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Information sciences series

Information is the essential ingredient in decision
making. The need for improved information sys-
tems in recent years has been made critical by the
steady growth in size and complexity d organiza-
tions and data.

This series is designed 10 include books that are
concerned with various aspects d communicating,
utilizing, and storing digital and graphic informa-
tion. It will embrace a broad spectrum d topics,
such as information system theory and design, man-
machine relationships, language data processing,
artificial intelligence, mechanization d library proc-

esses, non-numerical applications o digital com-
puters, storage and retrieval, automatic publishing,
command and control, information display, and so
on.

Information science may someday be a professjon
in its own right. The aim o this series is to bring
together theinterdisciplinary cored knowledgethat
isapt to formits foundation. Through this consoli-
dation, it is expected that the series will grow to
become the focal point for professional education
in thisfield.
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Preface

This book is meant to be an aid and reference work
for those people who are interested in the design o
information systems. Such information systems are
typified by the traditional libraries, but the same
problems o information processing, storage, and
retrieval are present in many government and in-
dustrial organizations in many places besides the
library. This book provides an illustration d the
tools, equipment, and methodology that might be
applied to those problems. Wherever possible, the
chapters are liberally sprinkled with cost estimates,
practical words of caution, and references to sup-
porting literature. The chapters follow a somewhat
logical progression, starting with the basics o file
organization and moving up to methods o coding,
notation, and machine-language representation;
then through various manual systems and into the
more complex equipment such as tabulating card
and computer systems, and finally microfilm and
micro-image equipment. These chapter divisions
are somewhat artificial, but they did provide a con-
venient way to package the book contents.
Because d the nature d some d the material in
the book, such as the equipment descriptions, the
reader should expect that some o this material will
be out o date by the timethat he readsit. Unfor-

tunately it can never be any other way. In the
same way, the book was not meant tO be an ency-
clopedia. Consequently, there will be some errors
o omission, but these are felt to be glight.

Many d the references cited in this book art to
the technical report literature. Those document
numbers with the PB- prefix (e.g., PB-97 535) are
cataloged by and available from the U.S. Depart-
ment o Commerce, Office of Technical Services
(OTS). Those document numbers with the AD-
prefix (e.g., AD-270 942) are cataloged by and
available from OTS and the Defense Documenta-
tion Center (formerly known as ASTIA).

I must sincerely acknowledge the support and
assistance which was provided to me by the Stan-
ford Research Institute for the preparation o this
book. Particular credit must go to Mr. Donald
Ford, who co-authored the chapter on special coding
topics. Finally, my sincere thanks go to Mrs. Paul -
ine Atherton for preparing the index to this book as
well as providing critical and very helpful sugges-
tions and reviews o the manuscript at several stages
in its evolution.

CHARLES P. BOURNE

Menlo Park, California
August 1963
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The nature of the problem

Information handling and processing problemsare
present al around us in a variety d forms and in
various degreesd complexity. This book describes
many such problems, and suggestsa large variety o
tools and techniques that may be useful in the solu-
tion o these and similar problems. These tools
may not be widely understood since it is only dur-
ing the last few years that our very complex and
technically oriented society has created a situation
in which more and more people and organizations
have become concerned with handling information
and fewer with handling materials. We are gener-
ating more information and more paperwork; we
are working with files o information that didn't
exist or were insignificantly small in 1900.* Fur-
thermore, we demand easier access to previously
recorded information.

The result is a storm o paper, and fortunes in
money and manpower spent solely on processing,
storing, and retrieving information. The magnitude
d this paper storm can be seen from a few isolated
examples. (1) the Federal Government produces 25
billion piecesd paper per year and has accumulated
enough recordstofill 7.5 Pentagons, at atotal cost of
about 4,000,000,000 dollarsayear; (2) military engi-
neering documentation (research reports, manuals,
drawings, etc.) now costs about 2,000,000,000 dollars
per year; (3) approximately 12,000,000,000 to 15,-
000,000,000 checks pass through the nation's banks
each year, with each check being handled 5 to 7

1For example, fingerprints, motor vehicle registrations,
social security and income tax records, patents, and engineer -
ing drawings.

