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PREFACE

The Government Printing Office has converted from hot
metal to photocomposition. This was a large undertaking and
took 7 years to accompiish. Presently, GPO composes ap-
proximately 3 miliion pages a year in over 3,000 different
page formats. Since it was not possible to produce the high
volume of work required with composition systems available
on the market, it was necessary to develop the AUTOMAT-
ED COMPOSITION SYSTEM “in-house”. This system pro-
duces fully made-up pages in a wide variety of complex page
formats.

Much more than a mere conversion from one process 1o
another has been accomplished. The product line at GPO
has been expanded. The actual data base, as well as the
printed version of the publication, is now being soid. Because
the system was designed to accept logically structured input,
government agencies and firms in the private sector are
presently utilizing the full text data base in their information
retrieval systems.

Although there has been a proliferation of word process-
ing installations, use of this equipment to prepare input for
data base publishing has been very limited. This unfortunate
situation is not caused by the variety of equipment or lack of
standards; but rather it is due to crude display software that
places the burden of formatting on the operator. If this soft-
ware were enhanced, the functions of the operator would be
greatly simplified, and the data produced would be logically
structured.

A description of the AUTOMATED COMPOSITION
SYSTEM is provided. The steps that both manufacturers and
users must take, if word processing systems are to play an
important part in the establishment of full text data bases,
are also outlined.
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CHAPTER 1—THE FULL TEXT DATA BASE

The utilization of logically structured input,
which contains no coding unique to the typeset-
ting process, is the foundation upon which the
AUTOMATED COMPOSITION SYSTEM was devel-
oped by GPO. Since the delivery of the LINO-
TRON 1010 SYSTEM in 1967, the Government
Printing Office has scrupulously adhered to this
principle. The creation and use of the full text
data base in a large number of publication sys-
tems has resulted. These data bases are being
used for retrieval as well as for composition. GPO
has added data bases for such publications as the

Code of Federal Regulations and the U.S. Code to
its product line. Firms in the private sector as
well as government agencies now procure these
data bases on a regular basis. As time passes, the
full text data base which is now a by-product of
composition will become the primary product,
with composition becoming one of the by-prod-
ucts.

It is of interest to note that the dictionary
definition for “publish”, given on the section title
page, does not mention any specific media such
as a book, selective printout, or display terminal.

DATA BASE DEVELOPMENT

HISTORY

Data bases have resided in books for centu-
ries. For the past 100 years, GPO has been pro-
ducing current editions of many publications by
updating a data base—stored type. Since GPO
has converted to automated composition, the data
bases reside in machine-recognizable form, which
is serving as the basis for an expanded product
line at GPO.

A telephone book, encyclopedia, and diction-
ary are data bases. They are arranged in a well-
defined order, and each entry is formatted in a
completely standardized manner. In a dictionary,
for example, it requires fourteen pages of “ex-
planatory notes” together with a two-page “ex-
planatory chart” to completely describe the orga-
nization or structure of the word entries. If a
definition of a specific word is needed, the dic-
tionary provides a base from which the reader
can rapidly retrieve the word, since the words
are arranged in alphabetical order. If, however,
one were required to obtain a list of all nouns
ending in the suffix “tion”, the search would be
laborious and time-consuming. But, since the in-
formation is formatted in a complete and stand-
ardized manner, it would be possible for a clerk
to perform this task.

In the case of a data base residing in a book,
the individual reading the book is a part of the
system. In grasping the meaning of a given piece

of data, such as a word or punctuation mark, the
reader unconsciously associates it with the
matter surrounding it in order to obtain a com-
plete understanding. ‘

Graphic design is an art that has evolved over
the centuries. The invention of movable type and
line casting machines have made it possible for
civilization to exploit the developments of the
graphics designer. While they have produced
some books that are truly works of art, their con-
tributions to the dissemination of information in
the industrial community are of great economic
importance. It is much easier and quicker to com-
prehend and absorb information from a typeset
page than from one produced on a computer
printer or typewriter.

Equipment that can compose with “graphic
arts quality” provides the format designer with
many tools. Thus, he can display a much larger
amount of information in a given area and at the
same time improve its readability. Indentions,
white space, variety of type fonts, varying line
lengths, and combining illustrations with type,
are a few of the tools used by the designer. All of
his talent and effort are directed to the most im-
portant element in the system—the reader.

Long before the era of the computer, integrat-
ed data bases in machine-recognizable form were
in common use in industry and government. It

probably started with the development of me-
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chanical sorting equipment by Mr. Hollerith, who
worked for the Census Bureau. Out of this came
the tabulating equipment which was marketed by
IBM and Remington Rand for many years before
and after World War II. Most of the information
processed was numerical in nature, and, since the
tabulating equipment was electro-mechanical in
nature, the data had to be formatted or struc-
tured very carefully because of severe equipment
limitations. The concept of the field of data
evolved, and it was discovered that a specific
item or element of data could be used or proc-
essed for more than one application. For exam-
ple, the fields of data in a job card could be used
to compute payroll and job costs by the account-
ing department and also to record production by
the production control department.

~ Some very sophisticated mechanized systems
utilizing tabulating equipment were developed.
Input data came from a data base consisting of
punched cards. The equipment could sort, collate,
merge, select, and calculate the data defined by
the holes in the cards, primarily because great
care had been taken to arrange the data into a
clearly defined set of fields on the cards. In other
words, there could be no ambiguities in the input
because electro-mechanical machines, as opposed
to human beings, were the readers in these sys-
tems. Output in the form of reports was produced
on tabulators which resembled computer print-
out. The character complement was limited to
numbers, an upper case alphabet, and a few
punctuation marks.

The computer did not come into heavy use
until the late fifties. At first, their use was limit-
ed to scientific and engineering applications
where high-speed calculation was of major bene-
fit. By the early sixties, the computer was being
used in industry to replace the then obsolete tab-
ulating equipment. Computers store, sort, collate,
merge, select, and calculate, at a much higher
rate of speed than the tabulating machinery.
However, with the possible exception that it con-
tains large, high-speed storage, the computer does
not perform any new or magical functions. It just
does it so much faster that many new applica-
tions become economically feasible. The princi-
ples of designing and structuring input, devel-
oped over the years with so much effort for the
tabulating equipment, are even more vital in the
development of automated systems utilizing
modern computers.

Computers were applied to typesetting by the
major computer manufacturers in the early six-
ties. Unfortunately, they treated the typesetter

as an application, rather than a peripheral
device. Input specifications developed were proc-
ess (display) oriented, and any thought of the in-
tegrated data base and its use was ignored. For
example, the dictionary discussed could be
marked up in accordance with the rules for com-
posing copy used by the average newspaper
today, and the data keyboarded at one of their
text/edit terminals. The data would then be in a
machine-recognizable form and could serve as
input to their composition system, which would
produce galleys of type in the dictionary format.
However, this data (although in machine-recog-
nizable form) can not qualify as a full fext data
base because the display oriented typesetting
function codes do not produce a logical structure.
In spite of the rapid developments that are
taking place in the computer industry, it is diffi-
cult and uneconomical, if not impossible, to devel-
op computer systems that can use the “associ-
ative process” so natural to the human to sort
out and analyze data. Thus, it is necessary when
creating a computerized data base, to define this
structure in a non-ambiguous form and to tag
each element of like level with a specified code
that can be interpreted by the computer to mean
one and only one thing.

It is quite a paradox, that as the computer
manufacturers were attacking the typesetting
market (primarily the newspapers) as an applica-
tion, problems then existing at GPO forced the
management to direct its attention toward the
data processing applications. At that time (early
sixties), a large volume of computer printout was
being delivered to GPO as camera-ready copy for
publications having relatively short print runs.
Although this printout was photoreduced during
the platemaking process, the product was still
wasteful of paper, and the quality was very poor.
The LINOTRON 1010 SYSTEM—including the
Photocomposer and the MASTER TYPOGRAPHY
PROGRAM—was delivered in 1967. Input to this
system was magnetic tape submitted by the agen-
cies. The agencies created these tapes by extract-
ing data (primarily tabular) that they desired to
publish from existing data systems. Obviously,
these tapes contained no codes unique to the
typesetting process, but the data was fielded or
logically structured. GPO, during the following 4
or 5 years, developed the “edit-insert” idea which -
is based on the assumption that the typographic
format can be determined by analyzing the struc-
ture of the data sent to GPO by the agency.

