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. f I d f' ition of a digital library is a managed collection ofAn 111 orma e 111 
. . . 

. . • I ssociated ervices, where the information 1s stored inmformanon, wit' a . . . 1 f d "ccessible over a network. A crucial part of this clefini-digira ormars an u 
. . 1 I · for111arion is managed. A stream of data sent to earth fromnon 1s r 1ar r 1e m c • 

II. • r .1 \ i'l)rar)' The ame data, when orgarnzed systemaricall)· a sate 1te 1s no • • 
becomes a digital library collection. Mo t people would not consider a data-
base containing financial record of one company to be a digital library, but
would accept a collection of such information from many companies as
part of a library. Digir,,1 libraric contain diverse collections of information
for u e lw manv different u ers. Digital libraries range in size from tiny to 
huge. Th�y c,1n.u e any type of computing equipment and any suitable sofr­
\\'are. The unifying theme is that information is organized on computers
and aYailable over a network, with procedures to select the material 111 the
collection , to organize it, to make it available to users, and to archive it. In
some \\'ays digital libraries are very different from traditional libraries, yet
in other ways they are remarkably similar. People do not change because a
ne\\' technology is invented. They still create information that has to be
organized, stored, and distributed. They still need to find information that
ochers have created, and to use it for study, reference, or entertainment.
However, the form in which the information is expressed and the methods
chat are used to manage it are greatly influenced by technology, and this
creates change. Every year, the quantity and variety of collections available
in digital form grows, while the supporting technology continues to
impro,·e steadily. Cumulatively, these changes are stimulating fundamentalalterations in how people create information and how they use it. To understand these forces requires an understanding of the people whoare developing the libraries. Technology has dictated the pace at which dig­ital libraries have been able to develop, but the manner in which the tech­nology is used depends on people. Two important communities are thesource of much of this innovation. One group, the information profession­als, includes librarians, publishers, and a wide range of informationproviders, such as indexing and abstracting services. The other communi­ty contains computer science researchers and their offspring, the Internet �evelop�rs. Until recently these two communities had disappointingly little1nceract1on· even now 't • 1 t· 

· · h , 1 ts commonp ace to md a computer sc1ent1st \\' o
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knows nothing of the basic tools of librarianship, or a librarian whose con­
cepts of information retrieval are years out of date. Since the introduction
of the web, however, there has been much more collaboration and under­
standing. Pardy this is a consequence of digital libraries becoming a recog­
nized field for research, but an even more important factor is the greater
involvement of users. Low-cost equipment and simple software have made
electronic information directly available to everybody. Authors no longer
need the services of a publisher to distribute their works. Readers can have 
direct access to information without going through an intermediary. Many 
exciting developments come from academic or professional groups who 
develop digital libraries for their own needs. Medicine has a long tradition 
of creative developments. The pioneering legal information systems were 
developed by lawyers for lawyers. The World Wide Web was initially devel­

oped by physicists for physicists. 

Economics 

Technology influences the economic and social aspects of information, and 

vice versa. The technology of digital libraries is developing fast, and so are 

the financial, organizational, and social frameworks. The various groups 

that are developing digital libraries bring different social conventions and 

different attitudes to money. Publishers and libraries have a long tradition 

of managing physical objects-notably books, but also maps, photographs, 

sound recordings, and other artifacts. They evolved economic and legal 

frameworks that are based on buying and selling these objects. Their nat­

ural instinct is to transfer to digital libraries the concepts that have served 

them well for physical artifacts. Computer scientists and scientific users, 

such as physicists, have a different tradition. Their interest in digital infor­

mation began in the days when computers were very expensive. Only a few 

well-funded researchers had computers on the first networks. They 

exchanged information informally and openly with colleagues, without 

payment. The networks have grown, but the tradition of open information 

remains. The economic framework that is developing for digital libraries 

shows a mixture of these two approaches. Some digital libraries mimic tra­

ditional publishing by requiring a form of payment before users may access 
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. d the services. Other digital libraries use a diffe rentthe collecuons an use . . . d I Access to their material 1s open to all. The costs of creat-econonuc mo e • 
. d d' .6 · g the information are borne by the producer, not the usermg an ,stn ut1n 
f l . f · 0 This book describes many examples of both models and0 c 1em ormauo . 

lyze tl1e balance between them. Almost certainly, both haveattempts ro ana . . . 
I f Cure but the final balance 1s 1mposs1ble to forecast.a ong-term u , 

Why Digital Librnric ?

The fundamental rea on for building digital libraries is a belief that they
will provide better delivery of information than was possible in the past.
Traditional libraries are a fundamental part of society, but they are not per­
fect. Can we do better? Enthusiasts for digital libraries point out chat com­
puters and networks have already changed the ways in which people
communicate with each other. In some disciplines, they argue, a profes­
sional or a scholar is better served by sitting at a personal computer con­
nected to a communications network than by making a visit ro a library.
Information once available only to the professional is now directly available
to all. From a personal computer, the user is able to consult materials that
are stored on computers around the world. Conversely, all but the most
diehard enthusiasts recognize that printed documents are so much a part of 
civilization that their dominant role in storing and conveying information
cannot change except gradually. Though some important uses of priming
may be replaced by electronic information , not everybody considers a large­
scale movement to electronic information desirable, even if it is technical­
ly, economically, and legally feasible. Here are some of the potential benefits
of digital libraries.

The Digital Library Brings the Library to the User
To use a traditional library, a reader must go there. At a university this may
take only a few minutes, but most people are not at universities and do not
have a library nearby. Many engineers and many physicians have depress­
ingly poor access to the latest information.

A digital library brings the information to the user's desk either at work
or at home. With a digital library on the desk top, the rea�er need never
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Both of the aforementioned services were well established before the 

emergence of the web. The web has been so successful that many people for­

get that there are other effective ways to distribute information on the 

Internet. Both the Los Alamos archives and the RFC series now use web 

methods, but they were originally based on electronic mail and file transfer. 

The World Wide Web 

The World Wide Web (colloquially "the web") has been one of the great 

successes in the history of computing. It ranks with the development of 

word processors and spreadsheets as a definitive application of computing. 

The web and its associated technology have been crucial to the rapid 

growth of digital libraries. This section gives a basic overview of the web 

and its underlying technology. Details of specific aspects are spread 

throughout the book. 

The web is a linked collection of information on many computers on 

the Internet around the world. These computers are called web servers. 

Some of the web servers and the information on them are maintained by 

individuals and some by small groups, including university departments 

and research centers; others are large corporate information services. Some 

sites are consciously organized as digital libraries; others (some of them 

excellent} are managed by individuals who would not consider themselves 

librarians or publishers. Some web servers have substantial collections of 

high-quality information; others are used for short-term or private pur­

poses, are informally managed, or are used for purposes (such as market­

ing) that are outside the scope of libraries. 

The web technology was developed around 1990 by Tim Berners-Lee 

and colleagues at the Centre Europeenne pour la Recherche Nucleaire 

(CERN), in Switzerland. It was made popular by Mosaic, a user interface 

developed by Marc Andreessen and others at the University of Illinois at 

Urbana-Champaign. Mosaic was released in 1993. Within a few years, 

numerous commercial versions of it followed. Of those, the most widely 

used are the Netscape Navigator and Microsoft's Internet Explorer. These 

user interfaces are called web browsers, or simply browsers. 

The basic reason for the success of the web can be summarized suc­

cinctly: It provides a convenient way to distribute information over the 
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Mounting large amounts of information online and keeping it current 

is expensive. Although the costs hardware fall continually, they are still 

noticeable. The big costs are associated with the licensing of data and the 

people who handle both the business aspects and the large data files. To 

reduce these costs, libraries have formed consortia so that one set of online 

data serves many libraries. 

Information Retrieval 

Information retrieval is a central topic for libraries. A user-perhaps a sci­

entist, a doctor, or a lawyer-is interested in information on some topic 

and wishes to find the objects in a collection that cover the topic. This 

requires specialized software. During the mid 1980s, libraries began to 

install computers with software that allowed full-text searching of large 

collections. Usually the MARC records of a library's holdings were the first 

data to be loaded onto this computer, followed by standard reference 

works. Full-text searching meant that a user could search using any words 

that appeared in the record; the user did not have to be knowledgeable 

about the structures of the records or the rules used to create them. 

Research in this field is at least 30 years old, but the basic approach has 

changed linle. A user expresses a request as a query. This may be a single 

word (such as cauliflower), a phrase (such as digital libraries), or a longer 

query (such as "In what year did Darwin travel on the Beagle?"). The task 

of information retrieval is to find objects in the collection that match the 

query. Since a computer does not have the time to go through the entire col­

lection for each search, looking at every object separately, the computer 

must have an index of some sort that enables it to retrieve information by 

looking up entries in indexes. 

As computers have grown more powerful and as the price of storage has 

declined, methods of information retrieval have moved from carefully con­

trolled searching of short records (such as catalog records or those used by 

abstracting and indexing services) to searching the full text of every word 

in large collections. In the early days, the expense of computer storage and 

processing power stimulated the development of compact storage methods 

and efficient algorithms. More recently, web search programs have inten­

sified research into methods for searching large amounts of information 

distributed across many computers. 