The World's Scientific Literature

The Classic Library Problems

Commercial and Government File Problems

The Emergence d Special and Complex File Systems
Some Fundamental File Problems

What the Rest d the Book |'s About

times; (4) more than 6,000,000 engineering draw-
ings are made yearly for the military services, and
there are more than 50,000,000 drawings on file;
(5) approximately 30,000 technical journals (with
severa thousand new ones per year) publish more
than 2,000,000 articles per year throughout the
world in over 50 languages; (6) approximately 75,-
000 new book titles are published annually through-
out the world; (7) some magazine publishers have
combined mailing lists o up to 40,000,000 sub-
scribers; (8) Federal offices maintain files for more
than 160,000,000 fingerprints, 165,000,000 social se-
curity accounts, and 93,000,000 tax returns.

There is a need for methods or techniques to im-
prove all aspects d this documentation problem o
commerce and technology. The sized the mass o
documentation, aswell as the increasing dependence
on documents, makes it necessary to find ways to
reduce or maintain documentation costs, to increase
the speed o transmission o information, and to
maintain or reduce the amount o manual and cleri-
cal effortinvolved. 1n addition, new techniques are
sought that could increase the productivity o the
labor force. In response to these demands, there
has been a steady development o techniques for
the mechanization or automation of some o the
documentation and retrieval functions.

Before we discuss specific problems and their
solutions, some definitions and distihctions should
be established in order to illuminate the material
that follows. These distinctions often govern the
selection of equipment and procedures to be used.

First, let us distinguish between data processing
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and data storage and retrieval. Both may involve
a very large file or library of information; and no
distinction is possible on the basis o size. Data
processing systems have as their main goa the
manipulation, replacement, alteration, or addition
to the variousitemsin thefile. Library charge-out
systems, customer utility accounts, and current air-
line reservation records are data processing exam-
ples. The data storage and retrieval systems have
adifferent main goal: to storethefileitems for later
re-use rather than modification, and most often to
maintain the file items unaltered.

Second, let us distinguish among reference re-
trieval, document retrieval, fact retrieval, and in-
formation retrieval. Reference retrieval systems
are typified by thelibrary card catalog or other in-
dexes, which yield a complete reference to a docu-
ment in response t0 a general search request. Many
d the mechanized retrieval systems, particularly
the computer systems, provide reference retrieval
only. Document retrieval systems go one step fur-
ther and provide a complete copy o the document
instead of just a citation or reference. Fact re-
trieval systems yield specificinformation (e.g., boil-
ing point, tensile strength, chemical compounds) in
response to a search request. Information retrieval
systems are truly the most complex systems, since
they must deal with concepts and abstractions, and
provide specific thoughts or concepts rather than
single facts or references. A true information re-
trieval system, for example, should be able to pro-
vide answers (not references) to a question such as
"What is the difference between a point-contact
transistor and a junction transistor?” Good an-
swers exist for this question, and a true information
retrieval system should be able to provide them.
However, only a few information retrieval systems
have yet been developed that come close to achiev-
ing this degree o performance.? The terminforma-
tion retrieval has long since become firmly estab-
lished in common usage as the generic term that
includes reference, document, and fact retrieval.
Since it seems impossible to dislodge this usage, the
term information retrieval is used throughout the
rest o this book even though in most cases it will
mean document retrieval.

And now in order to establish a proper frame o
reference for some d the more powerful tools de-

2Green, B. F., et al., "Baseball: An Automatic Question-
Answerer," Proceedingsd the 1961 Western Joint Computer
Conference, pp. 219-224 (Institute of Radio Engineers, New
York, 1961).

scribed in the following chapters, let us explore some
o these problems in more detail.

THE WORLD'S SCIENTIFIC LITERATURE

The magnitude o the problem o the storage and
retrieval o scientific and technical literature is
frightening. Although the specifics o the problem
may change from time to time. The magnitude o
the problem is unlikely to decrease. Figure 1-1
shows the current amount, by national and linguis-
tic origins, and degree of coverage by the abstract-
ing and indexing services, o the world's periodical
technical literature.®* Note that this refers only to
periodical literature. The amount o non-periodical
literature (such as government reports, industrial
research reports, and conference proceedings) has
never been determined.

©

Total Volume of Publication

One o the most current and probably the most
accurate estimates o the total volume of publica-
tion is a recent Library of Congress estimate that
approximately 30,000 scientific and technical jour-
nals are published throughout the world. Others
have suggested various totals between 50,000 and
100,000. The Library of Congress estimate, how-
ever, is based on a continuing census o the world's
technical periodicals.

