
ELECTRONIC ACCESS TO FULL
DOCUMENT TEXT AND IMAGES
THROUGH LINUS

_____.--- Lorinda L. Cherry and Robert K. Waldstein

72

Lorinda L. Cherry is a
member of technical
staff in the Computing
Techniques Research
Department and
Robert K. Waldstein is
a distinguished
member of technical
staff in the Operations
Department of the
Libraries and Informa­
tions Systems Center.
They are with AT&T Bell
Laboratories in Murray
Hill, New Jersey. Ms.
Cherry's research
interests include elec­
tronic document distri­
bution and access, and
document preparation
and graphics. She
joined the company in
1966 and has a B.A. in
mathematics from the
University of Delaware
and an M.S. in com­
puter science from
Stevens Institute of
Technology. Mr. Wald­
stein develops and
maintains a variety of
systems that support
library network func­
tions and give users
direct access to that
network. He joined the
company in 1981, and
has a B.S. in
mathematics from the
(continued on page 90)

AT&TTECHNICAL JOURNAL • JULY/AUGU,T1989

This paper discusses document capture, preprocessing,
and full-text display oftechnical papers with the LINUS
database system, a centralized access point to a variety
ofdatabases. Users can retrieve records ofinterest­
including documents-based ondescriptions ofthe
contents (e.g., author names, words ofa title, content
phrases from text). With the LINUS full-text service,
they can easily check a fact or reference ina document,
as well as preview an internal document at their ter­
minals before deciding to order a paper copy. When
linus is runfrom a bitmapped terminal, a document's
graphics, tables, and complicated equations are also
displayed; and a mouse and menus help users move
around in the document. Thefull-text capability is avail­
able now, even over low-speed networks. Other applica­
tions being considered or implemented include display­
ingarchival photographs and personnel pictures tied to
a personnel directory.
Introduction

Libraries have longrecognized andtried to meetthe user's
demand to haveallmaterials ofinterestreadily available. Butseveral
trends,especially for libraries likethe AT&T Library Network, have
combined to makethis either difficult or impossible:
- The numberoftechnical journals is rapidly increasing, so both

storage space andsubscription chargesmakeit costly to maintain a
complete collection for the user's hands-on use.

- The library network servesa geographically dispersed population.
To haveallthe desiredmaterials physically available to its users
requiresa high degreeofredundancy, with its associated costs.

Even the fastestphysical mail delivery is often considered unaccept­
ably slow by many users. Buttoday, electronic publishing andhigher
speednetworks are making possible the capture andon-line presenta-



tionofa document's full text. (By full text, wemeanthe
complete text ofa paperwith its tables, lineart,graphs,
andequations.) Thus, itemsofinterestcanbe instantly
available to users.

Libraries have been looking at electronic access
as a way ofsolving these problems and best serving the
customers' needs. Recently, this has focused on the idea
ofan "electronic window" that gives users accessto as
many library functions as possible without their physi­
cally goingto the library.l-' The LINUS database system,
which runs on the UNIX® system, currently provides on­
lineaccessto library catalogs and information collec­
tions, such as descriptions ofarchived photographs and a
personnel directory. Making full text available, eitherfor
reading on-line or forelectronic delivery to a user, further
expands this concept ofa window to library services.

The full text ofpapersforon-line reading is
storedin database directories as inputto a page­
description language. This inputincludes the paper's
graphics, tables, andcomplicated, displayed equations,
which are preprocessed intobitmaps. Abitmap is a
binary representation ofan image and canbe displayed
on "smart" (bitmapped) terminals, such as the Teletype"
5620 dot-mapped display (DMD) terminal orAT&T 630
multitasking terminal with graphics (MTG).

Aprogram on the host computer interpretsthe
page-description language andcurrently supports the
troff, Monk, andTEX™ formatting languages.F' (TEX
is a trademarkofthe American Mathematical Society.)
When linus is run from a bitmapped terminal, a pro­
gramcalled reader is downloaded intoa window on the
terminal and manages howtext is positioned in that win­
dow. Menusdisplayed with the mouseenable the user
to move around in the document. When linus is run
from a "dumb" terminal, a less-sophisticated page­
description language interpreteris used to display the
text sequentially, without the bitmapped images.

In this paper, wediscussa method ofcapturing
full textwith minimal additional overhead either to the
library network or to an author or document producer.

The technique described has two advantages: Because
the full text is captured inASCII form, the text canbe
usedfor in-depth subject access. (ASCII is the American
Standard Code for Information Interchange.) And, the
systemgives a user reasonable access overexisting,
low-speed networks. (Panel 1 identifies acronyms and
UNIX systemtools used in this paper.)

Life of a Paper
Technical papers are vital to an R&D organiza­

tion; in somesense, theyare its product. The papers
servetwo major functions:
- Theyare a record, forlegalandother purposes, ofthe

organization's work andachievements.
- They promulgate information abouteachperson's

workto his or her colleagues.
Figure 1 summarizes the mechanism used to capture the
researchdocuments, bothelectronically andas physical
copy. The rest ofthis section describes this process,
focusing on the flow ofthe electronic version.

InAT&T, two production methods dominate
whenan authoris readyto produce a final version ofa
technical paper. These methods apply whetheran
author, secretary, or typing pool doesthe production:
- Usea formatter that runs on the UNIX system to pro­

ducethe document. Currently, troff is the dom­
inantformatter used to produce technical documents,
although the t ex formatter also has a significant user
population.

