totype and study called Canada’s Technology Triangle (CTT) Community
Network. This project is community-based and provides local maps, infor-
mation about local businesses and local historical information available on
the Internet, focusing on communicarion and community-building infra-
structures [21] (see CTTaer.uwaterloo.ca).

The National Library of Canada, much like the US Library of Congress,
provides on-line access to some of its collection through its Web homepage.
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Itis also involved in an extensive historical information digitization project
and in the Canadian Electronic Publications Pilot Project (see www nle.
bne.ca/ehome.him).

6.2.2 United Kingdom

The Follett report begun in 1993 initiated digital library activities in the
United Kingdom, resulting in the E-Lib project (UK Electronic Librarias
Program), which funded approximately 60 programs for a total of £20)
million starting in 1995, Some of the E-Lib projects include cituloging
archives, providing UK-wide e-mail services. and providing access 1o Weh
multimedia information (a distinet challenge due to the congestion on the
Internet between the US and the UK), The E-Lib project focuses more on
providing electronic resources and services for UK higher education than on
purely scientific research. One of the most si gnificant E-Lib achievemen;s
has been persuading publishers to treat the entire UK academic community
as a single site for the purposes of licensing information [59], (see
www.ikoln.ac.uk/services/elibf).

The British Library began a digital library program in 1993, Similarly (o
other national library programs, irs emphusis is on collections, preservation
and improved public access. The British Library is also heavily involved in
the establishment of standards and legal guidelines for copyright law and
intellectual property protection with respect to digital libraries [49]. Several
fascinating key projects include: the Patent Express Jukebox (CD-ROM
Jjukebox of over one million patent records), the Electronic Beowulf Project
(a huge database of digital images of the Beowulf manuseript, related manu-
scripts and printed texts), the Electronic Photo Viewing System (10,000
images of historical significance that are hyperlinked to descriptive text),
the Network OPAC {providing ability to search on-line the British Library's
6 million bibliographic records, which is connected to all other UK univer-
sity and research institutes via the UK Joint Academic Network—JANET),
and conversion of microfilm to digital form [75]. Several literury and artis-
tic treasures are available on-line through the British Library Web site.
including; the Lindisfame Gospels, the Diamond Sutra, the Magna Carta,
the Sforza Hours, a Leonardo da Vinei Notebook, and the Tyndale New
Testament (see www hl.uk),

B6.2.3 France

The Bibliothéque Nationale de France, the national library of France, has
led the digitization effort in France, It plans to make available through its
Web site 110,000 digitized books (mostly in image format), 300,000
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pictures and 3,000 recordings. The most interesting component of this digi-
tized collection is a group of 1000 14th-century manuscripts [42, 49] (see
www.bnf.fr/ or the English version at www.bnf. Fr/bnfgb.him).

Frantext/ARTFL (American and French Research on the Treasury of
the French Language) allows full-text access to a digitized database of
classic French literature (approximately 3500 items) (42, 49]. Frantext i5
managed by the Institut National de la Langue Francaise in Paris (see
ciril. frimastina/ FRANTEXT). ARTFL is managed through the University of
Chicago (see humanities.uchicago.edw/ ARTFL.html),

France is a co-leader with Japan on the Group 7 project (the Bibliotheca
Universalis project) whose goal is to provide global access to digitized cul-
wral, historical and scientific multi-media information from all over the
world (see www.culture.friculture/bibliuni/engbu 1. htm).

6.2.4 Germany

Multimedia Electronic Documents (MeDoc) is a digital library project
sponsored by the German Informatics Society that involves several publish-
ers, universities and research institutions. The goal of this project is to
ssrimulate the use of electronic media in academic education and in scien-
tific research” [27]. The collection currently focuses on computer science
literature. The system contains a mechanism that allows the retrieval of indi-
vidual book chapters or journal paper componenis (Fulltext Storage
System—FSS). (see medoc.anformatik. tu-muenchen.de),

6.2.5 Gabriel

Gabriel is a gateway server that provides access 1o Europe’s National
Libraries. Information about the server is available in three languages
(German, English and French). The objective is to try to bring the European
community belonging to the Conference of European MNational Libraries
(CENL) closer together by providing a single entry point through the
Internet to all of their libraries, including their collections and services.
Thirty-eight national European libraries (including the Vatican City library)
are connected through Gabriel (see linnea.helsinki.fi/gabriel/index.html).