Using 30,000 journals as a starting point, and
estimating 30 to 70 articles per journa per year,
we are faced with some 900,000to 2,100,000 articles
published throughout the world every year.

National and Linguistic Origins of the Total Volume

Some very crude estimates have been made o
the national and linguistic origins of the total vol-
ume o literature. English is still the predominant
language, comprising about one-haf o the total
production. However, there are indications that
Russian is moving into the position of second most
popular scientific language, coming abreast o the
traditional French and German. The United States
still produces the greatest volume of literature, fol-
lowed by Germany, France, and the United King-

8 Bourne, C. P.," The World's T'echnicaJ Journal Litera-
ture: An Estimate of the Volume, Origin, Language, Field,
Indexing, and Abstracting," American Documentation, Vol.
13, No. 2, pp. 159-168 (April 1962).

Gottschalk, C.F.and W. F. Desmond, " Worldwide Census
o Scientific and Technical Serials," American Documenta-
tion, Vol, 14, No. 3, July 1963 provides a more recent esti-
mate.
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dom in that order. However, the relative propor-
tions for each country appear to differ markedly in
the various specialty fields. The Soviet literature,
for example, seemsto be very prominent in chemis-
try, but relatively light in other fields such as medi-
cine; this may be the true situation or it may re-
flect outdated information or errors in measurement.
In any case, this pattern o national and linguistic
origins should influence some o our academic and
professional linguistic requirements, as well as our
literature acquisition and abstracting policies.

The Magnitude and Characteristics of Several
Subject Fields

The world's scientific community has recognized
and defined various groupings o subjects or disci-
plinesinto "fields" such as chemistry, medicine, and
mathematics. There is little that is definite about
the boundaries o any d these fields, and in many
cases there is overlap or complete inclusion o one
subject field in another field. Nevertheless, a cer-
tain body o material or subject matter has been
grouped together, usually around an academic tradi-
tion, a professional society, or an indexing and ab-
stracting service, to form a single body o material.
Artificial asthe grouping may be, it exists; and the
literature o each single group represents the normal
span o interest or information resources for an in-
dividual working in that field. That is, a worker
in any d these subject fields will see a certain vol-
ume o literature o interest to him; to him, this
represents his technical information problem. The
fact that his familiar reference tools cover a certain
structured field d knowledge may also make it dif-
ficult for him to locate relevant information in other
subject fields. It is also true that two workers in
two different subject fields may also be looking at
some o the same literature. To simplify the
graphic portrayal, Fig. 1-1 shows distinct bounda-
ries between neighboring subject fields. However,
there was no intention o suggesting, for example,
that there is a sharp boundary between chemistry
and the biological sciences. |n fact, the specialty
field segments in Fig. 1-1 were arranged amost
randomly.

Abstracting, Indexing, and Reference Services

There are currently about 3500 abstracting and
indexing services throughout the world, with about

550 o them in the United States. There are also
an estimated 3000 special information centers in
the United States that maintain collections of in-
formation on specia technical topics (e.g., Snow,
Ice and Permafrost; Defense Metals; Air Pollution)
for literature searching and reference services.
Most o these services or centers utilize conven-
tional manual bibliographical tools; however, sev-
eral o them are utilizing machine aids and other
special techniques--most o which are described in
this book.

As illustrated by the shaded arcs in Fig. 1-1,
some speciaty fields, such as chemistry, are well
covered by abstracting and indexing services; other
fields are badly covered. With the possible excep-
tion o chemistry, there is currently no practical
mechanism, nor isthere likely to be one in the next
few years, for searching the entire world's litera-
ture in any specified subject field to answer a oearch
request. Some indication o how far we are from
the indexing coverage o the world's literature may
be obtained by noting that in 1960, al o the major
U.S. scientific abstracting and indexing services
combined—servicesthat constitute the membership
o the National Federation of Science Abstracting
and Indexing Services (NFSAIS)—covered only
about 16,000 journals out o the world's estimated
30,000 scientific and technical journals.

THE CLASSIC LIBRARY PROBLEMS

The university libraries and some o the public
libraries have grown to a very large size, and repre-
sent collectionsd several million books and periodi-
cals. Figures1-2 and 1-3 give an indication o the
file size and accession rates for each o the U.S.
public library systems and most of the U.S. col-
lege and university libraries, respectively.

