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SUMMARY

This AGARDograph is directed toward the technical author in the aerospace industry.

It surveys the available technology for automating the preparation of technical and
scientific documents, and it attempts to demonstrate the range of possibilities inherent
in such technology by reviewing a number of typical system configurations. It also
tries tc suggest the trends in automated publishing systems and to provide some gqualita-
tive cuidelines for selecting and implementing such systems.




t. INTRODUCTION: NEW TECHNOLOGY AND THE TECHNICAL AUTHOR

Since 1964, more and more computer aids to text processing have become available, rang-
ing from stand-alone, office-type word processing devices to large-scale, multiterminal,
computer-based systems. Such systems encompass all phases of the text handling cycle,
from text entry, editing, revision, and updating through composition and printout. The
purpose of this study is to examine the impact of such systems on the technical writer
and editor in the aerospace industry.

Commercial development of word and text processing systems has generally evolved from

two sources: the office products industry and the printing and publishing industry. On
one hand, the emphasis has been on partially automating the secretarial function -- elim-
inating repetitive typing, simplifying corrections, and improving the appearance of
letters. On the other, the objectives have stressed quality, throughput, and cost ~- that
is, speeding up the process of preparing text matter for printing while maintaining or
improving quality and lowering costs. Hence, there is one series of systems built

around the secretary and another built around the publisher. 1In neither case is the
primary concern for the author, particularly the t~chnical author. Moreover, in both
cases, the groups of technology were developed without much awareness of each other and,
although parallel, even similar systems developed, there is very little compatibility
among techniques. True, larger users have been able to combine these techniques to
produce special-purpose technical publications systems designed to meet a specific
requirement or group of requirements. But it would be difficult for a smaller technical
group to use "off-the-shelf" components to build its own author-oriented system based on
the type of input device, editorial capability, and output medium that seems best suited
to its purpose.

These limitations are unfortunate, since the technical author -- researcher, design
engineer, or technical writer -- is obviously a prime candidate for using computer-
assisted text processing techniques. The technical author originates large numbers of
documents (reports, specifications, manuals, parts lists, programming documentation,
etc.) that are subject to frequent revision and updating. Yet the author is often not
fully aware of the capabilities of computerized techniques as a helpful tool. On the
contrary, these techniques are frequently regarded as an impedance the author must live
with to automate the typing and production cycles. Since the technical author is seldom
the one who specifies the equipment to be used, and it was not designed with him in
mind, compromises are continually made -- often unfortunate ones -- to satisfy the
limitations of the automated equipment.

To help the technical author in the aerospace field to become more familiar with the

options open to him in automated publishing, the Technical Information Panel (TIP) of

MNATO's Advisory Group for Aerospace Research and Development (AGARD) sponsored this

survey of computer-assisted word-processing and text-handling devices. The study considered
both separate word processing techniques and integrated systems from the standpoint of

the technical author.

During the course of this study, we visited many American manufacturers and received liter-
ature from scores of American and European manufacturers. We contacted dozens of users
and specialists and attended or reviewed several meetings, including a workshop in Paris
sponsored by AGARD TIP (see Appendixes). Based on this broad, but largely subjective
and qualitative study, it seems that the technology available throughout the NATO com-
munity is roughly equivalent. Some of the more sophisticated techniques began in Europe,
and organizations like Merganthaler, IBM, and Olivetti are truly international in scope.
Where the United States seems to lead is, first, in sophisticated applications of tech-
nology and, second, in the more widespread use of automation in technical publications.
But the differences may largely be a result of the greater magnitude of many of the
publications tasks undertaken in the United States.

Section 2 of this report outlines some of the particular problems faced by technical
authors in the aerospace industry. Despite the international character of this study,
some of the specific problems of the NATO community are not covered, such as technical
translation or the problems of optical character recognition (ocr) and computer type-
setting in languages other than English, since these areas are outside of my field of
knowledge and beyond the scope of this AGARDograph.

Section 3 of this report reviews current technology and tries to assess its impact on
the future, as well as to set some criteria for using this technology. Section 4
demonstrates how this technology has been applied to solve some representative tech-
nical problems, and Section 5 sums up some of the conclusions of this report.

Finally, this report makes no attempt to recommend, criticize, or evaluate any of the
techniques surveyed, or to favor any approach over any other. If it seems at times to
ask more questions than it answers, that is in part intentional, since the purpose of
this report is to help acquaint the technical author in the aerospace community with
the challenges and pitfalls offered by automated publishing.
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2. SPECIAL PROBLEMS OF THE AEROSPACE INDUSTRY

Before reviewing the current state of word and text processing technology, and then
examining how such technology has been applied to aerospace problems, we should first
examine some of the characteristics peculiar to the aerospace environment. Not that
technical authors are different, or the problems that are briefly outlined here are
exclusively in the province of science and engineering but, although most of the
problems touched on are also found in other industries, taken as a whole, there is a
certain user's profile that distinctly characterizes those who work with technical
information in the fields of military electronics, aircraft, and space programs. These
are some of the features that mark the aerospace industry:

1. Large Quantities of Documentation. - Research reports, technical proposals,
design specifications, test procedures, computer programming documentation, technical
manuals, parts catalogs -- all documenting highly complex systems ~- make aerospace
science and engineering almost a paperwork nightmare.

2. Frequency of Changes. - Technology is constantly changing; designs are con-
tinuously being upgraded and modified.

3. Need for Extreme Accuracy. - All technical material must be accurate; aerospace
data, for obvious reasons, must be moreso. Yet, each time we introduce changes, we add
the possibility of introducing errors. Each cycle of correcting errors presents another
chance to introdnce new ones.

4. Use of Complex Terminology. - Again, this is a problem common to all techno-
logical information. But the fact remains that specialized vocabularies make oral
transmission techniques, such as dictating into a central recording system, difficult
to use. Moreover, they introduce the probability of errors in handling by operators,
typographers, draftsmen, illustrators, editors, and proofreaders.

5. Need to Reproduce Mathematics. - Mathematics compounds the problem of oral
transmission and makes composition difficult by any means other than hot typesetting
systems and the more sophisticated photocomposers. Typewriters, single-element printers,
line printers, and so forth, have yet to satisfactorily handle complex mathematics.

6. Need for Security. - To the normal problems of industrial security we must add,
for much aerospace work, the rigorous requirements of military security.

7. Large-Scale Storage Requirements. - Since much aerospace documentation is subject
to change and reuse, and since aerospace programs commonly last ten or more years, going
through many cycles of design maturation, it is not uncommon to have large quantities of
technical data that must be stored, accessed, retrieved, and kept up-to-date for long
periods of time.

8. Need for a Variety of Outputs. - Many aerospace documents -- program listings or
parts catalogs, for example ~- are commonly printed out on high-speed printers. For
others, like proposals and reports, correspondence-quality typewriters or single-element
printers are needed. For still others, such as training manuals, justified typeset
quality is required. 1In some cases, microform outputs are needed. Sometimes data must
be available in a form that can be fed to another computer -- punched cards, for example.
And often, the same organization must be able to provide outputs in all of these formats.

9. High Percentage of Graphics. - The picture, the chart, the graph, the table, the
photograph -- these are essential components of technical information. And the more
advanced the technology, the more we rely on graphic communications. Unfortunately,
although text processing has been relatively easy to automate, most graphics are still
produced and reproduced by manual techniques.

Finally, as we view the advances in the technology of documentation, we must always keep
in mind the practical limits of such technology. The system designed to speed up docu-

mentation may, if it is too complex for the application, actually slow it down. Some of
the systems described in Section 4 are, according to its users, neither faster nor

cheaper on a per-page basis than more conventional techniques. They simply seemed the most

practical way to handle large volumes of information rapidly and efficiently. 1In other
cases, the automated techniques were selected primarily because they produced superior
accuracy, in that subsequent revisions did not introduce errors, since only changed
material had to be revised and proofread.




In short, given current technology, as described in the subsequent sections, one could
postulate a system in which a technical author creates material sitting at a visual dis-
play unit (vdu) connected to a central computer. There is no pencil or paper. The
author types in material and reads it on the vdu screen, editing and rearranging it until
satisfied. The terminal also has graphics capability, and drawings, charts, graphs, and
equations can be created on the screen and then stored for future use. Before returning
a draft copy in computer printout form, the computer checks the author's spelling and
use of acronyms against a stored "dictionary.” It may even analyze the readability
level of the document, telling the author whether his material is easy or difficult

to comprehend. When the author gets the draft copy back, he marks up the corrections
and gives it to an editor, who "calls up" the document on the vdu, enters changes,
corrections, and output codes, keys illustrations for proper insertion, and signals for
the desired output format and medium. The output may be in the form of a microfiche
card, or a roll of microfilm, or negatives of typeset material ready for printing. The
computer automatically creates the table of contents, list of illustrations, and index
after it has laid out and composed the entire document. When sections of the finished
document are required for future use, the author calls them out of storage, scrolls
through them on the vdu, makes changes as necessary, and creates a new document.

As the following sections show, such systems are entirely within the potential of pre-
sent-day technology. What each user must decide is: How much technology is needed?
How much can be afforded? How much is wanted? How much can the user and the user's
organization absorb, and at how fast a pace, without totally disrupting traditional
operating methods?

It is the purpose of this report to provide some qualitative guidelines and some sug-
gestions and examples, that, hopefully, will help the technical author understand the possi-
bilities of automated publishing systems and, perhaps, aid him in accommodating to

change in as painless and positive a manner as possible.




3. BRIEF REVIEW OF CURRENT TECHNOLOGY

3.1 BACKGROUND OF AUTOMATED PUBLISHING

The terms word processing and cumputer-assisted text editing both came into the tech-
nical communications vocabulary during the past few years. The terms have been used
rather loosely by some writers, although most consider computer-assisted text editing to
be simply a particular word processing technique. Actually, the two terms come from
different backgrounds with different orientations. Word processing as a term was first
coined by IBM and associated with office systems -- with dictating equipment, typing
pools, and power-typing equipment such as Auto-typist, Redactron, and MT/ST and Mag Card
II. Word processing has now come to refer to total document-producing systems -- from
initial creation to final publishing.

Computerized text editing came into being when large computer users realized they could
use their machines to store, edit, revise, update, and print out routine administrative
reports. IBM's Administrative Terminal System (ATS) was a pioneer in this area. From
here it was a simple step to use these machines to revise and print out large repetitive
documents that changed only slightly between revisions -- documents such as specifica-
tions, procedures, and technical manuals. Today, systems like the Javy's TRUMP (Tech-
nical Review and Update of Manuals and Publications), Lockheed's Autotext Publications
System, and IBM's ATMS (Administrative Text Management System) are examples of large-
scale computer power applied to publishing technical material.

A third area of development was that of high-speed phototypesetting equipment capable
of being driven by computers or by computer products such as punched paper tapes or
magnetic tapes. These devices, we know, have revolutionized the printing industry. When
the outputs of word processing or computerized text-editing systems are coded to input
to a phototypesetting machine, we have the basis of modern computerized publishing
systems. On the smaller end of the scale, however, for many publications groups, a
keyboard plus a storage medium plus editing capability plus an output device capable of
creating typewriter quality repro, constitutes a publishing system. For this study, we
ace concerned with both types of systems and their impact on the technical author and
editor, as well as on the aerospace industry.

