
Corporate Electronic Publishing (CEP) encompasses
more than the primitive capabilities ofdesktop publish­
ing systems. It also includes networking and, in its
optimal form, provides a platform for addressing a wide­
ranging set ofcorporate documentation requirements.
At AT&T Bell Laboratories we have evolved a platform
for CEP consisting ofAT&T's UNIX® operating system,
the Datakit" virtual circuit switch, theDocumenter's
Workbench" and Graphics Workbench software, and
theAdobe System, Inc. Postscript'" page description
language. We cite real-life examples inwhich authors
and printing facilities atgeographically dispersed loca­
tions participated incooperative efforts using the plat­
form. We describe new work inprogress thatbuilds on
this platform and addresses needs inillustration, photo­
graphic reproduction and plotting.
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New Jersey. He joined Nearly everyoffice workerin a largecorporation is in the pub-
AT&Tin 1966. Ms. lishing business. Business letters, interoffice memoranda, news bul-
L'Hommedieu joined letins, meeting notices, technical papers, training manuals-all these
AT&T Bell Laboratories canproperly be considered partofthe publishing world. Whetherthe
in 1973 directly out of medium ofdelivery is a computer terminal, personal computer, optical
high school, first as a disk, sheet ofpaper, or boundbook, the problem common to them all
typist and then as a is the efficient distribution ofvisual information.
documentation special- Computing has dramatically redefined the publishing world.
ist for the Computer Much ofthe recentpublicity around this revolution concerns "desktop
Science Research publishing." For a few thousand dollars-the price ofa PC, laser
Center. There she printerandformatting software-anyone cango intothe publishing
learned UNI)(ID text for- business. Lesstalked aboutare the morecomplex needsoflargecor-
matting and typeset- porations, needsthat cannotbe satisfied by standalone desktop sys-
ting skills and devel- terns. ByCorporate Electronic Publishing (CEP) wemeannotonly the
oped the eqnchar inputandoutputdevices andsoftware necessary to produce docu-
(continued on page 110) ments, but also the networking that allows people anddevices at
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Panel 1. Terms and Acronyms In This Paper

different physical locations to worktogether.
Oneapproach to CEPis the proprietary system.

After thorough study, a single vendoris selected to sat­
isfy the corporation's electronic publishing needs. There
are many such offerings in the commercial market, but it
is notour goalto examine or evenlist them here.The
advantage ofsuch systemsis that responsibility for them
is clearly defined: i.e., whatever goeswrong is the ven­
dor's fault. Butfinding "the one system" mayprove impos­
sible. In the realworld, onevendormayhavean excellent
scanning device, but a poorprinter. Another has a user­
friendly formatter but no way to tie intoyournetwork.
Another is excellent forbusinessletters,but cannothan­
dlecomplex jobs involving equations, tables, or graphics.
Experience proves that no one package can solve every
publishing need.Thus, wewanta platform that not only
supports a variety ofdevices and software packages but
also includes corporate networking capabilities.

AtAT&T Bell Laboratories, wehaveevolved
such a platform. It is basedon the UNIX operating sys­
tem,the Datakit YCS, the Documenter's Workbench and

CEP
CGM
GIF

GWB
LAN
MIS
PSDN
RS232

YCS
WAN
WYSIWYG

Corporate Electronic Publishing
CompurerGrnphicsMernfi~

Graphics Interchange Format, a standard
defining a mechanism forstoringand
transmitting raster-based graphics
information
Graphics Workbench
local-area network
Management Information Systems
PacketSwitched DataNetwork
Electronic Industries Association (EIA)
standardinterface between a computer
and peripheral device
Virtual Circuit Switch
wide-area network
Whatyou see is whatyouget

Graphics Workbench software, and the PostScript page
description language. Since moststructural elements of
the platform serveourgeneralcomputing environment
as well, meeting our publishing needsbecomes a small,
incremental cost to our standard operation.

The Packet Switched Data Network
Oneofour favorite computing aphorisms is from

Bill Buzbee, formerly ofLos Alamos National Labora­
tories: ''We don't buy computers, we buy nodes on ournet­
work. "Although it is morecommon to selectsystems or
applications first, andonly then puzzle outhowto con­
nectwhatyouhaveboughtwith everything elseyou
have, a prudentmanager will specify the network archi­
tectureand requirements before evaluating systems and
applications.