In 1975, when GPO started the conversion
effort to photocomposition, the publications then
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being produced conventionally on hot metal
equipment were much more complex than those
being produced on the LINOTRON 1010 SYSTEM.
The composition software then resident on GPO
computers could not process the mixture of text,
tables, and illustrations contained in these publi-
cations. High volume and schedule requirements
dictated that a totally automated system that
produced fully made-up pages of output be imple-
mented. Although an extensive search of the
marketplace for a system that could meet these
requirements was made, none was found, and the
decision was made to develop the software “in-
house”.

Experience with the LINOTRON SYSTEM
made GPO realize the fundamental importance
of developing a logically structured data base to
serve as input to the system.

CLASSES OF DATA IN THE FULL TEXT DATA
BASE

In developing the data base specifications, the
various classes of data that could be encountered
were analyzed. At first thought of a ful/ text data
base, one thinks of only textual material—tables,
illustrations and mathematical expressions are
often not considered. The fact that only a small
percentage of the data base may be tabular or
mathematical in nature does not lessen the im-
portance of this information. A full text data base
system must be designed to contain all types of
information that can be expected to occur in the
data base. The classes of data being considered by
GPO are discussed in the following paragraphs.

Text—Text is defined as the main body of writ-
ten matter on the page. It includes, but is not
limited to, the following:

(a) Paragraphs.

(b) Fixed Point Leadering. (For example, a

table of conteats.)
(¢) Telephone Leadering.!
(d) Headings.2

Tables—A table is defined as a condensed enu-
meration. The data is presented in a matrix
form—i.e., a rectangular arrangement of data
elements in rows and columns. In a table, the
data displayed is not only condensed, but the
reader is able to comprehend the information at

' A format in which left data is quadded left and right data
is quadded right. The left and right data are usually, but not
always, separated by leader es. The name, ad , and

hone number entry in a phone book is text of a telephone
feadering ture.

2There are heading lines within the text. There are also
continued heads, first/last entry heads, running heads, and
overlay heads.

a higher rate of speed than if the same informa-
tion were presented in a textual format.

Symbolic—Mathematical and chemical expres-
sions are a shorthand notation which can provide
information at a glance, which would be very
space-consuming and difficult to comprehend if
expressed in a textual fashion.

Charts—The same data can be expressed in a
number of ways, depending upon the point the
author is trying to make. A graph or bar chart,
for example, can indicate a trend better than a
table. A table, however, presents detailed data
that the bar chart cannot do.

Diagrams—Flow charts, pneumatic, hydraulic,
and electrical circuits are by their nature very
logical. Eventually, the GPO data base will be ex-
panded to incorporate this class of data.

Mechanical Parts and Assemblies—Some work
has been accomplished by industry in classifying
and generating descriptions of mechanical parts
in machine-recognizable form. Incorporating this
class of data into the data base is much more
complex than any of the other mentioned thus
far. GPO at present has no plans to attack this
problem.

lllustrations—Matter such as continuous tone
photographs and line drawings within the pres-
ent state-of-the-art cannot be resident in the data
base in structured form. There are systems which
digitize illustrations by scanning the original art,
but this data is structured only for facsimile re-
production of the original art, and cannot be con-
sidered to be a data base in any sense of the
word. Since the graphic’s caption and legend de-
scribe the illustration, it is important that they,
at least, be stored in the fulf text data base. Even
though size information is display oriented, it is
still necessary to store it in the data base.

Progress at GPO—To date, because of the nature
of the publications incorporated into the system,
GPO has concentrated on text, tables, and reser-
vation of space for illustrations. Although the
system became operational in 1976, new capabili-
ties are constantly being added. For example,
composition of mathematical expressions is under
development. The most important task in this
subsystem is the design of logically structured
input for these equations.

ESTABLISHING THE DATA BASE

Costs—Since a logically structured full fext data
base has such great utility in many processes be-
sides typesetting, one might think that it would
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EXHIBIT 1-1—SAMPLE TABLE

Mobility of the Population by States: 1970-1976

(1970 resident population as of April 1, 1976, civilian noninstitutional population as of
spring. 1976 data based on rvey of Income and Education; see Appendix M.
See also table 25)

Population 5 yr. old Population rd“e yr. old and
older

and over
Percsent resggg
. in State 1
Division and State Number | Percent | Number
1970 movers 1976 Less 5 En-
(1000) | 1965-70 | (1000) than y(r,s. tire
r .

1yr less life
Us. 186,095 47.0 | 161,718 ( 2.7 | 11.7 | 55.9
NE. 10,858 419 9,284 | 2.3 (109 | 59.5
MainNg........ccoreeverecereerressei e - 909 41.7 804 [ 3.113.1 623
N.H. 67.2 45.0 619 | 4.8 (188 | 43.0
Vt. 405 45.1 356 | 3.4 (150|548
MaSS .....ooooreetr e ssassenene 5,220 40.9 4,428 15| 9.2 657

cost more than display oriented input to establish
and maintain. Fortunately, this is ‘not the case. It
is much more time consuming and costly to pre-
pare input for a display oriented process, such as
one of the computer assisted galley composition
programs in common use today, than for an auto-
mated composition system that accepts logically
structured data. For straight text, the cost differ-
ential between the two approaches is not great.
As the formats become more complex, however,
data preparation costs for the logically structured
approach become dramatically lower. Comparison
of the two concepts can be made by examining
the copy preparation and keyboarding required
to compose the table shown in Exhibit 1-1. The
manuscript showing the copy preparation re-
quired, together with a printout of the keyboard-
ed input, is given in Figure 1-1 for the logically
structured method, and in Figures 1-2 and 1-3
for the display oriented method. It took five
times as long to prepare copy and keyboard the
data for this rather simple table using the dis-
play oriented method as opposed to the logically
structured approach. Since the software for the
automated system is responsible for the format-
ting of this table, copy preparation and input
keyboarding are greatly simplified. This is espe-
cially true for the line rules and boxhead. On the
other hand, most display oriented composition
systems put much of the burden of formatting on
the copy preparation and keyboarding, rather
than building it into the composition program.

Sources—Certain data base material such as the
Congressional Record and daily Federal Register
are created “in-house”. Most data bases, however,

are purchased by GPO from private contractors.
These contractors provide reliable service—quick
turnaround at low prices. GPO also composes a
large number of publications from data produced
by a number of government agencies to GPO
specifications.

The system is designed and the procedures are
set up so that data for a given publication can
come from a number of sources. For example,
some of the bills, committee reports, and rollcall
material contained in the Congressional Record
comes directly to GPO on magnetic tape, while
the remaining material is sent in manuscript
form to be keyed by GPO. Gradually, more data
will come in machine-recognizable form, and less
in manuscript form.

GPO is making a concerted effort to encour-
age customers to send material to GPO in ma-
chine-recognizable form as opposed to manuscript
form. To be viable—ie, to save time and
money—the data must be structured logically
and verified. The initial keyboarding is only the
first step in the creation of the data base, and ac-
counts for less than 25 percent of the total cost.
The major costs are incurred in the proofing and
correcting phase.

Experience has shown that it is more eco-
nomical for GPO to create a data base from
manuscript, rather than try to use material from
a non-verified or process oriented data tape.

Data bases can be economically created to
GPO specifications on many types of equipment,
from paper tape perforators, to the most elabo-
rate text editing or word processing systems.

Word Processing—With the proliferation of
word processing equipment throughout the agen-
cies, why is so much of the input still coming to
GPO in manuscript form? Word processing sys-
tems have made it possible for the typist to pro-
duce and especially update a document much
easier and quicker. Quality of the product is also
higher. The basic responsibilities of the typist,
however, have not changed. The computer equip-
ment associated with word processing is merely
used to assist the word processor operator to per-
form basic typing functions easier and more eco-
nomically. For most applications to which the
word processors are being applied, this basic ap-
proach—assisting the operator to be more accu-
rate and efficient—is very valid.