6.2.6 Japan

National Diet Library is sponsoring five Electronic Library Projects. They
include: Pilot Electronic Library Projects, Electronic Library of Children’s
Books, Asian Information Supply System, G7 (Group 7) Electronic Library
Project or Bibliotheca Universalis, and Full Text Database of the Minutes of
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the Diet. As with most national libraries, the focus is on the collections
themselves, from an acquisition and preservation perspective with the 2ol
of improving public access to national cultural and historical information,
This project is extremely ambitious in that it is attempting to digitize a wida
variety of multimedia information, and information in very diverse formars
(e.g. scrolls, woodblock prints, microfilms) (see www.ndlgo.jpfindex-
e:himl),

As one of the three main projects under the Center for Information
Infrastructure (CIT), the Electronic Library Pilot Project offers experimenty]
electronic access to a vast collection of diverse books and other resources
existing in libraries all over Japan. One of the main goals of this project is to
test the latest advances in data-processing and network technologies in
preparation for future digital libraries, This is a joint project of the
Information-technology Promotion Agency and the National Diet Library
(see www.cilipa.go.jplel/index_e html),

The MHTML (Multilingual HTML) project is a fascinating multilingual
project that allows multilingual browsing of a digital library of Japanese
folk tales on the Interner. This collection can be accessed via a gateway,
and can process Japanese, Korean, Chinese, Thai. and several European
languages, including French and English [55] (see mhtml.ulis.ac.jph.

The Science Information Network (SINET) is one of several projects
sponsored by the Japanese National Center for Science Information
Systems. This system connects universities and research institutions all over
Japan and in addition is interconnected with research networks in the United
States, the United Kingdom, and Thailand. NACSIS-IR is an information
retrieval service that provides access to 57 different databases, allowing
& user to simullaneously browse, search and retrieve information from
multiple databases. NACSIS also has an electronic library service
(NACSIS-ELS) which provides access to an integrated bibliographic
database from several distributed sources and an electronic document
delivery service of Japanese scientific journals over the Internet (see
WWw.nacsis.ac.jp/nacsis.f-index. heml).

6.2.7 Korea

Korea has a digital library pilot program developed under the supervision
and guidance of the Ministry of Information and Communication, The
project testbed is accessible via the Internet and provides full-text, catalogue
and abstract searching and browsing. Five major libraries are involved: (1)
The National Library of Korea (includes a database of old rare books avail-
able on-line), (2) The National Assembly Library (provides legislative doe-
uments similar to the Library of Congress’s THOMAS project), (3) The
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Seience Library in KAIST, (4) The Korea Research and Development
Information Center in KAIST and (3) the Korean Research Foundation).
The project uses SGML and Z39.50 standards to provide interoperability
hetween the sites and users. All information is accessible in Korean and
some of it is accessible in English. Much of the challenge involved in the
[orean Digital Library project has to do with the problems associated with
Korean text. The language is character-based and has many stylistie differ-
apces even within a given document collection, which can negatively impact
infarmation retrieval and exchange [62] (see www.dlibrary.or.kr).

B.2.8 Singapaore

Singapore is aspiring to be the “Intelligent Island” with leading edge
information management as one of ils top national priorities. To this end, it
has electronically linked all of the libraries in the country. As its primary
focus is on linking to information via the Internet, most of the electronically
linked libraries function essentially as gateways [49]. The emphasis in this
country is on using digital information for business and for educational pur-
poses. One of the other major projects in Singapore is the CLiB project. This
project uses the Z39.50 protocol and provides multilingual {primarily
Chinese and English) searching of several heterogeneous hibliographic
databases. It focuses primarily on language support issues, especially
those related to representation of Chinese characters [47] (see
www, lib.gov.sg/nlb.html).