- Useword-processing software that runs on a personal
computer (PC) to produce the document, or use a
special-purpose, word-processing machine. Technical
papersare produced on a wide variety ofPC-based
tools, including Wordl'erfect", Microsoft" Word,
MacWrite™, andSAMNA Word™ word-processing
software. (WordPerfect is a registered trademark of
WordPerfect Corporation; Microsoft is a registered
trademark ofMicrosoft Corporation; MacWrite is a
trademark ofApple Computer, Inc.; andSAMNA Word
is a trademark ofSAMNA Corporation.)
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OCR

ASCII

proof

reader

tex
tped
troff
trplot

refer
tbl

DMD
docsubmit

cip
chern
cpio

dvit
eqn
grap
ideal
lIDS
itis
latex
linus

Panel 1. Acronyms and Tools
ACM Association forComputing Machinery
areader translates troff orTEX codetoASCII form for

display on a terminal
American Standard Code for Information

Interchange
attextract installs a paper's full text in the rrDS database
CCITf International Telegraph andTelephone

Consultative Committee
interactive drawing system
phototypesets chemical diagrams
combines multiple UNIX system files into a

single file fortransmission to anothermachine
dot-mapped display (terminal)
enables authorto submit a document's text

to ITDS
translates a device-independent file into t roff
language fordescribing mathematics
language fordescribing andplotting graphs
language fordescribing anddrawing diagrams
Internal Technical Document Service
lIDS internal documents database
macro package for the t ex formatter
login thatgives users on-line accessto ITDS

databases
AT&T library Network database system
standard macro packages for troff
database driven textformatter
style-sheet basedformatting program
multitasking terminal with graphics
personal computer
language fordescribing anddrawing pictures
language fordescribing anddrawing pictures
language fordrawing graphsandpictures
retrieves andformats bibliographic citations

in the monk style
presentstroff output forviewing on a

bitmapped terminal
optical-character recognition
manages the display offull textona bitmapped

terminal
manages bibliographic citations
language fordescribing anddrawing tables
formatter that produces a device-independent file
translates ped outputintotroff
typesetting language andtextformatter
translates plot outputinto troff

LINUS
me/mm/ms
Monk
monk
MTG
PC
ped
pic
plot
prefer
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Figure 1. Life cycle of
a technical paper.
Datakit® ves is a
virtual-clrcult
switched network,
iUs Is the ITDS
bibliographic data­
base, and TM is a
technical memoran­
dum.
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Currently, the full textproduced bythese PCpackages
or the word-processing machines is notbeingcaptured
becauseofseveral problems connected with the docu­
ment'scapture. Notthe least ofthe problems is the need
to give these users a toolthat is simple to use in their
computer environments andwill transmit a packaged
version ofthe text.

Once a fully acceptable version ofthe paperexists,
a final "official" copy ofthe document is produced on a
quality printer. This papercopy is sent to the Internal
Technical Document Service (ITDS), which maintains the
official, legalfiles oftechnical documents atAT&T.

For a paperto be accepted (and filed), the ITDS
musthavean official coversheet for the document. This
is a coverpagethat contains the paper'sbibliographic
information (e.g., title, author, numberofpages), infor­
mation aboutits release, and the abstract. Every docu­
mentfiled mustalsohavea unique document number,

which appears on the coversheet. The coversheet is
captured electronically, as muchas possible; thosenot
received electronically are enteredby the ITDS docu- .
mentcheck-in staff. Information forthis paper-Le., its
bibliographic description andabstract-and forall docu­
mentsfiled with ITDS is storedin onedatabase, known
as the it is database. This database is oneofseveral
accessed viathe LINUS system.

Electronic capture offull textofdocuments filed
with ITDS is a relatively newstepin the life ofa document.
After a document is filed with the ITDS andenteredin the
it i s database, electronic mail is sent automatically to the
authorto request the document's full text. Ifweexpect
authorsto cooperate in this capture, the process forsub­
mitting the full textmust requireminimal effort on their
part. So, versatility andease ofuse are crucial to the com­
mand theywould use to do this. r.we will describe the
docsubmit command shortly.)
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Figure 2. User
access to technical
papers. Datakit ves
is a virtual-circuit
switched network,
iUs is the ITDS
bibliographic data­
base, Mercury is a
bulletin service that
alerts readers about
new books and
papers, and TM is a
technical memoran­
dum. The 630 MTG is
a multitasking termi­
nal with graphics.
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WhenITDS receives the full text,the LINUS sys­
temlinksthe full text to its bibliographic recordin the
it i s database. Ifa corresponding bibliographic record
cannotbe found, then the full text for that document is
notmadeavailable on-line. Suchfailures occur if the
document numbercannotbe identified in the full text,or
ifthe document numberextracted from the funtext does
notmatch the one in the it i s database.

Atthis point, ITDS takes primary responsibility
forhandling the document, which involves two, some­
timescontradictory, roles:
- ITDS is responsible forprotecting and storingthe pro­

prietary technical information produced within AT&T.
- It is responsible for disseminating as muchinformation

as possible abouttechnical documents to ensure that all
employees are kept informed ofpertinent work.

AsFigure 2 shows, ITDS has two primary ways
ofkeeping employees informed abouttechnical

documents ofpotential interest:
- An ITDS service, called Mercury, alerts users about

newdocuments that have beenfiled. Thispaperbul­
letindescribes the documents, separated by subject
category. Mercury bulletins are generated from the
itis database.

- AT&T employees can searchthe i tis database
directly usingthe LINUS service. Thismode ofaccess
is discussed further in the nextsection.

LINUS Access to the itis Database
In somesense, the way users gain access to the

full text is peripheral to this paper. Butbecause the
whole pointofthis effort is to give users access, the way
this is achieved within AT&T is ofinterest. Therefore,
this section is a briefoverview ofhow users gainaccess
to the it i s database and to the full text, whenavailable.

The AT&T Library Network, ofwhich ITDS is a

AT&T TECHNICAL JOURNAL. JULY/AUGUST 1989



Welcome to the Internal Documents Database
Database has 187676 items. Last update was Mar 17 1989

Enter terms (words) indicating what you are looking for.
-->

Enter a period to exit. ? for help

Figure 3. Main
screen of the user
mode of slimsrch.
The terms a user
enters are used to
locate appropriate
database records.

--> Electronic Access Papers
Set of 1 item. On item 1 of 1. Record display: Page 1 of 2

ti Towards Electronic Access to Technical Papers.
au Cherry. L
10 MH
ab This paper describes the design and implementation of a document storage

and browsing system for real technical documents. It addresses the
problems of electronic document capture, storage and display.

Proprietary class: AT&T Bell Laboratories - Proprietary
Pages: 18
--> Unofficial full text of this document is available online <----> (Use copy from print for official version)
--> To see the available full text enter the command "reader"

For more information do ?reader

Figure 4. Full display
screen of a record. A
disclaimer is
displayed above the
menu at the bottom.