If word processing equipment is to play a

meaningful part in the creation of structured

data bases, two things must happen.
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INPUT (LOGICALLY STRUCTURED)

4¢7,p6,6/6,s80,7,2.1,7,2.1,2.1,2.1
4195Mobility of the Population by States: 1970-
1976

4196(4T219704T1 resident population as of
4AT2April 1, 19764 T1, civilian noninstitutional
population as of 4 T2spring4T1. 1976 data based on
Survey of Income and Education; see Appendix III.
See also table 25)

4h1Division and State

4 h1Poputation 5 yr. old and over

4 h2Number 4T219704T1 (1000)

4 h2Percent movers 4T21965-704T1
Ah1Population 14 yr. old and older

4 h2Number 4T219764T1 (1000)

4 h2Percent residing in State 4 T219764T1

4h3Less than 1 yr.

4h35 yrs. or Less

4Ah3Entire Life

4j

41014T2U.S.4DAT2186,09548D4T247.04D
AT2161,71SADATZZ.?ADATZH.?ADAT255.9Arn,s_.

4I014T2N.E.4DAT210,8584D4T241.94D
4729,2844D04722.34D48T210.94D4T259.5

4102Maine 4 D909 4D41.74D804403.14D13.14D62.3

O I02N.H.4D67.28D45.04D6194D4.84D18.84D43.0
4102Vt. 5 D40548D45.14D3564D3.44D15.04D54.8
4102Mass 45,2208 D40.94D4,4288D1.54D9.24D65.7
le
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Figure 1-2
Display Oriented Method
Manuscript
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Figure 1-3
Display Oriented Method
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(1) The word processor operator must key
the data from the manuscript in accord-
ance with the specifications for the struc-
tured data base.

(2) The display on the terminal and/or the
printout from the printer associated with
the word processor cluster of terminals
must provide a formatted presentation
that is easy to read and comprehend.

In most word processing-applications, a draft
of the material in readable form is needed within
minutes after keying if the organization using
the system is to function efficiently. Most printer
software that is presently available on word proc-
essing equipment is very crude, and the printout
of logically structured input for a table would
look more like the data in Figure 1-1 than the
composed presentation in Exhibit 1-1. Needless
to say, this would not be very useful to the
reader. Since a readable draft of the table is
needed immediately, the word processor operator
is required to set up tab points and to properly
“space out” the data so that a presentable table
appears on the screen, and will be printed out on
the printer. Although it takes the word processor
operator longer to key in the display oriented as
- opposed to the structured mode, the tables pro-
duced will, in all probability, not be as well de-
signed and proportioned. Unfortunately, present
day printer software limitations for word process-
ing equipment dictate this approach.

Again it is emphasized that the “spaced out”
data keyed by the operator, although in machine-
recognizable form, cannot be regarded as a data
base. Some manufacturers have attempted to
write computer software that will edit this dis-
play oriented data into a logically structured
data base. Except for straight text, these efforts
have not been successful, and almost no data
base of any consequence is made up of only
straight text. :

The best approach is to develop computer
logic that can produce displays and printouts in
composed form from logically structured data. To

make this a reality will be no simple task that
will happen overnight, but there are develop-
ments occurring that make this concept a very
practical one. The quality and versatility of dis-
play terminals and printers are improving mark-
edly while their cost is dropping. Complex com-
puter software is no longer restricted to the
mainframe or minicomputer.

The Offices of Legal Counsel for both the
Senate and House, keyboard bills in structured
form to GPO specifications. GPO has provided
them with a computer program that can accept
this logically structured data as input and pro-
duce a fairly good looking draft on their line
printers. Tables as well as text can be processed
by this printer program, but the boxheads pro-
duced are less than satisfactory.

Potential—An impact printer with a limited
character complement has serious mechanical
limitations for printing drafts of technical mate-
rial. However, nonimpact printers are being de-
veloped that produce output resolution of 200 or
more pixels per inch. Although these resolutions
do not approach those of the phototypesetter,
they are high enough to utilize the tools of the
graphics designer for formatting. Very attractive
formats of complex material can be produced on
this class of printer. Much of the software devel-
opment for fully automated composition on
phototypesetters can be applied to the driving of
this class of printer from logically structured
input.

The price of these printers will have to come
down, and their reliability must be improved,
before there can be wide application for use with
word processing systems. Although required com-
puter resources (central processing unit, and
memory) are already available at reasonable
prices, the necessary software for composition by
the printers from the structured input does not
exist. Fortunately, what may be a problem to the
user is often regarded as an opportunity by a
manufacturer.

USING THE DATA BASE

Although the conversion from hot metal to
photocomposition was essential, and the GPO
system certainly accomplished that, the develop-
ment of the structured data base will have a
much greater impact on publishing in the govern-
ment. The full text data base is becoming the pri-
mary product—composition being one of the by-
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products. The logically structured data bases cre-
ated by GPO are being sold to private sector and
government agencies at an ever increasing rate.
A few of the present applications for the fulf text
data base are described in the following para-
graphs.
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EFFICIENT STORAGE OF INFORMATION

It is practical and economical to store a data
base containing the full text of the Code of Feder-
al Regulations. This publication contains over
120,000 pages, and the data base which is resi-
dent on a disk occupies over 400 million bytes of
storage. The U.S. Code Full Text Data Base is
somewhat smaller, requiring only 150 million
bytes of disk space. At the present time, data
bases occupying several billion characters can be
stored economically.

MECHANIZED UPDATING

Many data bases store material that is dy-
namic in nature, requiring periodic update. The
Code of Federal Regulations is modified daily
with each issue of the daily Federal Register.
Computer systems have been developed to update
these large data bases rapidly and at low cost.

MECHANIZED COMPARISON

Although a data base that contains only the
latest information can be very useful, it is also
very important to have available for rapid access
the changes that were made to the data base
during a specified time period. The BASE COM-
PARE subsystem, developed by GPO, has auto-
mated the process of comparing two editions of a
full text data base.

AUTOMATED COMPOSITION

There are a number of full-page automated
composition systems of varying degrees of sophis-
tication in operation today in government and in-
dustry. The most successful of these systems
relies on input that is logically structured.

SEARCH AND RETRIEVAL

The development of automated retrieval sys-
tems utilizing the full fext data base is still in
very early stages. It is expected, however, that
systems capable of analyzing tabular and math-
ematical structures as well as textual data will
become operational in the not-too-distant future.
Information retrieval systems also depend heav-
ily on input that is logically structured.

Some retrieval systems destroy the structured
data base, because they strip out function codes
in the input material as they array the data for
presentation on a terminal or printer at the re-
trieval user’s station. In using this approach, the
retrieval file becomes more than twice the size of
the structured data base—an indication of how
many word spaces are required—to produce a
readable display. This approach works only for

11

text, breaking down completely for tables or
other classes of data in the data base.

A structured data base should be retained by
the retrieval system because:

(1) The file will be compact.

(2) Retrieval in accordance with hierarchial
order of the material may be desired as
well as by key word.

(3) More sophisticated display terminals,
printers, and formatting software will
become available at the user station.

PUBLICATIONS FROM A COMMON DATA BASE

There are many publications that can be pro-
duced by extracting and/or reordering data from
the base of the prime publication. For example,
the Code of Federal Regulations is updated in a
mechanized manner by extracting appropriate
portions of data from each daily Federal Register.

There are many publications produced cur-
rently by GPO for the Congress which are spin-
offs from a main data base. The diagram shown
on the section title page defines the system being
developed for the Congress, where Bills, Commit-
tee Reports, Slip Laws, Engrossed Bills, and the
US. Code will all be produced from a common
Legal Integrated Data Base.

Each year GPO produces the Budget of the
United States Government for the Office of Man-
agement and Budget. The full text data base for
the budget contains approximately 12 million
characters. From this data base, the following
publications are produced in a totally automated
fashion:

Appendix Work Sheets
Appendix
Subcommittee Prints
Appropriation Bills

The page format and contents of the above
publications differ widely. Approximately 10,000
pages per year of budget material are composed.

