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ABSTRACT

We describe the design and use of a personal digital library
system, UpLib. The system consists of a full-text indexed
repository accessedhrough an active agert via a Web inter-
face. It is suitable for personal collections comprising tens
of thousands of documents (including papers, books, pho-
tos, receipts, email, etc.), and provides for easeof documernt
entry and accessas well as high levels of security and pri-
vacy. Unlik e many other systemsof the sort, user accessto
the document collection is assuredeven if the UpLib system
is unavailable. It is \univ ersal" in the sensethat documents
are canonically represerted as projections into the text and
image domains, and uses a predominantly visual user in-
terface based on page images. UpLib can thus handle any
document format which can be rendered as pages. Provision
is made for alternativ e represertations existing alongsidethe
text-domain and image-domain represertation, either stored
or generated on demand. The system is highly extensible
through user scripting, and is intended to be used as a plat-
form for further work in document engineering. UpLib is as-
sembled largely from open-source componernts (the current
exception being the OCR engine, which is proprietary).
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1. INTRODUCTION

Our Universal Personal Digital Library (UpLib) project
addressesthe capture, secure storage, organization, access,
and use of documents involved in a person's day-to-day ac-
tivities. Among those documents are credit card bills, fam-
ily pictures, favorite books, letters of various kinds, receipts,
tax forms, Web pages,and the other otsam of modern life.
As researders, we also place particular emphasis on tech-
nical papers and notes, both ours and those of colleagues.
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Figure 1: Document icons in the second version of
our system. Each icon is generated using a constant-
area algorithm, whic h allo cates the same amoun t of
area to each thumbnail, regardless of orien tation.
This approac h allo cates a fair amount of space to
landscap e-format documents, and makes it easy to
distinguish  between letter-size and Ad-size docu-
ments by their relativ e heights. Clic king on an icon
opens that documen t.

Our intention is to deploy this library in multiple forms, in-
cluding onethat can be carried always in a small devicelike
a PDA. Our approach usesboth document imagesand doc-
ument text but emphasizesimages; we feel that the image
domain preserts certain unique opportunities not available
in the symbolic domain, including a degree of universality
and resistanceto \bit-rot" or obsolescenceof digital format.
It is likely that many if not most of the documents entered
into the systemwill rarely accessedand somenever accessed
at all. It is neverthelessimportant that all documents en-
tered into the system be retrievable sothat the originals |
paper or digital | may bediscarded. Our personalinforma-
tion needscannot be predicted perfectly in advance,soit is
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Figure 2: Results of a search in our rst system,
implemen ted in PHP4 and calling htsearch through
the cgi-bin mechanism. The search results from htdig
were parsed by the PHP script to form the names
of the precomputed thumbnail images, whic h were
then used to mak e HTML4 image buttons for the re-
triev ed documen ts. Clic king on one of the retriev ed-
document buttons had an e ect determined by func-
tion.

safer (and now feasible) to store virtually everything, taking
advantage of plummeting hard disk costs, and shifting the
burden of ling onto a well-designedretrieval process. Soin
addition to the day-to-day tasks of looking up researd pa-
pers and notes, examples of unanticipated questions easily
answerable with the UpLib include \what diameter contact
lensesdid my optometrist in Massadwusetts prescribe?" and
\how much did we pay in un-reimbursed medical expenses
in 2002?" The potential e ect on ling practices and infor-
mation availabilit y of adopting a digital personal document
library into daily work- o w appearsto be signi cant.

We feel that these considerations mandate the following
design choicesin a personal library system, and we attempt
to fulll them with the UpLib system:

Universality: Documents can originate from any source
and in any initial format;

Availability: Documents { even large books { can be
easily found, browsed, and read with a standard Web
browser, and documents are still accessiblewhen the
personal library is not running;

Extensibility: Functionality can be easily added to
handle new types of seard, conversion, organization,
or access;

Sarchability: Documents can be retriev ed using a nat-
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The WebBook and the Web Forager: An Information
score: 31.36 Workspace for the World-Wide Web
Stuart K. Card, George G. Robertson, William York