8=---�---=-------­
User Interfaces and Usability

A person who uses a library is conventionally called a patron or a reader. 

In computing the usual term is user or end user. Whatever word is chosen, 

digital libraries are of little value unless they are easy to use effectively. 

The relationship between people and computers is a subject of intensive 

research drawing on fields as diverse as cognitive science, graphic design, 

rhetoric, and mathematical modeling of computer systems. Some of the 

research aims to develop a theoretical understanding of how people inter­

act with computers so that models of human information processing can be 

used to design appropriate computer systems. Other research helps the user 

comprehend the principles behind a computer system, thereby stimulating 

productive use of the services and the information that the system provides . 

This chapter is less ambitious. It concentrates on the methods that are in 

wide use today, offering some illustrations of experimental systems that 
show promise. 

Change is one of the themes of digital libraries, and change is one of the 

problems in designing user interfaces. Traditional libraries are not easy to 

use effectively; however, they change slowly, and over the years their users 

develop expertise. Digital libraries evolve so quickly that every month 
brings new services, new collections, new interfaces, and new headaches.
Users do not enjoy having to relearn basic skills, but change appears to be
a necessary evil. 

Panly because of the rapidity with which digital libraries change, their
users' levels of expertise vary greatly. Much of the development of digital
libraries has come out of universities, where there are many experts.
Colleagues and librarians are at hand to help users; system adminiStrators
configure computers, install software, and track changes in the marketplace.

- ... 
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But with the spread of the Internet, digit�! libraries are being used by peo­
ple who do not have access to such expemse and do nor want to spend their
own time learning techniques that may be of only transitory value. This cre­
ates tension: Advanced features are valuable to specialists, and they enable
skilled users to work faster and be more effective, but digital libraries muse
be usable by individuals with minimal training.

Usability and the Design of User Interfaces 

In discussing the usability of a computer system, it is easy to focus on the 
design of the interface between the user and the computer. But usability is 
a property of the entire system. All the components of a digital library must 
work together smoothly to make the library effective and convenient for 
patrons, for librarians, and for systems administrators. 

Figure 8.1 shows a way to think about usability and the design of user 
interfaces. Any computer system's user interface is built on a conceptual

model that describes the manner in which the system is used. Here are some 
typical conceptual models that are used to design digital libraries. (In prac­
tice, most digital libraries combine concepts from several such models.) 

• In the classical library model, the user searches a catalog or index, selects
objects from the results, then retrieves the objects from a repository.
• In the basic web model, the user follows hyperlinks between files.
• The Z39.50 protocol supports a conceptual model of searching a col­
lection and then storing sets of results for subsequent manipulation and
retrieval.

The right side of figure 8.1 illustrates the layers of design needed to 
implement any conceptual model. Interface design encompasses what 

interface design -; 
� QI fun fr '8 t-----ct_io_n..;;al..;;d;.;;,es;;,.:i2:gn:.:.__--1
� a data and metadata 8 r----------�

computer systems and networks

Figure 8.1 
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appears on the screen and how the user manipulates it; among its aspects

are fonts, colors, logos, keyboard controls, menus, and buttons. Functional

design specifies the functions that are offered to the user. Typical functions

include selecting parts of a digital object, searching a list or sorting results,

obtaining help, and manipulating objects that have been rendered on the

screen. These functions are made possible by the data and metadata that

are provided by the digital library, and by the underlying computer systems

and networks. Panel 8.1 details how these aspects of usability apply to an

important application.

Almost all present-day personal computers have a user interface of the

style made popular on Apple's Macint osh computers, which was derived 

from earlier research at Xerox PARC. It uses the metaphor of files and 

folders on a desktop. Its characteristics include overlapping windows, 

menus, and a pointing device such as a mouse. Despite numerous attempts 

at improvement, this style of interface continues to dominate the com­
puter marker. An early Macintosh user transported through fifteen years 
and presented with a computer running Microsoft's latest system would 

find the interface familiar. Some new conventions have been introduced, 

and hardware has been improved greatly, but the same basic metaphor is 

still used . 

The conceptual model is the desktop metaphor; files are thought of as 
documents that can be moved to the desktop, placed in folders, or stored 

on disks. Every windows-based user interface has this same conceptual 

model, although the interface designs vary (for example, Apple uses a 

mouse with one button, Microsoft uses two buttons, and Unix systems 

usually have three). The functions that support this model include open 

and closing files and folders, selecting them, moving them from one place

to another, and so on. These functions differ little from one manufacturer

to another, but the systems differ in the metadata that they use to support

the functions. The desktop metaphor requires that applications be associ­
ated with data files . Microsoft and Unix systems use file-naming conven­

tions; for example, the names of files that are to be used with a PDF viewer
end in .pdf. Apple stores such metadata in a separate data structure, hid­
den from the user. Differences in the underlying computer syStems permit

some user interfaces to carry out several tasks simultaneously.
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Panel 8.1 
Page Turning

Page turning illustrates the aspects of user-interface design shown inf 
SJ. Conversion projects such as JST_O� and Amer_ican Memory hav��:�
lections of digit::11 objects, each consisting of page images scanned fro 
book or some other printed material. The conceptual model is that the rn a

. . h . . userinteracts wirh an obiect 1n much t e same manner as with a book. Often thepages will be read in equence, but the reader may also go back a page orjump to 3 different page. Some pages, such as a table of contents or an index 
may be identified as special. Since many personal computers have screen:
that Jre smaller than prm�eJ pages an� have lower �esolution, the concep­
tual model includes zoom mg and pJnntng across a single page. 

The interface dt•sign defines the Jctual appearance on the screen, such as
the choice of frames, icons, colors, and visual clues. It also includes decisions
about how the individual functions arc offered to the user. The interface
design determines the appearance of icons, the wording on the buttons, and
their position on the screen. The design also specifies whether panning andzooming are continuous or in discrete steps. When we built a page turner at 
Carnegie �iellon University, the interface design maximized the area of the
screen that was available for displaying page images. Most manipulationswere controlled from the keyboard; the arrow keys were used for panning 
around an individual page, with the tab key used for going to the next page.
An alternative design would have these functions controlled by buttons on 
the screen, but with less space on the screen for the page images. 

The functional design must provide services that are equivalent to turn­
mg the pages of a book, including going to the first, the next, the previous,
or the last page. There will be functions that relate to the content of a spe­
cific page, such as going to the page that has a specific page number printed
on it and going to the table of contents. To support panning and zooming
within a page, other functions of the user interface move the area displayed
up or and down one screen, and zoom in or out. The functions offered by a user interface depend on the digital objecrs inthe collections and especially on the structural metadata. Typically, page
images are stored as compressed files that can be retrieved in any sequence.
To a!low pages to be turned in sequence, structural metadata must identify

the fmt page image and list the sequence of the other images. Going to the
page with a specific page number printed on it requires structural metadatathat relat�s the page numbers to the sequence of page images, since it is r�re
that _the fmt page of a set is the page numbered 1. Zooming and panning
require m�tadata that states the dimensions of each page. A user mterface is only as good as the performance of the underlying com·
puter ?stem. Delays in transmitting a page image across a network can �e
�nnoymg to the user. One possible way to reduce this annovance is to antic·
:ate the user's demands by sending pages from the repositor y to the u�er'smpurer before the user requests them, so that at least the next page tn a



User Interfaces a11d Usability 147 

equence is ready in memory. Thi i known as pre-(etchi,,g. In th fs , A' ll . . e case o he Carnegie iv1e on page turner, pnonty was given to ach· • . kt . 1ev111g qu 1c Spon e-about a second to read and display a page image eve re . , n one trans-mitted over t�e bu y �ampus network. This led to a "pipelined" implemen-tation in wluch the first part of a page was being rendered on th b f I f. l . e userscomputer even e ore r 1e ma section was read into the repository computerfrom disk storage. 

Browsers

The introduction of brow er (notably Mosaic, introduced in 1993) stim­
ulated the de ign of better user interfaces for networked applications.
Although brow ers were designed for the web, they are so flexible that they
are used as interfaces to almost every type of application on the Internet,
including digital libraries. Before the emergence of general-purpose
browsers deYelopers had to provide a separate user interface for each type 

of computer and each computing environment. These interfaces had to be

modified whenever the operating systems changed-a monumental task
that few attempted and almost none did well. By relying on web browsers
for the actual interaction with the user, the designer of a digital library can
now focus on how to organize the flow of information to the user, leaving
complexities of hardware and operating systems to the browser. 

Basic Functions
The basic function of a browser is to retrieve a remote file from a web serv­
er and render it on the user's computer.
• To locate the file on the web server, the browser needs a Uniform
R�s�urce Locator. The URL can be typed in by the user, or it can be a link
with.in an HTML page, or it can be stored as a bookmark. 
• From the URL, the browser extracts the protocol. If it is HTTP, the 

browser then extracts from the URL the domain name of the computer on
which the file is stored. The browser sends a single HTTP message, waits
for the response, and closes the connection. • If all goes well, the response consists of a file and a MIME type. To ren­
der r_he file on the user's computer the browser examines the MI�E type

�nd invokes the appropriate routi�es. These routines may be built mto therowser or may be an external program invoked by the browser. 
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A simple web browser would offer little more than support for the Hljp
Protocol and routines to render pages in the HTML format s· 

• Ince bothHTTP and HTML are straightforward, a web browser need not b ea corn.
plex program. 