77

+/-
r

to do a new search
Move forward/back in display
Request present item

Enter desired action:

p Print present display
to put up short displays

b to browse similar items

component, is committed to maximizing employee
accessto a wide range ofinformation by electronic
means." This is summarized by the "vision" statement:
The vision of thelibrarynetwork is toprovide allprofes­
sional employees throughoutAT&Twith an "electronic
window" tothe vast array ofinternalandexternal infor­
mation services andtoassure thatthe underlyinginfor­
mation resources are managed asstrategic assets provid­
ingacompetitive advantage toAT&T.
Amajor component ofthis electronic accessis achieved
through the LINUS system. LINUS is a library network
service that gives users accessto a wide variety ofAT&T
internal databases, including: the AT&T Library Network
bookand serialcatalogs; the personnel, photograph, and

standards databases; andthe it i s database ofinternal
documents. (External databases are beingconsidered.)
These databases are allmaintained under slimmer,7 a
database package developed internally to meetthe needs
ofthe library network.

Whena user has gained access to LINUS, the
systemfirstconfirms whethera bitmapped terminal is
beingusedwith the reader program loaded. The sys­
temthen displays a menuofdatabase options. When the
user selectsa database from the menu, he or she is
presentedwith an initial screen-something likethe one
in Figure 3. Byenteringterms,such as a name or partof
a title, the user doesa searchthat retrieves relevant
items. Figure 4 shows a typical display ofthe biblio-
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graphic entryretrieved for a given item.
Notice the disclaimer above the menuat the bot­

tomofthe display. This disclaimer, which is displayed if
full text is available for the record, is particularly impor­
tant. Onedrawback ofthe entiretechnique is that there
is no way to guarantee that the on-line full text is a pre­
cisematch to the official document. The problem is en­
demic to full-text systems, evenwhenthe capturetech­
nique involves getting"final" typesetting tapes,"

Word-Processing Tools and Document Capture
Here,wedescribe howthe word-processing

tools-troff and tex-affect document capture.
The Troff Tools. The mostcommon language used

on UNIX systems fortypesetting documents is troff9

and its suiteoftypesetting tools. Troff is a macro pro­
cessorwith a few, verylow-level commands.

Asa language, troff is both powerful and
difficult to write. The difficulty in writing troff code
has led to the wide use ofstandard macro packages. The
macro packages allow the authorto specify the com­
ponents ofthe paper, and the macros supply the basic
troff commands forproperfontand positioning.

The most-commonly used macro packages in
AT&T are -ms, -mm, and -me.lQ-12 The Monkformatting
language' is also used.

Monk is a high-level language inwhich the
authordescribes the components ofthe paperwith
English-language commands like:

Iauthor (name "L. L. Cherry".
initials LLC. location MH.
department 11271. extension X6067.
room 2C-S16)

The monk command then produces the proper troff
commands for typesetting the paper.

Even whenthey use a macro package, authors
can and do intersperse rawtroff commands in their
documents for fine-tuning. They may alsoinclude

AT&TTECHNICALJOURNAL. JULY/AUGUsr 1989

external files (e.g., the codefora figure) in their docu­
mentby usingtroff's . so command.

Languages and preprocessors. The power of troff
has also led to a variety ofsmall languages or preproces­
sors4,13 to do particular typesetting tasks. Eachlanguage
has its own syntax and structure that are particularly
suitedto its specialized job.

The first such language was eqn for typesetting
mathematics.l" In eqn, the mathematics is written as it
would be spoken, soXi = Yi +Zi would be enteredas:
x sub i = y sub i + z sub i. Like allthe other
preprocessors, eqn readsthe whole document, passing
allbut the mathematics through untouched. Eqn
translates the mathematics, designated bythe macros
. EQ and. EN, intothe troff commands that properly
position the components. Mathematics may be dis­
played (i.e., placed alone on a line) or may be in-line, like
Xi. An in-line equation is designated bydelimiters
defined bythe author.

Although eqn canhandle tall in-line mathema-
co

tics-such as ~ xiYi-in practice, authors rarely use it
I

that way. Instead, they preferto display tall equations.
Asyouwill see later,the system takesadvantage of
this fact.

The preprocessor that specializes in tablesis
called t b1.15The authordescribes the layout andcon­
tents ofthe table, and tbl produces the troff com­
mands to format it. Tablesare delimited bythe macros
. Tsand . TE and may contain mathematics. Tb1 does
not needto know howto format equations; it simply
passesthe mathematics throughfor eqn to process.
Both eqn and tbl are ingeneral useforproducing tech­
nical documents.

Refer16is a program formanaging bibliograph­
iccitations. The authormay embed the references in the
document; and refer canbe told to collect them,format
them, andplace them at the endofthe document.
Refer can also be told-on the command line-to get
the references from a separate file. When the references



are in a separate file, the document capture program
must makespecial arrangements to handle them.
Prefer17is similar to refer but with entries in the
monk command style.

There are several preprocessors for typesetting
figures andgraphs. In the simplest, pic,18 a figure is
described in terms ofprimitive objects-e.g., line, box,
circle, andarrow-and positions, eitheras exactcoordi­
nates or relative to other objects. Pic figures are line
drawings andmaycontain text andmathematics. Pic
has its ownmacro facility (which allows complex
objects to be defined), control structures (which allow
iteration andconditionals), and provisions for including
external files.

For figures that requireshading, masking, or
moreflexibility than pic provides, the ideal preproces­
sor" maybe used. In the ideal language, figures are
described in terms ofa systemofsimultaneous equations
usingcomplex numbersthat correspond to points in an
x-y coordinate system. The points defined bythe solu­
tionsto these equations and somedrawing instructions
define the figure. Ideal also has macro definitions,
control structures,andfile inclusion.

Unlike the other preprocessors, which compile
into troff commands, grap20-a language for describ­
ingand plotting graphs-compiles intopic code.
Graphs are described in terms ofprimitives such as the
typeofframe that surroundsthe graph,labels, line­
drawing style, and points. Grap has macro processing,
control flow, andfile inclusion. Points to be plotted are
often stored in external datafiles.

Another preprocessor that compiles intopic
codeis chem,21 a language for describing chemical struc- ,
ture diagrams. It describes the diagram in terms of
primitives-such as atom, ring, bond-and their connec­
tions. Chern figures mayinclude pic macro definitions,
text,and eqn expressions.