Basically there are four elements to any computerized publishing system:
. Text entry and storage.
. Editing and revision.
. Composition.
. Final output.

Note that any one, two, three, or four of these elements can be performed within the
author's own facilities or off-premises, although the first and second are generally
grouped together, as are the third and fourth. These first two areas -- text entry,
storage, editing, and revision -- constitute computer-assisted text editing. This
process is also referred to frequently as text processing, to cdistinguish the automation
of relatively large, complex documents from the office environment suggested by the term
word processing.

3.2 TEXT PROCESSING OPTIONS
There are several ways to approach computerized text processing:
. Stand-alone systems.
. On-line dedicated systems.
. On-line remote time-shared systems.
. Off-line (batch-processed systems).

Stand-alone systems fall into several areas. On the lower end of the spectrum we have
automatic typing systems such as Autotypist. In the middle are power-typing systems
such as IBM's MT/ST or Mag Card II, Redactron, CPT, Xerox 800, and the Wang series;
these systems are capable of many editorial functions. At the other extreme, we have
stand-alone text-editing terminals such as those made by Lexitron, Vydec, Omnitext, and
Linolex (see figure 3-1). These generally include a keyboard, vdu or cathode ray tube
(crt) for editing and logic, and an output printer.

In on-line systems, we start with minicomputer shared-logic or shared-processor systems
such as Astro-comp, DataText, Text=Id, Wordstream III, and Compu-TEXT, which permit
anywhere from one to several terminals to feed directly into a small computer (see
figure 3-2). The input devices to these cluster systems can be Selectric typewriter
terminals or vdu editing terminals, or a mix; output can be a typewriter or a higher-
speed character printer such as the Qume or Diablo, which operate using a daisy wheel
element, or still higher-speed line printers. At the other end of the scale are larger




computers handling many terminals.
typewriters and vdu terminals;
vdu's for editing and revision.

phototypesetting options (see figure 3-3).
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Remote time-shared systems, such as Word/One operated by Bowne Time Sharing in liew York
and PCS/Text of Proprietary Computer Systems (PCS) in California, are an attempt to
bring big computer power to smaller users (see figure 3-4). The various remote uScrs
type at terminals connected via telephone line to a remote central computer. The com-
puter stores the documents, and the user can address a document and modify it by re-
ferring to its storage address via the terminal. A single-element typewriter terminal
can be used for printout or, for large documents, either a local or remote high-speed
printer can be used. Generally, the time-sharing service sends the user a line-numbered
printed output of the material entered. The user then addresses the material by stored
record number and line number to revise, correct, or update it.

Still another option -- batch processing -- is designed to overcome some of the short-
comings of the other approaches for certain types of users (see figure 3-5). Stand-
alone and minicomputer systems do not always have the power and flexibility that some
larger users require. These same users, however, do not always have the consistent
volume to justify a dedicated large-scale computer. Moreover, in time sharing, the user
is tying up a portion of a large computer while entering data at the relatively slow
rate at which an operator can type. If the user's volume is big enough, this can become
an expensive operation. With batch-processing systems -- such as Volt Information
Science's Voltext/Voltype -- the typed information may be stored on some intericediate
medium, such as magnetic tape or cards, or it may be typed in a machine-readable type-
face and entered into the computer by means of an optical character recognition (ocr)
device. Periodically -- once a day, for example -- the operator's recorded output is
forwarded by messenger to a remote computer; there it is converted into computer-ac-
ceptable format and entered into the computer along with the outputs of other users. A
high-speed printer prints out a line-numbered copy for use as rough draft. For editing
and corrections, instead of addressing the computer directly as in the previous methods,
the user types a coded series of corrections, keyed to the original, on the same medium.
When the correction material is entered into the computer, it is merged with the orig-
inal material to create a new document.
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3.3 RECENT TECHNOLOGICAL ADVANCES

The period from 1964 to 1974 was the era of developing technology in the word and text
processing fields. We saw the period begin with the emergence of two kinds of systems:
the big computer-based systems geared to large-scale production of huge amounts of
documentation, and the stand-alone automated typing terminals, such as MT/ST, designed
to simplify routine office functions. In the latter half of this ten-year period, as
minicomputers proliferated, the cluster or shared-logic systems came into being. These
systems tried to add more real publications power to the stand-alone system without
becoming prohibitively expensive for the medium-sized user. As a sort of parallel
development, the batch-processed and remote time-shared systems attempted to bring big
computer power to the small user. The basic input to most systems -- stand-alone,
shared-logic, large-scale computer, batch processed, or time shared -- was the IBM
Selectric typewriter. As a single-element typewriter, it had no keys to jam, it could
print out at about 150 to 180 words per minute, and it made an excellent device for
translating mechanical signals to sound pulses to electronic signals. Vdu terminals
were becoming available during this period as an editing option for more sophisticated
systems.

Now, what has happened since then? Well, first some new technology, and some improve-
ments on the old:

. The microprocessor has brought true minicomputer power to very small systems.
Stand-alone systems have thus been given increased performance at reduced cost.

. Vdu's have come down in price, and they are now available in office~type stand-
alone systems.

. Jew single-element character printers, such as the Qume or Diablo, based on the
daisy or pin-wheel principle, are offering correspondence quality at speeds of 350
to 600 words per minute. An even newer approach being introduced by Qume -- a
double-element printer -- will double the available character set and offer such
possibilities as mixing typefaces or producing relatively complex mathematics in
an office environment. Called TwinTrack, the two-headed printer offers two daisies,
each with its own character set, operating independently.

. Phototypesetting units keep getting cheaper and smaller, so much so that many
aerospace firms are electing to become almost complete publishing houses.

. Floppy-disk (or diskette) storage provides greater storage capacity and random
access features in small systems, overcoming many of the limitations of earlier
magnetic tape and card systems.

. Ocr offers a uni-us way of getting text into computers for editing and composition
without capturing it first on some intermediate medium, such as magnetic cards or
tape or punched paper tape.

. Large computer-based publishing systems are now capable of scanning and storing
illustrations, creating illustrations, and even merging pictures and text.

Computer-output microfilm (com) provides a means of going directly from computer-
stored data to a microform output.

But what has all this to do with the technical author and editor? Unfortunately, not
enough. As we stated before, most of the new technology has come from other indus-
tries -- newspapers and publishing, office products, administrative management, and so
forth. Very few of the manufacturers of such systems seem very aware of the problems
of successive revisions of technical manuscripts; the need for outputs in specified
formats and typefaces; the need to be able to handle superscripts, subscripts, equations,
symbols, complex tables; the requirement to be able to maintain military security; and
so on. Most of the manufacturers seem to have aimed their sales efforts toward modern-
izing the typing pool, or automating a newspaper or magazine. Others have designed
features particularly to appeal to the banking or legal or insurance communities. In
fact, not only do the varying segments of the word processing industry have little
knowledge of aerospace problems -- they do not even seem very aware of each other (at
least, not until fairly recently). In short, the technical author or editor is faced
with a proliferation of devices and systems whose designs were primarily intended for
other uses. Very large users, of course, can use these devices as "building blocks"
with which to create their own systems. The smaller user does not yet have this option.
The time has come, however, for the technical author to educate himself in these new
technologies, because their impact is going to be very substantial in the next few
years.

First, there is growing evidence that the manufacturers in the field are becoming
increasingly aware of the need for more versatility within their systems and more
compatibility among systems and devices. More and more word processing terminal manu-
facturers, for example, are stressing compatibility with phototypesetting devices, with
ocr input machines, with large-scale computers via various telecommunications media,

and so forth. In short, the user is now able to have a stand-alone terminal and use it
to input to a large-scale computer via telephone line or ocr, or have it produce outputs
to a photocomposer via some tape-conversion medium, or have it create a data base for a
com system, or use it as a stand-alone editing and production system for smaller jobs.




Other manufacturers have expanded their product lines to extend them into varying

markets. Wang's System 30, for example, is a minicomputer-based system that allows a

variety of inputs and outputs. And IBM's System 6 allows Mag Card typewriters to input

into a central processor with a vdu editor to give a combination of stand-alone terminals

that can feed a cluster system. The jet spray printer that accompanies System 6 adds a

new level of speed and quality to office printers. }

Second, new technology is proliferating so rapidly that stand-alone terminals for
smaller users, and cluster systems for medium-sized users (say, six or more terminals),
will routinely offer such features as:

. Major editing and revision routines.

. Floppy-disk storage for true random access.

. Vdu's for ease of editing.

. HKigh-speed character printers or jet spray printers offering proportional spacing
and correspondence quality, with a wide variety of typefaces and symbology, and
the ability to handle subscripts and superscripts.

Third, the military is increasing its requirements for automating data, as exemplified
by the U.S. Navy's proposed Navy Technical Manual System (NTMS) 2nd the Air Force's
contemplated Automated Technical Order System (ATOS). The United States defense estab-
lishment wants to be able to purchase a data base as well as hard copy and negatives,
and update and republish manuals rapidly by using computer techniques. They also want
to be able to produce hard copy or microform from the same data base. Tiaeir needs
should force more of us involved in technical publications to seek ways to automate our
facilities. At the same time, the fact that the services are beginning to approach
publications on a system-wide basis should encourage more compatibility among devices
and techniques.

In short, any text processing medium that a future defense contractor or aerospace
manufacturer selects will probably have to be capable of providing revision, updating,
and publication of the many successive editions of a manual that are produced while the
contractor is still responsible for the production and support of a system. 3ut the
system will also have to store the data in some form that is suitable for delivery to
the customer and compatible with the customer's future revision and updating systems.

3.4 CRITERIA FOR SYSTEM SELECTION

The devices we have been examining are, as previously stated, primarily building blocks
for technical publications. And, for the most part, they are front-end modules -- the
text entry, storage, and revision devices, since these are the aspects of word and text
processing of most concern to the technical author. It should be kept in mind, however,
that many of these devices are in themselves complete publications systems in that they
accept the data, process it, and print it out in the final format in which it will be
used. In Section 4 of this report, we will look at some specific system configurations.
Before we do, however, it will be useful to look at some of the criteria upon which
system choices are based.

Figure 3-6 shows, conceptually, some of the factors to be considered in publications
system design. Since we show it as a closed-loop system, we could theoretically begin

anywhere in listing our system desian criteria. But as in other forms of system design,
it is useful to begin with the user and work backwards.

Information User
. What does the user need? What does the user have available? 1Is the user a scien-
tist reading a technical report? An airline technician with a microfilm reader?
A researcher with a vdu accessing a data base?
. How current must the user's information be?

. Where is the data used? In cramped quarters aboard a submarine? In a research
library? At home?

. How is the data used? How is the user used to seeing it?
Output Subsystem
. What form do we want? Hard copy? Microform? Film? Visual display?
. What quality do we need?
. What format requirements are imposed?

. How do we handle graphics? Are halftone illustrations required, or only line
drawings? Must pictures and text be merged? Do we have to handle large drawings?

. What output speed is required?