Some efforts have been made to mechanize the
literature searching in several major subject fields.
The American Society for Metals, for example, has
supported projects for several years for the machine
searching o the metallurgical literature. The Na-
tional Library o Medicine and the Chemica Ab-
stracts Service are both planning to mechanize the
searching o the literature o their subject fields.

L]

4 Specialized Science Information Services in the United
States. A Directory of Selected Specialized Information
Services in the Physical and Biological Sciences, Report
NS 61-68 o the Nationd Sdence Foundation, Washing-
ton, D C (November 1961).
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Circular 590 (June 1959); Stafistics of Public Library Systems in Cities with Populations of 50,000 to 99,000: Fiscal Year

1958, US.. Prept. of Health, Education and Welfare,

Offies of Education, Circular 594 (July 1959); Public Library Statistics:

1944-45 (for cities with populations of 25000 to 49,999). Federal Security Agency, Office of Education (1947).]

Projects are also under way for searching the legal
literature, and the literature of several other sub-
ject filds. The magnitude of thistype o searching
task is reflected in the total amount o literature
published annually in each field (see Fig. 1-1) and
in the warehouse of abstracts or citations that each

d the mgjor abstracting and indexing services has
accumulated during its history. Figure 1-4 shows
the total number o abstracts or citations produced
by each of severa of the world's technical literature
abstracting and indexing services, annually and
throughout their publication history.
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COMMERCIAL AND GOVERNMENT FILE PROBLEMS

Libraries have no monopoly on storage and re-
Many commercial and govern-
ment file problems are every bit as complex as the

conventional library problems, and often involve
more severe time and cost pressures. Here are some *

trieval problems.

examples of these types of problems.

There are dozens o commercial firms in this country
that make a business of maintaining and selling lists o
names or organizations for direct mail promotion and
advertising.5 Some o these firms have lists d 30 to
40 million names or organizations, often with each name
extensively indexed to show the size o the town, the in-

® McComb, W. 11 “Medical Mailing,” Data Processing,
Vol. 3, No 1 pp. 15-17 (January 1961).



dividual’s credit rating, the type of automobile owned,
and so on. For each client, the lists are made up from
the master list in a manner tailored to suit the particular
promotional needs, and may be as specific as lists o
pediatricians in private practice in towns of 7000 popula-
tion or more, or as genera as the innocuous ' occu-
pant" type o list.* The mailing-list houses would like
to be able to efficiently and inexpensively index their

The nature of the problem / 7
files to facilitate the generation of custom made lists
which are more useful to their clients. A few of these
firms can process more than 1,000,000 pieces o mail per
day.

8 The "occupant” type d file entry has the strong ad-
vantage in this case d normaly not requiring any file
maintenance unless the building at the occupant's address
is destroyed and not replaced.
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1960.
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Each state, and several federal agencies maintain ex-
tensive collections o fingerprints, indexed in enough de-
tail so that searches can be made to find the prints on
file which mateh’a print  unknown origin. Some states
have as many as 5,000,000 prints on file, while the FBI
file contains approximately 160,000,000 prints and is the
largest.”

Nearly every firm that builds equipment or devices
makes a complete series o engineering drawings for al
aspectsd that equipment, so that an identical equipment
can be built at a later time, perhaps by a diierent or-
ganization. Thisisavery largetask for complex projects
or equipment. A complete description o a modem mili-
tary aircraft, for example, may require approximately
80,000 different drawings. Some sort o a filing system
must be established so that drawings for selected portions
d the system can later beinspected as required. An air-
craft manufacturer who develops and maintains many
different pieces d complex equipment has file problems.
So does the military service or airline that buys the
equipment. The Navy Bureau d Aeronauticsdepository,
for example, currently has about 5,000,000 engineering
drawings on file for the equipment it has purchased or
had developed in recent years.

A hospital patient's medica record may consist o hand-
written notes, typewritten reports, inked graphs, strip-
chart recordings, and correspondence. Hospitals gen-
erally keep the records o al d their patients, and an
attempt is also made in al hospitals to catalog every
patient's record according to the disease or type o in-
jury as wel as the part o the body that was affected.
College courses and nationa standards examinations are
required of the medicd records librarians who do this
type d indexingin each d the more than 5000 hospitals
in the United States today. A city or county hospital
may have files for approximately 250,000 patients, while
the largest hospital complex, that o the U.S. Veterans
Administration, has a filed medical records for approxi-
mately 8,000,000 ex-servicemen.