Besides writing in a preprocessor language to
makefigures, authorsmay use interactive programs to
generate them. For example, the S statistical package

will generate pic codeto produce graphs. The interac­
tive drawing system, cip, maybe used to construct
figures and produce pic output. Figuresandgraphs
maybe madefrom anyUNIX system program that pro­
ducesthe plot language, which is then preprocessed
with trplot intotroff commands. Figurescanalso
be constructed with the interactive graphics editor,
ped,22 and preprocessed into troff with tped.

Figuresgeneratedinteractively with anyofthese
tools are usually included in documents as external files.

Finally, there are special macros for including
bitmaps and Postscript" code-" in documents. (Post­
Script is a registered trademark ofAdobe Systems Incor­
porated fora page-description language.)

The bitmap macros run a program that converts
a bitmap, storedin an external file, into troff com­
mands. To createa bitmap, an authorusually runs a pro­
gramthat copies the contents ofa window or the whole
screenfrom a terminal intoa file on the host computer.
The PostScript macros'" include the external PostScript
files in the paperwhenit is printed on a PostScript
printer. The PostScript page-description language is
produced bya variety ofcommercially available graphic
packages.

Many technical papersuse several ofthe prepro­
cessors described above; and in this computing environ­
ment, eachpreprocessor must read the whole document.
Asa result, authorsoften go to great lengthsto speed
draftproduction. They store andprocess figures sepa­
rately and build clever commands to avoid having the pre­
processors see the entiredocument. The multifile nature
of troff documents complicates document capture.

The Tex Formatter. The otherdocument-description
language used to typesetdocuments is tex.6 Unlike
troff, the tex compiler knows aboutpage layout,
mathematics, tables, andgraphics. Like troff, the tex
language is difficult to program, andauthorsusually use a
standard set ofmacro commands called the lATEX sys­
tem.25In latex, the authoridentifies the components of
the paperand the t ex commands are generated forfont
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Table I. Ways to Submit a Paper

Sample command

docsubmit -C p?
doc submit -c cover p?
docsubmit -C -r refer.d p?
docsubmit -C -t paper

docsubmit -N 11271-890228-01TMS p?

Action

paperis stored in files p? and includes the coversheet
coversheet is stored in file cover, paperis in files p?
paperwith coversheet in p? uses refe r file refe r . d
paperis tex inputstoredin paper. tex (usedwith tex

or latex macros)
document numberis not in files p?

80

changeand positioning. Although the tex language
doeshavecommands to include external files, generally
t ex documents are stored in one file. Oneexception to
this is bibliographic files, which are processed by the
bibtex program. Another is that authorswho write
with tex macros often use the morepowerful troff
graphics preprocessors to include figures in their docu­
ments, storingthem in external files. PostScript figures
may also be included in t ex documents.

Document Capture-docsubmit
Submitting the full text ofa technical document

is an additional step in the publication process. To gain
the author'scooperation, this step needsto be as simple
andunobtrusive as possible. The doesubmi t command
wascreatedto simplify document capture by the ITDS
andhas been distributed throughoutAT&T. Byusing
this command, authorscan easily send their full text to
the ITDS database, without anyspecial manipulation of
the files used to produce the document.

Aswe mentioned earlier, authorsoften store
their papersin many files and automate the processof
typesetting the paper. The goalofdoesubmi t wasto
makeit easyto send a paperto the database. For exam­
ple, doesubmit looks inside the paperto find com­
ponents that a preprocessor would include automatically.
The authordoesnot need to specify these external files
on the command line.

AT&Tn:CHNICALJOURNAL. JULY/AUGUST 1989

Doesubmit packages the paperinto one epio
file and sends that file to the database spool directory.
To linkthe paperin the ITDS full-text database to the
entryin the i tis bibliographic database, the system
mustknow the document number. So, doc submit
mustbe toldeitherwhereto find the cover sheet,or
whatthe document numberis andwhatfilenames a user
would type on the command linewith troff or tex
whentypesetting the paper. Table I gives examples of
doc submit commands.

To processthe full text, doesubmi t first
createsa temporary directory anda temporary file. In
this file, it stores the date,the user's electronic mail
address, andthe document's number (if it was included
onthe command line). It also notesif the command line
specified an external refer or prefer file. Then, the
files that makeup the paperare copied into the tem­
porary file.

Capture of Troff Files. Whencopying t r 0 ff files,
if doc s u bmit encounters . so commands, it selectively
copies the external user files that are included in the
paper, replacing the commands. If a . so command is
meantto include a macro package, doc s ubmit simply
copies the command.

Othercommands are examined to make sure
theyare not preprocessor output. Preprocessor output
usually beginswith a troff command that contains the
nameofthe inputfile. If doesubmit finds sucha



command in the file, it looks for the preprocessor input
file anduses that instead. But if it can't find the inputfile
or detectspreprocessor output (i.e., it finds a patternof
commands that are characteristic to a preprocessor),
then docsubmit issues an error message to the author
and refusesthe paper.

While it is copying either the files that makeup
the paperor external files, docsubmit must lookfor
other files that maybe neededto capture the complete
paper. If it encounters a macro to include bitmaps or
PostScript files, it copies the bitmap or PostScript file to
the temporary directory. If the filename specified con­
tainsthe path to that file, it alsorewrites the command
without the path. So, for example,

.BP figures/figurel.ps

would be rewritten as:

. BP figure!. ps

The pathmustbe deleted because, on the database
~ machine, the external file will be in the samedirectory as

the paper.
Docsubmit also looksinside macro definitions

for the bitmap or PostScript macros and remembers the
namesofthese user-defined macros. If it encounters the
macros in the paper, then the files that would be used
are copied to the temporary directory.

The graphics preprocessors-pic, grap,
ideal, and tped-all may include external program or
datafiles. Suchfiles are copied intothe text file in place
ofthe macro command to include them,or are copied to
the temporary directory. For example, if docsubmit
finds pic'S macro ofthe form:

. PS <figure.pic

it copies the file figure. pic in place ofthe command.
It mayalso find pic's include or copy thru

command either in the file that it is copying or in the
bodyofthe paper. If so, it copies the referenced file to
the temporary directory and rewrites the command to
contain a simple filename rather thana path.

Finally, external refer or prefer files are
placed at the end ofthe file, marked with comments.

