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Figure 6. T wo of the other instances of type damage which distinguish between the 
two 1850 impressions of the American edition of White-Jacket occur along the right 
margins of p ages 239 and 267. 
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A Report Generator Approach to Automated Page 
Composition 

J. R. Burns 

Because of restrictions in the practical production of multiple copies of com­
puter output by a line prin ter, a high-speed photocomposit ion system-the 
Master Typography System- was developed to work in conjunction with the 
Linotron 1010 at the US Government Printing Office. The system composes 
pages of repetitive, computer-based information using the report genera tor 
approach dedicated to a limited area of concern. The system is described and 
some typical ou tput is illustrated. 

The Federal Government is the largest user of computer equipment in 
the United States and frequently senses needs and deficiencies which 
hamper effective utilization of this equipment long before other users. 
As early as 1962 the Government had become aware of the inability 
of existing computer equipment to produce economically output 
when the number of copies exceeded some small amount. 

The line printer is still the primary computer output device. Line­
printer listings can be used in three different ways, the manner in 
which they are utilized being a function of the type and volume of 
distribution required. 

When the number of copies is very small (less than 10), either a 
Multilith master or multi-part paper is used in the line printer; some­
times multiple passes through the computer are taken. The second 
method is to produce one copy of the listing and use photoreduction 
techniques for offset printing. The third method is to produce a 
source document; that is, to use the computer output to direct printing 
technicians who utilize classic graphic arts composition methods. 

The line printer opera tes at a relatively high rate of speed. Its 
output, however, is crude from a graphic arts standpoint. A lot of 
space is wasted on the printed form; so much , in fact, that many 
publications consisting of totally computer-based data could not 
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economically use the photo-reduction technique and would have to 
be recomposed using classic methods. 

In undertaking the study of possible alternate techniques, it was 
not just the problems of 1962 that concerned the Government but 
their correct anticipation that the amount of data within computer 
files would continue to increase at a phenomenal rate and that by the 
early 1970's many of the Government's computers would be 
devoted entirely to driving line printers if an alternative approach 
to the compositon problem were not developed. 

The primary observation of this study was that a high-speed, 
computer-compatible photocomposition device was needed which 
could replace the line printer's function when numerous copies were 
required. This device would be operated as a computer peripheral 
and dedicated entirely to the task of producing film for use in the 
production of offset printing plates. 

The photocomposer would be capable of producing graphic arts 
quality output, and its ability to vary character width would enable 
it to place approximately 50% more characters on a photo-composed 
page than the line printer with fixed-width characters could. The 
economic ramifications of such a device were obvious. There would 
be 50% fewer pages to compose, 50% fewer plates, and 50% less 
paper. Distribution and storage costs would be reduced, and legibility 
would be greatly improved. Such a machine, however, would not be 
universally applicable to all the Government's printing needs. Only 
a subset of all graphic arts capabilities would be incorporated into 
the device, since it was intended to replace the line printer's func­
tion in composition of pages at a high rate of speed , not to produce 
display advertisements. The point-size range would be limited, the 
page size would be restricted, and the data would have to be com­
puter-based. 

As a result of the study, the Government undertook (in conjunction 
with private industry) the development of a system involving both 
hardware and software. Its hardware component is the Linotron 1010, 
the photocomposition device at the Government Printing Office. 
Its software component is called the Master Typography System 
and is involved with the extraction of data from its computer base. 

This system concerns itself with very mundane applications, from 
a graphic arts standpoint. It composes numerous pages of repetitive, 
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computer-based information-such as technical abstract bulletins 
and parts lists. The typographic problems involved are less complex 
than those encountered in the composition of, for example, newspaper 
pages. The characteristics of the data which the system accepts are 
stringently and very explicitly defined. Data is already resident 
within a computer for some other purpose-inventory, accounting, 
etc.- and composed output is intended to be a by-product. Com­
position costs must be a primary concern. In newspaper produc­
tion a page is reproduced hundreds of thousands of times; com­
position is a small portion of the overall cost. When the number of 
copies is small, composition becomes a large part of the produc­
tion cost. 