GRAPHICS DISPLAY AND COMPUTATION

The application to generate on command, a
chart or bar graph from tabular data or math-
ematical equation embedded in the data base is
under development at GPO. Since mathematical
equations and chemical structures will reside in
the data base in their functional or logical struc-
ture as opposed to their display format, it will be
practical for computers to operate on these ex-
pressions in a computational or analytical
manner.
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At the present time, the AUTOMATED COM-
POSITION SYSTEM produces over 3 million pages
per year, which represents over 98 percent of the
total typesetting volume at GPO. The present
composition system became operational in 1976.
New features to enhance the system are con-
stantly being added. Automated looseleaf and

composition of mathematical and chemical ex-
pressions are subsystems currently in develop-
ment at GPO. An investigation of CAD Systems
and their possible integration into the AUTOMAT-
ED COMPOSITION SYSTEM is also under
consideration.

SYSTEM DESCRIPTION

AUTOMATED COMPOSITION SYSTEMS
AVAILABLE IN INDUSTRY TODAY

Computerized composition systems have been
developed and are available from a number of
companies. Some will sell or lease the software,
while others provide the service of typesetting.
They can accept data on magnetic tape, in manu-
script form, or via communication lines. There
are four classes of computerized phototypesetting
systems available today: (1) computer assisted; (2)
interactive page makeup; (3) composition compil-
ers; and (4) report generator. Each are briefly de-
scribed below.

Computer Assisted—This type of composition
system has been available in the industry for
almost 20 years. The input structure is still basi-
cally the same as it was when IBM originally re-
leased it for use in the IBM 1620 to produce
paper tapes for the operation of hot-metal ma-
chines. It was a system written primarily for the
newspapers, which represents the largest market.
Through use of this type of program, it is possible
to compose data in almost any format imagin-
able. However, great importance must be placed
upon copy markup and keyboarding of data. In
other words, if one puts enough function codes
into the input, he can compose almost every-
thing. Output from these systems is usually in
galley form.

Modern computer-assisted composition sys-
tems utilize terminals, and have interactive fea-
tures. Although improvements have been made
to the composition routines, the basic input struc-
ture has not changed in the past 20 years.
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Interactive Page Makeup—A number of manu-
facturers are in various stages of development
and manufacture of interactive page makeup sys-
tems. ATEX, for example, under contract to
GPO, delivered a page makeup system in March
1978. This system was to be used for the composi-
tion of exception pages. The input structure of
most of the interactive page makeup systems on
the market, however, is very similar to that of
the computer-assisted systems described.

Composition Compilers—While most companies
during the late sixties and early seventies were
concentrating on the newspaper market, there
was some effort in the area of automating the
composition of catalogs, telephone books, and gov-
ernment publications. Companies such as RCA
developed composition compiler systems for use
in producing these catalogs. In this market, the
page formats of the publications were relatively
simple, and could be completely described in a
form understood by a computer.

The input was simple and contained few codes
unique to the typesetting process. It was, howev-
er, necessary to write a program for each new
publication. These compilers, such as Page Two,
are very high level and give the programmer
commands which allow him to do numerous type-
setting functions with a few instructions.

This class of composition system has been suc-
cessfully used in the production of a large
number of high volume publications. One exam-
ple is the Standard and Poor’s Directory of Corpo-
rations and Officers which is a 4,000-page publi-
cation produced on an annual basis.
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Since a program has to be written by an
experienced and knowledgeable analyst, the cost
of developing a new publication by this method
is, by its very nature, time consuming and expen-
sive. Thus, only publications of very high compo-
sition volume are economically feasible with the
compiler class of composition.

Report Generator—This class of composition
system, like the compiler, has application only
where formats are rather straightforward and
completely definable. For these systems, the
structure of input is very simple and contains
few input codes unique to the typesetting process.
It is not necessary to write a new program for
every new publication that is incorporated into
the system. It is necessary, however, for an appli-
cations specialist (who is an experienced typogra-
pher rather than a computer programmer) to
design formats. These formats, which contain the
specifications for setting the various copy blocks
the composition program encounters as it proc-
esses the input, are stored by the program.

AUTOMATED COMPOSITION SYSTEM
RESIDENT AT GPO

The composition system developed by GPO is
of the report generator class. The flow chart in
Figure 2-1 shows the elements in the system and
indicates how they are related to each other.

A dotted line encloses the programs which
make up the actual composition subsystem. The
COMPOSE program accepts input from the job
setup file, and after performing certain initializa-
tion tasks, turns control over to the GALLEY pro-
gram. The GALLEY program accepts input from
the galley parameter, character width, and input
data files. This program produces a galley file in
typesetter driver format for each line of type that
it has composed. It also produces a line reference
file which is structured in a matrix form. Each
row of the matrix contains four 16-bit words
which are sufficient to store all of the page make-
up information about the line needed by the
PAGE program to arrange the line on the page.
After the GALLEY program fills the “tray of
type” (fills the galley file resident on the disk), it
calls the PAGE program.

The PAGE program accepts the galley and
line reference files as input. The program utilizes
the line reference file to arrange the page by con-
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structing a page map. After the page is arranged,
it is written to tape as specified by the page map.
Each line is read from the galley file and origin
dimensions are inserted. The line is then written
on the output driver tape. After the PAGE pro-
gram has arranged all of the lines in the “tray of
type,” it calls the GALLEY program, and the cycle
is repeated until the end of the input data is
reached. It should be noted, that a checkpoint is
taken each time GALLEY calls PAGE and PAGE
calls GALLEY. This is necessary, because de-
mands are such that the production of a large job
may be temporarily halted to put a “crisis” job in
its place. Upon completion of the substituted job,
the original job can be restarted at the last
checkpoint.

INPUTS REQUIRED

The inputs required by the system are shown
arranged across the top of the flow diagram in
Figure 2-1. The text/edit system is used to proc-
ess all of these inputs.

The data base to be composed is loaded into
the system via the LOAD/EDIT program. Since
this is a batch system and many of the data bases
composed are very large, it is absolutely essential
to insure that the function codes and their argu-
ments are valid and within proper limits. The
edit system is quite sophisticated because consid-
erable time and money have been invested in it.

Errors found by the edit are flagged in the file
as it is loaded onto the disk. The text/edit system
is used to correct the errors.

The data for a new font is added to the GPO
font library at this point via the text/edit system.
This data is processed by the GRID program to
produce the width tables used by the COMPOSE
program.

The Page Format Design Form (Appendix A) is
called up on a terminal by the applications spe-
cialist who enters the typesetting specifications
required by the page format into the form. This
completed form file serves as input to the PA-
RAMETER MAINTENANCE program, which pro-
duces the galley and page format specification
files used by the COMPOSE program.

Job information such as job number, input
data file name, restart point, and initial format
number are entered into the system by way of
the text/edit terminal.
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Figure 2-1—Composition System
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COMPOSITION FEATURES

COPY BLOCK COMPOSITION

Body Matter—The system arranges textual
matter in a wide variety of copy blocks. This is
accomplished by using the typesetting specifica-
tions stored in the parameter file to process the
data following each locator in the data base.

The appropriate typesetting specifications are
assigned to the locator of each textual data ele-
ment found in the data base. For example, for a
simple line of text, parameters such as line
length, point size, typeface, primary and second-
ary indent and leading must be provided to the
program. This is accomplished by completing the
Page Format Design Form at the text/edit termi-
nal. (See Chapter 5)

Footnotes—The system can process a wide vari-
ety of footnotes. The footnote function code (4N)
is inserted in the data immediately following the
word where the author desires to place the refer-
ence. At the end of the paragraph (or locator) the
data for the footnote must be keyed. It can be of
any length and the footnote can be made up of
any number of different locators. It is n s
however, to insert a AN immediately following
the locator code of the first line of the footnote
data.