Extending Browsers beyond the Web 

Browsers were developed for the web, and every browser supports the web's
basic protocols and a few standard formats. However, browsers can be
extended to provide other services while retaining the browser interfac e.
Much of the success of browsers, of the web, and indeed of the whole
Internet is due to this extensibility. 

Mosaic and its successors have had the same three types of extensibility: 
one for data types, one for protocols, and one for the execution of programs. 

Data types 

With each data type, browsers associate routines to render files of that 
type. A few types have been built into all recent browsers, including plain 
text, HTML pages, and images in GIF format, but users can add additional 
types through mechanisms such as helper applications and plug-ins. A 
helper application is a separate program that is invoked by selected types 
of data. The source file is passed to the helper as data. For example, 
browsers do not have built-in support for files in the PostScript format, 
but many users have a PostScript viewer on their computer which is used 
as a helper application. When a browser receives a file of type PostScript, 
it starts this viewing program and passes to it the file to be displayed. A 
plug-in is similar to a helper application, except that it is not a separate
program. It is used to render source files of non-standard formats, within

an HTML file, in a single display. 

Protocols 

HTTP is the central protocol of the web but browsers also support 0ther

I S 
' . h • storicallvprotoco s. ome, such as Gopher and WAIS, were 1mporcant 1 

because they allowed browsers to access older information services. Otbers,

h N N A veakness sue as et ews, electronic mail and FTP remain important. \ 
. ' ' . . nd does of most browsers 1s that the list of protocols supported 1s fixed a 

not allow for expansion. Thus, there is no natural way to add 239•50 or

other protocols to browsers.

◄
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E,xec11tion of programs

, rrrp message sent from a browser can do more than ret • AJ1n1• neve a stat1c 
file of information from a server. It ca

_
n run a program on a server and return

rhe results to the browser. The earliest method of achieving this was the
common gateway interface (CGI), which provides a simple way for a
browser co execute a program on a remote computer. The CGI programs
are often called CCI scripts. CGI is the mechanism that most web search
programs use to send queries from a browser to the search system.
Publishers score their collections in databases and use CGI scripts to pro­
vide user access. An informal interpretation of the URL 

hnp://www.dlib.org/cgi-bin/seek?author='Arms' 

is "On the computer with domain name www.dlib.org, execute the pro­
gram in the file cgi-bin/seek, pass it the parameter string author='Arms' ,  
and return the output." The program might search a database for records 
having the word Arms in the author field. 

The earliest uses of CGI were to connect browsers to older databases 
and other information. By a strange twist, now that the web has become a 
marure system, the roles have been reversed. People who develop advanced 
digital libraries often use CGI as a method to link the old system (the web) 
to their newer systems. 

Mobile Code 
Browsers rapidly became big business, with new features added continual­
ly. Some of these features are clearly good for the users; others are market­
ing features. The improvements include performance enhancements, 
elaboration to HTML, built-in support for other formats (an early addi­
tion was JPEG images), and better ways to add new formats. Two changes 
that are more than incremental improvements are the steady addition of
security features and the introduction of mobile code (which permits servers
to send computer programs to the client, to be executed by the browser on
the user's computer).

Mobile code gives the designer of a web site the ability to create web
pages that incorporate computer programs. Panel 8.2 describes one
approach, which uses applets (small programs) written in the Java �ro­
gramming language. An applet can be copied from a web site to a cli�nt
program and executed on the client. Because Java is a full programmmg
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Panel 8.2
Java

J is 3 general-purpose programming language that was explicitly design dava • . ll . f e 
for creating distributed systems, espcc,a y user ,mer aces, in a networked
environment. . . 

The conVl'ntional approJch to makmg user-mterface software that ru 
011 everal types of computers (e.g., web br�wsers and �mail _systems) has be:
to write different versions. Even when versions are wrmen m a  standard lan­
gu.ige, such as C, the differences among tl'.c Windows, U�ix, and Macintosh
operating systems force the cr:ator to wme several versions and to modify
them continually us the operating systems change. A user who wants to run
a new user interface must first find and install a version of the user interface
for his or her specific type of computer. At best, this is awkward and rime
consuming; at worst, the new program will disrupt the operation of some
existing program or will introduce viruses. 

Computer programs are written in a high-level language known as the
source code. After a program has been written, it is usualJy compiled into the
machine language of the specific computer. A Java compiler is different, how­
ever. Rather than create machine code for a specific computer system, it trans­
forms the Java source into an intermediate code, known as Java bytecode,
that is targeted for a software environment called a Java Virtual Machine. To
run the bytecode on a specific computer requires a second step, in which each
statemenc in the bytecode is .interpreted as machine-code instructions for that
computer as it is executed. Modern browsers support the Java Virtual
.Machine and incorporate Java interpreters. 

A Java applet is a short computer program that is compiled into a file of
Java bytecode and can be delivered across the network to a browser, usually
by means of an HTTP command. The browser recognizes the file as an applet
and invokes the Java interpreter to execute it. 

Since Java is a full-feature programming language, almost any comput­
ing procedure can be incorporated in a web application. The Java system
also provides programmers with a set of tools that can be incorporated into
programs. These include basic programming constructs, such as strings,
numbers, input and output, and data structures· the conventions used tobuild applets; networking services, such as UR,Ls, TCP sockets, and IP
addresses; help for writing programs that can be tailored for scripts and lan­
�uag�s other than English; security, including electronic signatures, pul>­lic/pnvate key management, access control, and certificates; software
components, known as JavaBeans, which can plug into other sofrware archi­tectures; and connections to databases. Since the basic functions are perma­nent parts _of the web browser, they do not have to be delivered across theInternet with every applet; in addition they can be written in the machinecode of th • d. 'd ' h . e 10 tvi ual computer, so that they can be executed faster than t emterpreted bytecode.
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lava ha much to offer to the digital library community but 1·r 1· . . _ . , . . . , s not per-
f ·r Some of irs defects are conventtonal technical one . It 1•5 large . 1 e1. • • ,1.:omp ex, 
nd difficult to learn. Interpreted languages always execute slowly a d J a . . . , n ava 

i no exception. Design dec1s1o?s th�t prevent Java applets from bringing
viruses across the network and mfectmg the user's computer also constrain
legitimate program_s. However, Java's biggest drawback is non-technical: Its
developer, Sun � 11crosystcm�, set out to d�velop a standard language.
Unfortunately, ocher compames, notably Microsoft, have created incom­
patible variants. 

language, ir can be used for complex operations such as sending an authen­
tication form from a web ire to a browser so that the user can then type in 
an ID and a pa sword, which a Java applet encrypts and sends securely back 
ro the sen·er. 

Java is not the only means of providing mobile code. An alternative is for 
an HT1'1L page to include a script of instructions, usually written in the 
JaYaScript language. JavaScript is simpler to write than Java and executes 
quickly. A typical use of JavaScript is to check data that a user provides as 
input as soon as it has been typed, without the delays of transmitting every­
thing back to the server for validation. Uava and JavaScript are complete­
ly different languages. The similarity of the names is purely a marketing 
device. Java has received most of the publicity; however, JavaScript has 
some advantages, and both are widely used.) 

Recent Advances in Design of User Interfaces 

Designing user interfaces for digital libraries is part art and part science.
Ultimately the success of an interface depends on the designers' instincts
and their understanding of users. ew concepts are steadily being intro­
duced to the design repertoire. This section looks at some of the new
ideas and topics of research. Chapter 12 describes recent research into
s�ructural metadata. This is a topic of great importance to user interfaces,
since the manner in which digital objects are modeled and the st�uctural

�etadata associated with them provide the raw material on ,vhich user
interfaces act.

◄
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Conceptual Models

Several research groups have been looking
_ 
for conceptu

_
al models that will

help users navigate through the vast collect1ons now available on line. There
are few landmarks on che Internet, few maps, few signposts. Hyperlink s,
which are the heart of the web, lead to unexpected places, and a user can
easily gee lost. Users of digital libraries often have little formal training and
work alone. This argues for interfaces based on conceptual models that will
guide users along well-established paths, although with a little ingenuiry
some people are remarkably adept at finding information on the Internet.
Observations suggest that experienced people meet a high percentage of
their library needs with networked information, but less experienced users
often gee lose and have difficult evaluating the information that they find.
Panel 8.3 describes two research projects that have explored novel concep­
tual models for digital libraries. 

Interface Design 
Interface design is partly an art, but a number of general principles have 

emerged from recent research. Consistency in appearance, in controls, and 
in function is important to users. Users need feedback; they need to under­

stand what the computer system is doing and why they see certain res ults. 

They should be able to interrupt or reverse actions. Error handling should 

be simple and easy co comprehend. Skilled users should be offered shorr­

curs, while beginners should have simple, well-defined options. Above all, 
the user should feel in control. 