. What volume will be handled?
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Information Processing System
. How is data updated? How often?
. How much editorial canability is desired? Required?
. Must mathematics be handled? Complex tabular material?
. What volume of material will be handled? What percentage is updated?

. Must we communicate between terminals? With a computer? With other systems?
With remote locations?

. Is the information processing subsystem also the output system?
Input

. How much input material is handled? How often?

. Is the input load steady or fluctuating?

. Does the technical author input the material? An editor? A typist or word
processing operator?

. What is the ratio of inputted material to updated material?
. What skills must the inputter have?
‘ata Management

. How do we make sure that data is captured, kept up-~to-date, stored, identified,
published, and distributed in a timely, economical, and efficient manner?

. How do we allocate and control costs?

. How do we access and retrieve material?

. How do we measure system effectiveness?
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. How much data will be stored?

. What storage media are available?

. How long will the data be stored?

. How often will it be updated?

. How frequently will it be accessed?

These questions, of course, are not intended to be all-inclusive. They simply represent
the kinds of judgments technical management must make in selecting a publications system.
The scientific and technical community represents both ends of the system: they are

the technical authors who originate the inputs to the system, and they are the informa-
tion users that the technical author wants to reach. Eence, if automated publishing
systems are going to serve the technical community, the technical author has to under-
stand them and appreciate their advantages and limitations.

The systems described in Section 4 illustrate a variety of approaches to managing
technical data. They all have one thing in common: in one way or another, they have

all been evolutionary and they have all provided for new technology. Figure 3-7 suggests
the areas in which new technology impacts on publications system design. In the systems
described in Section 4, some users have achieved flexibility by only leasing their
equipment and continually upgrading it; others have developed large-scale computer-

based systems that can accommodate growth by means of additional software and upgraded
peripherals; still others have used remote time-sharing or batch-processing subcon-
tractors who allowed their suppliers to invest in the newer technology. In each case,
however, the successful approach accommodates change and growth.

Finally, all systems do not have to be based on the latest in complexity and sophisti-
cation. Not every user can afford it, and not every user has the volume to justify it.
Many of the users -- even large users -- described in Section 4 have opted for rela-
tively simple approaches. Figure 3-8 is a cost comparison of systems on the lower end
of the scale: stand-alone work stations, stand-alone vdu work stations, and mini-
computer-based shared-logic systems. Again, there are no hard and fast rules. Some
stand-alone vdu's, for example, permit an auxiliary terminal to operate off the master :
terminal's logic. Moreover, there is a wide variety of editing capability and output %3
speed and quality available among the various systems. Some can input to a photo- 3
composer; some offer telecommunications capability; some have auxiliary business compu-
tational functions; and so forth. The chart (which is admittedly crude, and whose
figures are changing almost daily) does make some general points:
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There is a system in every price range. Start with what you need. Despite the
proliferation of vdu's, there are many manufacturers, including IBM, A.B. Dick,
CPT, and Xerox, who seem to believe that a large segment of the market does not
need that much sophistication.
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If relatively simple editing and output routines are all you require, you may
never want to go beyond the stage of adding more stand-alone work stations as you

need them.

If you need more sophisticated systems, and you want more than three or four

terminals, you should also investigate shared-logic approaches or some other means

of accessing a more powerful device.
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4. BASIC SYSTEM APPROACHES

4.1 DECENTRALIZED STAND~ALONE WORK STATIONS

Although we tend to assume that technology begets technology, and that, therefore, those
aerospace organizations that are doing the most sophisticated research would be drawn
toward the most sophisticated word and text processing techniques, there actually seems
to be little correlation between the level of technology being documented and the
sophistication of the automated techniques used to document it. Indeed, some of the
most advanced research centers, which are certainly aware of the latest word processing
systems available, have consciously chosen to use stand-alone terminals in a decentral-
ized environment to process large but unpredictable documentation workloads.

For example, Lawrence Livermore Laboratories (LLL) in Livermore, California, has more
than 100 work stations, including over 30 Wang 1222 terminals with vdu's, more than a
dozen Lexitron 92 vdu work stations, and a variety of IBM MT/ST, IBM Mag Card, Vydec,
Linolex, and Redactron stand-alone systems, as well as ICS Astrocomp and Daconics : 3
shared-logic systems. Mr. Larry Little, Word Processing Manager at LLL, explained that 3 3
their approach to word processing is unique. A

Mr. Little stated that LLL has a complete range of applications. These applications
include the following:

. Scientific and technical reports.
. Statistical data.

. Standard repetitive material.

. Correspondence.

« Forms.

Six LLL employees formed a committee a few years ago to decide on the word processing
equipment that they would need. Mr. Little was a member of this committee, and he
stated that an example was constructed for each application. The committee decided to
install magnetic keyboards (Mr. Little's phrase) based on these various applications.
For example, one system, such as Wang's 1222, would be used solely for scientific and
technical reports, while a different system, such as IBM's Mag Card II, would be used
for correspondence. The Wang system would be used for reports because reports tend to
be long, undergo heavy revisions, and have many superscripts, subscripts, and Greek
symbols. But correspondence tends to be short with light revisions; thus, the Mag Card
II would be sufficient. Mr. Little stated that the forms application has been difficult
to solve because word processing systems are still inflexible in this area.

Mr. Little, as the Word Processing Manager at LLL, reviews and approves all equipment
acquisitions. He is informed by a department of inadequate word processing and, after

a thorough investigation of the department's needs, Mr. Little decides whether or not to
authorize the acquisition of additional equipment.

LLL's scientists in widely dispersed laboratories interface with the various word

b processing machines via approximately 40 technical editors who revise the various draft
reports and arrange for their publication. LLL makes no attempt to justify its approach
as cost-effective (except as compared to manual typing), but as a practical way to
support the varying requirements of a very diverse, highly decentralized research
organization.

John P. Carrier, Scientific and Technical Information Officer at the U.S. Army's Harry
Diamond Laboratories (HDL), also prefers the flexibility of a decentralized system built
on stand-alone work stations (they are currently using Wang 1222 systems). He states,
in describing HDL's approach (1):

bkl i i

As needs change and new branches are added or reduced, word processing
operations can be adjusted with minimal effort. Should future needs
demand a more centralized word processing effort, contraction of these
branch-oriented modules would not be difficult. Redistribution of
equipment and trained personnel would be relatively simple. The mech-
anism exists to continue training throughout the system, and, once
familiar with the tape-to-tape concept using the Wang, operators are
current with the state-of-the-art. As more sophisticated equipment
becomes available, word processors are well prepared to advance to the
next generation of machines. Here I would like to make one budgetary
comment. Flexibility requires renting as opposed to buying word proc-
i essing equipment. Renting allows an organization to remain open to
changes in the number of machines it uses and their organization. Not
b only can reorganizations and redistributions of equipment be accom-
‘ modated more easily with rented machines, but a changeover to a more
advanced system is more feasible economically.
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Typical workflow for HDL's approach is shown in figures 4-1 and 4-2. Interestingly,

both LLL and HDL seem opposed to two general tendencies in the word and text processing
environments: one is the office-oriented theory that stand-alone machines be grouped J
together in word processing centers -- the descendants of what used to be called :
F typing pools; the other is the feeling that many large technological users have that
E multiple stand-alone systems should be replaced by shared-logic systems.
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Basic Text Entry at HDL, Using Either Manual Typing or Word Processing
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However, others seem to concur with the decentralized approach. Keith Gardels, of
General Motors Research Laboratories (GMRL), in a paper presented at the May 1976
International Technical Communication Conference in Washington, D.C., examined the pros
and cons of centralized word processing (2). In this paper, he did not consider using
stand-alone systems versus shared logic or remote time sharing, but only the relative
merits of centralizing word processing functions for a large organization in a single
place. Mr. Gardel's paper is of particular interest because GMRL attempted to conduct a
constructed experiment to measure the efficiency of centralized word processing organi-
zations. Now, this concept -- that of centralizing typing functions in a word processing
center and dividing secretaries into word processing specialists and administrative
secretaries -- has been highly touted by various equipment manufacturers and word




progessing consultants as providing efficiency, productivity, cost savings, and job
enrichment. On the contrary, GMRL found no statistical evidence that a centralized
apprqach is any more efficient or productive, and considerable evidence that a decen-
tralized cluster arrangement was "more job enriching, less monotonous, and an equally
productive arrangement."

In this regard, Gardels quotes psychologist W.K. Penzer, who feels that centralized word
processing is demoralizing and dehumanizing. Penzer points out that "while managers in
manufacturing concerns strain to right the job design wrongs of yesterday, their admin-
istrative counterparts move just as steadily toward the specialization of office and
clerical jobs in the guise of efficiency and cost reduction."

Finally, in considering the application of stand-alone, decentralized work stations to
aerospace, we must recognize the following:

1) This approach seems most popular in research laboratories where the scientist
or engineer generally has his preferences respected. Hence, the technical
author's natural desire to control the accuracy and content of the report tends
to be complied with.

2) In this environment, where deadlines, publication quality, format consistency,
throughput speed, etc., are less important than the technical quality of the
report, decentralized work stations tailored to specific applications do not
seem necessarily inefficient.

3) One of the often heard arguments in the research environment is that because
accuracy and technical quality are paramount, it is preferable that the tech-
nical author enter the material, even pecking away with one finger, and avoid
the inevitable errors introduced by editors and operators.

4) where better technology in stand-alone systems is needed is in the ability to
produce a better-looking and more accurate report by handling complex mathe-
matics, tabular material, statistical data, special symbology, and so forth, at
relatively simple-to-operate work stations. The introduction of the double-
element printer for example, with its expanded character set, may vell make this
capability a reality. Such features as proportional spacing, half-space ratchet-
ing for subscripts and superscripts, and so forth, are also desirable in the
technical environment, but are not always available.

One further comment is necessary on stand-alone systems. Keith Wharton, of Keith
Wharton Consultants, Ltd., Kew, Surrey, England, presented a paper at the AGARD TIP con-
ference on computer-assisted editing in Paris, in which he described his consulting
assistance to Redifon Flight Simulation of England in automating one of their publi-
cations programs (3). Redifon had to produce a large series of typeset manuals to U.S.
Air Force Specifications, with extremely tight schedules. Their current manual tech-
niques could not handle the load, and they were reluctant to enter into the investment
in time and money required for a shared-logic system without some experience in text
processing and publishing automation. with the assistance of Keith Wharton's group,
they developed an approach based on using Wang 1222 stand-alone typing stations. These
vdu terminals were equipped with a TTS~coded paper tape punch, which produced an output
capaple of driving a phototypesetter (see figure 4-3). Hence, we see an example of less
§oph1stication than might be warranted used as a first step, providing a relatively
inexpensive way of educating an organization to the benefits of automation.

4.2 MINICOMPUTER SHARED-LOGIC SYSTEMS: THE BASIC BUILDING BLOCKS

This section of the report should, perhaps, be of most interest to the medium-sized
aerospace user in that it suggests how standard available equipment (although in some
cases, quite sophisticated equipment) is used as building blocks tc set up a basic
system and then, as necessary, the system's capabilities are expanded by adding more
modular units. The power inherent in currently available small computers makes this
kxind of approach possible. The specialized requirements of technologically oriented
organizations, as well as the technical strength available in such organizations, makes
such imaginative approaches probable. The groups we looked at have differing require-
ments and used differing approaches to answer their needs, but the basic building
blocks they started with are remarkably similar.