The corporate choice for Bell Laboratories was
the Datakit network,' which servesboth local-area
(LAN) andwide-area (WAN) networking needs. This
network has a verylow delay, even whendaisy-chained
in an elaborate cross-country network (seeFigure 1).
Because mostofour systems run undervarious forms of
the UNIX system, which is bothinteractive and
character-echoing, high delay is intolerable. With our
internal Datakit network, called the Packet Switched
DataNetwork (PSDN), wecanguarantee per character
echo delay ofless than 100 milliseconds, regardless of
the physical location ofthe user and system. Ateachof
our many physically separated locations there are oneor
moreDatakit switch nodes, interconnected bydedicated
phonelines, operating generally at 56kilobits per second
or byT1 (1.544 megabits per second).

PSDN is easily ableto supporthigh-speed host­
to-host file transfers while simultaneously handling
thousands oflower speedterminal-oriented virtual cir­
cuitswhich are createdon an as-needed basis, but other­
wise consume no bandwidth. The PSDN network is ubi­
quitous in Bell Laboratories, and supports the RS232
interface as well as higher speedmultiplexors. Thus, in
addition to attaching allour terminals, PCs, andwork-
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stations to PSDN, wecaninstall printersin anyoffice, lab
or hallway. This is an essential ingredient ofour elec­
tronic publishing platform, sinceconvenient accessto
hardcopy printers is a desirable feature ofanypublishing
system. Within a given location, terminals, PCs, worksta­
tions, hosts and printersare allequalmembersofthe
network. Although this mightbe considered a "onetier"
architecture, we usually describe it as "two-tiered" (see
Figure 2) to distinguish user-owned systemsfrom cen­
tralized services.

Host Systems and Software
It mightseem obvious that AT&T Bell Labora­

toriesemploys the UNIX systemformostofits internal
computing needs,sincethe systemoriginated there in
the 1970s. Butthe reasonforthe popularity ofthe UNIX
systemwithin AT&T itselfis not company loyalty or an
ignorance ofalternatives. Rather, the system is unique in
that it runs on PCs, workstations, minicomputers, main­
frames and even our one supercomputer, the CRAY
X-MP. This compatibility between different systems with
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varying degreesofpower is the mostdistinguishing
feature ofour computing/publishing environment when
compared to typical corporate MIS or desktop publishing
enterprises. If an article intended fora magazine grows
intoa full lengthbook, the sourcecanbe migrated from
the UNIX system-networked PCor small multi-user sys­
tem whereit started to a largemainframe; the software
tools, file formats and outputdevice accessibility will be
identical. This is in stark contrastto non-UNIX PCusers
whomayfind themselves waiting hours while an under­
powered engine laborsunder the weight of300 pagesof
text andgraphics. Should this seemlikean extraordinary
example, HodeI2 reports that the 5ESS® Switch is
shipped to customers with some120,000 pages ofdocu­
mentation: the equivalent, if stackedon end, to a five­
storybuilding.

The formatting software onwhich we relyis
chiefly the collection oftools in the Documenter's Work­
bench" software package.' Butat this point, let's lookat
the publishing processfrom the user's pointofview. Text
canbe enteredfrom anyterminal, including PCs, which
are coming intoincreasing use as slightly intelligent termi­
nals, usinganyeditorofchoice. Typical editorsat AT&T
Bell Laboratories are ed, vi, emacs, jim, and sam. All

Figure 2. A two-tiered architecture.
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produce the one and only UNIX system bytestreamfor­
mat, so file conversion is neveran issue. The formatting
software in Documenter's Workbench includes:
- troff4 forbasicpagination, hyphenation, justification

oftext,fontand sizecontrol, and macro definition
facilities

- t b15 for tablesofdataandtext
- eqn6 formathematical equations
- pic7 for simple pictures, such as flow diagrams (Fig-

ures 1 and2 are examples)
- grap8 for scatterand lineplots.