Control-particularly over graphic design and the appearance of mate­

rials-creates a continuing tension between the designers of digital libraries 
and the users. Many designers want the user to see materials exactly as they

were designed. They want to control graphical quality, typography, win­

dow size, location of information within a window, and everything else that

is important to good design. Unfortunately for designers, browsers are

generic tools. The designer does not know which browser the user has, what

type of computer, how fast the network, or whether the display is large or

small. Users may wish to reconfigure their computer. They may prefer a

large font, or a small window. They may turn off the displaying of images

to reduce network delays. Therefore, a good design must be effective in a

range of computing environments. The best designers have a knack of

.......... 
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Panel 8.3 
,1 . Conceptual Models: DUTE and Pad++ 1,C" 

Several interesting e.xper!mencs have searched for user-interface metaphors
other than the desktop. Smee these were research projects, the interfaces wi ll
probably never be used in a production system; however, they are important
for developing concepts that can be used in other interfaces and for illus­
trating a design process that is based on systematic analys is of users' needs
and expectations. 

DUTE is an experimental u er interface developed by Steve Cousins at
tanford University as a part of the Digital Libraries Initiative. Created as a 

user mterface for the Stanford InfoBm, DLITE uses concepts from obiect-on­
ented programming. Each component is implemented as a CORSA object.
(The lnfoBus and CORBA arc described m chapter 13.) 

The conceptual model of DUTE is based on an analysis of the tasks that 
a user of digital libraries ca mes out. The following requirements were iden­
tified: 
• Digital libraries consist of heterogeneous collections that must be accessi­
ble from an)"\Vhere on the Internet.
• Results created by one service may become the input to another.
• The interface must be extensible, so that new resources can be integrated
easily with existing ones.
• Resources may be retained over long periods of time.
• Users must be able to collaborate.
The DUTE model describes digital Libraries in terms of components, the four 
major types being documents, queries, collections, and services. These com­
ponents are represented by icons that can be manipulated directly by a user 
viewing window·s on the screen. For example, dragging a query onto a search 
service causes the search to be carried out, thus creating a collection of 
results. DLITE allows users co create task-specific interfaces by assembling 
interface elements on the screen. 

The functional design of DUTE was motivated by two considerations: 
rapid response and the ability to add new services with minimal effort. For 
these reasons, the functional design is divided into user-interface clients and 
a user-interface server. The clients carrv out the manipulations of the com­
ponents. Several can run at the same ti�e. The server provides an interface 
to the external services and can operate even when the clients are shut down. 

Extensibility is provided by che server. When a new service is added, a 
new interface must be programmed in the server; the clients, ho:vever, need
?0t be modified. Support for a variety of computers and operaung sy5cems
15 provided by having separate client programs for each. . �ad++, a user-interface concept conceived by Ken Perlin �t ��" 'lork
University, has been developed by researchers at several uruYersiues '1nd
research centers. Its fundamental concept is the Yiewing of a large collecnon
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of information at man) different scale,. Pa<l++ t
_
akes the metaphor of the 

desktop for beyond the confines of a computer display, a rhou
_
gh a collec­

tion of document were spread out on an enormous wall. User interactions 
arc ba,;ed on the familiar ideas of panning and 1ooming. A user can zoom out 
and cc the whole collection with little detail, zoom in part way to see sec­
tions ot the collection, or zoom in to sec every detail. This spatial approach 
makes e�"tcnsl\'e use of research in human perception. Since people have 
good spatial memory, Pad++ emphasizes shape and position as clues to help 
users e,-plore information and to recall later what they found. 

\\'rhen Pad++ zooms out, details do not grow ever smaller; if it did, the 
program would be forced to render huge numbers of infinitesimal details. 
features haYc thresholds. Below a certain scale, they are merged into other 
feature or are not displayed at all. In a process known as semantic zoom­
ing, objects change appearance when they change size. This approach is 
familiar from mapmaking, in which a map of a large area represents cities 
but not individual buildings. 

Pad++ is not intended as a universal interface for all applications. For 
some purposes, such as exploring large hierarchical collections in digital 
libraries, it may serve as a complete user interface; for other purposes, it may 
be a visualization component, alongside other user-interface concepts, with­
in a conventional windowing system. 

Pad++ is an interesting example of user-interface research on the rela­
tionship between system performance and usability. Several versions of the 
Pad++ concept have been developed, some free-standing and some as parts 
of web browsers. Each contains internal performance monitoring. The ren­
dering operations are timed so that the frame refresh rate remains constant 
during pans and zooms. When the interface starts to be slow, medium-size 
features are rendered approximately; the details are added when the system 
is idle. 

building interfaces that are convenient to use and attractive on a Yariery of
computers, but some designers encounter difficulty in making the transi­
tion from traditional media (where they control everything) to digital
libraries and the web. A common mistake is overelaboration, so that an
interface is almost unusable without a fast network and a high-performance
computer. 

One unnecessary complication is that Netscape and Microsoft, the two
leading

_ 
vendors of browsers, deliver products that they have chosen to

make different from one another. If a designer wishes to use some special­
ized features, the user must be warned that the application cannot be used
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II browsers. A user interface that works beautifully on O b on a ne rowser may
d·saster on the other. The manufacturers' competitive • . h be a 1 . . mstmcts ave
l·ven prionty over the convemence of the userb�ng 

Functional Design

Digital libraries are distribu.ted syste�s, with many computers working
rogether as a ream. Research mto funcuonal design provides designers with
choices about what functions belong on which of the various computers
and about the relationships between them. Between a repository (where
collections are stored) and the end user (typically using a web browser) lie
an assortment of computer programs which are sometimes called middle­

ware. Middleware programs act as intermediaries between the user and the
repository. They interpret instructions from users and deliver them to repos­
itories. They receive information from repositories, organize it, and deliv­
er it to the user's computer. Often the middleware provides supporting
services, such as authentication or error checking, but its most important
task is to match the services that a user requires with those provided by a
repository.

Figures 8.2 and 8.3 show two common configurations. In each case, a
user at a personal computer is using a standard web browser as a front-end
interface to digital library services: a repository and a search system.

In figure 8.2, the middleware is implemented as independent computer
programs (usually CGI scripts) that run on server computers somewhere
on the network. The browser sends messages to the interface in a standard
protocol (probably HTTP). The scripts can run on the remote service, or
they can communicate with the service by means of any convenient proto­
col. The link between the interface scripts and the search system might use
the Z39.50 protocol. The technical variations are important to the system's
flexibility and performance, but functionally they are equivalent.  This con­
figuration has the disadvantage that each of the user's actions must be trans­
mitted across the network co be processed; the user then waits for a
response. 

Figure 8.3 shows a more advanced configuration in which mobile code
is executed on the user's computer by the browser. The code may be �ava
applets. Until used the code is stored on the remote server; it is loaded into
the user's comput:r automatically when required. This configuration has
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many advantages. Since the user-interface code runs on the user's com­

puter, it can be very responsive. The protocol between the user interface 

and the services can be any standard protocol or can be tailored specially 

for the application. 

A presentation profile is an interesting concept that has recently emerged. 

Managers of a digital library associate guidelines with scored information. 

The guidelines suggest how the objects might be presented to the user. For 

example, the profile might recommend two ways to render an object, one 
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ff rl·ng small file size and one offering full detail The use · f . o e . . • r inter ace 1s
Uraged co follow the profile m rendering the data but f1as th • 

f enco e option 0 

following different approaches .

Computer Systems and Networks

The performance of computer systems and networks has a considerable 

impact on usability. The crearor of a digital library can make few assump­
tions about the equipment that a user possesses, beyond the basic knowl­

edge chat every user has a personal computer attached co the Internet. 

However, this simple statement covers a multitude of situations . Some per­

sonal computers are more powerful than others. The quality of displays 

vary greatly. ome people have their own private computer, which they can 

configure as they wish; others may share a computer, or use more than one 

computer. Any digital library must assume that users will have a variety of 

computers v,ith a variety of operating systems and environments. The envi­

ronments include the various versions of Microsoft's Windows, Macintosh, 

and a plethora of types of Unix. Differences among operating systems can 

be minimized by using a web browser for the user interface, but perfor­

mance differences are not so easily mediated . 

The usability of a computer system depends on how quickly it responds 

to instructions. The designer of a digital library has little or no knowledge 

of the quality of network connections between the user and the library. 

Connections vary from spectacularly fast to frustratingly slow, and even 

the best connections occasional experience long pauses. A user interface 

that is a delight co use over a 10 million bits per second local network may 

be unusable over an erratic dial-up link that rarely reaches its advertised 
speed of 28,000 bits per second. Thus, digital libraries have to balance effec­
tive use of advanced services (which require fast equipment and up-to-date
software) with decent service to users who are less well provided for.

Im proving the Responsiveness of Browsers
Web browsers incorporate several tricks to improve the responsiveness see

_
n

by the user. One is internal caching. Information that has been used once is

likely to be used again (for example, when the user clicks the "back" but­

ton on a web browser), and some graphics (such as logos and buttons) may

JI 
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b red often Web browsers retain recently used files by sto . e repea • ring the 
rarily on the disk of a user's personal computer. These files rn 

tempo . . . rnay be 
HTML pages, images, or files of mo�1le code (perhaps _m_JavaScript). When

requests a file the browser first checks to see 1f it can read h a user ' . . . t e file 
f the local cache rather than having to retneve It from a distant rom . . server. 