Using computers to compose complete pages is a relatively new 
application. Three basic approaches have been taken in the genera­
tion of software for this purpose. 

The first method of automating the composition process can be 
compared to a computer's assembly language, since it requires 
instruction at a basic level. Several photocomposition systems of 
this sort have been developed. Their common characteristic is that 
they require the user to insert into his keyboarded or computer­
based data, functions indicating the nature, extent, and duration 
of each element of the typographic process which the computer is 
expected to direct. Specially trained mark-up people and key­
boarders are required. The result is up to a 30% increase in the 
number of keystrokes required to produce a manuscript. The 
system, however, maintains enough latitude to allow for composi­
tion of even the most sophisticated graphic arts applications. 

The second method can be categorized as a language approach, 
similar to COBOL , the compiler-level language of the economic 
community. Different accounting problems are solved by writing 
different COBOL programs. The language approach to computerized 
photocomposition assume that the best method to automate page 
composition is to write a "program" in a typographic language 
for each particular job. Accountants, unfortunately, do not write 
COBOL programs in practice; nor are typographers going to be able to 
write typographic language programs. 

The virtue, or vice, ofboth of these methods lies in their attempt 
to apply all the rules and techniques of graphic arts. Their output 
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can, in most cases, approximate what a typographer can manually 

accomplish. 
The third method is the report generator approach to automated 

page composition, a compiler-level language dedicated to a limit~d 
area of concern. The commercial community's report generator IS 
devoted to producing financial reports. Report generator requires 
that the user describe: (a) the file- the most general or largest 
common environmental characteristics data have; (b) the record­
the specific characteristics of each of. the in~iv~dual ~omponents of the 
file along with any indicators contamed w1thm the mput; and (c) 
the' process-a limited amount of processing information; w~at.to do 
with input data when an indicator is or is not encountered w~th~n ~he 
record. The number of different ways data can be processed IS hm1ted. 

The Master T ypography System uses this technique. It requires 
that a given typographic application be analyzed an~ that someon~­
preferably someone familiar with typography--descnbe the systems 
equivalent of the file ; that is, its page environment. H e must 
describe the equivalent of the records, or components of t~~ file; 
in this case, the paragraphs, lines, or line segments compnsmg the 
page. The processing information is n~t in~luded in. the job des­
cription, however. The process-flow dtrectwns reqmred by the 
system are embedded in it. Only a discreet number of typo-

graphic events are allowable. . 
Switches within the system are set on or off dependmg upon 

conditions encountered during the generation of a page, but the 
Typography System only allows data to pass through the logical 
components according to a limited number of pre-defined routes. The 
system does not pretend to have taken into acc~unt all possible 
combinations of typographic occurrences, but tt does encompass many 
sophistica ted components of the page and line logic required in the 
generation of the specific kinds of jobs it was d eveloped to ha~dle. 

Figure 1 is a representative page from the Army, Navy, Air Force, 
and Marine cross-reference listing which relates Federal stock 
numbers to industry part numbers. It is published yearly with 
quarterly supplements; 50,000 original pages are composed per year. 
On an IBM 360 Model 50 composition takes 20 seconds per page; 
phototypesetting time on the Linotron 101 ~ is 14 seconds per p~ge. 
Notice that the page has four columns ; the job has no hyphenatiOn 
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but does have first lineflast line entries which the system's software 
must produce. 

. Figure 2 ~sa page from the National <:,ip Code Directory. This 
SlX-columnJob runs approximately 1600 original pages per year with 
quarterly supplements averaging 125 pages. Computer time runs 20 
seco~ds per _rage; composition on the 1010 takes 15 seconds per page. 