Ingeneral, the Documenter's Workbench tools
use the t roff text formatter as a filter to produce a
device-independent metalanguage'? a postprocessor then
converts this metalanguage intothe PostScript page
description language that in tum drives the output device
selected. (Note that although there are postprocessors
forother pagedescription languages, our current
development atAT&T Bell Laboratories is oriented to
the PostScript standard.)

Arecentaddition to the troff toolkit is a pic­
ture inclusion facility that allows inclusion andplacement
ofPostScript files anywhere in a document (seeFigures
1and2); troff need only be toldthe file name, andsize
and placement ofthe "hole" on the page. The PostScript
language performs scaling in the likely eventthe image
is a different size than the hole. This "picture inclusion"
approach has two advantages overthe filter model:
- It is fasterbecausegraphic datadoesnothave to be

streamedthrough troff.
- It allows accessfrom high-level applications to

PostScript language capabilities that troff doesnot
support, e.g., shading, color, linewidths andlinestyles.

With this approach, including lineart,graphs,
and pictures ofanykindbecomes a matterofcreating
the appropriate PostScript file. This canbe doneusinga
numberofcommercially available Microsoft M5-DOS™
or Apple MacintoshTM software packages. Because some
ofthese packages produce metalanguages other thanthe
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Figure 3. GWB archi­
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PostScript standard (forexample, CompuServe's GIF™
and Computer Graphics Metafile [CGM]) , the members
ofthe Computer Graphics Group ofthe AT&T Bell
Laboratories Computing Technology Centerhavewrit­
ten or acquired severaltranslatorsfor PostScript code.

To aid simple picturedrawing (see Figure3),we
havedesignedand are currentlydeveloping a suite of
UNIX systemgraphics tools, collectively called the
Graphics Workbench (GWB) , that will generate
PostScript code directly froma high-level, user-oriented
specification. The first tool, called Picasso, currentlyis
in prototype. Basedon Kernighan's pic, Picasso will
servenot onlyas a directly usablepicture-drawing
language, but alsoas a base for higher levellanguages.
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Whenused directly, inputcan be either a formal, pro­
grammable language (see Figure4),or viamouseand
menu as specified by the OPEN LOOI(fM Graphical User
Interface!" standard (see Figure5). In GWB, high level
applications builtoverPicas so mightinclude graphing,
viewgraphs, flow charts, state diagram generatorsand
projecttrackers.

The philosophy ofboth Documenter's Work­
bench and GWB is to take advantage ofthe building­
blockapproach the UNIX systemencourages. Eachtool
does a specific job.Each fitswiththe other likeparts in a
machine, or a set ofarticulated gears. Improved toolsor
newtoolsare designed from the beginning to rest
on the platform formed by existing tools. Userscan then



.PS 4 4
boxwid = 1.25; boxht = 1; ellipsewid = 1; ellipseht = 0.75
textsize = 15; textspace = 18; lineweight = 0.01; grey = 0.5
textfont = setfont("H")
Picasso: box at 4.25, 3.5 "Picasso"
Newvg: box with .e at Picasso.w - (1.5,0) "View Graph" "Maker"
Newgrap: box with .w at Picasso.e + (1.5,0) "Graph" "Maker"
WGS6386: box ht 1.5 wid 1.75 rad 0.15 filled grey with .s at Picasso.n + (0,1)
Screen: box ht 1.25 wid 1.5 rad 0.15 filled white "6386WGS" "with" \

"OPEN LOOK" at WGS6386.c
Input: box rad 0.15 "PS" "EQ" "TS" with .ne at Picasso.sw - 0,0.625)
Output: box rad 0.15 "PostScript" with .nw at Picasso.se + 0.-0.625)
textfont = setfont("HI")
Troff: ellipse "troff " with .n at Picasso.s - (0.2.25)
EqnTbl: ellipse "eqn \fH&\f(HI tbl " with .e at T.roff.w - (0.75.0)
Dpost: ellipse "dpost" with .w at Troff.e +(0.75,0)
Printer: box ht 0.5 wid 1 rad 0.15 filled grey font "H" "printer" \