It is not necessary to assign a sequence
number to the footnote, because the LOAD/EDIT
program previously described counts the footnote
references in each paragraph, and indicates an
error if it does not find text for an equal number
of footnotes in the data following the paragraph.

Headings—As described in page makeup, the
system provides for the various types of headings.
The typesetting specifications for the heading
copy blocks (data elements) are entered into the
system by completing the Page Format Design
Form in the same manner as for body mater
data elements.

Tables—The composition system contains rou-
tines capable of setting very elaborate ta>les.
There are publications that are tabular in
nature, and the same table format will run for
hundreds or even thousands of pages. For this
class of publication, it is practical and economical
to design a page format to produce the table by
completing the Page Format Design Form at the
text/edit terminal. There are, however, many
publications that contain a wide variety of tables
running less than a page in length, intermingled
with textual material. It would not be economical
for the applications specialist to design a subfor-

16

mat for a small table less than a page (or 20
pages for that matter), in size. In 1979, GPO in-
corporated a feature into the composition system
which automated the format design of tabular
data—SUBFORMAT GENERATION. With this fea-
ture, the system will design a table according to
the basic page parameters of the publication in
which the table will appear. If the table is to
appear in more than one publication, the table
will, with identical coding, be typeset according
to the individual demands of the various publica-
tions in which it is to be printed. :

The subformat is designed automatically by
the system, which receives the necessary specifi-
cations from the function line in the data base,
and from subformat specifications standard to
tables from the Page Format Design Form.

PAGE MAKEUP

Page Structure—The PAGE program will auto-
matically arrange the copy blocks composed by
the GALLEY program into pages containing any
number of columns from one to ten. The system
can also arrange pages containing textual or tab-
ular matter that spans two columns on two-
column pages, and two or three columns on
three-column pages.

Column Justification—The program contains
very sophisticated widow logic for ending and
starting columns. Columns of text are justified on
the page by subtracting (or adding) small incre-
ments of leading between text lines in the
column. Wherever possible, the justification lead-
ing (carding) is added around heads and between
paragraphs. Extra leading is inserted between
lines of text only as a last. resort.

Heading Placement—The system contains elabo-
rate heading routines. It produces heads of four
basic types:

(1) overlay;

(2) running;

(3) continued; and

(4) first/last entry.

In certain formats, there is material of a con-
stant nature printed on every page. Often this
material is very elaborate, and may contain sev-
eral hundred characters and many vertical and
horizontal line rules. In some cases, it is almost
like typesetting the page on a form. In fact, some
COM devices project this type of material on
their output with an overlay slide projector. Cer-
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tainly, it is not desirable to have this class of
data in the data base.

In this system, the overlay data is set up and
entered into the Page Format Design Form by the
applications specialist as part of the base format
design. This gives the applications specialist the
flexibility of designing overlays for the first, odd,
even, odd and even, or all pages.

In many formats, there are running heads.
For example, a publication title may appear at
the top of each even page, and a chapter or sec-
tion title at the top of each odd page. These heads
are usually short in length, and are embedded in
the data base. Each different running head (there
can be more than one if desired in the format) is
assigned a locator number.

In some formats, it is desired to compose
first/last entries of a given level head on each 3
page. In other formats it may be required to pro-
duce continued heads for the text headings of a
number of hierarchies at the top of each
column. ¢ This system can handle up to six hier-
archies of head. If the first line of text of the
column happens to be one of the heads, only con-
tinued heads of higher hierarchy are composed at
the top of the column.

In the case of the first/last entry and contin-
ued heads, no extra data is entered into the data
base. The system picks up the text data and sets
it to heading typesetting specifications supplied
by completing the Page Format Design Form. The
word “—continued” is generated by the system
and should not be entered in the data base.

Boxheads and title lines of tables continuing
to the next column or page are produced auto-
matically.

3 Sometimes the format designer will specify that the first
entry of a set of facing pages be at the top left of the even
page and that the last entry be at the top right of the odd
page. This system can accommodate this requirement.

4 Some format designs require this head at the top of the
first column of every page and in some cases only at the top
of the first column of each even page.
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Footnote Placement—Footnote material is
moved to the bottom of the column in which it is
referenced. The footnote can be of any size, as
the widow logic utilized to carry a large footnote
from column to column is the same as that used
for text. Footnotes occurring on a page contain-
ing text or tables that span more than one
column, are balanced at the bottom of the page,
and are sequenced in the order of reference on
the page.

Unit or Block Setting—A block of text or tabular
material, bracketed by block delimiters, can be
floated to the top of the next column or page if
the material bracketed cannot be set as a block
in the column containing the data. Up to five
blocks of data can be held for floating as a page
is constructed. The order of reference in the text
is maintained in positioning the floated material.
Floated material may span one or two columns in
a two column page format, or one, two, or three
columns in a three-column page format.

lllustration Placement—The system provides for
the reservation of space for illustrations that
span one or two columns in a two-column page
format, or one, two, or three columns in a three-
column page format. Captions and legends con-
taining any number of data elements can be
placed at the top, bottom, or top and bottom of
the space reserved. If the text reference to an il-
lustration uses the phrase “as shown in the fol-
lowing chart:”, it must be placed immediately fol-
lowing the phrase. If the illustration is too large
to fit in the area remaining on the page, the
system will set the page short and place the illus-
tration on the next page. If, however, the refer-
ence in the text were to give the specific title or
figure number, the space (together with the cap-
tion and legend) is floated in accordance with the
rules described for unit setting.

Last/Short Page Design—The system measures
the amount of galley remaining at a mandatory
page end and then computes the depth of the
short page, and arranges the type in justified col-
umns.






CHAPTER 3—SYSTEM APPLICATIONS
PRESENT STATUS

Improvement of delivery schedules and dra-
matically lower costs are reason enough to inves-
tigate the applicability of data base publishing to
a specific requirement. In establishing the data
base, the publisher (in this case the agency)
exerts much greater control over the final print-
ed product. The quality of final product is im-
proved, because the techniques used to create the
data base result in a consistency of style (espe-
cially in a complex technical document) that is
very difficult and costly to attain using conven-
tional techniques.

Because the formatting techniques used by an
automated system require from the drafters of
the information a more carefully structured
manuscript, the final publication is easier to use.
Books or manuals produced by an automated
system can be made to have a very attractive and
interesting appearance. The principles of good
graphic design are just as important in develop-
ing a publication that is to be produced by an
automated system as for one that is to be pro-
duced conventionally. Although the variety of
formatting capabilities built into an automated
system will never be as great as those for the
manual approach, they are, in the present state-
of-the-art, quite sophisticated and allow the
graphic designer a wide range of options. When
utilizing an automated system the designer, like
the author, must pay more attention to structure.
As a result, the final product will have both con-
sistency and beauty.

SERVICES PROVIDED BY GPO

Since the delivery of the LINOTRON 1010
SYSTEM in 1967, GPO has produced many publi-
cations directly from data bases which are resi-
dent on agency computer systems. However, the
system was not sophisticated enough to process
many of the publications which various agencies
desired to automate, without making compro-
mises in format which were unacceptable. During
the past several years the automated composition
system at GPO has been rewritten, and the spec-
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trum of applications which it can accommodate
on a timely and economic basis has been greatly
expanded.

GPO’s system has added features which allow
it to produce a wide variety of complex page for-
mats containing a mixture of text, tables, and
footnotes. The expansion of the system has been
extraordinary. Agencies which remember the
early days when GPO’s system could support
only the simplest requirements, are pleasantly
surprised at the system’s growth and current ca-
pabilities.

GPO has, as its goal, a determination to pro-
vide fast and economical service. This goal can
best be met through a joint effort between GPO
and the agency. GPO serves not to dictate what
must be printed, but to work out the most eco-
nomical and timely solution.

GPO will perform an initial investigation of a
possible application for the system at no cost to
an agency. This will determine whether or not
the publication can be economically produced. In
the instances where the system is not cost-effec-
tive, the proper recommendations will be made,
including, if necessary, waivers.