6.2.9 China, Hong Kong, and Taiwan

Most of the digital library projects in this region are centered around
Chinese information retrieval and digitization of local and cultural content.

Digital library research efforts in China have focused on collections, and
in particular on the preservation of national literary treasures. Other Chinese
digital library projects involve tackling the challenge of electronically rec-
ognizing Chinese characters, Chinese cross-lingual retrieval and developing
standards for digital libraries such as the Chinese MARC record standard
[49] and the Net Compass Project of Tsinghua university.

In Hong Kong, special-purpose digital libraries have been created, One of
these is the Financial Digital Library project at the university of Hong Kong
that serves the unique need of the Hong Kong stock market and users.
Similar to the research effort in China, the Chinese University of Hong
Kong has continued to research NLP-based intelligent Chinese information
retrieval for digital libraries.

The Academia Sinica in Taiwan probably has the best research teams in
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the area of Chinese information retrieval and voice recognition. Funded by
the Taiwan government for about two decades, these teams have signifi-
cantly advanced Chinese input, segmentation, indexing. and analvsis, Many
of their techniques have been adopted in digital libraries or Internet servers
of Chinese content. In addition, several projects in Taiwan have focused on
cultural content digitization, including the Digital Museum project of the
National Taiwan University and the arl collection digitization of Palace
Museum in Taipei by IBM,

The First Asia Digital Library Workshop was held in Hong Kong in
August 1998, With its focus on Asia digital library research projects, the
workshop attracted more than 120 participants from nine Asia/Pan-Pacifie
countries and has served as the catalyst for Asia digital library eollabor-
tions. Several countries huve expressed strong interest in sponsoring a

g Second Asian Digital Library Workshop, An Asia Digital Library
Consortium is also under development to help foster long-term collubora-
tion and projects in digital library related topics in Asia (ses
www ssre.hlon hldsvm/98/adl himl).

6.2.70 Australia

Australia has several major digitization efforts that are centered ar the
National Gallery of Australia and the National Library of Australin and
focus on historical and coltural material, One effort is digitizing aboriginal
language recordings and other multimedia material relatng to Australian
Aborigines. Another effort, the MetaWeb Project, is focusing on developing
tools for metadata creation and maintenance [49]. The National Library of
Australia is involved in a project called PADI (Preserving Access to Digital
Information) that is investigating issues and solutions to problems of preser-
vation and access to digital information in the future (see www.nla.gov.au/).

6.2.11 New Zealand

The New Zealund digital library system is a federally funded research
preject at the University of Waikato which contuing several demonstration
collections (primarily in computer science, e.g. computer science technical
reports, literary works, Internet FAQs, the Computists’ Communigue maga-

| zine) and makes them available over the Web through full-rext interfaces.
The digital library has expanded beyond its original computer science-
oriented cellection to include literary, music, and image collections and an
Arabic collection accessibie in Arabic, There are interfaces to access the
i collections in five different natural languages (English, French, German,
Arabic, and Maori) [101]. The goal of this reseurch program is to explore the
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putemial of Internet-based digital libraries by developing systems that auto-
matically impose structure on anarchic, uncatalogued, distributed reposito-
ries of information, thereby providing information consumers with effective
tools to locate what they need and to peruse it conveniently and comfortably
[102]. The project includes a collaborative effort with the German MeDoc
project [27] and the Jowrnal of Biological Chemistry 10 explore novel
browsing techniques. Access is based on full-text retrieval as opposed to
metadata, The most interesting part of the collection is 4 musical collection
of 9400 intemnational folk tunes stored in musical notation, The melody
index can be used to retrieve songs using sung, hummed or played musical
input [60] (see www.nzdl.orgl).

7. Digital Library Research Issues in Semantic
Interoperability

7.1 Digital Library Grand Challenge:
Semantic Interoperability

The Information Infrastructure Technology and Applications: (I[TA)
Working Group, the highest level of the US National Information
Infrastructure (NIT) technical committee, held an invited workshop in May
1995 to define a research agenda for digital libranes.