with .w at Dpost.e + (0.75.0) 105
"backdoor" at (Troff.x, Troff.y + 1)
arrowwid = 0.1; arrowht = 0.15; arrowfill 1
arrow <-> from Picasso.n toWGS6386.s
arrow <-> from Newvg.ne to WGS6386.sw
arrow <-> from Newgrap.nw to WGS6386.se
arrow <-> from Newvg.e to Picasso.w
arrow <-> from Picasso.e to Newgrap.w
arrow from Input.ne to Picasso.sw
arrow from Picasso.se to Output.nw
arrow from EqnTbl.e to Troff.w
arrow from Troff.e to Dpost.w
arrow dotted from Picasso.s to EqnTbl.n
arrow dotted from Dpost.n to Picasso.s
arrow from Dpost.e to Printer.w
arrow from Output.s to Printer.nw
arrow dashed from Output.s to Dpost.n
.PE

Figure 4. Picasso sample command language.
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Figure 5. Sample Picasso graphical user interface.

construct toolcombinations, viathe UNIX shell, that
exactly matchtheir need. For example, rather than build
indexing or bibliographic referencing capabilities into
troff, those capabilities canbe offered through pack­
agedscripts, invoked only bythose whoneed them.One
suchpackage, refe r , converts symbolic references to
citations andgeneratesfull references from a biblio­
graphic database.

The host-based toolkit approach also allows
users to install piecesexperimentally, or broadcast them
to hundreds ofhosts on the network. Thus, there is no
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need to mail and install thousands offloppy disksfor
each iteration ofthe package.

Output Devices and PostScript Code
Although electronic publishing is almost 20years

old, oneofthe field's mostsignificant advances-the
emergence ofthe PostScript pagedescription language!'
as an industry standard for laser printers-has occurred
only in the last two years. Priorto the PostScript standard,
high level software had to be aware ofthe peculiarities of
every vendor's outputdevice. This awareness extended to
resolution in dotsper inch (dpi) , pagesize andorientation,
font selection, special characters, and many other device



attributes. The PostScript language provides not only
these primitive capabilities, but it also is programmable.
For example, it is possible to add network lineprotocol
checking intoa printerby downloading the appropriate
PostScript program intothe printer.

Wehave our own PostScript interpreter, so we
can makeuse ofthe language on our internal devices
that do not otherwise offer it.The interpreterallows us
to send PostScript codeto a variety ofintelligent termi­
nalsandworkstations for in-the-office proofreading
before committing to paper. In this way, wehave turned
the AT&T 630 MTG terminal'! intoa PostScript preview­
ing device. For devices forwhich the interpretercannotbe
run (for example, in a printerthat does not supportpro­
gram downloading), wecan run the interpreteron the
host and produce the appropriate device-specific language
there.This configuration can also be used to produce bit­
maps foruse in other non-PostScript standard
environments.

Another strategyis to put the interpreterintoa
network-connected PCthat acts as a device controller.
Alternative media, suchas 35mm slides, canbe supported
inthisway without having to tamper with high-level appli­
cations or burden the network with largebitmaps.

Anexciting prospect in recent monthsis the
emergence ofthe firstcolorPostScript printers. Wehave
already installed several such devices and use them both
for end-user graphicsandforproofing documents
intended forhigh-quality magazines.

Input Devices
Mostofour internal publications at presentcon­

sist ofstraighttext,probably due to the inadequacy and
awkwardness ofpicture-producing hardware and software
rather than to lackofneed.Wehavedesigned a Public
Scanning Station, consisting ofa commercially available
30Q-dpi optical scanner, a high resolution monitor and an
AT&T 6386 WGS. The intention is to deploy the station in
central locations at each site,such as Computer Centers,

so users can digitize andcropphotographs or artwork
off-line. The resulting digital image canthen be sentvia
PSDN as a PostScript file to the user's homesystem,
whereit canbe inserted into a document by the troff
picture inclusion mechanism described above.

Asecond systems project in ourgroupis the
Artist's WorkStation, based again on the AT&T 6386
WGS, with aTruevision, Inc. VISfATM graphics board and
software from AT&Ts Graphic Software Laboratory. It will
allow the trained artist to produce the highquality color
illustrations normally associated with largeandexpensive
proprietary systems. Unlike proprietary systems, how­
ever, the device will have the advantage ofbeingaccessi­
blefrom PSDN. Thus, itwill be ableto exchange elec­
tronic "softfinals" with customers at remote sites. The
Artist's WorkStation has already been used byprofes­
sional artists inAT&T Bell Laboratories' Murray Hill Art
Group to turn out production-quality artwork.