Another family of methods that improve the responsiveness of bro . Wsers 
carry out many operations in parallel. Browsers display the first part of a
long file before the whole !ile bas arrived; images ar� displayed in outline,
and the details are filled m later as more data arnves. Several separate
streams of data can be requested in parallel. In aggregate, these techniques
do much co mitigate the slow and erratic performance that often plagues the
Internet . 

Mirroring and Caching 

Replication of data is a technique widely used to enhance the performance 
of systems on the Internet. 

If a digital library collection is to be used by people around the world, 
duplicate copies of the entire collection may be placed at several sites-per­
haps two in Europe, two in the United States, one in Australia, and one in 
Japan. This is called mirroring. Generally, users select the nearest mirror 
site, which is likely to provide the best performance for those users. 
Mirroring also allows a user to turn to another site if one site breaks down 
or if a section of the network is giving trouble. 

The replication of specific information (rather than an entire library) i s 
referred to as caching. A cache is any store that retains recently used infor­
mation, to avoid delays the next time it is used. Caches are found within the 
computer hardware used to help computer processors run quickly. They 
are found in the controllers that read data from computer disks. In the 
domain-name system, they are used to improve the speed and reliability of 
the conversion of domain names to Internet addresses. 

Digital libraries have caches in many places. For example, an organiza­
tion may maintain local caches of documents that have been read recently.
A digital library that stores large collections on slow but cheap mass stor­
age devices will maintain a cache on faster storage devices.

All methods of replicating data suffer from the danger that the versions
may differ and that some users may therefore be receiving obsolete mater·
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. 1 Elaborate procedures are needed to discard replicated • f ia . . tn ormat1on after
red rime, or to check the source to see 1f changes have t k 1 a sra a en p ace 

Caches are vulnerable to security breaches. A computer . 
• 

. system 1s only as
re as its weakest lmk, and a cache can easily be the we k 1. k secu a est in . 

Reliability and User Interfaces

few computer systems are completely reliable, and digital libraries depend
on many subsystems scattered across the Internee. In view of the number of
independent components it is remarkable that any world-wide system ever
works. 

Well-designed computer systems provide the user with feedback about
progress in carrying out tasks. One simple form of feedback is an animation
rhat keeps moving while the user interface is waiting for a response; this at

least tells the user that something is happening. More advanced feedback 
is provided by an indication of the fraction of the task that has been com­
pleted and an estimate of the time to completion. In all cases, the user 
should be allowed to cancel a time-consuming operation. 

The term graceful degradation describes methods that identify when a 
task is raking a long time and attempt to provide partial satisfaction to the 

user. One simple technique is to allow users of web browsers to turn off 
images in web pages and to see only the text. Several methods of delivering 
images allow a crude image to be displayed as soon as part of the data has 
been delivered; full resolution is added later. 

User Interfaces for Multimedia Information 

The materials in digital libraries are steadily becoming more varied in kind. 

User interfaces designed for collections of textual material may be inade­
quate when faced with collections of music, maps, computer software, 
images, statistical data, and even video games. Nonetheless, some general
principles apply:

Summarization When the user has many items to choose from, it is con­

�enient to represent each by some small summary information that conveys
1�5 essence. A book is usually summarized by the author 's n�m� a�d the

�itle (e.g., Arms, Digital Libraries). For a picture, a thumbnail-Size image 

18 usually sufficient. More esoteric information, such as a computer pro­
gram or a film, is difficult for a digital library to summarize.



160 Chapter 8 

. d tegorization Libraries organize information by cl ·t· Sorting an ca f ·nt 
. ass1 ica.. b ordering but many types o I ormat1on (e.g., musical t uon

k 
or 

.1Y dersco�d ways of organization. Fields guides to birds a unes)lac eas1 y un . . k . re easyb Se they divide birds rnco well- nown categories, such as d k to use ecau . uc s hawks, and finches; gui�e� _co wildflowers are more awkward becaus�flowers lack equivalent d1V1s1ons. 
P tation Many types of information require specialized equipm resen H' h 1• d' . . d . entfor the best presentation to the user. 1g -qua icy 1g1t1z� video, for exam-ple, requires specialized di�plays,

f
powerf

A
ul 

d
c�1:1pu

l 
t
l�b

rs, high-speed networkonnections and appropriate so tware. 1g1ta I rary should make full�se of such �apabilities, if they are available; to present such information co users who have lesser equipment, alternative means of presentation mustbe provided.
There is no single way to design digital libraries for different types of

information. User interfaces have to be tailored for the different classes of
material and probably also for different categories of users. Panel 8.4
describes one good example of a user interface: the Informedia digital
library of digitized segments of video .
User Interfaces and the Effectiveness of Digital Libraries
During the past few years, the quality of user-interface design has improveddramatically. It is now assumed that new users can begin productive workwithout any training. Most important, there are now numerous examples offine interfaces on the Internet that others can use for inspiration and as mod­els. Standards of graphical design get better every year. (The materials for
D-Lib Magazine were redesigned three times in as many years .  Each designwas considered elegant in its day but needed a face lift a year later.) Good support for users is more than a cosmetic flourish. E legant design,appropriate functionality, and responsive systems make a measurable dif­ference in the effectiveness of digital libraries. When a system is hard touse, the users may fail to find important results, may misinterpret what they do find, or may give up in disgust. A digital library is only as good asits interface.
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Infonnedia 
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Informedia, a program at Car�e_gie 1:fello�1 Unive�sity led by _Howard Wactlar,is carrying out research on d1g1tal libraries of video materials-specifically,broadcast news and documentary program_s. �h_e pro�rams _are automatical­ly broken into sho�t s�gmems, such _as the md1v1�ual items m a news broad­cast. The emphasis 1s on developing automatic methods for extractinginformation from the video objects, so as to minimize human intervention.More than 1000 hours of digitized video material (obtained from the Cabler ews Jetwork, the British Open University, the Pittsburgh public televisionstation \'(!QED, and other sources) are being used. 
One of the questions a sociated with video or audio material is how toprovide users with an quick overview of an item. The reader of a book canlook at the contents page or flick through the pages to sec the chapter head­ing , bur there is no way to flick through a video. Video skimmi11g, a tech­nique developed by the Infonnedia project, uses automatic methods to extractimportant words and images. In combination, the selected words and imagesprovide a video ab tract that conveys the essence of the full video segment.Informedia's re earch on video skimming has gone far beyond what wasexpected at the start of the project. 
The Informedia user interface employs the conceptual model of search­ing an index of the collection, obtaining a set of hits, then browsing throughthe items found. Queries may be entered by typing or by means of a speech­recognition program. After a search, the interface presents ranked results.Each video clip is represented by an image. When the cursor is moved overthe image a text summary is provided. The image is selected automaticallyas representative of the video segment as it relates to the current query; thesu11J.I11ary is created through natural-language processing. The user may thenclick on an image to view the segment. The interface consists of a video view­er with controls (such as "play" and "stop") similar to those of a home videoplayer. The interface is sufficiently intuitive to be used by individuals whohave not been trained on the system. It maximizes feedback to the user ateach step. �uch of the testing has been done with Pittsburgh high schoolstudents. 
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�mation Retrieval and Descriptive 
_Metadata 

Helping users find information is among the core services provided by dig­

ital libraries. This chapter, the first of two on this general subject, begins

with a discussion of descriptive metadata-the catalogs, indexes, and other

summary information used to describe objects in a digital library. This is

followed by a discussion of the methods by which bodies of text are

searched for specific information. Chapter 11 extends the concepts dis­
cus sed here to discuss distributed searching-that is, searching for infor­

mation chat is spread across separate collections or scattered over many 

computer systems. 

These two chapters concentrate on methods used to search for specific 

information. Direct searching is just one of the strategies that people use to 

disco\'er information, however. Browsing-unstructured exploration of a 

bodr of information-is a popular and effective method for discovering the 

unexpected. Most traditional libraries arrange their collections by subject 

so as ro facilitate browsing. Dewey Decimal classification and Library of 

Congress classification provide both subject information and a hierarchical 

structure that can be used to organize collections. The most widely used 

web information service, Yahoo, is fundamentally a classification of web 
resources augmented by searching. Digital libraries, with their hyperlinks, 
lend themselves to strategies that combine searching and browsing. 

The range of the needs of users of digital libraries illustrates why infor­
marion discovery is such a complex topic and why no single approach sat­
isfies all users or suits all materials. The objective of a comprehensive search

is to find everything on a specified topic. Serious scholarly, scientific, or 

legal srudy typically begins with a comprehensive search to discover prior 

work in rhe field. In a known-item search, the user is looking for a specific 
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item, such as the opening chapter of Moby Dick. Often the reference is not 

perfect and a search must be done to find the item; however, there is indeed 

a specific item, and the user will recognize it when it is found. Then there 

are searches for facts. Facts (e.g., the name of the capital of Barbados, or the 

atomic weight of mercury) are specific items of information that may be 

found m m.111y sources of information. A search for a fact is complete when 

the fact is found. The source of the face must be reliable, but there may be 

many possible sources. Overview i11f ormatio11 on a topic is yet another com­

mon need. A request such as "IIow does one organize a wedding?" or 

.. ,. hat is public-key encryption?" may lead to many suitable sources of 

information, but usually the user wants a small selection. Once one useful 

item has been found, a user may wish to know about related items. In 

research, for example, a common question is "Is there any later research 

that builds on the work reported in this article?" 