The shared vision is an entire net of distributed repositories, where objects
of any type can he searched within and across different indexed collections
[88]: In the short term, technologies must be developed to transparently
search across these repositories, handling any variations in protocols and
formats (i.e. addressing structural interoperability [701). In the long term,
technologies must be developed to handle the varations in content and
meanings (knowledge) transparently as well, These requirements are steps
along the way toward matching the concepts requested by users with objects
indexed in collections [B7].

The ultimate goal, as deseribed in the HTA report [53], is the Grand
Challenge of digital libraries:

deep semantic interoperability—the ability of & user to access, consistently
and coherently, similar (though autonomously defined und manpged) classes
of digital objects and services, distributed across heterogencous repositories,
with federating or mediating software compensating for site-by-site varia-
tions ... Achieving this will require breakthroughs in description as well as
retrieval, object interchange and object retrieval protocols. Issues here in-
clude the definition and use of metadata and its capture or computation from
objects (both textual and multimedia), the use of computed descriptions
af objects, federation and integration of heterogeneous repositories with
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disparate semantics, clustering and automatic hierarchical organization of
information, and algorithms for automatic rating, ranking, and evaluation of
mformation quality, senre, and other properties.

Allention to semantic interoperability has prompted  several of the
NSF/DARPA/NASA funded large-scale digital library initiative (DLI) pro-
Jects to explore various statistical, and pattern recognition techniques, e.g,
concept spaces and category maps in the [llinois project [90, 15], textile and
word sense disambiguation in the Berkeley project [100], voice recognition
in the CMU project [96], and image segmentation and clustering in the
UCSB project [56]. “‘Definition and use of metadata' and “clustering and
automatic hierarchical organization of information,” which require signifi-
cant future research, are the key components needed to build classification
systems for digital libraries automatically.

7.2 Research Towards Semantic Interoperability in
Digital Libraries

Library classification svstems and subject-specific thesauri such as the
Library of Congress classification, Dewey classification, or the NLM’s
Unified Medical Language Systems (UMLS) are significant human efforts
to have mrained librarians, who are versed in classification scheme and
domain knowledge, label knowledge consistently [39, 11]. Library classifi-
cation systems and thesauri often capture nouns or noun phrases and repre-
sent only limited relationships (e.g. broader terms, narrower term. erc.), The
representations are often coarse, but precise. The goal of supporting index-
ing and searching is practical. Significant human efforts are needed 10 create
and maintain large-scale classification systemis.

Artificial intelligence representations such as semantic networks, expert
systems, or ontologies represent another approach to capturing knowledge,
e.g. Lenat’s CYC common sense knowledge base [45, 46, 36]. Such repre-
sentations are often richer and more fine-grained and the goal of capuring
human intelligence is ambitious and difficult. Due 1o the granularity
required, knowledge creation is slow and painstaking. Only experimental
prototypes in small, limited domains have been created. Their usefulness in
large-scale digital library applications remains suspect,

The traditional approach to creating classification systems and knowledge
sources in library science and classical Al is often considered top-down
since knowledge representations and formats are pre-defined by human
experts or trained librarians and the process of generating knowledge is
structured and well-defined, A complementary bottom-up approach to
knowledge creation has been suggested by researchers in machine learning,
statistical analysis, and neural networks.
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Based on actual databases or collections, researchers develop programs
which systematically segment and index documents in various databases
(text, image, and video) and identify patterns within such databases.
Analyzing databases which contain structured and numeric data (e.g. credit
card usage, frequent flyer program) is often referred to as data mining or
knowledze discovery [73, 54]. Generating knowledge algorithmically from
multimedia databases (especially text, e.g. customer complaint e-mail,
machinery repair reports, brainstorming outputs) is considered the core of
knowledge management [67].

Among the semantic indexing and analysis techniques that are considered
scalable and domain independent, the following classes of algotrithms and
methods have been examined and subjected to experimentation in various
digital library applications. We also provide examples from our own
research for illustration purposes.