~1gure 3 1s a page from the Navy's Thesaurus of Engineering Terms 
w~ch runs about 660 pages. While it appears simple in format, it is 
fa1rly complex from a software standpoint. Notice the continued 
headin? "Air Po~lution"-the fluid nature of our system's page 
formatmg nec:ssltates a ~ubstantial set oflogic equations to imple­
~ent automatiOn of the msertion of such headings. The first entry 
m column two, for example, might initially be placed at the bottom 
of column one. It is not good typography to end a column with a bold 
~ub~e~d, so the system moved this entry together with the following 
1tahc hne to column two. A decision by the system to perform such a 
move is made after the fact, so to speak. I f such a decision were made 
at the end of the last column, the last-entry logic is effected. For 
exa~ple, "Aldosterone", if moved to the next page, is no longer this 
page s last entry nor the next page's continued heading. Our system 
accommodate.s up to sev:n levels or hierarchies of headings which 
further comphcate headmg logic. 

Figure 4 is a page from the United States Government Research and 
Dev~lopment Report, a bi-monthly publication running about 200 pages 
per Issue. The ~omputer takes a bout 17 seconds per page; the 
composer reqmres approximately 20 seconds per page. 

F1gures 5 and 6 show a page from the National Directory of Post 
Offices and the Master Typography System forms which were used to 
direct our report generator. An analyst was required w insert into 
the file specification form of the report generator (the form equivalent 
t~ our pa~e de~cript~r form) information indicating that a representa­
tive page m thiS particular application was five columns that the 
column separation factor or width was 100 points, and that the 
column length was 707 points. He also indicated that if a page were 
to be set short due to insufficient data, the data was to be distributed 
among all five columns, and justified only when the resultant column 
dept!~ was greater than the justification tolerance, 200 points. The 
remamder of the page descriptor portion of this form is devoted to the 
281 



•w ..... ~ ............................................................................... H ................................................................. _ .................... .... ............... ......................... ... 

§ •• 

il ~~ i -1 
II •• 

i 1~ 
•• mm~ tmummmmmmm&mmmmmmmmmmmmmmm~mm~mmmm 

w 
c 
0 
u ... 
;:; ,.. .. 
"' w 
u 

~ 
:;:; 
~ 
~ 
:;:; 
:::1 

~ u .. 
~ 
::> z 

:.1 . ......... .. 

1~ mnu n!~nmmmnmummm~mummmmmmmmmmmmmmmmmmn 
.. J !!11!1! ~~ii!!l!li!i!l~gi~il~~!~~~~!lli!l!!~~~~~~~~~!~~!!~~~~~~g~~~~~~~~~~~~~~iiiJ~gi~l~lll!lil~lliil 
•• 

i! 
•I 

H 

"' .. 
~ 
~ 
u 
~ z 
0 

g 
"' c z 
<( 

~ 
i 
.~ 
.; .. 

Figure I. A representative page from the U.S. Army, Navy, Air Force, and Marine 
Master Cross Reference List. (All sample pages illustrated are produced from actual 
Linotron 1010 output. ) 

Figure 2. A page from the National :(ip Code Directory. 
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Figure 3. A page from the U.S. Navy Thesaurus of Engineering Terms. 

Figure 4. A page from the United States Government Research and Development Report. 



typesetting of the job and frame numbers in the lower left-hand 
corner of the page. 

In the equivalent of the record specification forms of report 
generator (the forms which we have are called item descriptor forms) 
the analyst specified that the items were to be set 6-point on 7-point ; 
that between items dot leaders were to be used, and that the textual 
components of each item was to be flushed or quadded left against the 
column origin while the numeric portion flushed left against a n 
indent of 72 points from the column origin. H e also specified that if an 
entry which was to be quadded left in the textual portion exceeded 
the measure allowable, 72 points, it should overflow on to the next 
line with a secondary indent of8 points. He indicated that the dot 
l~aders were to be used from the bottom component of the possible 
multiple-line entry. In addition, theY -origin of each individual 
data item was to be 70 points if it starts a new column or page. 