4.2.1 Honeywell Information Systems (HIS)

Honeywell Information Systems (HIS) has built its automated publications system around
the Omnitext 1500 editing terminal. The Omnitext terminal is one of the more flexible
stand-alone terminals in that its computational capability, in its largest configura-
tion, is quite high enough to permit a second Omnitext "slave" terminal to operate off
the same logic and, at the same time, handle various peripheral devices. Moreover, it
accepts a variety of input devices: tapes produced by various stand-alone word process-
ing terminals, such as MT/ST; direct keyboarding at the master or slave terminal;
punched paper tape; or ocr, using machine-readable copy provided by IBM Selectric
typewriters equipped with elements that produce a special ocr-readable typeface. Thus,
Omnitext offers the user the ability to move up gradually from what is already there,
and add complexity and sophistication as the need arises and the economics of the
situation permit. It is with this approach that HIS went into publications automation.
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The information on HIS is derived from a presentation given by Mr. Edward G. Mitchell of g

HIS at the Computer Assisted Editing and Composition Seminar, sponsored by the Boston
Chapter of the Society for Technical Communication on 26 September 1975 (4), an article
on the facility in In-Plant Printer, May 1976 (5); and conversations with Mr. Mitchell
and Mr. Richard Harris of Omnitext.

For several years, HIS had been preparing copy for many of its product-support publica- ¥
tions on proportional and monospacing typewriters, with generally good results. How-
ever, with increasing volume, certain limitations became apparent:

. Material had to be keyboarded at least twice, and frequently more often.

. The resulting copy did not make optimum use of the space on the page.

MR

. It was difficult to train and keep personnel with the necessary skills.

v

These factors indicated the need for more automated techniques. In 1974, a team under
the direction of Mr. Mitchell, manager of graphic services, began defining what was
needed. After evaluating the alternatives, they came up with a totally new system. Its
prominent features are as follows:

Input. - The primary input device is an optical page reader (ocr machine),
which accepts copy prepared on Selectric typewriters that have "golf-ball" type
elements that generate ocr-readable copy.

Processing. - The storage, editing, and formatting functions are accomplished on
three vdu editing work stations, built by Omnitext, Inc.
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output. ~ The final primary output is a phototypesetting machine, a multifont-
multisize system built by Mergenthaler. IBM Magnetic Tape Selectric Composers
(MT/SC) provide supplementary output capacity.

In addition to this basic equipment, certain peripheral devices were included, such as
a medium-speed proofing printer and a magnetic tape transport to permit magnetic-tape
input when appropriate.

The system was implemented in three distinct phases, as follows:

Phase 1. - In this stage, the front-end equipment (ocr and editing equipment)
was installed and functionally integrated with the MT/SC output system (see
figure 4-4).

Phase 2. - The main addition in this phase was the phototypesetter. Processing
capacity was expanded in the form of more editing terminals and disk storage
(see figure 4-5).

Phase 3. - The final stage is the tie-in of material produced in Honeywell's
Phoenix, Arizona facility, and forwarded to Waltham, Massachusetts, on magnetic
tape (see figure 4-6). Note that ocr material is produced at two HIS locations:
Billerica, Massachusetts and Waltham, Massachusetts.
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In this system, a typical document could originate in the Honeywell engineering facil-

ity in Billerica, Massachusetts. There, the original copy is draft-typed, diagrams are
sketched, and photographs are taken. The document is then edited and reviewed for
technical accuracy. Photographs and diagrams are separated and sent to the art department
for clean-up and final artwork. Meanwhile, the text is marked up for typographic

format and typed on a Selectric typewriter, using an ocr-scannable type element.

The draft is then forwarded to the Honeywell facility in Waltham, Massachusetts, where
the centralized automated composition system is located. The ocr-typed copy is run
through the Context optical page reader and entered into disk storage. Next, it is
reviewed on a vdu on the Omnitext terminal. The operator has the typed, marked-up copy
in hand so that corrections, additions, and format commands are entered directly at the
terminal and monitored on the screen. When the text meets the operator's approval, a
review copy is run off on the Qume printer and sent to the writer at Billerica for
approval. Punched paper tape (6-channel, TTS coded) is produced at the Omnitext ter-
minal to drive the typesetting machine (a Mergenthaler V-I-P). Headlines, titles,
callouts, and footnotes can be set directly in place, eliminating a substantial part of
the usual pasteup chore. The text, photographs, and diagrams are sent to the pasteup
area, where the camera-ready copy is assembled. The manual is then printed in the
Honeywell printing department.

The major cost advantage of the new automated composition and typesetting system has
been in reducing the number of pages in each document, since phototypesetting permits a
much higher word count per page while improving readability. The reduced page count
led to lower paper costs, warehousing, and shipping and mailing costs.

In addition to this primary benefit, however, several other desirable effects occured:

. Composition costs were reduced because of the speed of ocr techniques and the
resulting high volume of material fed into the system within a given time frame.

. Time spent making changes to copy was reduced using vdu's.

. Document readability improved, since the typeset material is of book composition
quality. Also, multicolumn formats became available.

. Sales-promotion typography, which was formerly sent to outside shops, can now be
done entirely in-house on the phototypesetter.

The groundwork has been laid for company-wide standardization of document style.

. Remote locations can contribute to the centralized system by means of ocr-scannable
copy or magnetic-tape material.

. The final product is of higher quality.

The savings projected for the system were $336,000 per year. The major source of these
savings is in reducing printing and distribution costs. So far the actual savings are
running ahead of projection.




It is difficult to assign an economic value to the intangible benefits of this type of
system, such as standardizing the material originating in scattered locations and in
different major divisions of the company, or delivering better-looking products to the
company's customers. However, Honeywell believes that these benefits of the new composi-
tion/typesetting system will prove significant in years to come.

4.2.2 Raytheon Service Company (RSC)

Raytheon Service Company (RSC) also selected Omnitext as a central building block but,
based on its needs and the available equipment, chose a different configuration. This
descripti~ of RSC's automated publishing operation is based on a presentation given by

L Stoddard at the Society for Technical Communications Seminar in Boston on 26 September
1975(6), and on a visit to RSC by Lockheed personnel on 30 June 1976.

The word processing center at RSC contains all the equipment necessary to produce high
quality documentation. High guality documentation was the reason given by both Mr.
Stoddard and Mr. Gene Kelly, of the Technical Publications Department, for buying the
Omnitext system and peripheral equipment. They believe Omnitext is one of the few
systems that can grow with both the changing trends in word processing and the higher
quality required for technical publications. In RSC's center, there are two Omnitext
master terminals and twe auxiliary, or slave, terminals and ocr equipment (see figure
4-7). 1In addition, they bought a Graphic Systems phototypesetter. In another room,
operators input material at stand-alone Selectric typewriters. An ocr type element pro-
duces sheets with codes under each character. These elements are inexpensive (about
$35), and make any Selectric terminal a potential inputting station. The sheets are
fed into the computer, and can be called onto the display screen. A paper tape is
punched for inputting to the phototypesetter. This is the primary way to use the
Omnitext system. A secondary way is to input both characters and codes directly into
the computer at the terminal to create punched paper tape, which is then read by the
phototypesetter. (Overall system flow is similar to that described in paragraph
4.2.1.) Text is corrected and manipulated on a crt display terminal and outputted on
either a line printer for review drafts, or the photocomposition device for final
output.

RSC system components include:
. One optical character reader (Taplin).
Two master terminals (includes cpu, keyboard, and vdu).
. Two slave terminals (includes keyboard and vdu).
. Two 12-million character disk storage units.
. One line printer.
. One photocomposer.
. Software package.
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A system with four processing terminals and a staff of two editorial assistants, five
technical typists, and four proofreader/pasteup people can do the work of 14 technical
typists, four proofreaders, and three pasteup people plus produce 10,000 pages that
were previously prepared by vendors.

Omnitext, as described in paragraph 4.2.1, is a system for producing camera-ready pages
from original typewritten copy, without rekeyboarding as material goes from draft to
final stages. Any Selectric typewriter equipped with an appropriate ball is used to
prepare the original draft. The draft is then optically scanned and stored for later
use. A line printer provides hard copy for editing and revision. Any changes and
editorial corrections are made on a special vdu by changing only the word, sentence,
paragraph, or page impacted. Final pages are produced by phototypesetting directly
from the updated material.

In summary, Omnitext was acquired by RSC for the following reasons:
. Protect present business and expand business base to:
- Decrease in-house labor cost per page.
- Increase in-house composition capacity.

- Meet tight, demanding schedules at lower cost by reduced high-cost vendoring
and reduced overtime.

. Improve commercial and other fixed-price business by:
- Lowering the cost per page.
- Storing customer's information in system.

- Increasing production capability to permit rapid response, without recourse,
to high-cost verdor service.

. Lower costs of technical manuals by reducing page composition costs.
. Reduce costs of proposals by:
- Storing reusable information.
- Using original typing as system input.
- Eliminating redundant proofreading.
4.2.3 Jet Propulsion Laboratory (JPL)

This description of the Jet Propulsion Laboratory (JPL) facility is based on a visit to
JPL, where an LEC representative discussed automated publications with John Kempton,
Manager of the Publications Section and Robert M. Van Buren, Supervisor of the Editorial
Group. The JPL publications section uses the Daconics shared-logic system. The depart-
ment bought this system because their requirements exceeded what most word processing
systems offered. One problem Mr. Kempton detailed was that storage was a problem with
the IBM Mag Cards they had been using, and a good file management system is very impor-
tant to their operation. The Daconics system was installed at JPL in May 1976. There
are five terminals with four operators, one computer connected to the five terminals,
and three high-speed Diablo character printers (400 wpm). These printers are hard-copy
continuous pin-feed, but can be hand-fed for forms. The Daconics system also produces
photocomposition tapes. In addition, JPL plans to buy an ocr device.

Mr. Kempton and Mr. Van Buren stated an inputting rate of 3,000 pages per month; some
classes of jobs are new input to obtain a data base. They believe Daconics is cost-
effective as compared to the APS 12 system previously used. It is expected that the
system will eventually operate at 10,000 pages per month. They did not believe the
system was optimal because it was only being used on a one-~shift basis, and a two-shift
operation was not possible at that time.

The Daconics terminal has a 40-line, 85-character (wide) plasma screen. All commands
are no more than two letters. A maximum of ten terminals and ten printers can be used
with one computer. The keyboard and function keys are basically the same as other
equipment of its type, and a forms package is included with the system. Global search
and replace is optional, along with a Greek letter printwheel. Two optional packages in
the Daconics system are mathematics and graphics. The mathematics package automa-
tically does simple mathematics (addition, subtraction, etc.) with the calculating key.
This package, according to Mr. Kempton, still does not solve the problem of complex
equations in technical publications. Only straight lines can be drawn with the
graphics package.
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4.3 LARGE-SCALE COMPUTER-BASED SYSTEMS

For any aerospace organization that has the size, volume of material, available assets,
and continuity of workload, no approach to automating text processing and publishing
offers the flexibility and growth potential of systems based on large-scale general-
purpose computers. Aerospace companies in particular have pioneered in developing and
applying such systems, for a variety of fairly obvious reasons:

1) Their products are generally expensive, complex systems produced to last for
many years.