Descriptive Metadata 

Many methods of information discovery do not search the actual objects 

in the collections; rather, they work from descriptive metadata about the 

objects. The metadata for an object may be a catalog entry, an indexing 

record, or an abstract. Descriptive metadata usually is stored separately 

from the objects that it describes, but sometimes it is embedded in the 

objects. 

Descriptive metadata is usually expressed as text; however, it can be 

used to describe information that is in formats other than text, such as 

images, sound recordings, maps, and computer programs. A single catalog 

can combine records for all genres, media, and formats. This enables users 

of digital libraries to discover materials in all media by searching textual 

records. 

Descriptive metadata is usually created by professionals. Library cata­

logs and scientific indexes represent huge investments of work by skilled 

people, sustained over decades or even centuries. This economic fact is cru­
cial to understanding current trends. On one hand, it is important to build

on the investments and the expertise behind them. On the other, there is a

great incentive to find cheaper and faster ways to create metadata, either
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b automatic indexing or through rhe use of corn 
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y . purer tools that enh 
human expertise. ance 

Catalogs

Catalog records are short records that provide surnrn . f . 
. 

. ary tn orrnatton about
library obiect. The word catalog 1s applied to record I h a . 

. 
s t  iat ave a cons1s-

rent structure, organized according to systematic rule A b s. n a stract 1s a
short summary of a longer document. Other types of inde • d x111g recor s are 

less formal than a catalog record but have more structure th . 1 

abstract.
an a s1mp e 

Library catalogs serve many functions, not only informati'o · 1 n retneva.

Some catalogs provide comprehensive bibliographic information that can-

not be derived directly from the objects. This includes information about

authors or the provenance of museum artifacts. For managing collections,

catalogs contain administrative information, such as where items are stored
(whether online or on library shelves). Catalogs are usually much smaller 

than the collections they represent; in conventional libraries, materials that 

are stored on miles of shelving are described by records that can be con­

tained in a group of card drawers at one location or in an online database. 

Indexes to digital libraries can be mirrored for higher performance and

greater reliability. 

Information in catalog records is divided into fields and subfields, with

rags to identify them. For example, there might be a field for an author's

name with a subfield for the author's surname. The Anglo-American

Cataloging Rules and the MARC format are used for many types of mate­

rial, including monographs, serials, and archives. Because of the labor

required to create a detailed catalog record, materials are cataloged once

(often by a national library, such as the Library of Congress) and the records

are then distributed to other libraries through utilities such as the OCLC.

The role of MARC and the related cataloging rules in digital libraries is

a subject of debate. How far can traditional methods of cataloging migrate

to support new formats, media types, and methods of publishing? MARC

cataloging retains its importance for conventional materials. Librarians

have extended it to some of the newer types of object found in digital

libraries, but it has not been adopted by organizations other than tradi­

tional libraries.

"""' 
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Abstracting and Indexing Services 

The sciences and other technical fields rely on abstracting and indexing ser­

vices more than they rely on catalogs. Each scientific discipline has a service

to help users find information in journal articles-e.g., Medline for medi­

cine and biology, Chemical Abstracts for chemistry, and lnspec for physics,

computing, and related fields. Each service indexes the articles in a large set

of journals. The record for an article includes basic bibliographic informa­

tion (authors, ritle, dare, etc.) and subject information, organized for infor­

mation retrieval. The derails differ, but the services have many similarities.

Since abstracring and indexing services emerged at a time when computers 

were slower and more expensive than they are today, the information is 

structured to support simple textual searches; however, the records have 

proved useful in more flexible systems. 

Scienrific users often want information on a specific subject. Because of 

the subtleties of language, subject searching is unreliable unless there is 

indexing information that describes the subject of each object. The subject 

Panel 10.1 
Medical Subject Headings 

The :l\ational Library of Medicine has provided information-retrieval ser­
vices for medicine and related fields since the 1960s. Since in medicine (a com­
plex field with a huge terminology) i t  is often the case that the same concept 
may be described by scientific terms or by any of multiple vernacular terms, 
the NLM has developed a controlled-vocabulary, known as MeSH, that pro­
vides a thesaurus of subject headings for each of the 400,000 articles it index­
es every year and for every book acquired by the library. These subject 
headings can be used for information retrieval. In addition to MeSH (which 
has about 18,000 primary headings), there is a separate thesaurus of about 
80,000 chemical terms. The terms in MeSH are organized in a hierarchy. At 
the top are general terms, such as anatomy, organisms, and diseases. Going 
down the hierarchy, anatomy (for example) is divided into sixteen topics, 
beginning with body regions and musculoskeletal system. Body regions is fur­
ther divided into sections, such as abdomen, axilla, and back. Some of the sec­
tions are then subdivided. Thousands of cross-references are provided. 

The success of MeSH depends on the professionals who maintain the the­
saurus and on those who assign subject terms to documents. Successful use

of MeSH also depends on users or reference librarians who understand med­
icine and are able to formulate queries using the terms and the structures that 
MeSH employs. 

--
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p nel 10.2
;e Art and Architccrurc Thesaurus

The Art and Architecture Thesaurus was developed bv the] Paul G T 
b I f d .6. . • • etty rust 

a controUed voca u ary 
. 
or escn ing and retrieving informac·o f' as . . 1 n on me 

t :1rchitecrure, decorative art, and material culture. It has almost 120 000ar ,  . 
1 . 1 . , 

rcnns for ob1ect , textua 11:atena s, imag�s, architecture and culture from all
periods and all cultures, w1�h an emphasis on Western civilization. The the-
aurus can be u ed by archives, museum�, and libraries to describe items in

their collections. Ir also be used to search for materials.
Serious work on this the aurus began in the early 1980s, when the Internet

was in its infancy; however, rhe data was created in a flexible format that
allowed the creation of many versions, including an open-access version on
the web, a printed book, Jnd v,uious computer formats. The Getty Trust
explicitly organized the thesaurus so that it could be used by computer pro­
grams for information retrieval and for natural-language processing.

The Art and Architecture Thesaurus is arranged in seven categories, each
containing a hierarchic of terms. The categories arc associated concepts,
physical attributes, styles a1Td periods, agents, activities, materials, and
ob1ects. A ingle concept i • represented by a duster of terms, one of which is
csrabli hed as the descriptor (i.e., the preferred term). The thesaurus provides
nor only rhe terminology for objects but also the vocabulary used to describe 
rhem (e.g. style, period, shape, color, construction, use) and scholarly con­
cepts such as theories and criticism. 

The costs of developing and maintaining a large, specialized thesaurus are 
huge. Even in a mature field, such as art and architecture, terminology is 
changing continually, and the technical staff has to support new technology. 
Even though the Getty Trust is extremely rich, developing the thesaurus took 
many years. 

information can be an abstract, keywords, subject terms, or other infor­

mation. Some services ask authors to provide keywords or an abstract, but

this leads to gross inconsistencies. It is far better to have professional index­

ers assign subject information to each item. 

An effective but expensive approach is to use a controlled vocabulary.

That is, where several terms could be used to describe a concept, one is used

exclusively. The indexer is given a list of approved subject terms and rules

for applying them. No other terms are permitted. This is the approach used

for the Library of Congress subject headings and the ational Library of

Medicine's MeSH headings.
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Th lied-vocabulary approach requires trained indexers It 1 e contro . • a so. k'lled users because the terms used m a search query mu b requires s 1 , 
. . . st e . t "'t'th the terms assigned by the rndexer. Medicine in the Un· 

dcons1sten ., ite 
States is especially fortunate in having a cadre of reference librarians. In
digital libraries, the trend is to provide users with tools that permit them
to find information directly, without the help of a reference librarian. A
thesaurus, such as MeSH or the Art and Architecture Thesaurus, can be
used to relate the terminology that a user provides to the controlled terms
used in indexing. 

The Dublin Core 
Since 1995, an international group led by Stuart Weibel of OCLC has been
working to devise a set of simple metadata elements that can be applied to
n wide vnriery of digital library materials. The set of elements developed by
this group is known as the Dublin Core, after Dublin, Ohio, the home of
OCLC, where the first meeting was held. Several hundred people have par­
ticipated in Dublin Core workshops and have discussed the design by elec­
tronic mail. Their spirit of cooperation is a model of how individuals with 
diverse interests can work together. The fifteen elements they have selected 
are summarized in panel 10.3. 