Figure 5. A page from the National Directory of Post Offices. 
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Figure 6. The Master Typography System forms used to direct the report generator. 
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Information of this sort is all pertinent to the individual compo­
nents of the page and is included in the item descriptor forms. Both 
the page and item characteristics were specified by the analyst 
external to the input data, that is, independent of the input data. The 
Master Typography System allows up to fifty item descriptors to 
occur on every page. Descriptors 47 and 48, as shown here, are 
normally used for right and left folios. Each of these examples 
required far less than fifty descriptors; the last example required only 
four . The user obviously has quite a bit oflatitude in the generation 
and design of the page and individual items. 

The unique characteristic of the overall system, due to the Linotron 
1010 hardware, is its bias toward a page environment. The basic 
unit of composition is a page, not so much from the standpoint of the 
software, but because the unit of composition information within the 
photocomposer is a page. The Linotron 1010 is basically a closed­
circuit television system capable of producing an 8 X l 0!-inch page 
with no motion of the film. It probably is one of the world's most 
resolute xy plotters, and zero access time is required to get to any 
point on the cathode display. Consequently, the software has a great 
deal oflatitude in selecting the order in which it places characters on 
the page. A measure of the flexibility of the system lies in the fact 
that to date the Government Printing Office has photocomposed 350 
different formats, totalling several hundred thousand pages. A format 
is defined as an entire job layout; it may have short pages and radical 
variations of individual page design~but it is a format. No modifica­
tions of the software has been needed. The system's aim is full-page 
composition with no manual intervention. 

To date most other computerized composition systems have 
completely ignored the page-logic portion of the overall problem. 
There is little argument, however, that it is in full-page composition 
that the real economies of the photocomposition process can be 
realized. 

This paper was presented at the conference, Where is Technology Leading 
Communications? held in February in Washington, D. C., and sponsored by the 
Engineering Writing and Speech Group of the Institute of Electrical and 
Electronics Engineers. Proceedings of the entire conference will be published by the 
Institute. 
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Letterforms in the Arts 

This department is an intemational gallery for the display of artists' work (in various media) 
which involves the use rif letterforms and related symbols. Artists, art and design schools, and 
other interested persons are invited to submit appropriate works and comment; communications 
should be addressed to the editor. 

Jack Smith ( l Ash bridge Road, Leytonstone, London Ell ; dealer: 
Marlborough Fine Art, London) has had numerous one-man exhibitions 
and his work has been shown in such international exhibitions as the Pitts­
burgh International and the Venice Biennale. " He uses his picture sur­
faces as color fields on which to inscribe signs that range all the way from 
recognizable, semi-descriptive hieroglyphs whose meaning in the particu­
lar context is left open, to an invented form of writing, p laced like writing 
on a page. Sound and silence are as much part of his purpose as visual 
language; interval, intensity, and density function importantly in the 
result" (Art International, March 1968). Accompanying comments are by 
Mr. Smith. 

Various Activities No. 5, 1966. 
An attempt has been made to break away from centers of interest. The 
painting is to be read from side to side. The marks are a kind of color 
shorthand, a visual equivalent of sound and speech, speed and interval; in 
this way they have something in common with a musical score. (A musi­
cian once remarked that he thought he could conduct the whole exhibi­
tion.) Occasionally the sound or the associations connected with a word 
influence the color. States of mind, changing from day to day, influence 
the individual forms within the painting; each form is influenced by the 
preceding mark; sometimes a mark is a sound. It is a mistake to try and 
read any passage as they only work visually; the vocabulary is one ofline, 
mass, color, activities, and stillness; there is no word content. They can be 
thought of as visual poetry, but they are not to be confused with concrete 
poetry. It is essential that my paintings are only visually understood. They 
are sound scores concerned with harmonies, discords, and pauses. Certain 
open forms are dotted rather than firmly contained within a line; these 
exist as half thoughts. Each painting contains passages which are tranquil 
or disturbed- they occasionally produce states of unease in the spectator, 
possibly because they contain conflicting emotions. The harmony of the 
painting is established intuitively. The forms are not always ideograms or 
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