Often a combination of data tapes provided by
the agency and GPO typesetting is the most eco-
nomical method of production. If this mixture
works best for the agency, printing officials can
be certain that GPO will not only recommend it,
but will help the agency develop the data base
specifications required. Assistance can also be
provided in determining the configuration and
specifications for word processing or text/edit
equipment that may be needed.

Once it is determined that the job can be proc-
essed, work on the project can commence. This
requires close cooperation and coordination be-
tween GPO and the agency. It is important that
the agency personnel participate in this phase of
the project.
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Table 3-A

Publications Received Via Magnetic Tape

Annual
Publication Customer Frequency volume
(pages)
Cancer Gram............, Commerce.......... Biweekly.......... 10,000
Energy Research | Energy.................. Biweekly.......... 15,000
Abstracts.
List of Merchant Transportation.....| Annual............. 4,000
Vessels.
Zip Code Directory..| Post Office Annual 2,500
|2 . Y Commerce........... Biweekly.......... 15,000
Bond Redemption | Treasury. Monthly 2,000
Tables.

THE FIRST STEP

Agency personnel should begin their planning
of the publication by contacting GPO’s Planning
Service Division. A meeting between an applica-
tions specialist from GSDD and the agency proj-
ect group can be scheduled. The job is evaluated.
Both the GPO and agency personnel must agree
that the GPO system can produce the job eco-
nomically. There is no charge to the agency
during this initial investigation. Charges will
start only after the submission of the Standard
Form 1.

Although Chapters 4 through 8 contain a de-
tailed description of the system, it is only by inte-
grating an actual job into production that the
system’s real value to the agency can be deter-
mined. This can be accomplished at little risk
and nominal cost.

CLASSES OF PUBLICATION

Data is sent to GPO by the customer in ma-
chine-recognizable form or as manuscript for
processing. Although either can be handled,
agencies are encouraged to establish and main-
tain their own full text data bases. An applica-

tions specialist can be made available to assist
the agency in the design and establishment of the
data base.

Machine-Recognizable Input—The first publica-
tions produced by GPO with an automated photo-
composition system were those for which the
input was supplied by the agency. This input was
extracted from a data base already resident in an
agency’s automated system. A few of these publi-
cations are listed in Table 3<A.

When the input is sent to the GPO in ma-
chine-recognizable form, the AUTOMATED COM-
POSITION SYSTEM serves as a peripheral print-
out device. Since graphic arts techniques are
used, much more information can be printed on
each page. Money is saved because less paper is
required to print the publication. Even for a book
which has a print run of only five or ten thou-
sand, this approach is important. For the Zip
Code Directory, which has a print run of six hun-
dred thousand copies, graphic arts composition is
absolutely essential.

Any major change in concept for the publica-
tions of this class will result from advances made
in the data processing system from which the
data for input to GPO system was extracted, and
not from a system such as the one at GPO. It is
anticipated, however, that these periodicals will
be produced and distributed in their present form
for some years to come.

Manuscript Input—Most Congressional publica-
tions being produced at GPO today fall into this
category. For these publications, the AUTOMAT-
ED COMPOSITION SYSTEM—instead of playing
the limited role of a peripheral printer—is the
“engine” by which the graphic communications
function in the Congress and certain agencies is
being revolutionized. This statement can be best
explained by describing the progress made with
certain specific publications over the past 6
years.

PUBLICATION EVOLUTION

U.S. CODE

By law, a new edition of the U.S. Code must
be published every 6 years. A cumulative supple-
ment is published in each of the 5 years between
editions. An edition of the U.S. Code contains ap-
proximately 40,000 pages, and the supplement, by
the time it reaches the fifth year, contains about
12,000 pages. Prior to 1976, all editions and sup-
plements of the U.S. Code were produced in hot
metal, which of course, made use of the ability to
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store and update the lead type. It was decided to
“convert” the process from hot metal by produc-
ing the 1976 edition with an automated photo-
composition system. A set of input data specifica-
tions was developed by GPO. The manuscript was
prepared under the direction of the Law Revision
Counsel by updating the 1970 Edition of the U.S.
Code manually to incorporate Supplement V and
the 1976 laws.
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After data structure flags were entered by the
GPO Copy Preparation Section, the manuscript
was sent to a private contractor for keyboarding
and verification. The magnetic tapes produced by
the contractor were delivered to GPO where they
served as input to the AUTOMATED COMPOSI-
TION SYSTEM which composed the data in galley
format. The galley proofs as well as the data base
tapes were sent to another contractor—West Pub-
lishing—for correction and updating. (This com-
pany was under contract to the Law Revision
Counsel to assist in the legal editing required to
produce the 1976 edition.)

West Publishing returned the updated data
base tapes to GPO where they served as input to
the AUTOMATED COMPOSITION SYSTEM for
production of the 1976 Edition of the U.S. Code.
It is important to understand that West Publish-
ing was able to perform this function because
their computerized system was based on the use
of a logically structured data base. They were
able to edit, by computer, the U.S. Code Full Text
Data Base to their structure, update the data
with their standard system and edit back to GPO
structure in an economic and timely manner.
Portability for processing by different contractors
or agencies is one of the basic reasons for insist-
ing that the input data be logically structured.

Supplement I of the 1976 Edition was pro-
duced by establishing a supplement data base
from manuscript. Although the process had been
converted from hot metal to photocomposition,
the products being produced at that time (1978)
were the same as always. Quality of the product
had markedly improved and composition costs
had been reduced.

Software was written to facilitate the auto-
mated insertion of added material for Supplement
II into Supplement I by computer. An outside
contractor was utilized to keyboard the material
to be inserted, while the GPO Keyboard Section
entered the insert flags into the supplement data
base. This approach lowered costs further and
was used in the production of Supplements III
and IV.

Up to this point, the 7ull text data base of the
1976 Edition of the U.S. Code was not being uti-
lized by the system and was rapidly becoming ob-
solete. Therefore, it was decided to develop a
system that would allow the changes caused by
new laws to be entered into the U.S. Code Data
Base as they were passed; and to create the new
supplement input by extracting the flagged mate-
rial from the data base annually by computer.
The procedures and scheme for flagging the
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changes required much careful thought and co-
ordination between the Law Revision Counsel,
GPO, and House Information Systems (who were
using this data base as input to an information
retrieval system).

The system was written by the Development
Section of GSDD during 1981. The required
equipment—a text/edit system—was procured
and installed by the Law Revision Counsel.

Tests of the system were conducted by using
the Supplement IV Full Text Data Base (whose
structure is identical to that of the 7976 Edition
Full Text Data Base). Tests were successful and
Supplement V was produced by the new U.S.
CODE FULL TEXT DATA BASE MAINTENANCE
SYSTEM.

Entering new material into the data base re-
quires intellectual effort, and the text/edit
system is utilized to provide computer assistance.
Redundant keying is kept to a minimum, because
advantage is taken of the fact that the produc-
tion of Bills and Laws has also been automated
by GPO. Since the data base is structured data
from specified laws, it can be converted by use of
the Format Cross Reference System (also written
by the Development Section of GSDD) to the
format used in the U.S. Code Full Text Data Base.

Once the remaining changes from Supplement
V and the new legislation passed in 1982 have
been entered into the 1976 data base, supplement
flags that were entered in the 1976 data base will
automatically be removed from the data base by
the system. After 8 years of effort, the 7982 Edi-
tion of the U.S. Code Full Text Data Base will
come into existence.

Copies of this data base will be used by GPO
to automatically compose the 1982 edition, and
by House Information Systems for information
retrieval. Although there will be a 4 month im-
provement in the production schedule for the
1982 edition over the 1976 edition, the full real-
ization of the benefits of the system will come in
February 1984, when Supplement I of the 1982
Edition is released at least 6 months earlier than
were supplements of the 1976 edition. This will
happen in spite of the fact that the size of the
U.S. Code has grown rapidly from 17,728 pages in
1970 to 40,000 pages in 1982.