2) Their systems are usually modified throughout their life-cycles to accommodate
changing requirements and advances in technology. Documentation must therefore
change as the hardware changes.

3) There is generally continuity of support responsibility for aerospace systems.
Hence, an organization can reasonably assume that an investment in computer-
aided facilities will be worthwhile in terms of meeting future requirements for
documentation updates.

4) The sheer volume of paper that must be prepared and continually revised to
support a modern aerospace system in its many configurations makes computerized
documentation systems almost a necessity.

In the paragraphs that follow, we will consider four representative systems -- one
designed for the Polaris/Poseidon/Trident missile systems, one for the Boeing 747 air-
craft, one for an airline's maintenance publications, and one for a U.S. Navy installa-
tion charged with updating and publishing large amounts of data. Lockheed's Autotext
System will be described first and in most detail since it is one of the most compre-
hensive, and many of the capabilities are obviously translatable to any large-scale
publications system.

4.3.1 Lockheed Missiles and Space Company (LMSC) Autotext Publication System (APS)

a) General Description. - The Lockheed Missiles and Space Company (LMSC) Autotext
Publication System (APS) is a computer-based text-composition system that provides com-
puterized text processing of publications such as technical manuals, reports, and engi-
neering specifications. APS uses third-generation computers and peripheral equipment to
produce formatted documents, and uses magnetic tape to drive a phototypesetter to create
camera-ready copy (see figure 4-8 for data flow). APS was implemented at LMSC in 1968
to support the preparation of C3 Poseidon Fleet Ballistic Missile technical manuals (7).

APS is an outgrowth of a Computer Assisted Manual Preparation (CAMP) system developed at
Lockheed-Georgia Company, with major assistance from RCA. CAMP was developed to publish
C5A Galaxy technical manuals. System design, initial programming, and testing were done
at Marietta, Georgia, from 1962 to 1968. LMSC elected to use the CAMP system as a base
for implementing a system to support C3 Poseidon documentation. Major changes were made
to CAMP to meet LMSC's requirements. The real-time (data-collection) system became
operational in July 1968, and the output generation system produced the first photo-
typeset output in November 1968.

Hardware. - APS was originally implemented on a dedicated RCA Spectra 70/45 with 262k
bytes of memory. 1In late November 1970, a conversion effort was begun to move the
system to the main Administrative Data Processing Center's two IBM 360/65's. The con-
version was completed and the Spectra was released in May 1971. The Administrative
Center's 360/65's have since been upgraded to two 370/165's with 3-million bytes of
memory each. The storage for real-time files and batch-processing work areas is on
Telex 2314 and 3330 disk-storage devices shared by the two systems. Approximately
50,000 active pages are currently on-line. Multiple magnetic-tape stations are avail-
able to both systems for print files and to provide an off-line interface with a Mergen-
thaler Linotron 505 phototypesetter and Information International, Inc. COMp80 microfilm
recorder. On-line upper- and lower-case high-speed printers are used for rapid printing
of APS proof copy.

Over 200 terminals are on-line to the LMSC real-time system and can be allowed access to
APS. The 2740/2741-type terminals (actually Trendata equivalents) and the newer Trendata
4000 (35 characters per second) terminals are used. Of the 200 available terminals, the
terminals used primarily for the Autotext workload are on a two-shift basis to support
the current production.

Software. - APS is an integrated system comprised of four major subsystems:
. Data entry/update.
. Output generator.

File management.

The data entry/update subsystem is a real-time system providing access to an on-line
draft file through 2740/2741-type terminals. Data may be entered, deleted, changed,
moved, copied, or retrieved via this system.
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The output generator subsystem is a text composition system, currently operating in a
batch mode, which extracts data from the on-line draft file and produces, upon request,

the following outputs:
Noncomposed proof copy (A-report).
pPartially composed proof copy (S~report).

. Composed proof copy (B-report).

. Composed and typeset final copy.
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The A-report is printed on a line printer. It is proof copy of the data as it appears
on the draft file, including all format specifications and control commands, with draft
file addresses adjacent to each sentence. The S-report may be produced in conjunction
with an A-report. It is partially formatted according to formatting instructions.
Format and control commands are not printed; the only address printed is the starting
address of each output page. This proof is intended for content review and limited
proof of galley format. The B-report may be printed on a line printer, and shows line
resolution and page makeup as it appears on final copy, within restrictions imposed by
line-printer capabilities. The B-report may also be produced on the COMp80. 1In this
case, the output is identical to final copy without merged illustrations, or complete
with illustrations drawn from the Computer Augmented Design and Manufacturing (CADAM)
System. The final copy is a phototypeset, fully composed, paginated document that
includes a table of contents, list of illustrations, index, etc.

The file management subsystem performs the following functions:
. Moves inactive documents to off-line files.
. Brings previously inactive documents back to on-line draft files.
. Retains multiple cycles of volatile documents.

. Provides storage for last published version of a document (exactly as published),
allowing subsequent "Change-Page~Only" publication.

. Provides reorganization and backup for on-line draft files.

. Provides management reports on document title, author, size, lost activity datlast
activity date, file location, etc.

b) System capabilities. - The capabilities of LMSC's APS system represent the
degree of sophistication achievable by using large-scale computer-based systems, with
their inherent flexibility and growth capability.

Text processing. - Text processing, compared to illustration or table processing, is
relatively simple and presents very few problems in APS. Justified text can be set in
either single- or double-column format with certain restrictions:
Baseline leading must be constant within a page.
. Page length must be constant within a chapter.

. Only first-order inferiors and superiors can be used.

Justification. - APS is designed to produce essentially hyphenless justification Ly
: distributing positive or negative adjustments across both word and letter spaces. Since
k the early Linotron 505's had very poor letter-spacing capability, the techniques used
are somewhat crude. However, it is still possible to achieve acceptable virtually
hyphenless output for line lengths of 15 picas or more in type sizes up to 12 points.
The COMp80, with its finer space-adjustment capabilities, has practically eliminated the
need for hyphenation for line lengths of 15 picas or more.

widow Line Control. - The first or last lines of a paragraph are not allowed to be widowed
from the rest of the paragraph across pages or columns.

Restricted Text. - Certain blocks of text must not be split across columns or across
pages. We refer to this text as "restricted." APS allows users to apply text-splitting
3 restrictions to such blocks of data and still allow full~page composition. The .ost

prevalent use of this feature is for caution and warning notes in military publications.

Column Balancing. - At a normal page interruption, such as at the end of a chapter, a
short page may be generated. If double-column text is being set, the two columns are
balanced. When double-column data is interrupted by single-column data, the double-column
data is set in two balanced columns.

Illustration Space Reservation. - Space may be reserved for illustrations in terms of
guarter-page, half-page, column, or full-page. Foldout illustrations are provided for
by reserving a right page and leaving the left backup page blank. Twist or turn pages
are also commonly used. If a figure number and title is supplied with the space-reser-
vation request, APS centers the figure number and title at the bottom edge of the space
reserved for the illustration. If a list of illustrations is requested, the figure
number and title are extracted for this list.

Illustration Handling for Linotron Output. - APS reserves white space on the Linotron

| 505 phototypeset output. The Illustration Request (IR) number is centered in the re-

| served space. The phototypeset masters go to Book Makeup, where the illustrations are
pasted down.

Illustration Handling for COMp80 Output. - When COMp80 final copy is requested and
illustrations are to be merged, slides of all illustrations are prepared and sent, with
the magnetic tape containing the text, to the COMp80 for processing. When an illustration
, T ntered on the text tape, the COMp80 calls for the correct slide. When
. s




the slide is inserted, it is merged onto the film output. An interface with the CADAM
system provides the use of CADAM-created drawings in APS documents. In this case, both
the text and illustrations are fully digital. Examples of CADAM-created illustrations
are shown in figures 4-9 and 4-10.

Table Titles. - Table titles are extracted for the list of tables when it is requested.
A table title, normally in all capital letters, is placed at the beginning of a table.
If the table overflows to other columns or pages, APS repeats the title in initial

capital letters with the word (Continued) appended. Table boxheads are also repeated.

Ruling Styles. - APS provides the user with the following six standard ruling styles:

Vertical rules between columns and at left and right margins. Horizontal rules
before and after boxheads, at the end of table and between sets.

. No vertical rules. Horizontal rules before and after boxheads and at end of table.

Vertical rules between columns and at left and right margins. Horizontal rules
before and after boxheads and at end of table.

. Vertical rules between columns. Horizontal rules before and after boxheads and at
end of table.

. Vertical rules between columns. Horizontal rules before and after boxheads, at end
of table, and between sets.

. No rules.
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Tabular Data Formatting. - APS has a wide variety of tabular-data formatting capabilities.
Data may be left-justified, right-justified, or centered within a column or across a
group of columns.

Automatic Assemblies. - An automatic assembly is an assembly generated by the system, on
request, and merged back into the text stream at a user-specified location. The data
selection, merging, and format of an automatic assembly for a given book type is con-
trolled by the macro table for that book type. The automatic assemblies currently
available to APS users are the table of contents, list of illustrations, list of tables,
subject index, and key-word~in-context (KWIC) index.

Page Composition. - The page composition modules analyze leading requirements, splitting
restrictions, widow-line indications, single- and double-column indications, header
callouts, space reservations, etc., to format single-column, double~column, or mixed
single- and double-column pages.

c) Editorial Assistance. The paragraphs that follow provide a description of APS
editing capabilities.

Global Find and Replace. - In addition to reducing operator labor, the global find and
replace Real Time Command (RTC) also reduces writer and editor labor while improving
the document's quality assurance. For example, the LMSC Company-Union agreement was
recently renegotiated. The settlement specified that the word leadman be changed to
leadperson. By using one RTC, all 78 occurrences of the leadman were changed to leadperson
in milliseconds. No proofreading was required to locate all occurrences. No words were
missed. The same change was not typed 78 times, correctly or otherwise. The quality
assurance check was limited to the 10 to 15 seconds required to verify the accuracy of
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| the operator's change. Many types of documents use words, acronyms, and abbreviations
: that are repeated thousands of times and are included in frequent revisions. The global
: find, global replace, or global find and replace RTC takes only seconds. Hours are
saved.

Word Analysis Routines. - The output generation modules edit for typographical errors,
misspelled words, acronyms, and abbreviations. All "exception words" detected by the
system are listed on a separate page at the end of the document for easy writer/editor
reference. In addition to providing the location of the sentence containing the ex-
ception word(s), the analytical routines compile and list statistical data based on
character, word, and sentence count. An Automatic Readability Index (ARI) factor (ex-
plained below) is then calculated and shown at the end of the word edit listing. The

quality and readability. Word analysis routines are also available in the real-time
environment.