7.2.1 Object Recognition, Segmentation, and
Indexing

The most fundamental techniques in information retrieval involve identify-
ing key features in objects. For example, automatic indexing and natural lan-
guage processing (e.g. noun phrase extraction or object type tagging) are
frequently used to automatically extract meaningful keywords or phrases
from texts [80]. Texture, color, or shape-based indexing and segmentation
techniques are often used ro identify images [56]. For audio and video appli-
cations, voice recognition, speech recognition, and scene segmentation
techniques can be used to identify meaningful descriptors in audio or video
streams [96].

As part of the Tllinois DLI project, we have developed a noun phrasing
technique for textual document indexing [38]. Noun phrase indexing aims
to identify concepts (grammatically correct noun phrases) from a collection
for term indexing. It begins with a text tokenization process to separate
punctuation and symbols, It follows by part-of-speech-tagging (POST)
using variations of the Brill tagger and 30-plus grammatic noun phrasing
rules. Figure | shows an example of tagged noun phrases for a simple sen-
tence. (The svstem is referred to as AZ Noun Phraser.) For example, “in-
teractive navigation” is a noun phrase that consists of an adjective (A} and
a noun (N), In [38], we have shown that the noun phrasing technique pro-
duces more accurate indices for digital libraries (than inverted word index-
ing or N-gram indexing) and helps in concept-based retrieval. By using
such a scalable natural language processing technique, digital libraries
will be able to efficiently (automatically) and precisely index its own
collections.
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Fig, 1. Tagged noun phrases:

7.2.2 Semantic Analysis

Several classes of techniques have been used for semantic analysis of texis
or multimedia objects. Symbolic machine learning (e.g. ID3, version space),
graph-based clustering and classification (e.g. Ward’s hierarchical cluster-
ing), statistics-hased multivariate analyses (e.g. latent semantic indexing,
multi-dimensional scaling, regressions), artificial neural network-hased com-
puting (e.g. backpropagation networks, Kohonen self-organizing maps), and
evolution-based programming (e.g. genetic algorithms) are among the
popular techniques [10]. In this information age, we believe these techniques
will serve as good alternatives for processing, analyzing, and summarizing
large amounts of diverse and rapidly changing multimedia information.

The concepr space technique, developed at the Illinois DLI project is an
example of semantic, statistical analysis of large-scale digital library collec-
tions [15, 12]. Concept space, like an automatic thesaurus, attempts to gen-
erate weighted, contextual concept (term) association in a collection to
assist in concept-based associative retrieval, It adopts several heuristic term
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Fic. 2. Assoctated terms for “information reimeval”™,

weighting rules and a weighted co-occurrence analysis algorithm, Figure 2
shows the associated terms for “information retrieval™ in a sample collec-
tion of project reports of the DARPA/ITO Program—TP (Term Phrase)
such as “IR system,” “information retrieval engine,” “speech collection,”
ete. Such concept spaces have been computed for collections of the scale of
100,000 web pages [12], one million abstracts across engineering [15], and
10 million abstracts across medicine [3].

7.2.3 Knowledge Representations

The results from a semantic analysis process could be presented in one of
many knowledge representations, including classification systems, semantic
networks. decision rules, or predicate logic, Many researchers have
attempted 1o integrate such results with existing human-created knowledge
structures such as ontologies, subject headings, or thesauri [58]. Spreading
qctivation based inferencing methods are often used to fraverse various
large-scale knowledge structures [141.

In [12] and [16], we reparted o neural network-based textual categoriz-
ation technique for digital library content classification. A category map is
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the result of performing neural nerwork-based clustering (se!l'-orgnnizing]
of similar documents and automatic category labeling. Documents that dre
similar to each other (in noun phrase terms) are grouped together in 4 neigh-
borhood on a two-dimensional display. As shown in the colored Jigsaw-
puzzle display in Fig. 3, each colored Iegion represents a unique topic thag
contains similar documents. Topics that are more important often aceupy
larger regions. By clicking on each region, a searcher can browse documents
grouped in that region. An alphabetical list that 18 a summary of the 2P
result is also displayed on the left-hand side of Fig 3, e.g. Aduptive
Computing System (13 documents), Architectural Design (nine documents),
ete. Our current research has demonstrated the computational scalability ang
clustering accuracy and navelty of this technique [69, 12].