Capture of Tex Files. For tex papers, docsubmi t
also copies the paperto a temporary file, selectively
resolving the tex commands \input and \include.
Any such commands are replaced bya copy ofthe ref­
erencedfile. When docsubmit encounters the tex
commands \bibliography (identifies a bibliographic
file), \ special (identifies a PostScript file), and
\includepicture (identifies a troff file), it copies
the referenced file to the temporarydirectory.
Docsubmit also looks inside user-defined macros,
specified by \newcommand or \def, forcommands to
include other tex, PostScript, or troff files.

Transmitting the Full Text. Whenthis capture is
completed foreithera troff or tex paper, a cpio file
is madefrom files in the temporary directory. The com­
binedfile is then sent with the uucp command to the
spool directory on the library's UNIX system.

Structure of the Full-Text Database
Eachpaperis storedina separate directory on

the database machine. The papers are processed and
storedin their t roff or tex input form, along with
somedatafiles and preprocessor input files that are com­
putedwhenthe paperis installed in the database. These
additional files are neededfor linus and reader.

All troff preprocessor inputor tex commands
thatwould generatecomplicated motion or graphics are
culled from the bodyofthe paperand storedin separate
files. Eachofthese files is also storedin its resulting bit­
map form, as well foruse by reader.

Installing a Paper-attextract
The task ofinstalling a paperin the ITDS data­

base involves several steps. Adirectory is created for the
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paperand the c p i 0 file is expanded intoindividual files
that doc submit created. Next, the titleofthe paper,
authors'names, and document numberare extracted and
put in a file forLINUS.

For the full text to be accessible, it mustbe
linked to the corresponding bibliographic recordin the
i tis database. This task is easierand mostreliable if
the document numberis an easily identifiable part ofthe
text or wasspecified on the command linewhenthe
paperwassubmitted. Usually the document numbercan
be found, although where it is found and inwhatform
varies considerably among different AT&T organiza­
tions. Also, a document commonly obtains or changes
its document numberafterthe full text is considered
stable. So, if a paper'sdocument numberfails to match
anyit i s entry, the paperwill be linked to its biblio­
graphic record, based on exactmatches ofthe title and
authorsextracted from the full text.

Next, anyfigures, tables, graphics and compli­
catedequations are preprocessed intobitmaps and
replaced in the paperby pointers to both their sourcefile
andthe resulting bitmap file. Finally, the section head­
ingsand their locations are written to a file for reader.

The procedure for installing either troff or
tex papersis the same, although the details differ con­
siderably.

Troff Papers. Generally, attextract copies
the file that contains the paper. Butas it does so, it
writes each preprocessor inputto a separate file, replac­
ingthat inputwith a . so command (so that the file can
be included if papercopy is desired) and a . bm com­
mand (so that reader caninclude the bitmap created
from the file). Because the . bm command is nota valid
troff command, troff will ignore it.

The sequential natureofinformation in a docu­
mentcomplicates processing each equation, table, or
figure separately. For example, at somepoint in the
paper, the eqn delimiters maybe changedor turned off.
Several ofthe preprocessors have their own define
mechanism that mustbe in the properstatewhenthe
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figure is processed. Troff stringdefinitions mustbe
available in the figures. The rest ofthis section discuss­
es howthe information for eachpreprocessor is handled.

Because equations canappear in tables and
graphic figures, eqn definitions and troff string
definitions are saved in a file that is included with each
equation or preprocessor file whenthe bitmap is made.
Displayed equations-such as fractions, matrices, and
summations-that produce complicated troff motions
are copied to a separate file; contiguous displayed equa­
tionsare placed in a single file. If an eqn definition con­
tainsa construct that would causemotion, the definition
is remembered andequations that contain this definition
are also copied to a file. So, if a papercontained the
definition:

define ~umof # sum from i=O to infinity #

then the following equation would be copied:

.EQ
zeta(x) = sumof x sub i
.EN

because it contains sumof.
Because neither tbl nor tped has any memory

from onetableor figure to the next, processing the files
separately is straightforward. Foreachtable or figure,
the currentvalue ofthe eqn delimiters, eqn definitions,
andtroff stringdefinitions are included to makethe
bitmap.

Pic, grap, and ideal have macro definitions
andparameters that may be remembered, redefined, or
deleted from onefigure to the next. These definitions
and parameter assignments are saved separately for each
figure. Asthe bitmaps are computed, the definitions are
accumulated and included with the code forthe figure,
along with the stateofthe eqn delimiters anddefinitions.

Any commands to include PostScript files are
written to a file and converted to bitmaps with, a Post­
Script interpreter.



Tex Papers. Because t ex commands can appear
anywhere on a line, attextract first rewrites the file to
place all the t ex commands of interest at the beginning
of a line. This step greatly simplifies further processing.
Although the t ex program is monolithic, conceptually its
math mode is similar to troff's eqn preprocessor.
In-line t ex math mode is entered with the character $.
For displayed equations, math mode may be entered with
either the characters $ $ or the commands \ [,
\begin{equation}, \begin{displaymath},or
\ begin {eqnarrayl. In tex papers, as it did for their
troff counterparts, attextract writes tables, figures,
and any equations that have complicated motions to
separate files that are processed into bitmaps. So, if
attextract encounters:

$$
a \over b
$$

it writes that code to a file (e.g., e qn l ) and replaces it
with:

\input{eqnl}
\bitmap{eqnl.bm}

The tex command \input causes the equation to be
included if paper copy of the full text is made, and the
\bitmap command signals reader to display the bit­
map file. Attextract collects all text it sees before
either a latex \ begin {document} command or a
t ex \ cen t e r 1 ine command, placing it into a file that
willbe used to make the bitmaps. It similarlycollects
any macro definitions found in the body of the paper.

Both the tex and latex macro definitions are
recognized. If the macro contains mathematics that pro­
duces motions, the name of the macro and the number of
arguments it takes are remembered. So, if the paper
contained the definition:

\newcommand{\aoverb}{a \over b}

any equation that contains \aoverb is saved for pro­
cessing.

Bitmaps are a little harder to make in t ex than
in troff, because tex knows about page layout and
insists on a strict structure. To subvert such require­
ments, attextract must create a skeleton file that
conforms to t ex's structural demands and contains a
\input command in which the name is changed for
each file to be processed into a bitmap.