The World-Wide Web has achieved global connectivity stimulating the
transition of computers from knowledge processors to knowledge sources.
But the Web and its client software are seriously deficient for supporting
users' interactive use of this information. This paper presents two related
designs with which to evolve the Web and its clients. The first is the
WebBook, a 3D interactive book of HTML pages. The WebBook allows
rapid interaction with objects at a higher level af aggregation than pages.
The second is the Web Forager, an application that embeds the WebBook
and other objects in a hierarchical 3D workspace. Both designs are intended
as exercises to play off against analytical studies of information
workspaces.
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This proposal concerns the management of general information about
ot accelerators and experiments at CERN. It discusses the problems of loss of
information about complex evolving systems and derives a solution based
on a distributed hypertext system.
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In this paper we describe a diary study of how people read in the course of ¢
their daily working lives. Fifteen people from a wide variety of prafessions
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Figure 3: Search results in the second system. Out-
put from Luceneis mapp ed by the Python daemon
to document descriptions consisting of the scores,
th um bnails, and summaries of the documents; the
icons similarly serve as HTML links to retriev e the
associated documen t.

ural combination of full-text retrieval over metadata
and category information with visual seardy among ini-
tially retrieved thumbnail arrays to achieve a comfort-
able balance of precision, recall, and user involvemert;

Salability: Tens of thousands of documents can be
accommaodated without reducing the system's respon-
siveness;and

Security: Documents such as personal medical and -
nancial records can be stored safely.

This paper briey reviews other work in this eld, and
then describes the two prototypes of a UpLib system that
have been built, as part of the PARC Productive Reading
e ort. We describe these prototype systemsin three func-
tional stages: capture, document normalization and storage,
and retrieval and use of the stored documents. Finally, we
describe future work that we expect to do with the UpLib
system of personal document managemen.

2. PRIOR WORK

The term \digital library" is broad enough to preclude
a sensible exhaustive listing of all digital library systems;
indeed the the World-Wide Web itself has emergedas a de-
facto digital library of ageneralsort. It is therefore advanta-
geousfor our purp osesto narrow the senseof the term digital
library system; here we take it to mean: an integrated set
of software, hardware, and proto col elemerts that together
provide a means of storing, managing and accessingdocu-
ments in digital form. All such digital library systems will



Figure 4: The page view is computed for a screen
at least 1024 pixels high, and is quite readable as
the image has been prop erly anti-aliased. The small
page icons on the left-hand side are buttons pro vid-
ing direct accessto that page; when used on the 768
1024 pixel screen of a Tablet PC, they are partially
occluded, but the page numbers are still visible.

have some degree of commonality among their functionali-
ties; still, they can and do di er considerably in the speci cs
of their targeted end-use, their emphasis of which features
are important, their detailed design choices, and their im-
plementation. The main features and design choicesbehind
seweral existing digital library systems were recertly sum-
marized by N. Fuhr et al. [10]. The list of systemspreserted
there is by no meansexhaustive, but the features and design
choicesappearto be represenativ e of the current technology
and practice.

Digital library systems can be categorized along seweral
dimensions, e.g.: proprietary versusopen; supporting large-
scale versus limited collections; supporting many users si-
multaneously or few. Here we are primarily concernedwith
supporting the use and managemen of documents encoun-
tered in a person'sor small group's day-to-day activities, in
the absenceof a system administrator. Therefore, the sys-
tem must be both robust and lightweight. The systemis also
intended to be adaptable to evolving or newly recognized
needs, and to serve as a researd platform upon which to
test new ideas or dovetail with complemertary technologies
in computer-enhanced reading and visualization. There-
fore, extensibility, especially by non-guru users, is impor-
tant to us as well. Proprietary document-managemert sys-
tems | both enterprise-level systemssuch as Documentum
(http://iwww.do cumentum.com/), and consumer-gradesys-
tems such as PaperPort (http://www.scansoft.com) | do
not meet these requirements for easeof extensibility. There
are few extant digital library systemswe know of that are
plausible ts to our requirements; the two that come clos-

Figure 5: An example of insucien t windo w size, as
would be the case on a low-to-mo derate-resolution
display. The need to scroll, especially horizon tally ,
severely imp edes the reading pro cess. As men tioned
in the text, the parallel PAR C UbiT ext pro ject may
oer a solution, and may be adopted in UpLib for
small-screen devices.

est are the Personal Libraries system be Wilensky at U.C.
Berkeley [21] and the Greenstone open-source system by
Witten et al [22].