7.2.4 Human-Computer Interactions (HCI) and
Information Visualization

One of the major trends in almost all digital library applications is the focus
on user-friendly, graphical, and seamless HCL The Web-based browsers for
texts, images, and videos have raised user expectations of the rendering and
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~ manipulation of information. Recent advances in development languages
- and plarforms such as Java, OpenGL, and VRML and the availability of
| advanced graphical workstations at affordable prices have also made infor-
A mation visualization a promising area for research [24]. Several of the
| digital library research teams including Arizona/Illinois, Xerox PARC,
" Berkeley, and Stanford, are pushing the boundary of visualization tech-
. niques for dynamic displays of large-scale information collections.

5 In addition to the graphical, colored 21 display shown in Fig. 3, the same
¥ clustering results from the category map can also be displayed in a 3D heli-
f copter fly-through landscape as shown in Fig. 4, where cylinder height rep-
resents the number of documents in each region, Similar documents are
grouped in a same-colored region. Using a VRML plug-in (COSMO player),
a searcher is then able to “fly" through the information landscape and
explore interesting topics and documents. Clicking on a eylinder will
display the underlying clustered documents.

Our initial lab experiments have confirmed the novelty and graphical
appeal of such a 3D visualization metaphor, especially for the younger web
generation, In particular, we found most users of digiral libraries may
exhibit different cognitive styles and tend to prefer one visualization

BT Ml ccap
T S I i

TR i i o - e | FA i LSt

FiG. 4. VRML interface for category map.
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metaphor over another (e.g. comparing 1D hierarchy, 2D jigsaw puzzle
display, and 3D fly-through display). A more personalized interface may he
needed for transmitting digital library content to different users. More HCY
research in the context of digital libraries is critically needed in light of the
richness of digital library content and media format and the diversity in user
styles and needs,

8. Conclusions and the Future

The World Wide Web has made access to the Internet part of the structure
of everyday life. At the same time, over the past few vears, the primary
interface to the Web has evolved from browsing to searching. Millions of
people all over the world do Web searching every day, but the commerciy]
technology of searching large collections has remained largely unchanged
[rom its roots in US government-sponsored research projects of the 196(0)s.
This public awareness of the Net as a critical infrastructure in the 19905 has
caused a new revolution in the technologies for information retrieval in
digital libraries, driven by the hardware revolution in network-based per-
sonil computers,

Digital libraries are a form of information technology in which social
impact matters as much as technological advancement, It is hard to evaluute
new technology in the absence of real users and large collections, The best
way to develop effective new technology is in multi-year large-scale
research projects which develop real-world electronic testbeds for actual
users and which aim at developing new, comprehensive, and user-friendly
technologies for digital libraries. Typically, these testhed projects also
examine the broad social, economic, legal, ethical, and cross-cultural con-
texts and impacts of digital library research,

The May 1996 issue of the /EFE Compurer magazine, edited by Bruce
Schatz and Hsinchun Chen, was a special issue on digital libraries, The jssue
focused specially on the NSF/DARPA/NASA Digital Libraries Initiative
(DLI). The six major projects supported by the DLI each was represented by
4 survey paper at the then halfway point in the initiative [88]. The February
1999 IEEE Computer issue, edited by the same guest editors, focuses on
practical outcomes from research projects—major research testbeds and
fundamental technology research that shows what the large-scale future
infrastructure might become [89]. Digital libraries have become far more
important nationally and internationally in 1999 than in 1996, Partiallv, this
is due to the exponential growth of information in the Web, which the Web
searchers are rapidly failing to handie successfully. This is a special case of
the increasing dependence of modern society on information technology and
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the increasing failures of fundamental infrastructure stemming from lack of
fundamental new technology.