In addition to displayed equations, attextract
collects graphics (marked by \begin{picture}), tables
(marked by \begin{tabular) or \begin{tabbing}),
and figures (marked by \begin Lf Lgur e I}. The
\inc1udepicture command is used to include a troff
input file in a tex paper; the \ special command is used
to include aPostscript file.

Making Bitmaps. The bitmaps are made with a pro­
gram that reads the troff output produced by the
troff preprocessors and troff or by tex and dvit.
The bitmap program runs on the library's mainframe
computer but creates a compressed bitmap file for
display on the bitmapped terminal. Bitmaps for Post­
Script files are produced by a PostScript interpreter that
also runs on the mainframe computer.

Data Files. For both troff and tex papers,
attextract creates several files that are used by
LINUS and reader. It puts the path, title, author, and
date of the paper in a file. This is easy if the author used
a standard troff macro package or latex macros. If
not, then centered or displayed text at the beginning of
the document is captured as probably containing the title
and authors' names.

Attextract also creates a file of section head­
ings and their location; reader willuse this information
for a menu that allowsa user to move around in the
paper by heading.

Finally,attextract computes a file of phrases
from the paper that are likely to be useful for searching
the database by subject. Included are the title, nongen­
eric section headings, author-specified keywords, and
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Table II. Distribution of Papers

Preprocessor use (%)

Nopreprocessors
1preprocessor
2 preprocessors
Morethan2 preprocessors

With seed papers

40
36
19
5

Without seed papers

44
37
16
3

84

frequent nounphrasesfound by a version ofthe top i c
program.26

Sizes and Statistics. AsofMarch 8, 1989, the ITDS
database contained 1071 papersfrom 126 different UNIX
systems. Ofthese, 195 werepapersfrom the AT&T Bell
Laboratories Center1127 (Computing Research) data­
base used to seed the ITDS database. About 60percent
ofthe papershavecomputed bitmaps. This number
dropsby only 4 percent if the seed papersare excluded.

TableII shows the distribution ofpapersby
numberofpreprocessors used. In the table, use of eqn
really meansuse ofcomplicated mathematics; the meas­
ure is were eqn bitmaps created, not was eqn used/or

simple mathematics. The mostpopular preprocessor
combinations are tbl+pic and eqn+tbl.

For papersthat had bitmaps, the average
numberofbitmap files is 11, while the median is 5. What
these statistics reflect is that the database has several
verylargepaperswith many bitmaps. Figure 5 shows
the distribution ofbitmaps per paper.

Although the average bitmap file has 4727 bytes,
the sizeofthe bitmaps varies among the preprocessors.
For example, the average eqn bitmap file is 1123 bytes;
for pic and tbl, the averages are 6995 and6700 bytes,
respectively.

TableIIIgives sizesandnumber offiles for six

Figure 5. Distribution
of bitmaps in the ITOS
database.

Number
of

papers

100
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Table III. Size Comparisons in Bytes

Input Output

troff/tex Bitmap Computed Total troff/tex PostScript Encoded
Paper input files bitmaps size output input scanned image

1 22,829 4 4,537 27,365 70,257 75,195 437,500
2 27,198 11 29,523 56,721 82,631 78,767 750,000
3 22,975 9 30,547 53,522 96,508 83,147 562,500
4 58,438 7 51,332 109,770 179,303 147,227 1,000,000
5 91,745 13 48,076 139,821 70,832 155,638 1,062,500
6 88,784 34 147,972 236,756 103,532 598,745 1,875,000

papers in the database. This is what the papers represent:
1. Troff paper-low end. Has twosmall eqn bitmaps

and twosmall t b 1 bitmaps.
2. Troff paper-medium end. Has six medium-size

eqn bitmapsand five average-size figure bitmaps.
3. Troff paper. Has eight tables and one figure.
4. Troff paper. Has six tables, one ofwhichis very

large.
5. Tex paper. Has twosmallequations, twosmalltables,

and nine figures.
6. Tex paper. Has 24 smallequationsand 10PostScript

figures.
The sizes listedfor "encodedscanned image"

assume a resolution of400 dots per inch withthe
CCITT-facsimileencoding discussed in reference 18.
(CCITT is the International Telegraph andTelephone
Consultative Committee.) Apaper stored in troff input
formwithbitmapsconsumes about 8 to 16times less
space than the encoded imageofthe paper. Ifwe lookat
this another way, 45percent of the documentsstored in
troff inputformtake up less space than one scanned
page;81percent take up less space than three scanned
pages. We excludedcoversheets in allthese calculations.

Reader and LINUS
Auser mayaccess the ITDS databaseand read

full text either from a bitmapped terminalthat is running
reader or from a dumb terminal. Before a user

connects to the LINUS systemfroma bitmapped termi­
nal, reader must havebeen downloaded intoa window
on the terminal. This is necessarybecause programs
cannotcurrentlybe downloaded over the network.

When a user logs in as linus, the LINUS system
asks the terminalif it is talkingto a reader window. If it
is, then LINUS will invoke reader when the user asks to
read full text. If it is not a reader window, then
areader will be invoked instead. Areader is a pro­
gram that translates troff or tex code to ASCII form
and presents the full text sequentially.

The rest of this sectiondescribes reader.
Reader consistsofa host program that runs on

the mainframe computer, and a terminal program that
runs in either a Teletype5620 or AT&T 630 terminal.

The host programrecognizes the structuralcom­
ponentsof the paper and basiccommands that cause
whitespaceand linebreaks. It sends commands and the
text to the terminalprogram. The terminal program
decideshowto display the paper's components in the
window. The terminalprogramis the samefor both the
troff and tex versionsof reader, although there is
an extra fontfor tex'S special characters.

Somecommands sent fromthe host to the termi­
nal are: title, heading, paragraph, word, tab, display,
in eqn, sub, sup, center, bitmap. So,for example, when
the terminalprogramsees a titlecommand, it changes
the font to bold and collects text to be centered. Whenit
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sees a paragraph command, it indents.
Fontsare compiled intothe terminal program

and not downloaded, as they are in proof (a UNIX sys­
tem programthat simulates troff outputforviewing on
a 5620 terminal). A 12-point Palatines-Reman fontis the
terminal program'sregularfont; but where appropriate,
the 12-point Palatino-Bold and-Italic fonts, 9-point Palatino­
Roman font, and a 12-point special fontare alsoused. (Pal­
atino is a registeredtrademarkofLinotype Company.)
Although subscripts and superscripts are traditionally set
in italics, reader uses the small, regularfont, which is
muchmore readable at the terminal's resolution.