The Berkeley Personal Libr aries systemis premised largely
on a distinction between collection and repository; the for-
mer being a speci cation of some set of documents anal-
ogous to a list of pointers, and the latter embodying the
\place" where individual documents are kept, or more pre-
cisely, an means of storing and retrieving individual doc-
uments. It provides cataloging and full-search capability
through the Cheshire-1l (http://c heshire.lib.berkeley.edu/)
system. The Personal Libraries system is generally well-
suited to the types of document storage and accesstasks
encourtered in an academic setting, such as the provision
of collections of researt papers produced by or of interest
to a researd group, or the compilation of selected papers
for course readers. It has provision for extensibility in at
least two ways: by providing a customized style sheet that
governs the display of seard results, and by adding access
functionalit y through a Multivalent client [17]. It also hasa
reasonablesecurity/priv acy medhanism, intended to address
digital rights issues, but equally suitable to the protection
of private personal data. However, from the descriptions we
have of the system, it is not clear that its core functional-
ity at the server end can be easily extended, particularly by
non-expert developers. (Extensibilit y on the client side is
provided through use of Multivalent). An instance of this
system | to our knowledge, the main instance | can be



accessedat http://elib.cs.b  erk eley.edu/pl/

The Greenstone systemis a public, extensible open-source
project intended to grow in functionalit y as people con-
tribute to it, to support interaction with large-scale mul-
timedia collections. It seeksto provide a uniform frame-
work for both searding and browsing, while providing for
customizability via con guration les. It de nes a specic
format called GML, , a variant of HTML, into which docu-
ments must be converted in order to store them in a col-
lection. Greenstone builds on the earlier Managing Giga-
bytes[23] programs, and lik e the Berkeley Personal Libr aries
system, takes advantage of ideas from earlier work such as
Dienst [9] (see below) and Harvest [6]. Compared to the
system we presert here, the Greenstone project is relativ ely
heavyweight | it takes pains to be scalable to very large
scale collections, and its multimedia document model (and
concomitant specialized GML format into which documents
must be imported) are much more general than is needed
for the typesof use we are concernedwith here. Moreover,
we are concernedin our work that for peopleto adopt the
system into their practice, it must allow them to retain any
existing storage and accesspractices they may have individ-
ually evolved alongsidethe additional functionalit y provided
by the system, rather than require them to commit wholly
and irrevocably to an unfamiliar systemwhosefuture cannot
be certain to them.

Dienst [9] wasa relativ ely early web-baseddocument stor-
age, seard), and accesssystem intended for the dissemina-
tion of technical reports. Dienst saw fairly broad deployment
through the mid-to-late 1990s,particularly among computer
sciencedepartments in U.S. universities. Its strength wasin
its strong leveraging of the then-emerging World-Wide Web,
with its standard protocols and its broadly deployed clients
in the form of browsers. Dienst in turn had beenin uenced
in part by an early document infrastructure system devel-
oped in our laboratory at PARC in the early 1990s called
System 33 [18]. Dienst relied on standard HTML forms
for user input, the built-in cability of browsers to display
images for its output, and the Common Gateway Interface
(\cgi-bin") mechanism for executing its storage, seard, and
retrieval functions. As sucdh it was even closerin its concep-
tion and designto UpLib (particularly to the rst prototype
of UpLib) than the two more \mo dern" systems reviewed
above. But unlik e UpLib, it was not designedas a personal
digital library system,i.e., oneto be easily administered and
extended by its users.

Two other researd e orts | Haystack [1] from MIT and
Presto [11] from PARC | should be mentioned here as
well, primarily for their conceptual relationship to our work
with respect to personalization and the role of metadata.
Haystack emphasizespersonalization primarily by adapting
the document seardhh mechanism in a manner that is in-
formed by the user's interests, as manifested by the contents
of the documerts that the useralready hasin his repository.
The document collection and metadata are represerted as
a large graph, part of which is kept in fast memory, and
the entirety of which is stored for use over multiple sessions
through the use of persistert database technology. Rela-
tive to the system described here, Haystack is less image-
certric and is aimed at handling a larger variety of personal
documents including email, task lists, and appointments.
Metadata plays a key role, and recert work on Haystack has
emphasizedits methods for the robust and e ectiv e repre-

sertation and communication of metadata [13].