There are currently more than 1400 life insurance
companies and 350 fire and casualty insurance companies
in the United States, each & which maintains a file for
each o its policies. There are, for example, over 250,-
000,000 life insurance policiesin effect today.

There are more than 2500 title insurance companies in
the United States whose business is to search all files of
public lega documents to find all the mortgages, liens,
and other lega actions pertinent to a client's real estate.
The searches must be complete and accurate because the

7 Anon.,"The B's Office Story," The Office, March 1960,
p. 79.

tittle company usually writes an insurance policy that
essentially guarantees the client that they have provided
completedocumentation of the property's lega history.

There are approximately 20,000 municipalitiesin the
United States that support a policeforce. A good record-
keeping and file system is an essentia tool in law en-
forcement. A police force may have files o registered
firearms, d crime reports, d photographs (mug shots),
o fingerprints, d stolen property descriptions, o modus
operandi reports, and o dossiers on known criminals.
Extensive indexing and machine searching o the descrip-
tion and modus operandi o people with prior arrests has
been done by some loca and state agencies to assist in
the identification o possible suspects.

THE EMERGENCE OF SPECIAL AND COMPLEX
FILE SYSTEMS

I n addition to the classic library problems and the
commercial or government office problems, anany
new file problems arise from the technology of our
modern age that do not fit into these categories.
Some examples of these are given below.

The Defense Atomic Support Agency has been as-
signed the responsibility of creating within the De-
partment of Defense a Damage Assessment Center
whose primary purpose will be the assessment of
United States, allied, and enemy forces and re-
sources and their changesin the event of hostilities.
Using a very large computer searching system, the
Center must maintain a very large and comprehen-
sive file on everything that could be considered a
military resource throughout the entireworld. The
system utilizes a powerful information retrieval sys-
tem to rapidly provide specific information in re-
sponse to the inquiries of the Center's personnel.

The weather study satellites Tiros and NIMBUS
are equipped with camera and television units tO
record and transmit pictures of the earth's cloud
cover for weather forecasting on a global basis.
TIROS pictures have been very useful for immediate
weather forecasting, and the U.S. Weather Bureau
is planning continuous weather satellite coverage of
the world. Copiesof these pictures are indexed and
sent to a central file tO be available for further re-
search by the nation's meteorologists. Since the
file items are generated at a rate of at least 18,000
pictures per satellite per month, it'won't take long
for the file to grow to a very large size. The re-
search files at the National Weather Records Cen-




ter already contain weather observations punched
on 350,000,000 cards.

The Photographic Records and Services Division
(PRSD) of the Department of Defense is the de-
pository for most of the aerial photography acquired
by the Department of Defense, and represents an-
other film library problem. The PRSD library con-
tains approximately 16,000,000 prints and original
film indexed on a geographical basis, has an acces-
sion rate d about 1,000,000 pictures per year, and
furnishes 2500 to 7500 prints per day.® Photo-
graphs from satellites are expected to increase the
burden o this library even further.

The point o al o this should be clear by now.
Storage and retrieval problems occur in many places
besides the conventional libraries, and may be every
bit aslarge and complex as the classic library prob-
lems.

SOME FUNDAMENTAL FILE PROBLEMS

Certain fundamental problems occur in varying
degreein handlingnearly every file, and especialy in
handlingthelargefiles, regardlessd the typed ma-
terial in the file or the method o file organization.
Several d the mgjor problems are discussed in some
detail in the following sections. In these discus-
sions, and throughout the rest d the book, a "file
item" is defined as a smallest module or package of
information to be handled asa unit. Books, patents,
documents, insurance policies, medical records, and
individual aerial photographs are examples d in-
dividual file items. A "file," as the word is used
in this book, is defined as a homogeneous collection
d asingle type o fileitem.

Variances in Indexing

Few cataloging or indexing techniques avoid the
possibility that the same document or fileitem may
be indexed differently by different indexers—in fact,
there is often a strong possibility that the same in-
dexer would classify the same document differently
on different days. This problem seems to increase
with the number of indexers. It reflects such fac-
tors as: (1) differencesin background and training

8 Systems Study d Photographic Records and Services
Division, Document Data Processing Control, AN/G8Q-11
(V) Interim Report, Eastman Kodak Co., Contract AF
30(602)-1698 (May 1958-January 1959), AD 225 490
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d indexers, resulting in different appraisals of the
subject material; (2) the amount of slack, variance,
or ambiguity within the indexing system used; and
(3) the relative subject importance of the material
to be indexed; and (4) the variation and special
language or jargon used in that material. Also, as
the indexer becomes increasingly familiar with the
specia terminology and novel aspects o a body of
material he changes his indexing habits accordingly.