Some Real Life Examples
Letus now lookat our CEPplatform in opera­

tion, as it existstoday.
Oneofthe authorsrecently edited a paperwrit­

ten jointly with fourteen other people, spread overnine
locations in five states. Eachauthorcomposed a section
onhis or her homeUNIX system usingpredefined troff
macros. The files wereallsent to the editor electronically
viaPSDN. Using the sam editoron anAT&T 630 MTG
terminal, the editor "cut and pasted" the sections into
onedocument. Standard UNIX system tools - known
collectively as the Writer's Workbenchv-s-were usedto
checkfor spelling andgrammatical errors.The editor
then made styleand tense consistentacross the seg­
ments. This laborious final step is unlikely to be fully
automated byan expertsystemanytime soon.

Although t r 0 f f has been maligned forthe "sin"
ofnotbeingWYSIWYG (''What yousee iswhatyou
get"),byediting t r 0 f f sourcein onewindow ofthe 630
MTG and displaying inanotherthe formatted output via

AT&T TECHNICAL JOURNAL.JULY/AUGUST 1989

107



108

the proof program or PostScript interpreter, wecould
immediately see the resultsofour editing effort. The
editeddocument wasthen formatted and printed on a
localPostScript printer. For some readers, printing
illustrates the ineffectiveness ofterminal proofing. Oth­
ers mayscornit as a psychological "security blanket" for
"paperaddicts." In fact, the higher resolution ofthe
printer (30D-dpi versusabout10D-dpi for the terminal)
indeedreveals errors that mightotherwise go
undetected.

After final cleanup, the sourcedocument was
sent electronically to the other 14authors. The fact that
source was sent, rather than finished output, is critical.
First, sincethe Documenter's Workbench package and
PostScript printerscanbe found at every location, each
authorcould easily printhis or her own papercopy with
confidence that it would appearas the editorintended. In
this mode, the platform is serving as a high quality fac­
simile service, offering cheap, rapid transferofdocuments
to many readers simultaneously. Second, byhaving
source, the authorscould reword a section if they
thoughtthe editorhad doneviolence to his or her ideas.
The rewritten section alone would then be electronically
mailed backto the editor. Throughthis iterative process,
15authors in different parts ofthe country produced a
polished twenty-page document in a few weeks. Final
copy wasmadeon a centrally located 600-dpi printerto
satisfy corporate requirement foran official "File Copy,"
to add the requiredhand-written signatures, and to serve
as masterfor reproduced papercopies for additional
readers.

The second example ofour CEPplatform
required less networking, but morecomplex device tech­
nology. Becker, Chambers, andWilks ofthe Information
Sciences Research Division ofAT&T Bell Laboratories
wanted to publish a newversion oftheir popular bookon
the s statistics package forthe UNIX system. Akey
requirement wasthat allexamples in the bookbe
machine-tested; that is, the examples in printhad to be
the verytext tested,not a typesetter's interpretation ofit.
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The entirebookwasformatted usingtroff, andexam­
plesincluded usingits source-file reading capability. An
article from The New York Times, used as an illustration,
wasscanned and digitized, then included as a PostScript
image file. Finally, the graphs in the bookweregen­
eratedby s itself, and also wereincluded as PostScript
files. Drafts wereproduced on a local300-dpi PostScript
printer, although fine-tuning ofhalf-toned images
requireda 60D-dpi printerforproofing. The final output
wassent electronically to a commercial typesetting serv­
iceas a PostScript file, andprinted there on a 127D-dpi
typesetter.

In checking the final proofs the authorsdiscov­
ered two problems that had not surfaced indraftcopies.
The finerresolution ofthe typesetter madegray-filled
areas appear muchlighterthan theyhad onthe local
laserprinters. Also, the printer'sconstant-width font,
used by the authorsto representterminal input, was
excessively light. These wereresolved promptly, and The
New S Language wasprinted, sent to a publisher for
binding, anddistributed to bookstores only a few weeks
afterthe authors'final draft.