Gl

High school graduates entering the voluntary military services are said to read at
ified verbs be used in future military maintenance publications. The goal of this

effort is to improve and simplify the readability and understandability of those pub-~
3 lications. With some very minor changes to the analyzing routines any word, verb,

very tedious editorial function.

cation. The routines enable the user to copy a page or a complete chapter and replace

independently or in conjunction with each other.

that can be inserted in a document.

The Replace macro can be used to change any character string within a document and re-
place that character string with new data.

Automatic Readability Index. - Another function of the output generator modules is to
years of formal education required by the reader to understand a page. APS calculates
ARI at the page, chapter, and document level.

either upward or downward depending upon the reading level of the intended audience.

and more effectively written maintenance publication.

following advantages:

. Revised review copies overnight.
| . No retyping or reproofreading of unchanged material.
. Automatic formatting.
. Special symbols for equations and special applications.
. Low-cost storage of material.
Rapid, low-cost retrieval of stored information.
. Ability to move data from one document to another.
. Efficient assembly of tables.
. Automatic pagination and change repagination.
. Automatic assembly of table of contents and list of illustrations.
. High-speed phototypesetting.
High-quality final masters.

. Wide selection of type fonts.

spelling check reduces the editor's labor hour expenditures, while improving publication

approximately the ninth grade level. As a result, DoD may soon require that only spec-

adverb, character string, or part of speech can be checked for and displayed along with
the misspelled words. Implementing the syntactical analysis capability would automate a

GET and Replace Routines. - The GET and Replace routines are used during batch processing
to retrieve library-type data and to alter the retrieved data to suit a particular appli-
any specified data within the page or chapter. The GET and Replace routines may be used
The GET macro is used to retrieve and copy data within and between documents. Data can

be copied not only from documents contained in Autotext files, but also from other files
such as Finance, Engineering, etc. There is no restriction to the number of GET macros

calculate an ARI. The ARI is an Air Force created formula that calculates the number of

The ARI, sometimes called fog count, is used by the writer to adjust the level of writing
is difficult to quantify the value of the ARI in terms of writer hours saved. Normally,

a.writer is unable to assess an ARI for what is written. The real value of this feature
lies in the improved performance of maintenance personnel resulting from a higher quality

Advantages. - Applying APS to the LMSC publication production cycle has resulted in the




. More text per page.

. Elimination of manual filing system for storage.
. Automatic indexing of paragraph headings, and table and figure titles.
Automatic word analysis.
. Word (global) search and replace.
Automatic readability index.
Typing 20 percent faster (minimum).
.  Reduced writer time.
Reduced editor time.
Reduced proofreading time.

Disadvantages. ~ Experience has shown that large-scale systems such as APS are not
particularly advantageous to use on: 1) documents less than 15 pages in length, which
do not require initial generation reviews and 2) existing documents that are not sub-
ject to several revisions before the end of their life cycle. Moreover, on those large
documents prepared for microfilm output, halftones are not used at all and foldouts are
limited to 17 inches in length to accommodate the microfilming system.

4.3.2 Boeing Automated Publishing System (APS)

Boeing's Automated Publishing System (APS), like Lockheed's Autotext System, is based
on a large-scale general-purpose computer. It is interesting in that it was developed
for a commercial, not a military application, indicating that such systems can be cost-
justified in a competitive environment. Second, it was developed not for the many
generations of similar equipment, but for the varied configurations of a single air-
craft: the Boeing 747. Third, its gqrowth from a text-only system to an exceedingly
sophisticated system for handling graphics is another indication of the inherent flexi-
bility of such systems. For the descriptions of this system, I am indebted to a paper
presented by Mr. W.G. Moss of Boeing (8) at the Aerospace Industries Association (AIA)
and Air Transport Association (ATA) Joint Symposium on Automated Publications at Scotts-
dale, Arizona on 20 May 1976, and to various internal Lockheed trip reports prepared by
Mr. H.G. Maxwell of the Lockheed-Georgia Company, Marietta, Georgia.

Boeing's initial studies on an automated publications program began in 1971. Develop-
ment proceeded in two major phases. APS-1 involved only the automation of text produc-
tion. Like Lockheed's Autotext, it features real-time input of text, batch processing,
and photocomposed output. Automatic pagination, automatic step numbering (if a step is
added or deleted, all successive steps are automatically renumbered), automatic revision
bars, and an automatic list of effective pages are provided. Illustrations are produced
conventionally and pasted into spaces left in the text. This system has been in opera-
tional use since late 1973 (see figure 4-11).
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APS II began in November 1973 with a study of the ways in which to improve the production
and storage of illustrations. Boeing says that the objectives were to:

. Decrease illustration costs.

. Increase illustrator productivity.

. Improve quality.

. Reduce flow cycle.
The wroductive use of APS II for producing new illustrations began in January 1976 (see
figure 4~12). The computerized storage of old illustrations requires a scanner, which

was scheduled for installation in 1976. The total implementation of the system was
expected to be completed by the end of March 1977.
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Figure 4-12. Boeing APS I and APS II Integration (Second Stage)

There are 14 interactive input terminals at Boeing in three geographic areas with a
total separation of about 30 miles. The system was designed by Applicon in Massachusetts.
It is used to create new illustrations, and has an on-line capacity of approximately
1,000 illustrations. One feature is symbol recognition for commands. Instead of key-
boarding all commands, the operator may choose to use the light pen for some of them.
For example, the user can draw a circle around a particular portion of the illustration
and program the system to respond by immediately clearing the screen of everything
outside the circle. The operator can also work with multiple orthographic views at the
same time. As one view is drawn, the computer generates the corresponding trace in a
second. On command, the system displays all three orthographic views plus an isometric
view. The illustrator can continue to modify any view, and the system can simultane-
ously change the other views and the isometric to conform. Boeing says it takes about 6
months for an illustrator to become thoroughly adept. After 3 months, however, the
illustrators are sold on the system to the extent that they do not want to return to
conventional drawing.

For inputting existing illustrations, Boeing ordered a scanner from Broomall in
Pennsylvania. The scanner scans existing art and converts the resulting digital data to
a lineal display that can be manipulated by the Applicon system for revising the art.
This scanner had not yet been received as of October 1976.

Illustrations are stored in a random-access magnetic-tape system designed for 200,000
illustrations on high~density tape. The system uses an IBM 370 computer. Final output
of merged text and illustrations is on an Information International COMp80 photocomposer.

The existing system is impressive, and Boeing operates it on two shifts. The initial
cost is equally impressive, and is estimated at about $2.5 million. The equipment pro-
duces a new illustration in one-half the hours needed to produce it conventionally, and
Boeing expects revised illustrations to cost one-quarter the hours required convention-
ally. As a result, Boeing says that the system will produce more uniform and better
quality illustrations faster and at a lower cost than manually. Boeing believes with
their volume of customized manuals that the system will be cost-effective. Some of the
future plans for the system are shown in figure 4-13,
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4.3.3 vUnited Airlines (UA)

This description of United Airlines (UA) is based on a paper entitled "Automation of the
Small-Scale Technical Publishing System," presented by Guy Shortz, Jr. and John M. Parker
of UA (9) at the AIA and ATA Joint Symposium on Automated Publications at Scottsdale,
Arizona on 20 May 1976. Like JPL, part of UA's system is based on a Daconics terminal.
However, UA's microfilming requirements have led them to a much higher degree of sophis-
tication, and for other applications they use a large-scale central computer. This
ability to mix elements of different approaches for varying applications is typical of
the increasingly pragmatic approaches being taken toward automation.

Although catalogs and manuals have been customized for more than 20 years at UA, the
economic conditions of recent years are motivating UA, like most others, to find more
economical ways to produce these customized publications. According to UA, making
greater use of computer-assisted processes seemed to be the way to go. Until 2 years
ago, most systems that UA was aware of attempted to solve all publishing problems with a
large, expensive central computer system. The volume of work at UA could not justify a
large-scale system, so a study was undertaken to analyze the entire spectrum of publi-
cations to see what could be done. UA reported finding that publications could logi-
cally be divided into three categories:

1) Miscellaneous Documents. - One-Time documents with very low revision rates.

2) Secondary Publications. - UA-originated engine manual revisions and general
maintenance manuals; medium-to-high revision rate; no need to interface with other
files; and, most important, on-demand publications that require fast throughput.

3) Primary Publications. - Major maintenance manuals and catalogs; published on 16-
mm roll film and microfiche; very large file size; low-to-medium revision rate; publi-
cation intervals of several weeks or months; strong need to interface with other files. -

UA looked at the various processing systems available and matched these categories to
the systems.

Types of Systems. - Text processing at UA includes the following types of systems:

1) Electric Typewriters. - Until fairly recently, manuals (but not catalogs) were
maintained on typewriters, specifically, the IBM Executive typewriter with proportional
spacing. UA reported that these typewriters will only be used in the future for a small
part of the workload.

2) Daconics System. - The Daconics text processor was originally installed at UA on
a rental basis, and was purchased in March of 1976. The system has two terminals, one
processor, and one printer. UA refers to the Daconics system as a text-processing
system because they plan on using it to maintain a file of about 35,000 pages, which is
more than the usual number in word-processing applications. Since Daconics is a stand-
alone system controlled by its own minicomputer, it enables retrieval, revision, and
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printout of a page in a few minutes -- faster than either a typewriter or time-sharing
central computer system. Thus far, UA maintains about 12,000 pages in the system,
including engine manual pages, approved repairs, and engineering reports. The system is
shown in figure 4-14.

3) Ccentral Computer System. - Text-processing applications that need a large amount
of off-line storage and the capability of computer updating can best be handled on
terminals connected to a large central computer. Such a system requires the specialized
skills of a computer-services organization and equipment for handling magnetic tape
files. UA's primary application for this system is wide-body aircraft maintenance
manuals. The 747 and DC-10 manuals are currently available on magnetic tape. Interface
requirements include UA part number and stock-number updating, and incorporating vendor
revisions, which are supplied on magnetic tape. UA is considering two alternatives.

The first is a UA-based system. This system would probably use vdu's connected to the
existing IBM 360 processor, although another possibility would be to use the Daconics
cystem with expanded file~storage capacity and a tape drive to convert from disk files
to magnetic tape and vice versa. The second alternative is a vendor-based system. The
aircraft maintenance manual data base would be maintained at the vendor's plant. Remote
terminals at UA would be connected to it, or revisions would periodically be mailed to
the vendor on magnetic tape for batch processing.

VENDOR
REVISIONS

”| pusLICATIONS CONTROL
SPECIALIST  [—®| sTaTiON
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Figure 4~14. United Airlines: Processing of Secondary Publications

Output Devices. - Two new output devices will complete UA's automated publishing system
for primary manuals and catalogs: the Datagraphix 4560 computer-output microfilm (com)
unit and the Morgan microfilm optical merger (mom). Both are microfilm output devices,
and both depend on a central computer for all or part of the input information. The
Datagraphix 4560 is presently used to produce the stores catalog and master illustrated
parts catalog index on microfiche. This is a straightforward process. The changes are
run on the IBM 360 once a week to update the magnetic tape file. The tape is then fed

to the com unit to produce a microfiche master, which is then duplicated for distribution.