One method for reducing the indexing variance is
to take some o the slack out of the indexing sys-
tem. The use of an authority list (i.e., glossary,
dictionary, thesaurus) of subject headings helps to
reduce some o this slack by providing written de-
scriptions and clarifications o the various subject
headings or terms used. A second method for re-
ducing the indexing variance is to have each file
item indexed by a number of different persons, each
with a different background and subject specialty.
An item so classified, on the basis of the composite
indexing information, reflects the knowledge and
thought patterns of a variety o fileusers. Onelarge
organization has used thistechnique very effectively
for the indexing d technical documents by routing
each document to 15 or 20 indexers, each represent-
ing a different scientific discipline and background.

At the output side o the system also, two people
are likely to search the file in a different manner
even though they are given identical search require-
ments. The reasons for this are essentially the
same as the reasons for the variances in input in-
dexing. Some relief can be obtained by providing
indexing standards and practical on-the-job train-
ing in preferred search techniques.

Indexing Discontinuities Caused by Personnel Changes

The organization of a particular file cannot help
but be influenced by the background and interests
d theindividua or group who established it. Be-
cause d this idiosyncrasy, the file often loses some
o its effectiveness when the originators are re-
placed. New operators may find the file lacking
in character and deficient in organization. They
may aso tend to index in a manner different from
that of their predecessors. If differences are made
unintentionally, it is probably because o the ab-
sence d a good system description and indexing pro-
cedures for the new operators to follow. For large
files, adequate documentation o the rules and pro-
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cedures to be followed should be provided, as well
as close supervision and on-the-job training to ac-
quaint novices with the system. For the majority
o small files, it is probably easier to let the new-
comer change the file organization into one that is
more " comfortable™ for him.

Loss of Material

Material gets lost or misplaced in any organized
file, regardless of its size. As the file gets larger,
however, it becomes more and more difficult to re-
cover the lost items. In such applications as legal
records and vital statistics, it is often necessary to
maintain absolute integrity o the file; in such ap-
plications as advertising mailing lists, integrity is
not as important.

Large libraries thread the catalog cards with a
rod to reduce the possibility that cards will be
permanently removed from the file, or taken out
and mis-filed. Thissystem iseffective, but it is not
foolproof and it cannot guarantee file integrity.
In many cases, it is almost impossible to check to
see if the file is actually intact. Systems which
have a separate card or form for each file item
(unit-record systems) are generally more suscep-
tible to degradation o file integrity than are sys-
tems having less separable file media such as roll
microfilm or bound volumes.

The use of color-coding or striping, may help to
identify cards that are filed out of order; and often
simplifies and speeds the re-filing operation. The
use o gpecial tabs on the tops o cards or folders
may also help to show mis-filed items.

Difficulty of Modifying Original File Structures

Any file will suffer growing pains during its de-
velopment, and will require revision or alteration
o itsstructure. Thetask o revisingafileisusually
both intellectually and technically difficult. The
reviser must decide how to change the file structure
to correct for initial oversights, how to alow for
changes in subject emphasis, development of new
subject fields and terminology, and semantic shifts,
and how to alow for future requirements that can-
not be known beforehand. He must then decide
how to change the markings on the books or docu-
ments, how to shift the location o the document
if necessary, how t0 change the catalogs and in-

dexes, and how to do all these things without in-
terrupting the service and utility o the file.

If the file is attended by only one person (e.g.,
the desk file of an individual), revison may involve
no more than re-labeling some manila envelopes
and shuffling some papers in the desk drawers. [f
the organization is large, and the file is very com-
plex, it may be necessary for a specially trained in-
dividual or staff to devote full attention to this
problem, first accumulating statistics and informa-
tion as a basis for the continued improvement o
the file structure.