The recently released PITAC report (President’s Information Technology
Advisory Committee Interim Report, August 1998} makes this point clearly.
This was a report, in direct response to the President of the United States, by
the leaders of information technology from industry and university, They
concluded:

Vigorous information technology (IT) research and development is ¢ssential
for uchieving America's 21st century aspirations. The technical advances that
led to roday's information tools, such as electronic computers and the Interner,
began with Federal government support of research in partnership with indus-
try and universities. All of these innovations depended on patient mmvestment
in fundamental and applied research.

We have had a spectacular return on that Federal government rasearch
investment, Businesses that produce computers, semiconductors, software,
and communications equipment have sccounted for one-third the total growth
in US production since 1992, creating millions of high paying new jobs, As we
approach the 21st century, the opportunities for innovation in 1T are larger
than they have ever been—and more important. We have an essential national
interest in ensuring a continued flow of good new ideas in 1T,

After careful review of the Federal programs, however, this Comminee has
concluded that Federal support for research in information technology 1s dan-
gerously inadequate. Research programs intended to maintain the flow of new
ideas in IT are twrning nway large numbers of excellent proposals. In addition,
current suppott is taking a short-term focus, looking for immediate retumns,
eather than investigating high-risk long-term technologies. Significant new
research on computers and communication sysiems serve our needs while pro-
tecting us from cwastrophic failures of the complex systems that now underpin
our trunsportation, defense, business, finance and healtheare infrastructure,

The current Federal program is ingdequate (o starl necessary new centers
and research programs. Computers on university campuses and other civilian
rescarch facilines are falling rapidly behind the state of the art The end resule
is that critical problems are going unsolved and we are endangering the flow
of ideas that have fucled the information economy,

To address these problems, the Federal budget for the year 2000 should
include o commitment to sustained growth in I'T research, along with a new
management system designed 1o foster innovative research. The Federal [T
research program must include vigorous support for fundamental and applied
research and must ensure that the US research community is equipped with
stute-of-the art facilities,

The follow-on to the DLI is another NSF-led initiative, which builds on the
successes of DLI and presages the even bigger efforts that will follow on the
PITAC report. The NSF/DARPA/NLM/LC/NASA/NEH Digital Libraries
Initiative Phase 2 (DLI-2) has recently made the initial awards for multi-
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year projects, DLI-2 will support a broader range of activities than the firg

DLI, including small projects and humanities topics. There will be an evep

stronger emphasis on working testbeds with real users and real collectings,
The DLI and DLI-2 Program Director, Dr Stephen Griffin explains in [89):
The Digital Libraries Initintive-Phase 2 (DLI-2) supported by NSF, DARPA,
NLM, LoC, NEH, NASA and other agency partners will address a refined
technology research agenda and look to support new areas and dimensions in
the digital libraries information lifecyele including content creation, access,
use and usability, preservation and archiving. DLI-2 will look 10 create domain
applications ‘and operational infrastructure, and understand their use ind
usability in various organizational, economic, social, international contesls—
in short, digital libraries as human-centered systems. DLI-2 invalvement will
extend far beyond computing and communications specialty communities and
engage scholars, practitioners and leamers in not only science and engmeering
but also arts and humanities. DLI-2 recognizes that knowledge access is inher-
ently international and will actively promote activities and processes that
bridge political and language houndaries, including funding through a new
program in Intemational Digital Libraries Collaborative. [see DLL2 ar
www.dli2 nsfzov]

The technologies of digital libraries will dominate the Net of the 215t
century [87], There will be a billion repositories distributed over the world,
where each small community maintains a collection of their awn knowl-
edge. Semantic indexes will be available for each repository, using scalahle
semantics to generate search and navigation aids for the specialized termi-
nology of each community, Concept switching across semantic indexes will
enable members of one community to easily search the specialized termi-
nology of another [13].

The Internet will have transformed into the farerspace, where users navi-
gate abstract spaces to perform correlation across sources, Information
analysis will become a routine operation in the Net, performed on a daily
basis worldwide, Such functionality will first be used by specialty profes-
sionals then by ordinary people, just as occurred with text search on
Internet. The information infrastructure will become the essential part of the
structure of everyday life and digital libraries will become the essential part
of information infrastructure in the 21st century.
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