Simplicity is both the strength and the weakness of the Dublin Core. 
Whereas traditional cataloging rules are long and complicated, requiring 
professional training to apply effectively, the Dublin Core can be described 
simply. However, simplicity conflicts with precision. The team has strug­
gled with this tension. The initial aim was to create a single set of metadata 
elements for untrained people who publish electronic materials to use in 
describing their work. Some people continue to hold this minimalist view; 
they would like to see a simple set of rules that anyone can apply. Others
prefer the benefits that come from more tightly controlled cataloging rules
and would accept the additional labor and cost. They point out that extra
structure in the elements results in extra precision in the metada ta records.
For example, if entries in a subject field are drawn from the Dewey Decimal
Classification, it is helpful to record that fact in the metadata. To further
enhance the effectiveness of the meta data for information retrieval, sever­
al of the elements are expected to have recommended lists of values. Thus,
there might be a specified set of types, and indexers would be advised to
select from the list. 
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panel 10,3 
The Dublin Core

The following fifteet� elements constitute the metadata set of the Dublin Core.
All element are opaonal, and all can be repeated. (These descriptions 
condensed from the official Dublin Core definitions with the permissio:

e��
the de ign ream.}
Title The name gjven to the r�sot�rce by the creator or publisher. 
Creator The per on or orga1uzar1on primarily responsible for the intellec­
rual content of the �esource (au_thors in the case of written documents; artists,
photographers, o� 11lu trators m the ca � of visual .resources). 
ubject The topic of the resource. Typically, ub1ect will be expressed as a

keyword or a phra e that de cribe. the subject or the content of the resource.
The u e of controlled vocabularies and formal classification :.chemes is
encouraged. 
Description A textual de cription of the coment of the resource, including
abstracts in the ca e of document-like objects and content descriptions in the
case of visual resource 
P11blisher The entity respon iblc for making the resource available in its
present form-e.g., a publishing house, a university department, or a cor­
porate entity. 
Contributor A per on or organization not specified in a creator element
that has made significant intellectual contributions to the resource but whose
contribution i secondary to any person or organization specified in a creator
element---e.g., an editor, a transcriber, an illustrator. 
Date A date associated with the creation or availability of the resource.
Type The category of the resource-e.g., home page, novel, poem, work­
ing paper, preprint, technical report, essay, dictionary. 
Format The data format of the resource (used to identify software and pos­
sibly hardv,rare that might be needed to display or operate the resource). 
Identifier A string or number used to uniquely identify the resource.
Examples for networked resources include URLs and URNs.
Source Information about a second resource from which the present
resource is derived.
Language The language of the intelleccual content of the resource.
Relation An identifier of a second resource and its relationship to the pre­
sent resource. This element permits links between related resources and
resource descriptions to be indicated. Two examples are an edition of a work
and a chapter of a book. 
Coverage Spatial locations and temporal durations characteristic of theresource.
Rights A rights-management statement, an identifier linked to such a s_rate­ment, or an identiiier linked to a service providing information about rightsmanagement for the resource.
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object Models, Identifiers, and Structural
Nfetadata

Information comes in many forms and formats, each of which must be
captured, stored

_
, retr

_
ieved, and manipulated. Much of the early develop­

ment of digital ltbranes concentrated on material that has a direct analog

ro some physical format. These materials can usually be represented as
simply structured computer files. Digital libraries can go far beyond such
simple digital objects· they include anything that can be represented in a
digital format. The digital medium allows for new types of library objects,

such as software, simulations, animations, movies, slide shows, and sound­

rracks, and for new ways to structure material. Computing has introduced

its own types of objects, including spreadsheets, databases, symbolic math­
ematics, and hypertext. Increasingly, computers and networks support 
continuous streams of digital information-notably speech, music, and 
video. Even the simplest digital objects may come in many versions and be 

replicated many times. 

Methods for managing this complexity fall into several categories: iden­

tifiers for digital objects; data types, which specify what the data repre­

sents; and structural metadata, which represent the relationship between 

digital objects and their component parts. In combination, these techniques 

create an object model, a description of some category of information chat 
enables computer systems to score and provide access ro complex infor­

mation. Interoperability and long-term persistence are constant themes in
srudies of these copies. Information in today's digital libraries must be
usable many years from now by people using computer systems that have
nor yer been imagined .
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. 1 irem may be stored in several alternate d' • 1 f .\ sing e . . igna ormats \Y/h • rerial is converted to d1g1tal form the sa h . • en
. sring ma 
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' me P ys1cal item .e� 1 red several nmes. For example, a scanned ph ma} 
e conrer . . . otograph may haveb olution archival version, a medium-quality ve . high-res rs1on, and a thumb-a . 1 ome cases these formats are exactly equivale t ( oail. n s . n e.g., an uncom-

d image and the same image stored with a lossless co . resse mpress1on) and
� . ossible to convert from one to the other. In other cases th d'ff

, 
1r 1s P . . . £ . . , e I erentts conram different m ormanon (e.g., differing repre . forrna . sentanons of af text in SGML and PostScnpt formats).page o 
Structural Types 
To the user, an item app�a�s as a single entity, and the internal representa­
tion is unimportant. A b1bltography or an index will normally refer to such
an item as a single object in a digital library. Yet the internal representation
as srored within the digital library may be complex. Structural metadata is
used co represent the various components and the relationships among
rhem. The choice of structural metadata for a specific category of material
creates an object model. 

Different categories of objects require different object models-for example, text with SGML markup, web objects, computer programs, dig­
itized sound recordings. Within each category, rules and conventions
describe how to organize the information as sets of digital objects. For
example, specific rules describe how to represent a digitized sound record­
ing. For each category, the rules describe how to represent materials in the
library, how the components are grouped as a set of digital objects, the inter­
nal structure of each component, the associated metadata, and the con­
ventions for naming the digital objects. The categories are distinguished by
structural type. 

Object models for computer programs have been a standard part of com­
puting for many years. A large computer program consists of many files of
programs and data, with complex structure and interrelations. This rela­
tionship is described in a separate data structure that is used to compile and
build the program. For a Unix program, this is called a make file. 

Structural types must be distinguished from genres. For information
retrieval, it is convenient to provide descriptive meta data that describes the
genre. (For example, some of the genres of popular music are jazz, blues,
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rap, and rock.) Genre 
_
is� natur�I and useful way to describe materials for

searching and other b1bliograph1c purposes, but another categorization . 
required for managing distributed digital libraries. Though feature filrn

�
s 

documentaries, and training videos a�e clearl
_
y different genres, their digi:

tized equivalents may be encoded m precisely the same manner and
processed identically; they are the same structural type. Conversely, two
texts may be of the same genre, but if one is represented with SGML
markup and the ocher in PDF format they have different structural types
and object models. 

Panel 12.8 describes an object model for a scanned image. This model
was developed co represent digitized photographs, bur the same structural 
type can be used for any bit-mapped image. For example, a map, a poster, 
a playbill, a technical diagram, and a baseball card represent different con­
tent, but they are scored and manipulated in a computer with rhe same 

Panel 12.8 
An Object Model for Scanned Images 

In joint work wirh rhe Library of Congress, members of rhe Corporation for 
):'ational Research Initiatives have developed object models for some types 

of material digitized by the National Digital Library Program. The first
model was for digitized images, such as scanned photographs. When each 
image is converted, several digital versions are made. Typically, there is a 
high-resolution archival version, a medium resolution version for access via 
the web. and one or more thumbnails. Each of these versions has its own 
metadaca in addition to the metadata shared by all the versions. 

The first decision made in developing the object model was to store the 
bibliographic metadata that describes the content in separate catalog 
records. Srruccural metadata (which relates the various versions) and admin­
istrative metadata (used for access management) is stored with the scanned 
images and is pare of the object model. 

Since the individual digital versions may be used independently on some 
occasions, each version is stored as a separate digital object. Each of these is 
identified by a handle and has nvo elements: a digitized image and metada­
ta. Another digital object, known as a meta-object, is used to bring the ver­
sions together. The main purpose of the meta-object is to provide a list of 
the versions. It also has a data-type field that describes the function of each 
image (e.g., for reference, for access, or as a thumbnail). The meta-object, 
which has its own handle, contains metadata that is shared by all the versions 
of the image. 
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Current thinking suggests that even compl· d .. crure. JCate digit I I b rru . ns 
can be represented by a small number of str I 

a 
I rary

ollectto uctura types It h c ested that fewer than ten structural types wo Id b • as
been sugg . I b . u e adequate fo 

h categories of matena emg convened by the Lib f r
all t e . . • d · rary 

° Congress chese are d1g1t1ze images, sets of page images f . 
•

Among . . . 
, sets o page images

. h ssociated SGML text, d1g1t1zed sound recordings a d d' . . . wit a , n 1g1t1zed video
recordings.

ob·ecr Models for Interoperability
Ob:ect models are evolving slowly. How the various pares should be
grouped cogerher can rarely be pecified in a few dogmatic rules. The deci­
sion depends on the context, the specific objects, the type of content, and
sometimes the actual content. After the introduction of printing, the struc­
rure of a book took decades to develop to the form that we know today,
with ics fronrmatter: chapters figures, and index. ot surprisingly, few con­
ventions for object models and structural metadata have yet emerged in dig­
ital libraries. Structural metadata is still at the stage where every digital
library is experimenting with its own specifications, making frequent mod­
ifications as experience suggests improvements.