The terminal's mouseenablesthe user to control
howthe display is updated. The button-3 menupermits a
user to move forward, mo r e, or backward, 1 es s, or quit
readingthe paper, done. If possible, the terminal pro­
gram updatesthe display on paragraph boundaries. It
moves the beginning ofthe last uncompleted paragraph
to the top ofthe window. To mark the lineoftext that
wason the bottom ofthe previous screen, it puts a linein
the bar at the leftedge ofthe window. If a bitmap wasat
the bottom ofthe window, the topofthe bitmap is moved
to the top ofthe window. This keeps the bitmap on the
screen with the caption or descriptive text that follows it.

The mouse'sbutton-l menuis loaded with the
section headingsin the paper, and the user mayselecta
headingat anytime. Button 2 is used to exitfrom
reader.

Because the terminal programmaintains a two­
window buffer, the display update is almostinstantane­
ous if the user is moving sequentially through the paper.
However, the more selection on the button-3 menuis
active only whenthe secondbuffer is full and a "cher­
ries" icon is displayed. (Thecherries indicate that the
program is waiting for the user to do something.) An
inactive menuitemis enclosed in parenthesis. The other
button-3 selections are always active.

AThe End iconis displayed at the end ofa
paper. The user mayquitwith the done selection on
button3,or go back intothe paperby choosing a section
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heading on button1 or less on button 3.
Whenthe user selectsdone, the hostprogram

exits, and the terminal program changesto the default
fontand becomes a terminal emulator. The terminal pro­
gram remains active in the window until exit is selected
on button2. Thus, the programdoes nothave to be
downloaded when reader is used later. Button 2
shouldnot be selectedin the middle ofa LINUS session.

Although mostcommunications between
reader's two parts are from the host to the terminal,
buttonselection requiresmessagesfrom the terminal to
the host. To minimize delay in its response to button
selection, the host program in the original version of
reader didverylittle buffering ofits output; instead, it
queriedthe terminal frequently for status. The speed of
this designwassatisfactory whenallcommunications
weredoneon one machine, but proved too slow when
doneoverthe network. Buffering on the host side
improved the speedoverthe network but slowed the
program's responsiveness a bit to buttonselection. Ona
buttonselection, the terminal programmust throwaway
charactersfrom the host until it sees a status query.

Reader and Psychology-Design Issues
Reader displays the text and figures ofa paper

in a window. Unlike proof, which displays a "window"
intothe bitmap image ofa page, reader displays the
text in whatever sizewindow wasused to load it, at a
resolution appropriate for the terminal.

Weexpended everyeffort to makethe text as
readable as possible. Byreadable, wemeanthe visual
ease ofreadingthe text. Many factors contribute to mak­
ing text readable, including; font design; letterand inter­
wordspacing; pointsize, linespacing, andlinelength;
paragraph indicators, andgenerallayout. Psychologists
havelongstudiedhowthese factors affect the ease and
speed ofreadingtext on paperand,morerecently, of
readingtext on screens. Wherepossible, weused the
results ofthese studiesto decide howreader would
present the text to users.



Reader uses a few fontsfromthe Palatino font
family and the terminal's default Pellucinda font. We
selectedthe Palatino family for severalreasons.

First, it is a proportionally spacedfont. This
means that the characters are different widths, unlike
typewriter fonts where the characters allhavethe same
width. Beldie, Pastoor, and Schwarz found'? that read­
ing speedswere higher withproportionally spacedfonts
than withconstant-width fonts. Also, if reader uses a
proportionally spacedfontfor the text, it can alsodisplay
programs and variables in the constant-width font, as
they would appearon paper.

Second, the Palatino family is a bookfont, not a
newspaper font. Bookfonts are designedto be very
readable and are intendedfor use in longlines. The
charactersare wideand the ascenders and descenders
are long. Newspaper fonts, likethe Times" Roman font,
are designedto conservespaceand are intendedfor use
in short lines. (Times is a registered trademarkofLino­
type Company.) Generally, their characters are narrow
and the ascenders and descenders are short. Although
Treurniet found-" in a searchingtest that subjects
missedfewer targets and performed faster whenfonts
had 1- or 2-pixel descenders than forfontswithOpixel
descenders, the resolution ofthe characterswas not
large enough to conclude that longer is better. (A pixel is
the smallestdisplay unit on a video screen.) However,
longerdescenders accentuate both wordand letter
shape,which manybelieve is whylower-case text is read
faster than upper-case text.

Finally, weselectedthe Palatino family because
it has serifs. Bigelow pointsout29 that serifsact as flags
on the character shapes, thus enhancing letter discrimi­
nation and improving text readability.

We selected12pointas the standardfont sizefor
reader, withsubscriptsand superscriptsset in 9 point.
Palatino 12-point typehas an x-height (the distance from
the baseline to the top ofa lower-case "x") of8 pixels.
This is in the middle ofthe range Bigelow suggestedfor
characters read at the typical viewing distance of

screens. If the user is readingin a full-screen-width win­
dow, a typical linecontains about75characters. Duch­
nicky and Kolers haveshown'" that readingis fasterand
more efficient for text linesof80characters than for text
linesof40characters.

Studiesthat compared readingspeedforjustified
text on paper andfor unjustified text haveshown little
difference betweenthe two, exceptpossibly for poor
readers. (Injustified text, the interword spacevaries
becauseextra spacemaybe added between somewords
to producestraight leftand right margins.) There is evi­
dence,however, that regularwordspacingincreases
readingspeed.

Reader uses a l-en (the width ofa lower-case
"n") interword spaceand an unjustified margin.

Cost and Benefit of Structural Components
There are fourpossible levels ofabstraction at

which reader could operate (level ofabstraction means
the typeofinformation received and used to producethe
display):
- Macros (the highest level)
- Raw troff inputlanguage
- Troff output
- Bitmaps or facsimile.

The last levelcannotbe searchedby other pro­
grams,consumesvastamounts ofspace, and does not
allow the programto control the display.