Presto [11] also emphasizesthe role of personalized meta-
data in a lesystem, by estewing a traditional location-in-
hierarchy scheme for document organization and storage in
favor of one based on a exible combination of metadata
elemerts. Collections of documents becomedynamic, essen-
tially de ned by conditions satis ed by their metadata, and
multiple categorization of documents becomesnatural and
automatic (a property it inherited from the earlier PARC
project Babar). While our emphasisis on a repository and
not a lesystem, our notion of collection is similar in spirit
to its counterpart in Presto

3. DOCUMENT CAPTURE

Document capture and retention is done for a number of
dierent purposes. One study of information capture pro-
posed10 reasonswhy documernts are captured [8]. Of these,
half seem directly related to personal document libraries,
while four of the remaining v e are about collective docu-
ment usein small groups. In addition, this study obsered
that 65% of the paper documents being captured were stan-
dard letter-size, and of those, 5/8 were only one page in
length, while only 6% were longer than 3 pagesin length.
Many of the other documents were handwritten notes or
newspaper clippings.

Documents are similarly captured by various means and
in various formats. The proliferation of small cheap digital
cameras suggestthat they will also be used extensively for
informal document capture of small paper documents, as
well asfor taking pictures and movies. E ectiv e useof these
documerts requires a number of automated image enhance-
ment steps, to de-warp and otherwise clean up the document
image. A number of papers have already discussedthese
problems and potential solutions, such as the CamWorks
paper [16]. In addition, the increasing availabilit y of docu-
ments in electronic forms such as HTML and PDF makes
it clear that these formats have to be supported as well in
a personal documert library . Indeed, Web \clippings" may
cometo replace conventional newspaper clippings.

Our current systems allow the use of digital cameras or
scanners, for paper documents, and document converters,
for electronic documents. Scanning can be done either man-
ually or automatically with systems such as Xerox's Flow-
port, which mails a PDF le containing the scanneddocu-
ment to the user. Document converters such asPARC's Sys-
tem 33[18] and documents.com allow usto produce TIFF or
text versionsof formats such as PDF, HTML, or Microsoft
Word. In general, we feel that the system should be exi-
ble enough to support any mode of user document capture,
and we expect a large number of custom capture tools to
aggregatearound a successfuldocumert library technology,
ead supporting a particular work o w microculture. For in-
stance, we should be able to \prin t to" an UpLib repository
from an application, or drag a document onto the UpLib
from a desktop view, or instruct an UpLib to accepta partic-
ular document from a command line. Tools to support each
of these modes of capture have in fact beenconstructed for
our current system; they are not considered part of UpLib
proper.

To encouragethe proliferation of appropriate capture and
input tools, we specify a document folder format which tools
can deposit the captured documernt in. This consistsof a di-
rectory containing three les, ead of which is a projection of



the document into a particular document space. The three
projections that we are currently experimenting with are
text, which is a le containing the symbolic text of the doc-
ument, if it hasany; pageimage, which is a multi-page TIFF

le containing full-color page images of the document; and
metadata, which is a le containing metadata properties of
the document, represerted as|ETF RFC 822\unstructured

eld" headers, and tagged for character set and language
information as speci ed in RFCs 2231 and 2047. In addi-
tion to thesethree les, the bits of the actual document, in
any format, are placed in a sub-folder of the directory. The
directory is then passedto the UpLib repository daemonvia
an HTTP POST operation.

We also provide certain building blocks, which canbe used
to assenble particular capture tools. For example, somefor-
mats have simple and e ectiv e ways of obtaining the text of
a document, such as the pdftotext tool for PDF. However,
many scanned formats require the use of optical character
recognition. We provide an OCR Web service, which when
called with a set of imageswill try various OCR scanson the
document. The output of thesescansare comparedto deter-
mine the best one by minimizing the empirical per-character
entropy with respect to a character-5-gram language model
(currently for English, but easily re-trainable on any other
language representable in UTF-8). The best result is then
returned to the caller. This service can be easily integrated
into various image-oriented capture tools to producethe text
projection of a documert.