Com equipment is extremely fast and efficient and produces high-quality microfilm. One
of the primary objectives in UA's study was to use this highly efficient equipment for
more publishing work, and thus reduce costs. But there was one obstacle: the com unit
could not handle illustrations. Here is where optical merging enters the picture (see
figure 4-15). R.A. Morgan Company of Palo Alto, California, is offering equipment that
will automatically merge a reel of text on 16~-mm microfilm with a reel of illustrations,
also on 16-mm microfilm, in the proper sequence. An output reel of 16-mm microfilm will
be produced, which will serve as the master film for duplication and distribution. The
text reel is produced on the com unit, and controls the operation of the merging machine.
Wherever an illustration should appear in the final film, the text reel has a frame open
for it. 1In this frame, the com unit writes a bar-code to signal the merging machine to
find the proper frame on the illustration reel and project it onto the output film. The
machine then continues on through the text reel until it encounters the next place where
an illustration is called for, and the process is repeated. The reel of illustrations
is made up by manually photographing the art masters on an MRD2 planetary camera. An
address bar-code is filmed with each page; it is this code that is read by the optical
merger.

To make the system more efficient, UA plans to mount a third reel of microfilm on the
merging machine, which will contain only the illustrations that have been added or
revised since the last publication issue. The illustrations are also filmed manually on
the planetary camera, but this reel makes it unnecessary to rephotograph any of the
illustrations that are not new. When an illustration on the third reel is needed in
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Figure 4-15. United Airlines: Optical Merging System

place of one on the second reel, the optical merger skips over Reel 2 and goes on to
Reel 3. Of course, controlling this process requires making up a new text reel for
every revision, but the new reel is produced on the Datagraphix com unit at a speed of
10,000 lines per minute. Also, there are many more changes to text than to graphics. {
The text is 63 percent of the pages in the file, but accounts for 86 percent of the i
revised pages. The optical merger is equipped with its own minicomputer to read the
bar-codes and direct the optical system to the proper frame for the next exposure.
Cycle time is 2 seconds per frame, which means the machine will do one year's work in
about 360 hours of running time. An estimated 63 percent of the entire file of paper
masters of the illustrated parts catalogs (or about 102,000 pages) can be eliminated.
These masters are the parts list and index pages, which will be kept on magnetic tape.

4.3.4 The TRUMP (Technical Review and Update of Manuals and Publications) System

The following description of the U.S. Navy's TRUMP (Technical Review and Update of
Manuals and Publications) System is based on internal Lockheed trip reports prepared by
D.D. Perkins and H.G. Maxwell of the Lockheed-Georgia Company, Marietta, Georgia, and a
TRUMP System description prepared by the U.S. Naval Air Systems Command, Washington,
D.C., which was distributed at an industry briefing on the TRUMP System presented at the
Naval Air Rework Facility (NARF), Jacksonville, Florida, on 25 December 1975 (10).

The U.S. Navy has many thousands of technical manuals to help maintain aircraft and
related equipment. These manuals, consisting of some 1-million pages or more, require
periodic update. While this is already a formidable publications task, it is expected
to continue to grow year after year because aircraft and support equipment are much more
complicated than they used to be. A trend to shorter production runs, longer in-service
life, and the ever-increasing complexity of each new generation of aircraft has placed
an early, continuing, and ever-expanding burden on the Navy for accurate and timely
documentation.

The TRUMP system, installed at Jacksonville NARF, began as a study in early 1970. TRUMP
is a total system for the automated production of technical publications. It converts
existing documents from their printed form to a computerized form where they can be
accessed and updated, and it automatically processes illustrations and complex tables as
well as running text. By integrating the latest data entry, file maintenance, and
photocomposition technology, the system is able to reduce both processing costs and
elapsed time needed to generate publications.

TRUMP Schedule, Production, and Costs. - Before TRUMP, the Navy experienced 6 to 12
months turnaround time in purchasing update services from contractors. This span was
measured from the procurement to the distribution of data to operators. TRUMP now pro-
vides update service in an average of 60 days. TRUMP also provides consistency of typo-
graphy and layout techniques, which cannot easily be achieved from multiple contractors.

From December 1974 to September 1975, TRUMP performed the procedures for the input and
storage of approximately 60,000 pages. From February 1975 to September 1975, the system
produced 39,000 pages, which contained 5,000 updated pages.

The TRUMP management estimates a cost saving of about 62 percent in the editing and
composition of manuals over previous conventional methods of purchase from contractors.




(A savings of this magnitude probably does not include the original cost of inputting
the data, or prorated cost of the system development and hardware.) The input rate is
39 pages per hour at a cost of $13 per page. The cost for the update and output of a
stored page is $6.

The principal operations of the TRUMP system are as follows:

Input Filming. - Text is photographed on 35-mm film; illustrations are photo-
graphed on 105-mm film.

Page Descriptors. - An editor marks each printed page to indicate blocks of text,
tables, illustrations, headings, and folios. An operator at a
data table enters the information via crt. Entry takes
approximately 30 seconds per page.

Optical Scanning. - The 35-mm film is scanned by a densitometer, and each character
is transferred to recognition logic. The page descriptor
causes the scanner to scan only the text areas, skipping
illustrations.

Recognition. -~ The page descriptor includes the identification of the type
font used in each area on the page. As each character is
scanned, the recognition logic compares it with an alphabet in
that font and identifies the character. Those characters that
it recognizes are stored in ASCII code. Characters that it
does not recognize are rejected and stored as images of the
characters.

Reject Correction. - An operator calls up the output file. As each rejected char-~
acter appears, its image is flashed on a crt. The operator
identifies the character and enters it through a keyboard.

NARF says the rejection rate is currently running about 4
percent, and that it constitutes no constraint on the system.
An average operator can identify and correct 400 rejections per
hour.

Proofreading. - Proof copies are output on a line printer. Each page is proof
read against the original material to ensure that format and
content are correct, and that the ocr scanner has not made
substitution errors (NARF says the substitution error rate runs
around 0.2 percent). Tabular data is particularly difficult to
proofread because it is printed out as a continuous unformatted
column, in whatever sequence was used by the operator in defin-
ing blocks in the page descriptor. Coordinates are printed for
each block to help the proofreader.

Corrections. =~ Terminal operators input corrections at the keyboard.

Automatic Indexes. - The program uses paragraph heads, illustration titles, and table
titles to automatically create tables of contents, lists of
tables, and lists of illustrations. It does not currently
create alphabetical indexes.

Composition. - Magnetic tape is created for a COMp80 to produce text material.
All cut and paste is eliminated. Rules for tables are created
electronically. Text is composed on a crt and photographed.
Illustrations are merged with the text at the proper locations,
and a composite 16-mm microfilm of the complete manual is
produced.

A technical manual contains pages of two types: those that contain illustrations, and
those that contain only text and tables. The first step is to photograph all pages, for
input to the scanner, on 35-mm microfilm. The next step is page format description.
Illustrations and tables can appear anywhere. Because TRUMP has to meet minimum through-
put speed requirements, this step serves as a primer to save time during scanning. The
output of this step is a file, in page~number sequence, of parameters that specify the
manner in which each page is to be read. When Grafix I finishes reading a page, it
advances the film to the next page and reads the descriptor file for that page. This
operation does not use human intervention. The scanning process creates and outputs
files on disks. The file contains three kinds of data: 1) characters recognized prop-
erly, 2) characters recognized improperly (called substitution errors), and 3) char-
acters not recognized at all.

TRUMP converts technical manuals from their existing typeset form into machine-readable
language. It builds an intelligent data base, manages and modifies the data base and,
when modifications are complete, recomposes output pages to produce a revised manual.
Although TRUMP is primarily a republication system, the same techniques used for updating
documents can be used for creating new manuals. A graphic overview of the TRUMP system
(see figure 4-16) shows a technical manual, in printed form, entering the system at the
top left.
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Figure 4-16. U.S. Navy TRUMP System

The input subsystem consists of the following activities:
. Microfilming.
. Page format description.
. Scanning.
. Reject processing.
. Index creation.

Microfilming, page format description, and reject processing involve people; the scanning
task does not. Indexing is an automatic by-product of page format description and
composition. Grafix I reads microfilm instead of paper. There are two reasons why this
approach was taken:

. An original document can be any size and reduced during microfilming.

. There are none of the problems of paper jams and damage to original documents that
exist with page readers. 1In addition, degraded images can be read on microfilm,
which could not be read from paper (because transmitted light gives better contrast
than reflected light).

All pages are photographed onto 35-mm roll microfilm. Pages containing illustrations
are also shot on 105-mm film with surrounding text blanked off. Page format description
is an interactive step to speed the process of reading pages whose formats are highly
variable. This operation uses an edit t2rminal, data tablet, stylus, and function menu.

During scanning, Grafix I sequentially reads the descriptor file and microfilm images
positioned in the film gate of the scanner. Ti~re is no operator interaction with the
system to guide the scanner; that is the funct.icn of the page format descriptor file.
The scanner contains a precision film-advance me«inanism, a crt scanning mechanism (ocr
and facsimile), and the control logic necessary to convert film images into a machine-
readable form. The scanner is basically a high-precision densitometer, which measures
the amount of light passed through the film at each point that it scans. It is capable
of resolving an 8-1/2 x 11 inch page into approximately 1-million density points. Under
software control, each line or field is identified and intelligently scanned. Text
images are transferred character by character to the main recognition logic.

The scanning output is information of two types: characters that were recognized and
characters that, for whatever reason, were not. The latter are called rejects. 1In
reject conversion, the system presents a binary picture of the unknown character and the
sentence containing the word in which it appears.

Text conversion is the technological breakthrough that makes the entire operation possible.
The ocr process automatically converts printed text and tables into machine-readable

codes at a high rate of speed, and with great accuracy. Standardized document formats
mean that a single set of typographic specifications can be applied to the total popula-
tion of maruals. Microfilm or microfiche can be produced on the COMp80 from the same

data tape by changing cameras. Microfilm can produce printing plates using platemakers.
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There is no radically new hardware in the system; TRUMP components have existed for
several years.

TRUMP is made up basically of two standard Information International, Inc. products and
software: the Grafix I image processing system and a COMp80 publication system, which
includes an optical merge unit.

The Grafix I, for purposes of this discussion, may be divided into the following func-
tional areas (see figure 4-17):

. Scanner.

. Main computer.

. Software.

. Binary Image Processor (BIP).
. Peripherals.

The central computer is a large-scale, time-shared system. All other Grafix I hardware
is subservient to this computer. The system includes 256k of 1-microsecond core.

Software is one unique element in Grafix I:

. Multifont scanning software reads characters that were typeset by any manner other
than hand printing. This includes embossing machines, typewriters, MT/ST composers,
varitype, hot type, or photocomposition. It will read any typeface in any size,
and learns new fonts automatically.

.  Reject-conversion software provides the technique by which unrecognized characters

are corrected. Reject conversion takes place after a file has been read by the
scanner. In this way, nothing degrades speed during the ocr process.

. Conversion verification helps catch substitution errors.

. Time-sharing permits the simultaneous operation of ocr, reject conversion, conversion
verification, nupdating, and output.