Asa third,and perhapsmostchallenging task,
this entireedition ofthe AT&TTechnical Journal was
produced on general-purpose UNIX systems in Bell
Laboratories, usingsoftware discussed in this article.

Work To Be Done
The platform wehavedescribed has evolved

over20years, andevolves still. For example, someofthe
pieces, such as the Graphics Workbench andthe Public
Scanning Station, still are in development.

Amajor impediment to ubiquity ofthe platform
is the slow speedofsomeofthe elements ofour internal
network. Ascanned image in black andwhite mightgen­
eratefourmegabytes ofdata; a device connected at 9600
bits per second would take an intolerable two hours to
transmit. Ofcourse, currentLAN technology permits
muchhigherbandwidth (both the Datakit network and
Xerox Corporation's Ethernet" network canhandle



several megabits per secondwiththe proper interface)
so this is a problem ofdeployment rather than technology.

Afrequentcomplaint about troff is its awk­
wardness as a language and its difficulty for novice users.
It is our position, however, that t roff is best viewed as
an assembler language that understandsarcanefeatures
ofprinterhardware, but is best written by anotherpro­
gram rather than by a human. The troff preprocessors
provide a reasonable interface for specific formatting
tasks (e.g., tbl for tablesand eqn for equations), and
eachhas its own language suitedto the task at hand.
Traditionally, macro packages serveas the maininter­
face to t r 0 f f for defining the document format and
preparing the text within it.The macro packages are pro­
grammed in the troff formatting language, but the
user-level macro calls are inherently as terse and
cumbersome as the troff language itself.

There is muchworkin progress towards improv­
ing the user-level interface. Onealternative to the tradi­
tional macro package is monk,13 a database-driven inter­
face that offers a mnemonic command language and
predefined stylesheets to generate specific document
types. Withmonk, users need only changethe informa­
tionin the template file initially, then add the bodytext
markedwiththe appropriate English-like command to
define the particular elementin the document (e.g., sec­
tion, paragraph, list item).

The popularity ofgraphical user interfaces (the
WYSIWYG approach) has prompted a gooddealofwork
geared towards the "friendly" user interface. Oneexam­
ple is snaz, a visual editorfor monk that displays format­
ted outputto reflectthe commands and text entered
usingmenu and mousefunctions. In addition, there is
workin progress to develop an OPEN LOOK graphical
user interface to someofthe Documenter's Workbench
toolsand allofthe GWB tools. This easy-to-use mouse­
and-menu approach shouldprovide a friendlier front-end
without sacrificing the rawpowerof t roff as a full
typesetting language.

Recent features ofUNIX System V, particularly

Remote FileSharing, will makeit unnecessary to elec­
tronically mail copies ofco-authored documents around
the network. Instead, a single shared copy could be
maintained, so allauthorsalways see the same docu­
ment. Through the windows mechanism, authorscould
exchange comments or add margin notesin realtime
while readingthe shared copy.

Muchexciting workis leftto do on other man­
ual, but theoretically automatable, steps in publishing­
e.g.,layout, the arrangement ofpictures, diagrams,
columns, etc.on the page. Wecurrently are integrating
state-of-the-art optical characterrecognition software
from our Research area intothe Public Scanning Station.
Outputfrom the scanning station could thus be recon­
structedtext as well as bitmaps.

The Andrew Project'! at Carnegie-Mellon
University and the Media Lab at the Massachussetts
Institute ofTechnology haveshown howmuchmore
effective documentation canbe whenit is liberated from
paperand allowed the power to speakand move. We
expectincreasing attention to this hypermedia approach.

Summary
The platform wehavedescribed is a combination

ofboth preexisting and newercomponents builton the
base ofthe UNIX system. Its power liesnot in anyone
piece, but in the synergy resulting from the combined
UNIX system, Datakit switch, Documenter's Workbench
and Graphics Workbench software, and PostScript
language. Boththe geographic extentandpower ofthe
platform canbe extended indefinitely without redesign.
Though based in part on the technology ofthe 1970s, the
platform is robustenoughto supportsophisticated
enhancements well intothe 1990s.
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