4. NORMALIZA TION AND STORAGE

When a new document folder is passedto the UpLib sys-
tem, it is assigneda unique name basedon the current time,
and placed in a\staging area" to undergo a processwe call
normalization, which involves producing other versions of
the document, and generating more metadata about the
documernt. Certain parts of this processare standard across
all UpLib repositories, and others may be specic to a par-
ticular user or repository.

As part of the standard normalization, we require that
each document be pre-rendered in seweral dierent forms
for ecien t searh and presertation. Our current system
requiresthat a le containing the symbolic text of the docu-
ment be presert, that thumbnails of eadh page of the docu-
ment (in two di eren t sizes)be presert, and that a standard
set of HTML les for accessingthe document be presert in
a subdirectory of the document folder. To accomplish this,
we use a sequenceof \ripp er" agerts, which examine, in
turn, the document in the staging area and produce alter-
nate versionsof it or augment the metadata information for
it.

One standard ripp er generates the thumbnails for eath
page of the document; in our current system a small thumb-
nail used for document overview is generated along with a
full-screenimage usedfor actual pagepresertation. Another
ripp er adds an automatically generateddocument summary
to the metadata le in the document folder. A third gen-
erates a set of HTML views of the document, drawing on
the previously generated summary and on the thumbnails
for page views. Still another generatesan index entry for
the document in a full-text indexing system; our rst pro-
totype used ht://Dig [20] for this purpose,and our second
usesJakarta Lucene [19].

Since the ripper agerts are run sequerially, ead can

take advantage of data generated by earlier agerts, or op-
erate independertly. In addition, rippers can be run out-
side the scope of the document addition task, at user re-
quest. Additional ripp er agerts can easily be added, on a
per-repository basis. We envision a library of possible anal-
ysis engines, eath performing some metadata extraction or
pre-usecadhing operation, that can contin uously \ro ve" over
the contents of the library, making opportunistic improve-
ments. For example, as researders, we'd like to integrate
simple researt paper metadata extraction similar to that
used in CiteSeer [5], which would only run on documents
that su cien tly resenble technical papers. Other transfor-
mations might perform URL extraction from Web pages,
headline and dateline extraction from newspaper clippings,
face recognition on family photos, or mailing-list classi ca-
tion on email messages.

Figure 6: The metadata form allows metadata about
a document to be examined or updated. The full
text of the document is available at the top of the
form, for cutting and pasting into the other elds.
Controls at the bottom of the form allow metadata
to be shared with other UpLib users who may also
have this document in their rep ositories.

When the document has been normalized, the document
folder is automatically moved from the staging areato a stor-
agearea, and is then often manually veried. An important
benet of the UpLib is that it allows paper to be discarded.
Before an important paper document that has beenentered
into the system can be thrown away or shredded, the digital
version must be veri ed for quality and retrievability. This
veri cation stageis by far the most time-consuming aspect
of entering documents into the system, but our experience
has shown that it is not prohibitiv ely burdensome. For re-
trievability, an end-to-end chedk is made for eacdh newly en-
tered document by attempting to retrieve using the query
terms that come to mind, and if the retrieval fails, then
those query terms are added to the \k eywords" metadata
property of the document. Missing pages are cheded for
in large documents by inspecting every 10 or 20 pages,and



making sure that the page numbersare incrementing by the
expected amount. Scanning problems such asexcessie skew
or bad exposure are chedked for by quickly scrolling through
the thumbnail bar. In addition, our standard Web inter-
face allows the user to examine, and if desired modify, the
metadata about the document at this point.

5. RETRIEVAL AND USE

Figure 7: The result of a search. At the bottom,
a form allows the search to be saved as a named
persisten t query .

Once a documernt has beenstored in the repository, most
accessto it is with a Web browser over SSL-encrypted con-
nections. Currently, there are two major interfaces to the
repository: either a visual presertation of all the documents
in the repository, in one of three formats, or full-text searc
over the textual and metadata projection spaces.

Examples of thumbnail overviews can be seenin Figures 1
and 2. This is convenient for a small number of documents,
and tractable for a somewhatlarger number. However, more
sophisticated information managemert techniques need to
be used for the number of documents we envision a typical
repository as having. There is a great deal of work going
on in this area which we expect to benet from. We are
currently exploring incorporation of a time-based organiza-
tion scheme, such as a perspective wall [14], or perhaps a
hierarchical clustering scheme [3], [12]. In addition to the
thumbnail overviews, documents can be shown with their
abstracts, in a fashion similar to that shown in Figure 3,
or as just a list of document titles. In any of these dis-
plays, clicking on the document will take the user to the
page-readerview of that documert.