This might appear to pose a problem for interoperability, since a client
program will not know the structural metadata used to store a digital object
in an independent repository. However, clients do not need co know the
internal details of how repositories store objects; they need to know the
functions that the repository can provide.

Consider the storage of printed materials that have been converted to
digital formats. A single item in a digital library collection consists of a set
of page images. If the material is also converted to SGML, there will be the
SGML markup, the Document Type Definition, style sheets, and related
information. Within the repositor y, structural metadata defines the rela­
tionship among the components, but a client program need not know these
details. In chapter 8 we looked at a user-interface program that manipu­
lates a sequence of page images. The functions included displaying a pec­
ified page and going to a page with a specific page number. user in��rface
thar is aware of the functions supported for this structural type of mfo�­
marion • bl . I • ho t knowing how 1t. 1s a e to present the material to t 1e user wit u 
15 Srored on the repository.
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Dissemination 

In a digital library, che form in which information is scored is rarely the form
in which it is delivered co che user. In the web model of access, information
is copied from the server co che user's computer, where it is then rendered
for use by the user. The rendering typically takes the form of converting the
data in the file into a screen image, using suitable fonts and colors, and
embedding the image in a display with windows, menus, and icons.

Getting stored information and presenting it to the user of a digital 
library can be much more complicated than it is in the web model. At the 
very lease, a general architecture must allow the stored information to be
processed by computer programs on the server before being sent to the
client, or on the client before being presented to the user. The data that is
rendered need not have been stored explicitly on the server. Many servers
run a computer program on a collection of stored data, extract certain infor­
mation, and provide it co the user. This information may be fully format­
ted by che server, bur often it is transmitted as a file that has been formatted
in ITTML or in some ocher intermediate format that can be recognized by
the user's computer. 

Important cypes of dissemination include direct interaction between the 

client and the scored digital objects and continuous streams of data. When 

a user interacts with the information, access by the user is not a single, dis­

crete event. Video games are a well-known example of this; the same is true 

of any interactive material, such as a simulation of a physical situation. 

Access co such information consists of a series of interactions, which are 

guided by the user's control and by the structural metadata of the individ­

ual objects. 
Often a client program may have a choice of disseminations. The selec­

tion may be determined by the equipment a user has-for example, users 

on a slow network sometimes choose co turn off images and receive only 

the text of web pages. It may be determined by the software on the user's 

computer-for example, if a text is available in both HTML and PostScript 

versions, a user whose computer does not have software capable of view­

ing PostScript will want the HTML dissemination. It may be determined 

on non-technical grounds, such as the user's wishes or convenience-for 
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Th.5 chapter looks at methods for storing digital materials 1·n re . . 
1 pos1tones

and archiving chem for the long term. It also examines the protocols that
provide access to m�terials stored in repositories. It may seem strange that
such important topics sho�l� be_addr_essed so late in the book, since long­
rerm storage is central co d1g1tal hbranes , but there is a reason. Throughout
rhe book rhe emphasis has been on what actually exists today. Research
ropics have been introduced where appropriate, but most of the discussion
has been of systems char are used in libraries today. The topics in this chap­
rer are less well established. Beyond the ubiquitous web server, there is lir­
rle consensus about repositories for digital libraries and the field of digital 
archiving is new. The needs are beginning to be understood, bur the meth­
ods are still embryonic-particularly in the field of archiving. 

Repositories 

A repository is any computer system whose primary function is to store dig­
ital material for use in a library. Repositories are the bookshelves of digital 
libraries. They can be huge or tiny, storing millions of digital objects or just 
a single object. In some contexts a mobile agent that contains a few digital 
objects can be considered a repository ,  but most repositories are straight­
forward computer systems char store information in a file system or data­
base and present it to the world through a well-defined interface. 

Web Servers 
Currently, the most common form of repository is the web server. Several
companies provide excellent web servers. The main differences between
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Panel 13.1 
Web Servers

A web server is a computer program �vhose tasks are to store files and to
d t requests in HTil' and associated protocols. A web server runs onrespon o . b · t r Colmected co the Internet. This computer can e a dedicated one a compu e . . ,

a shared one that also runs other apphcattons, or a personal computer chat
provides a small web site. 

At the heart of a web server is a process called _httpd. The letter d stands for
daemo1I. A daemon is a program that runs contmuously but spends most of
its time idling until a message arrives for it to process. The. HTTP protocol
runs on top of TCP, the Internet transport proto�ol. TC� prov1d_es several ports

( ddresses) for every computer. The web server 1s associated with one of these
;om-usually port 80, although others can be specified. When a message
arrives at chis pore, it is passed to the daemon. The daemon starts up a process
to handle this particular message, and continues to listen for more messages 
to arrive. In this way, several messages can be processed at the same time with­
our tying up the daemon with the details of the'.r proce_ssi�g. 

The actual processing that a web server cames our is tightly controlled by the HTTP protocol. Early web servers did little more than implement the get

command. This command receives a message containing a URL from a client.
The URL specifies a file stored on the server. The server retrieves the file and
rerurns it to the client. The HTTP connection for the specific message then ter­
minates. 

As HTTP has added features and as web sites have grown larger, webservers haYe become more complex. In addition to the full set of HTrP com­mands, they have to support CGI scripts and other extensions. One of therequirements of web servers (and also of web browsers) is to continue to sup­port older versions of the HTTP protocol. They have to be prepared to receivemessages in any version of the protocol and to handle them appropriately.Furthermore, web servers have steadily added security features. Version 1.1of the protocol also includes persistent connections, which permit severalHTTP commands to be processed over a single TCP connection. The biggest web sites are so busy that they need more than one computer.Several methods are used to share the load. One straightforward method issimply to replicate the data on several identical servers. This is feasible andconvenient when the number of requests is high but the volume of data is mod­erate. A technique called "DNS round robin" is used to balance the load bvmeans of an extension of the domain-name system that allows a domain nam'eco refer to a group of computers with different IP addresses. For example, thedomain name www.cnn.com refers to a set of computers each of which has acopy of the Cable News Network's web site. When a user accesses this site,the domain-name system chooses one of the computers to service the request.��t replication of a web site is inconvenient if the volume of data is huge or ifit 15 changing rapidly. Web search services provide an example. Some websearch system use separate computers to carry out the search, to assemble the
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Advanced Repositorie
Although web servers are widely used other types of storage systems are
used as repositories in digital libraries. In business data processing, rela­
tional databases are the standard way to manage large volumes of data. 
Relational databases are based on an object model that consists of dara 
cables and relations among them. These relations allow data from differ­
ent rabies to be joined or viewed in various ways. The cables and the data 
fields within a relational database are defined by a schema and a data dic­
tionary. Relational databases are excellent at managing large amounts of 
data with a well-defined structure. Many of rhe large publishers mount col­
lections on relational databases, with a web server providing the interface 
between the collections and the user. 

Catalogs and indexes for digital libraries are usually mounted on com­
mercial search systems. These systems have a set of indexes char refer to the 
digital objects. Typically, they have a flexible and sophisricared model for 

indexing information bur a primitive model for the actual content. Many 
began as full-text systems, and their greatest strength lies in providing infor­
mation retrieval for large bodies of text. Some systems have added rele­
vance feedback, fielded searching, and other features thar they hope will 
increase their functionality and hence their sales. 

Relational databases and commercial search systems provide good rools
for loading data, validating it, manipulating it, and protecting ir. Access
control is precise, and services rhar are important in business applications
(such as audit trails) are provided . There is an industry-wide trend for da_ra­
base systems to add full-text searching, and for search systems to provide 
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some parts of the relational database model. These extra features can be
useful, but no company has yet created a system that combines the best of
both approaches. 

Although some digital libraries have used relational databases success-
fully, the relational model of data is not flexible enough for the rich object
models that are emerging. The consensus among the leading digital libraries
appears to be that more advanced repositories are needed. A possible set of
requjrements for such a repository is as follows.

Information hiding The internal organization o! the repository should
be hidden from client computers. It should be possible to reorganize a col­
lection, change its internal representation, or move it to a different com­
puter without any external effect. 
Object models Repositories should support a flexible range of object 
models, with few restrictions on data, metadata, external links, and inter­
nal relationships. ew categories of information should not require fun­
damental changes to other aspects of the digital library. 
Open protocols and formats Clients should communicate with the repos­
itory through well-defined protocols , data types, and formats. The repos­
itory arcrutecture must allow incremental changes of protocols as they are 
enhanced over time. Trus applies, in particular, to access management. The 
repository must allow a broad set of policies to be implemented at all lev­
els of granularity. 
Reliability and performance The repository should be able to store very 
large volumes of data, should be absolutely reliable, and should perform 
well. 

Metadata in Repositories 
Repositories store both data and metadata. The metadata can be considered 
as falling into the general classes of descriptive, structural, and administra­
tive. Identifiers may need to distinguish elements of digital objects as well 
as the objects themselves. Storage of metadata in a repository requires flex­
ibility, since there is a range of storage possibilities: 
• Descriptive metadata often is stored in catalogs and indexes that are 
�anaged outside the repository. These catalogs and indexes may be held
�n se�arat_e repositories and may cover material in many independent dig­
ital libraries. Identifiers are used to associate the metadata with the corre­
sponding data. 
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