Troff outputis alsothe wronglevel ofabstrac­
tionifthe terminalis to controlwhere text is placed in
the window. Ignoring graphiccommands, basictroff
outputselectsa font, selectsa size, and positions a char­
acter on the page. Mostplacement information is use­
less to a terminal programthat wantsto display the text
in a window regardlessofthe window's size.

Although the raWtroff inputlevel is possible,
the paperswould haveto be stored as preprocessorout­
put or reader would haveto run the preprocessors.
Preprocessoroutputis huge compared to its input. For
example, the three-character equation a=b expands to
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141 charactersof traff output. If reader had to run
the preprocessors before it could display a paper, it
would be unusably slow. Atthe level ofrawtraff
input, reader would also have to read the macro pack­
agesbefore it could beginto display the paper.

Atthe highest level, the macros, less information
needs to be sent to the terminal, and the terminal pro­
gram decides aboutfonts and positions for the paper's
components. However, if authorsalso used rawtraff
commands in their paper, then this level will miss those
commands and display the paperincorrectly. So,
reader uses a hybrid ofthe macros and traff com­
mands that causebreaks.

Because wechosea high level ofabstraction, we
could add t ex papersto the systemwith no significant
changes to the terminal program. (Other page-description
languages could be addedeasily as well.) Botha costand
a benefit is that neitherthe traff nor tex version of
reader needs to be a full implementation ofthe language
todisplay accurate renditions ofmostpapers. Letus ignore
tables for the moment. Reader is only 20percentofthe
size ofthe combined traff and eqn programs, andonly
10percentas largeas the tex program. Asa result, some
features ofthe language are omitted. Apaperthat uses
traff numberregisters to label figures or has private
macros is not always displayed correctly. Tex automatic
labels also are not donecorrectly. Butin practice, little
information seemsto be lostby these omissions.

Images versus ASCII Representations
Two competing technologies canbe used to cap­

ture andgive users electronic accessto full text. One
consists ofscanning the physical document andcaptur­
ingthe images ofeachpage. The other involves captur­
ingthe document incharacterform duringthe produc­
tion process (one variant ofthis method wasdescribed in
this paper). Bothtechniques have advantages anddisad­
vantages.

Scanned Images. In this approach, every pageof
every document is passedundera scanner. For internal
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documents, this is less onerous than it sounds because,
formany years, allthese documents have beenscanned
to createmicrofiche. In addition, the library network is
now scanning alldocuments andstoring the images on
optical diskfor requestfulfillment purposes. Because
these images are in machine-readable form, it becomes
possible to use themto provide electronic access to
full text.

This technique has several major advantages:
- All internal documents mustbe filed with ITDS.

Therefore, this method's capture rate is perfect­
100 percentofalldocuments will have theirfull text
scanned.

- The scanned full text is an exactimage ofthe docu­
ment, which eliminates anyquestions about that
image beingthe official full text.

There are also majordisadvantages to using scanned
images:
- The image's sizeis fixed. Thus, the user cannot be

presentedwith a "page" that is optimal forthe window
he or she is usingto read the text.

- The document's contents are notavailable forindex­
ingand similar functions. These taskswould require
high-quality optical-character recognition (OCR), a
technology that is notyet available. Even an OCR unit
with 99.9-percent accuracy would yield aboutone
wrong characterper page. This error rate probably
would notbe acceptable.

- The "reader" would be simply an image presenter. It
offers nothing to helpa user decide where to lookin a
document, exceptin terms ofimages from the begin­
ning.

- Apage'ssize (in terms ofbits) is large, eve,n if the
image is compressed. Over today's networks, this
would causean unacceptable delay inpresenting a
pageto a user.

ASCII Text. Wehave already described a method
ofpresenting full text that involves capturing the text
duringthe publication process. This technique has
several important advantages:



- The captured full text is trulytext (i.e., it is inASCII
form). Therefore, it canbe used to enhance the
retrieval processthrough indexing and related tech­
niques.

- Because the image is constructed as it is being
presentedto the user, it canbe optimized forthe win­
dow beingused.

- The readingprogram canuse its knowledge ofthe
document to improve the user's ability to read or
browse the document quickly.

- Only a small numberofbits need to be transmitted to
present a pageto the user. This is whatmakes
reader acceptable at today's network rates of
19,200 baudand lower.

Unfortunately, this method ofcapturing full text
also has major difficulties:
- Because the captureoccursduringthe publishing pro­

cess, this adds a task forthe author. Even the easiest
and smoothesttechnique will be unacceptable to some
authors.

- Wecannotguaranteethat the full textwecaptured
corresponds exactly to the papercopy filed with ITDS.
Because authorsoften use "cutand paste" methods
and correction fluid to makelast-minute changes, the
full text most likely will notbe an exactmatch.

- The full text captured by this technique will neverbe
complete. Some document production methods
prevent capturing the full text easily duringthe publi­
cation process.

In many ways, the advantages anddisadvantages
wedescribed complement each other. Often, a weak­
ness ofone approach complements a feature ofthe other
method. Because they complement eachother, it is rea­
sonable to considerusingboth techniques to give users
the best accessto documents.

Possible Future Services
The technique wehavedescribed forgiving

users electronic accessto AT&T internal documents can
be applied to anyfull text. It is already beingused to

provide accessto internal publications, suchas the
AT&TTechnicalJournal.

Aperipheral application aroseoncewehad a
user population that used the downloaded reader pro­
gram. Because reader canfunction as an image
presenter, these users were already set up to receive
images on their terminals. This createsseveral oppor­
tunities. Among those beinginvestigated are: augment
the currentdatabase ofphotographs by making the
image available, andadd people's pictures to the AT&T
personnel database. Bothefforts are moving slowly
because, unlike the electronic full text, wedo nothave
machine-readable copies ofthese images to capture.

Conclusion
Thispaper described a method forgiving users

electronic accessto the full text ofinternal documents. It
addressed two needs:
- Capture the full text during the production process- 89

which, at AT&T, involves authorparticipation.
- Give the user an interface that allows himor her to

peruse a document randomly, without unacceptable
wait times.

In general, the method described is successful.
The addedstep in the publication process was acceptable
to mostauthors, so weare capturing the full textofa
high percentage ofdocuments. The readerprogram
works well overmany ofthe networks in use at AT&T.
Even at 1200 baud, it gives acceptable response ratesfor
reading or browsing.
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