The U.S. CODE FULL TEXT DATA BASE MAIN-
TENANCE SYSTEM will facilitate the production
of publications required by law at a much lower
cost with improved schedules. Since the data base
is resident on the Law Revision Counsel’s equip-
ment, they can maintain tight control on the con-



Publishing From a Full Text Data Base

tents and quality of the data base. The system
will produce all future supplements by extracting
appropriate data from the U.S. Code Full Text
Data Base which will be updated as new legisla-
tion is passed into law.

OTHER PUBLICATION SYSTEMS

The Federal Register, Statistical Abstract of
the United States, Decisions and Orders of the
National Labor Relations Board, and the Con-
gressional Record are a few examples of other
publication systems being developed by GPO. Al-
though these systems are at various stages in the
development cycle, the paths they are following
are amazingly similar to that of the U.S. Code. A
brief discussion of each of these systems is given
below.

Daily Federal Register and Code of Federal
Regulations—New regulations are published
each day in the daily Federal Register. These reg-
ulations are then incorporated into the Code of
Federal Regulations, which is a publication con-
sisting of 130,000 pages bound into 140 volumes.
A new edition of each volume is published each
year. Prior to 1976 the daily Federal Register and
the Code of Federal Regulations were composed
conventionally on hot metal equipment.

In 1976, the Code of Federal Regulations was
“converted” to photocomposition. A full text data
base was established by an outside contractor.
Updating, however, was still performed on a
volume-by-volume basis, and the product pro-
duced was the same as under hot metal. Unfortu-
nately, with this approach, the full text data base
for any given volume could be out of date by as
much as a year.

In 1979, the daily Federal Register was “con-
verted” to photocomposition. An updating system
which facilitated the extraction of data from the
daily Federal Register and insertion into the Code
of Federal Regulations was developed during 1979
and 1980. Editors in the Office of the Federal
Register were trained in the use of this system.
They gradually became more proficient and up-
dated a greater percentage of the Code of Federal
Regulations until at the present time all of the
updating work has been removed from GPO.
Tapes containing the full text data base of the vol-
umes of the Code of Federal Regulations are now
sent to GPO for composition by the AUTOMATED
COMPOSITION SYSTEM.

The product being produced today, however, is
still the same as under hot metal 10 years ago,
with the exception that a number of firms in the
private sector purchase tapes containing the full
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lext data base of the daily Federal Register and
the Code of Federal Regulations. The next step,
of course, is to perform the updating task on a
day-by-day as opposed to a volume-by-volume
basis. Testing is presently under way and when
this final phase is completed, a Code of Federal
Regulations Full Text Data Base, current to within
a week will at long last come into existence.

Where possible, the data base maintenance
systems for the U.S. Code and the Code of Feder-
al Regulations have been kept compatible.

Statistical Abstract of the United States—This
1,000 page book which is produced annually, con-
tains approximately 1,400 tables, no 2 of which
are of the same design. The AUTOMATED COM-
POSITION SYSTEM has been used to produce this
publication for the past 2 years. Prior to the 7980
Edition, this publication was produced conven-
tionally on monotype equipment by a private con-
tractor. The powerful tabular routines contained
in the system made it possible for GPO to tackle
this job.

The costs to produce this job are lower than
they were under hot metal, and there will be im-
provement each year as another edition is pro-
duced. Although, to date, all updating material
has been sent to GPO in manuscript form, GPO
has already conducted copy preparation classes
for Bureau of the Census personnel. Should the
Bureau of the Census decide to maintain the Sta-
tistical Abstract of the United States Full Text Data
Base, GPO will provide all assistance required to
transfer the standing data base to the Bureau of
the Census, and to set up procedures for its main-
tenance by the agency.

Decisions and Orders of the National Labor Re-
lations Board—The Electronic Systems Develop-
ment Division assisted NLRB in the preparation
of specifications for a text/edit system which
they could use to establish a data base for their
publication. An applications specialist from the
Graphic Systems Development Division helped
them to structure their data base, and design the
page format for composition by the AUTOMATED
COMPOSITION SYSTEM. At the present, approxi-
mately 1,500 pages per month of the Decisions
and Orders of the National Labor Relations
Board are being composed from data base tapes
prepared by editors at the National Labor Rela-
tions Board. Improvement in schedule and reduc-
tion in cost have been dramatic.

Congressional Record—This publication is also
produced’ by the AUTOMATED COMPOSITION
SYSTEM. Due to the very tight schedules re-
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quired, most of the data is sent to GPO in manu-
script form. At the present time, Bills, some Com-
mittee Reports, and House rollcalls, are sent to
GPO in data base form. A continuous effort on
the part of GPO and Congressional Staffing per-
sonnel is being made to reduce the amount of
data being sent to GPO in manuscript form. How-
ever, the following Congressional publications use
all or portions of the precaptured keystrokes
from the Congressional Record Full Text Data
Base:

Journal

Nominations

Senate Executive Journal

History of Bills

Bills

Committee Reports

Now that a full text data base exists for the

Congressional Record, a system for producing the
Congressional Record Index on a more timely
basis and at lower cost is being developed. It is
also planned to use the Congressional Record
Index Full Text Data Base as the input to a re-
trieval system.

SUMMARY

Design and implementation of publication sys-
tems is the primary function of the Graphic Sys-
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tems Development Division. The Electronic Sys-
tems Development Division is responsible for
keeping abreast of the hardware developments
and can provide assistance to the agency in speci-
fication and selection of hardware. These capa-
bilities together with the production resources
housed in the Electronic Photocomposition Divi-
sion make it possible for GPO to start an agency
with a major publishing problem on a path simi-
lar to the one described for the U.S. Code. Initial-
ly, production personnel at GPO play a very im-
portant part in getting the system off the ground.
Gradually, most of the direct labor functions are
absorbed by agency personnel which gives them
better control over costs and schedules. Most im-
portant of all, however, by establishing and using
a current structured data base, the publication
system can take advantage of future technologi-
cal developments. So many ideas and products
are emerging, it is impossible to know which will
succeed and which will fall by the wayside. We
do know however, that:

(1) A logically structured data base is and
will be the foundation upon which to
build.

(2) Display of information for reading by a
human will be an important feature in
any system.






APPLICATION NOTES

COMPOSITION SYSTEM

Inputs:
Job Control
Full Text Data Base
Corrections to Full Text Data Base
Font Specifications
Format Specifications

Outputs:
Full Text Data Base (Archive)
Check Point/Restart File
Photocomposer Driver
input Data for Indexing System
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CHAPTER 4—FULL TEXT DATA BASE DESIGN

The first steps to be taken in the design of a
system—manual as well as mechanized—are:

Define in detail what the system is to pro-
duce.

Specify all the sources from which the re-
quired information is to come.

Specify the exact form in which the data is
to be prepared.

Specify each data element.

If available, an outline of the document for
which the data base is being established, can be
very helpful. If not, one must be constructed by
analyzing the data before any further step should
be taken. It may not be possible to reconstruct an

outline of this document because the writer failed
to articulate his thoughts in an orderly manner.
Thus, no logically structured data base can be
constructed from this material until it is rewrit-
ten in an ordered form.

The function codes which GPO has developed,
and how they are used to structure (design) a full
lext dala base are described in some detail on the
following pages. Tables 4-A and 4-B list all the
function codes recognized by the system, and
should be studied carefully. The method used to
specify the coding scheme that defines both the
functions and typeset characters is also discussed
in some detail.

THE DATA ELEMENT

DEFINITION

What is a data element? In the case of an ac-
counting or payroll system, the man number, op-
eration number, hourly rate, and hours worked
are data elements. These data elements are often
referred to as fields of data.

In the case of the full text data base, a data
element—depending upon how the base is struc-
tured—could be defined as a character, word, sen-
tence, paragraph, section, chapter, or publication.
If the base is broken either too finely or too
coarsely into data elements, its value is dimin-
ished.

METHOD OF DETERMINING

The trick is to specify data elements for infor-
mation throughout the base that have the same
hierarchial level. For accounting or production
control applications, specifying the data elements
in the base is more obvious. In the payroll
system, it is easy to see that man number, hours
worked, and pay rate are essential data elements
that must be set up in the data base. But what
about a publication containing text? How are
meaningful data elements determined for it?