Loss of Familiarity with the File Contents

There is some chance that an indexer may lose
his former familiarity with the contents and struc-
ture of a particular file, especially if he does not
use the file. This problem may be reduced if the
indexer physically works with the file and ‘actively
uses it for some tasks. This arrangement also im-
proves the novice indexer's awareness d the file
contents and could serve as an indoctrination or as
on-the-job training for new indexers. The indexers
can be introduced to the file in many ways, the
most common way being for the indexer to conduct
some o the routine file searching operations. An-
other way is to require the indexer to periodically
perform historical or state-of-the-art research that
will require the extensive use o the file.

Loss of Familiarity with the Subject Matter

Thequality of theindexing o filesdf particularly
complex subjects such as chemistry, electronics, or
nuclear physicsisusually governed by the indexer's
knowledge of the subject. Successful indexers and
information specialists in the technical information
fields usually have their basic training in the sub-
ject field that they are indexing, with additional
training in indexing and searching techniques. Fur-
thermore, better results are obtained if the indexer
is active in the subject field, rather than being an
observer. The active worker is usually better in-
formed about new and current technology, and is
aware o trends in development. |n addition, he
appreciates from experience the needs o the file
user. The full-time indexer or information special-
ist tends to fall behind in his understanding o the
technology o his subject. Motivations, ambitions,



and communication channels are partly responsible
for this.®

A variety of ways exist by which organizations
can develop or obtain indexers who also work in
special subject fidlds. Three useful methods are:
(1) rotate personnel between technical work and in-
formation services work (e.g., alternate between the
two types of work at 4-month intervals); (2) use
the regular technical staff for indexing on a part-
time basis (e.g., 4 hours o indexing or abstracting
per week per man); (3) decentralize the manage-
ment o the file to enable working technical special-
ists to organize and maintain those parts o the file
corresponding to their special fields of interest. In
this last case, each technical specialist would still
devote the greater part of his effort to technical
endeavors and responsibilities, but he would pro-
vide the guidance and leadership for the file clerk
charged with maintaining that segment of the file.

File Purging

A program of systematic review must be adopted
in nearly all situationsto prevent a file from becom-
ing cluttered with useless or outdated records that
hinder efficient use of the file and waste space and
equipment. In practice, the purging program often
consists of infrequent massive assaults, in which the
entire file is examined in one pass and a mass o
material is discharged for destruction. For a large
organization, this may result in tons of paper being
removed from the files. However, in place o such
massive and dramatic operations, it is much more
reasonable to attack the problem at the source, by
carefully screening the information to be filed, re-
jecting some material and marking other material
for later review, transfer to less expensive storage
facilities, or automatic destruction after a specified
timeinterval. Purging may be done at regular in-
tervals, or it may be done continuously and auto-
matically as part of the system design.’® Standards

® Most organizations, for example, make a practice of
sending representatives of their active technical gaff to
attend national conferences and other meetings, but are
very reluctant to send gaff personnel such as the indexers
or information officers to the same or similar meeting.

10 For example, piles of papers and references on a work-
er's desk may often be sdlf-purging by a process of sedi-
mentary deposition. That is, after a period of time, the
paperswhich are used most often and are of active interest
to the worker, end up on the top of the pile. The less
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for records retention, based usually on statute-of-
limitation considerations, have been established and
applied for many fields o business.'* Some large
libraries have inaugurated book retirement pro-
grams. However, the problem d records retention
for technical information is complicated by the
variable and often unknown content and value o
each particular fileitem. Efforts have been made to
purge technical files on the basis o the age of the
fileitem, but the useful life of a particular technical
document can usually not be predicted to the satis-
faction of the file users. There have been efforts
to describe the useful "half-life" of a technical
paper in various subject fields. In any caseg, files o
any type or size must usually undergo some sys-
tematic weeding or thinning in order to maintain
their effectiveness for the user.

Auxiliary or Snag Files ¢

Large files can seldom grow without developing
some small auxiliary or snag files to represent the
items that will not fit in the organization of the
main file. How many file systems can get along
without the category “miscellaneous”? Just as
splinter political parties develop for a specia inter-
est, and then disappear, or become absorbed by
one or more o the main parties, so do the splinter
files often become absorbed by the main files. They
may exist because d certain weaknesses or defi-
cienciesin the main file organization, and then be-
come absorbed or replaced as the deficienciesin the
main fileare removed. Snag files may also develop
when the file system must perform a function not in
the original design. In these cases, the special-
purpose snag files have a strong reason for existence,
and will probably not be absorbed by the main file.