However, in alarge database of documerts, searding may
be the primary way of nding documents. Our prototypes
allow a seard string to be specied by the user, using the
particular query syntax supported by the underlying full-
text indexing engine. This string generatesa set of docu-
ment matches, and the system then needsto indicate those
matches to the user in someway. Figure 3 shows one way
of doing this, implemented in our second prototype. Each
result consists of three parts: the Lucene relevance score,
the thumbnail image of the rst page of the document, and
a summary of the text of the document. As with the thumb-
nail overviews, clicking on any result takesoneto the actual
documert.

Seardes can be assigneda name and made persistert as

Figure 8: Retrieving and browsing a book in our
rst protot ype. On a 600 MHz Intel Pentium [l
mac hine, each page displa ys in the order of 200 msec,
without prior caching, irresp ectiv e of position in the
book. Top left: search results for \T arjan." Re-
maining images: page views as the thumbnail bar
to the left is browsed. The functionalit y is simi-
lar to that provided by Adob e Acrobat Reader, but
somewhat faster and without requiring a plug-in or
separate viewing application.

a collection. The set of persistert query-based collections
can be accessedwith a control button at the top of any of
the repository overviews or seard result forms. Opening
a persistert query will causethe query to be re-run, and
the current matching documents to be preserted. We have
found the speed of the Lucene engine we are currently us-
ing to perform seardesto be more than acceptable for this
purp ose.

The other primary useof the simple Web interface is view-
ing or reading a document, with provision to provide a print-
able version (Postscript in our rst system, PDF in the sec-
ond) on demand. When a documert is preserted, it consists
of a column of thumbnails of all the pages, along with a
larger view of the current page. A small control area allows
a PDF or text form of the document to be retrieved. The
anti-aliased image presenrtation is remarkably e ectiv e for
reading, even for documents that are originally not in \vir-
tual paper" form, i.e. Web pages. In some cases,onceit is
determined that a document is of interest, it is printed out
for more portable reading; the printed version is eventually
discarded for recycling.



Figure 9: Using aclien t-serv er architecture with secure HTTP asthe central comm unication paradigm enables

a wide range of usages.

The secondauthor hasusedthe rst prototype of this sys-
tem to eliminate one large 4-drawer ling cabinet from his
home, and one of about the samesizefrom his o ce. He cur-
rently hasabout 2,000documernts in his UpLib, and accesses
it daily. On average, he adds about 2.5 new documernts to
the system per day.

6. ARCHITECTURE

There are a number of ways to build systems of this type.
Our current focus is on a client-server model, with a thin
client built mainly with the HTML+Ja vaScript user-interface
\to olkit" communicating over an secure RPC channel to
a server back-end written in Python that performs task-
specic actions. The simple client will thus \run" in any
modern Web browser, which, in the spirit of Dienst, we
seeas a signicant advantage. The server is implemented
as a daemon running on a user's computer with the user's
identit y, exporting functionalit y to the client via the stan-
dard HTTP/SSL protocol. In addition to servicing RPC
calls from the client (or clients), it also performs the doc-
ument normalization tasks described above, and supports
metadata-mining agerts implemented as separatethreads of
control, which contin ually work on improving the metadata
for the repository.

User code can be loaded automatically at startup or while
the daemon is running to introduce new ripp er agerts or
UpLib \actions". Users can de ne new actions by adding
Python modules to any directory on their \actions-path",
and invoke any action by visiting an appropriate URL of
the form \h ttps:// hostport/action/ module/ action". Param-
eters to the action may be passedas the query portion of
the URL. The action code is loaded automatically when the
URL is invoked in the server, and re-loaded automatically if
the action module changes. Actions operate on three kinds
of object, the Repository, Document, and Collection types.
User code can create new subtypesof these object typesand

use them.

Additional information about the documert is stored in ei-
ther the document's metadata.txt le, or in subdirectories of
the document folder. Metadata about the whole repository
is stored in atop-level directory of the repository, devoted to
that purpose. In general, information is stored in at les
as structured text of various sorts, to be easily accessible
when the daemon is not running. Where appropriate, this
text form is XML.