The author or editor of a publication produced
the original draft manuscript by following an
outline either consciously or subconsciously. For
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an involved or complex legal document or text
book, the number or levels of hierarchy in the
outline are more than those in a newspaper story
about an automobile accident. Of course, the data
base cannot be structured properly if the author
(or editor) has not articulated his thoughts or
ideas in a clear and logical manner. Especially in
legal and technical publications, the codifying is
extremely important. This function is essentially
intellectual in nature and cannot be mechanized
within the present state-of-the-art. A meaningful
full text data base cannot be constructed until this
task has been properly completed. :

Since Gutenberg, the graphic designer (possi-
bly without realizing it) has been reconstructing
the outline to which the manuscript was written
so that he could determine the copy blocks—data
elements—before he proceeded to design the page
format. A copy block is not quite synonymous
with a data element. The reader (a human being)
is an element in the graphic designer’s system.
Although the reader may be unaware of the sub-
tlety, no ambiguity is caused because the graphic
designer decided to use the same typesetting
specifications for the following heads in the U.S.
Code: (1) References in Text, (2) Amendments,
and (3) Effective Date of Repeal.
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The full text data base of the U.S. Code con-
tains separate data element tags for each of the
three heads listed above. Because the tags are
unique, it was easy to write a very simple extrac-
tion routine to produce a Table of Internal Refer-
ences (200 pages in length) by computer from the
main U.S. Code Full Text Data Base.

Determining the data elements in a manu-
script is not an exact science. Every effort should
be made to make the data element breakdown
follow the original outline the author had in
mind.

Up to this point, not a single typesetting term
has been mentioned. The manuscript should be
broken into its data elements without concern for
the use to be made of the data base being con-
structed—composition or information retrieval.
The applications specialists at GPO have a typo-
graphical background. They are responsible for
determining the data elements required for the
publication being integrated into the system. On
occasion, they make the error of failing to differ-
entiate between separate data elements having
the same typesetting specifications. They start to
visualize the composed format before the data
element makeup of the publication has been de-
termined.

Aside from the fact that the data element
structure of a textual data base is not as appar-
ent as that of an accounting or production con-
trol data base, there are two other major differ-
ences:

(1) The character complement of the ac-
counting data base consists of an upper-
case alphabet, some punctuation, and the
numbers; while the character complement
of the full text data base may contain well
over 1,000 different characters, any of
which may be set in a number of type-
faces and sizes.

(2) Data elements in accounting systems nor-
mally are of a specified size and occupy
fields of fixed length within a record. In
the case of text, a field—data element—
may be from one or two characters to sev-
eral hundred characters in length.

TAGGING (OR LOCATING) DATA ELEMENTS

There are two basic methods for locating the
data element in the data base. The first is to indi-
cate the start of the field relative to the begin-
ning of the record. For example, data element A
starts 110 bytes from the beginning of the record
and data element B starts 190 bytes from the be-
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ginning of the record. The Patents full text data
base uses this method of tagging.

The second approach is to insert a tag func-
tion code at the beginning of each data element
in the data base. The full text data bases con-
structed at GPO for the Code of Federal Regula-
tions and the U.S. Code utilize this approach.

A number of companies have developed logi-
cally structured data bases. West Publishing and
Mathew Bender come to mind. Both of these
firms have developed mnemonic notations for the
naming or tagging of data elements and seem to
like this approach. It will work well as long as
the number of data elements involved is small
enough that memory jogging short letter groups
can be assigned without ambiguities. For exam-
ple, T for text and T for table—oops.

At GPO, a single page format can contain in
excess of 100 data elements. In one publication
which we produce—Decisions and Orders of the
National Labor Relations Board—there are at
least 30 data elements in the footnotes alone. At
the present, there are in excess of 3 million pages
in over 3,000 unique page formats being com-
posed by GPO every year. Because of this variety
and complexity, it is not practical for GPO to use
a mnemonic approach. At GPO, the data element
is completely defined by assigning it a number
(01 to 99) in a specified format (0001 to 9999).
Since some rare publication page formats contain
in excess of 100 data elements, the locator set can
be expanded by the use of the subformat func-
tion.

Table 4-A lists all function codes that explicit-
ly or implicitly define a data element (locator).

The format, subformat, and locator function
codes tag data elements explicitly.

The end of paragraph, leader, table, and tab
codes tag data elements implicitly. For example,
the end of paragraph code indicates that the data
following has the same locator number as the
preceding data.

The leader code separates left and right data
in telephone leadering. If the left data is locator
15, for example, the leader code tags the begin-
ning of the right data and implies locator 16.

Tab codes appear in tabular data and separate
cells in a row. Each tab code steps the locator
number up by one.

The table call code indicates the start of tabu-
lar data. As will be explained in more detail
later, the function line that follows this code con-
tains the required specifications to enable the
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composition program to automatically design the
subformat. The system then uses this subformat
to compose the table. The table end code implies

the return of the system to the page format (or
subformat) in force when the table call code was
encountered. :

Table 4-A—Data Element Function Coding for GPO Full Text Data Base

. Argument Preceg(ejd by a
unction precedence Description
Number of .
characters Unit code
Format 4 Format No. Yes Specifies that a new set of parameters for locators and
page are to be used.
Subformat 4 Format No. Yes Specifies that a new set of parameters to extend
available locators are to be used.
Locator 2 Locator No. Yes Tags the data element.
End of paragraph None N/A Yes Indicates end of paragraph.
Leader None N/A Yes Separates “left” data from “right” data in telephone
leadering.
Table: :
Calt None N/A Yes Start of table (table function line follows).
End None N/A Yes Indicates end of subformat generated table.
Tab None N/A Yes Indicates start of next column in table.

It is important to note that only eight differ-
ent function codes are used to tag a data element.
Five of these codes have no argument. They con-
sist of a precedence (escape) code and a single
letter code—assigned by the format designer.

Of the remaining three codes, the arguments
consist of numbers—two digits for the locator and
four for the format and subformat functions. It is
important for efficient storage and processing of
the data base to keep it free of function codes
containing long strings of characters and their
associated delimiters.

DATA BASE STRUCTURE

The data element function codes defined in
Table 4-A are used to give structure to all seven
classes of data found in a fulf text data base
(Chapter 1). They are not typesetting codes. Be-
cause they explicitly define relationships between
the parts or elements in the data, it is possible to
use automated systems to process this data for
any number of needs including typesetting.

Since the processing of text, tables, and illus-
trations has already been incorporated into the
system, the following discussion will be limited to
these classes of data. However, it is again
stressed that these same function codes will be
used as the remaining classes—symbolic, charts,
diagrams, and mechanical parts—are incorporat-
ed into the system.

Text—The data elements to be found in text fall
into 3 main categories:

(1) Headings

(2) Information

29

(3) Footnotes

The headings fall into hierarchial levels in ac-
cordance with the outline to which the document
was written. Each level is assigned at least one
locator number. These data elements are used to
direct the reader to the information data ele-
ment—the paragraph. In this system, the para-
graph is the lowest hierarchy of data element
tagged. However, it is possible to amplify a state-
ment in the paragraph by referencing a footnote.
Footnotes, like text, may contain any number of
data elements. The footnote is placed in the ful/
text data base immediately following the para-
graph in which it was referenced. A footnote can
also be referenced in a heading, with the actual
footnote being keyed into the data base after the
first block of text.

To provide an example of text structuring, a
portion of the outline and manuscript for this
manual are shown in Figure 4-1. It can be seen
by examining the outline that there are 4 levels
of body heads. An arbitrary data element
number—shown encircled—was assigned to each
level. The manuscript was prepared by inserting
the data element tag—encircled number—at the
beginning of each data element. A printout of the
data base keyboarded from the manuscript is
given in Exhibit 4-1. The 4 is used as the prece-
dence code. The locator tag is keyed as & I##
where ## is the locator number. Typeface
changes are indicated by keying 4 T# where # is
the typeface number. In a like manner, grid
changes are keyed as 0G# where # is the grid
number.
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Figure 4-1
Outline and Manuscript of Textual Material
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