. Crt edit package provides the management of the data base. Commands allow an
operator to add, change, delete, or move text. An extensive search capability can
automatically find and change a specified text string.

Grafix I can be equipped with many combinations of peripherals; the NARF configuration
includes the following:

- 192 corxe.
Three drives.

. Five tapes.

. Two printers.

. Seven terminals.

The scanner is the second unique component in Grafix I. It converts microfilmed images
to gray-~scale pictures. The scanner has an addressability of 1-million points over an
entire page image, and scans at speeds np to 1/2-million points per second. It steps

up to 512 shades of gray but, by positioning, reads only 64 shades within the density
range specified. It scans an area one line high and about seven characters wide at a
time, passes the gray-scale image to the central computer, and reads the next segment of
texc.

The BIP is the heart of Grafix I. It is a unique computer developgd for general-purpose
image processing at very high speeds. The BIP performs the followiny:

. Converts the gray-scale image seen by the scanner into a biunary picture.
Breaks the binary picture into individual characters for recognition.

. Analyzes the quality of the character image and, if necessary, thins or fattens
lines to develop the best picture to use during the recognition process.

During recognition, the BIP compares the unknown character image with a set of character
masks that make up a font. It measures the correlation between the unknown and each
mask, and passes the correlation values back to the central computer for final character
determination.

The COMp80 is responsible for composition, typesetting,_and illustrgtion merge. The
COMp80 can be divided into a tape i/o composition, imaging, ard optical merge (see
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figure 4-18). All standard tape formats (BCD, ASCII, extended ASCII, EBCDIC, or what-

ever), can be read by the COMp80. Character-code translation is done by software. The

composition scftware, called COMpose, reads typographic commands and text data from the

input tape, and sets fully justified multicolumn pages. COMpose also reserves space for
illustrations to be projected onto the microfilm output. It selects an illustration,

projects it onto the film, and sets text around it. The imaging subsystem consists of a

crt and a camera for recording crt images and images projected by the optical merge

unit. Cameras are interchangeable by the operator, and output can be any standard

microform, although TRUMP is currently only using 16-mm f£film output. The optical merge

unit consists of a film transport, which carries 105-mm roll film containing images of
illustrations; a light source, which projects the image, via a mirror, onto the output

film; optics; and a logic unit, which reads codes identifying the illustrations. Under

program control, the optical merge unit retrieves the required illustration, checks its ;
identification, flashes it onto the output film, and sets type around it (changes in the {
illustration file are handled by cutting out the old image and splicing the new one into !
place).

The overall operation may be subdivided into three functional groupings: input, update,
and output. Because TRUMP is a time-sharing system, the three functions are performed
simultaneously, although usually on separate documents. In fact, multiple documents can
be both updated and output while the scanning process is underway on another document.

Once the manual has been stored in memory, it can be changed by keying in new material
during editing. Suffix-lettered change pages can be created, or the entire manual can
be recomposed as a revision.

MIARS (Maintenance Information Automated Retrieval System). - The final products of the
TRUMP system are cartridges of 16-mm microfilm to be used in the Navy MIARS. MIARS is a
system for the total use of 16-mm microfilm at all three levels of maintenance (organ-
izational, intermediate, and depot). Each cartridge contains 2,000 microfilm frames,
and usually consists of three to six manuals.

The microfilm cartridges are used in an AR-150 stationary reader-printer or a portable
reader, which can be used at the aircraft or work bench. The units have a pushbutton
retrieval system. Microfilm frame numbers are used as manual page numbers. The first
frame of each cartridge is an index by frame number for each manual. Within each manual,
the indexing is done by using frame numbers in the table of contents, list of illustra-
tions, and list of tables. Alphabetical indexes are not prepared, and are not used in
any manuals. As of 1975, the MIARS system had approximately 800 microfilm cartridges
covering 10,000 manuals.
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4.4 REMOTE TIME-SHARING SYSTEMS

In this section we will look at some systems that are designed to extend the power of
the computer by providing it to users at remote locations via telephone lines. 1In a
sense, some of the systems we have already examined are time shared. Minicomputer
shared-logic systems are based on the ability of a computer to use part of its memory
for one function, while other parts are doing something else. Large-scale computer-
based systems, such as Lockheed's Autotext, described in paragraph 4.3.1, often serve
users located at many remote locations throughout the facility. Moreover, the central
computer is used for purposes other than text processing and, hence, the publication
function is time-sharing the computer with other applications going on at the same time.
This section, however, is devoted to those systems designed primarily to bring nigh-
powered computer publishing technology to remote users whose volume may be relatively
small -- too small for a dedicated system -- but whose applications secm to warrant a
high-technology approach. The capabilities of such systems are not unique, and we will
therefore be dealing in this section primarily with applications.

4.4.1 Stanford Research Institute's (SRI's) On-Line Sy:stem (NLS)

The paragraphs that follow provide a description of the system of computer aids (NLS)
that the Augmentation Research Center (ARC) of Stanford Research Institute (SRI) has
developed and is making available for use by customers (11). This information is de-
rived from conversations with David Potter of SRI's Princeton, New Jersey office; a
visit with Robert Lieberman and Dirk Van Nouhuys at ARC in Menlo Park, California; and a
visit with Duane Stone at the U.S. Air Force's Rome Air Development Center (RADC), an
NLS user.

NLS is a very large system of (mostly) interactive computer aids. It is designed to
allow individuals of an organization to use the computer tools to carry on their neces-
sary work; its design also includes features that will capitalize upon cooperative
working connections with other computer tools. NLS has been evolving and has been used
during the past 14 years. It has a rich set of capabilities for handling structured
text, and over the past two years it has gained a basic capability for handling graphic
constructs integrated into the associated text. In 1973, ARC established a utility
service to which any organization can subscribe. Subscribers pay a flat rate for a
share of computing power and information storage, along with support service including
training, application consulting, documentation, programming support, and operator
services. More than 15 large organizations currently subscribe to this service. The
reasons for establishing this service, according to Mr. Lieberman, were twofold: first,
to have a larger base to evolve from in which to obtain criticism, etc., from nonpro-
grammers and nonscientists; and second, to transfer ARC's technology to the outside
world.

At ARC, there is an applications group that consists of documentation services, appli-~
cations services, and systems services. Mr. Lieberman and Mr. Van Nouhuys, of applica-
tions services, help coordinate the NLS applications to accomodate each particular sub-
scriber's needs. From each client organization, a key person, called an Architect,
designs the use of NLS in his or her environment, acts as the focal point of informa-
tion, and is the liasion between the client and ARC. These architects form a group
called the Knowledge Workshop Architect Community (KWAC). They communicate with each
other through NLS and meet periodically.

There are five computers in ARC's utility service, called: Office-1, ISIC, ISID, NSA,
and SRI-KL. All these computers are in the Department of Defense's (DoD) Advanced
Research Projects Agency (ARPA) network (ARPAnet).

The NLS system has numerous subsystems available. Many of these are presently being
used and others are still in the experimental stage. The most commonly used sub-
systems are: 1) BASE, 2) SENDMAIL, 3) PROGRAMS, 4) USEROPTIONS, 5) MODIFY, and

6) GRAPHICS.

ARC has been developing NLS for the past 13 years to supply many kinds of aids in a
range of environments. NLS provides:

Variety of ways to enter text.
Highly flexible editing and formatting.
Many kinds of output media.
Publication management aids.
On-line communication and catalog facilities.
Connection to other computer systems.
. Data base management aids.
NLS is available as a computer utility service from various hosts affiliated with the

computer network originally sponsored by DoD's ARPA, and on a commercial service bureau.
NLS is also available as a software package for use on an in-house computer.
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ARC is both the creator and most extensive single user of NLS. It is a large and sophis-
ticated system, and is aimed at providing a consistent and comprehensive environment for
knowledge work, of which document production and control is only one instance. ARC
produces a large number of documents. Documents are produced for proposal writing,
reports for projects performed within ARC, NLS system documentation, and a very large
number of user guides. Most documents are relatively short (20 to 70 pages), and the
control mechanism is usually very simple.

The number of authors of a document varies from one to as many as five or more. Writing
is usually done simultaneously; each author is responsible for one logical unit (i.e.,
chapter) of the document, and all have access to each other's text. Authors do most of
the editing and page formatting themselves. Only at the very final stages of document
production (if at all) is a professional editor introduced to take care of final touches.

Bibliographic searches and researching are done by authors on-line. The Journal (de-
scribed below) provides the mechanism for on-line searching of any previously created
documents. In addition, authors have personal on-line data bases in which they keep
notes and results in an informal way (much like a notebook), and they use this data in
the document-writing process.

Physical Attributes. - NLS runs on Digital Equipment Corporation (DEC) large-scale
computers in the PDP-10 or PDP-20 classes. Access to the computer is achieved via
telephone lines or through the ARPAnet (for certain government agencies and contractors).
t runs in a time-sharing environment under the BBN TENEX or DEC TOPS20 operating sys-
tems. The system is over ten years old, is constantly improved and upgraded, and pro-
vides a stable working environment.

The present Office-1 computer configuration uses a 512k memory PDP-10 with 76,000 disk
pages (a disk page is roughly equivalent to one typewritten page). Many other configur-
ations can satisfactorily support about 20 users; when the system becomes more heavily
load=d, users often complain of the slow response and indicate a considerable reduction
in their productivity.

NLS can be operated from two types of full-duplex work stations: hard-copy typewriter-
type terminals and display terminals. A basic alphanumeric display work station consists
of a crt display and a keyboard; additional equipment that is part of the work station

is a pointing device (called a mouse) and a keyset, which facilitates text editing. A
second display, which allows line drawings, may be added to the work station. A user
with a teletype terminal may use a version of the system homogeneous in command language
and functions with the display version.

Software Environment. ~ NLS is divided into function-oriented packages called subsystems.
In the context of document production, NLS includes subsystems to edit text using struc-
tured files, and a formatter that accepts directives for formatting a document for a
line printer, terminal, and/or phototypesetter. A graphics subsystem allows on-line
creating and editing of line drawings, which can be incorporated into a file to produce
mixed text and graphics when output to a phototypesetter. A proofreading subsystem
enables the operator to check the page layout of documents that will be phototypeset.
There is also a spelling correction program and a variety of other tools to aid document
production.

The user interface is a command language consistently structured across all subsystems.
As part of this consistent interface, each user can define a profile that includes a
variety of parameters to control the appearance of the system to that user. This profile
includes choices of command-word recognition modes, page~margin settings, the amount of
prompting the system should give, etc. The profile can be modified, and enables the

more advanced user to use the system more efficiently while giving more explanatory
material to the beginner.

A key feature in the design of NLS is its hierarchically structured file system. This
feature allows a user to view various outlines of a document, and allows the page for-
matter to compose the page according to paragraph level.

Input. - Text can be entered into NLS directly at teletype or display terminals, from
magnetic media created at off-line terminals, or through copying on-line files from
other computer systems or devices such as ocr's.

Deferred Fxecution (DEX) is a complement to NLS for inserting text with minimal editing
in an off-line mode. The user records typewritten text and a set of special instruc-
tions on a magnetic tape cassette. During periods of low usage on the computer, the
tape is read to produce an JLS file.
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