To enhancesecurity, we use a variety of mechanisms. The
\staging area" usedin the normalization phaseis within the
documert repository, sothat partially-completed documents
are not exposedto additional risk. All communication with
the UpLib daemonis through SSL-encrypted HTTP connec-
tions, and appropriate HTTP cading directiv es are used
to instruct Web browsers not to store pages fetched from
the repository locally. Each repository may have a separate
pass-phrase assaiated with it. The pass-phraseis never
used as a command-line argument or stored on a lesystem;
instead, a SHA-1 hash of the passphraseis used. The Up-
Lib daemon issuesshort-liv ed securecookies to the browser
when the user logs into a repository, and these cookies are
never stored to a lesystem. The repository data may be
stored in an encrypted lesystem, and we recommend so
doing for portable computer systemssuch as laptops.

We usea number of open-sourcepackagesin our latest im-
plementation, including the Python language,the Python
Imaging Library (PIL), the Medusa web sener frame-
work for Python, various tools from the libti  package, the
Lucene full-text indexing system from the Apache Jakarta
project, and Ghostscript . Some of our capture tools use
the xp df package,and we've found the curl tool very useful
in working on the system.

7. FUTURE WORK

At PARC there are currently a number of projects aimed



at extracting various kinds of metadata from documents
or document collections. They include generation of docu-
ment co-referencegraphs, measuring the \authorit y" of web
pages,determining reading order of words in a document by
pageimage analysis, and detection of topic shifts in the text
of a document. We hope to incorporate results from most
of these projects into the UpLib asripp ers. In addition, we
are looking at automatic generation of a syntopicon [2] for
documents in a speci ¢ repository.

There is always additional user interface work to pursue.
An alternativ e to our current HTML/Ja vaScript front end
supported by a Web browser is one written speci cally for
our application, either asa stand-alone program, or perhaps
as a Java applet. Our intention is to avoid this if possible,
both to reduce barriers to adoption and to provide resis-
tance to obsolescence. A more palatable variation on this
approach is to use HTML/Ja vaScript in conjunction with a
custom Web browser, such as the highly portable Multiva-
lent Browser [17] being developed at Berkeley, which sup-
ports a exceptional range of document interactions, such as
annotation and \magic lenses" [4].

We'd also like to support use of documents in smaller dis-
play contexts. The availabilit y of small PDA devices with
high-resolution color screensand Blueto oth automatic con-
nectivity, such as the Palm Tungsten T, and other devices
with very large storage capacity, such as the Apple iPod,
suggest that pocket-size devices with both of these capa-
bilities are likely in the near future. A pocket-size wire-
lessly available \container" holding all of your personal doc-
uments, aswell asserving asan MP3 player and PDA, seems
a likely outcome of these trends, and we intend to run our
UpLib on these deviceswhen they becomeavailable.

But interacting with documents on these devicespreserts
special challenges[15]. E ectiv e use of personal documents
on these devices will require new ways of dealing with im-
ages, particularly images of text. One promising approach,
PARC's UbiText [7], oers a way of re- owing (essetially
re-typesetting) images of piecesof the text (characters and
words), and we hope to useit in future versions of our sys-
tem.

In the longer term, we expect to releasean open-source
version of the system externally. Currently, the largest ob-
stacle to doing this is the unavailabilit y of a reliable open-
source OCR engine, though some starts have been made.
We would like to seemore work done to remedy that prob-
lem.

8. CONCLUSION

We have described the objectives, design, and implemen-
tation of a universal personaldigital library that emphasizes
image-domain represertation of documents, and is largely
basedon open-sourcecomponerts. Speci cally , the architec-
ture and functionalit y of two protot ypeshas beendescribed.
The rst prototype of the UpLib system has been adopted
into the daily work-o w of one of the authors over a pe-
riod of about two years, suggestingthat the system is both
usable and useful (although a formal user study will be re-
quired to determine the e ect of an UpLib on current work
practices). Sewral colleagueshave begun to adopt the sys-
tem into their own work- o w. The secondprotot ype greatly
facilitates this; it is more powerful, more robust, more ex-
tensible, and easierto use by a novice. We expect that it
will be adopted by a growing user community within PARC,

and that it will continue to improve in usability and func-
tionalit y as a result.
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