WHAT THE REST OF THE BOOK IS ABOUT

Now that the genera information retrieval prob-
lem has been introduced, therest of the book will be
devoted to describing and suggesting a variety of
tools, techniques, and hardware to help the reader

useful papers usually end up on the bottom. The file has
thus purged itself.

11 Retention and Preservation of Records with Destruction
Schedules, 6th ed. (Record Contrals, Incf, Chicago, lllinois,
1961).

Wheelan, R. B., Corporate Records Retention, Vol. 1: A
Guide to U.S. Federal Requirements (Controllership Foun-
dation, Inc., New York, 1958).
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with the solution o his specific problems. The di-
vison d the remaining material o this book into
specific chapters may appear to be rather arbitrary
—it is. However, the chosen approach o dividing
the material into chapters corresponding to specific
types d hardware (e.g., microfilm, computers, and

punched card systems) seemed to be a useful com-
promise. All o the text material is extensively in-
dexed, and a great many references are provided for
most o the topics discussed. Hopefully, this will
provide the reader with an easy route to the per-
tinent material in this book or in the open literature.
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Classification and indexing:

Fundamental Methods of Indexing Subject Content
Methods of Subject Index Display

Other Types o Indexes

Criteria for the Selection of an Indexing System

The organization of information

One o thefirst considerations in the design of a
large file system isthe way in which the information
isto be organized and assembled. The methods o
file organization are extremely important to the
proper functioning and performance o any retrieval
system—regardless d whether it is mechanized.
The highly mechanized file systems need at least
as good a file organization as the manual systems.
Otherwise, the machine system may have the du-
bious distinction of making mistakes 1000 times
faster than the manual system.

Mechanized systems can operate with almost any
type o file arrangement. The selection of a partic-
ular file arrangement does not necessarily force the
selection o a specific type o equipment, and vice
versa.

After choosing the method o file organization,
asecondary question is how the individual fileitems
are to be coded for subsequent storage and proc-
essing by manual or machine methods. The or-
ganization problem is discussed in this chapter, and
the coding problems (i.e., the symbolic representa-
tions) are discussed in Chapt. 3.

A single chapter cannot describe all o the dif-
ferent methods that are available for organizing
collections o information on the basis o their sub-
ject content; nor can it give much practical advice
on the use o these methods. However, it can de-
scribe the fundamental methods, the differences be-
tween these fundamental methods, and which of
these methods have been mechanized. Some com-
ments can also be made to describe some of the
special search tools and display techniques used

13

with these methods. Since the methods of indexing
documents by the bibliographical data (e.g., author,
date, publisher, etc.) are relatively straightforward
and well described by the conventional library rules
for descriptive cataloging, they will not be dis-
cussed further here. The attention o this chapter
will be directed solely to subject analysis, that is,
the organization o the file in accordance with the
subject material in the file items.

There did not seem to be any simple way to
satisfactorily divide this chapter into separate sec-
tions, each of which handled a fundamentally dif-
ferent type o indexing technique. No real funda-
mental differences could be found among the many
techniques examined. There seemed to be a con-
tinuum or merging o one method into another,
rather than distinct differences. In many cases, it
was extremely difficult to determine the precise dif-
ference between subject headings, descriptors, Uni-
terms, and all the other indicators of subject con-
tent. Consequently, an alternative approach was
taken—that of arranging the methods by increas-
ing degree d control exercised on the growth and
use o the indexing language. This approach was
suggested earlier by Vickery, and has been some-
what modified in this discussion.! Conveniently,
thisalso seemsto correspond to the order of increas-
ing intellectual effort expended by the indexer, and
the increasing difficulty of mechanization. Some
o the many possible stepsin this continuum of in-
dexing complexity are described in more detail in

1Vickery, B. C., On Retrieval System Theory, Chapt. 4
(Butterworth & Co., London, 1961).




14/ Methods of information handling

the following section; hopefully in such a way that
their indexing strength can be studied independently
o their particular notation, form of display, or spe-
cial jargon. The rest o the chapter should illus-
trate the point that the basic aspects of subject in-
dexing, notation, and display can be treated almost
separately from each other. That is, any basic
method of subject indexing can be used in con-
junction with almost any method of coding, nota-
tion, or display. Further comments on the mech-
anization of the indexing operations are given in
Chapts. 6 and 7.

FUNDAMENTAL METHODS OF INDEXING
SUBJECT CONTENT

There is no precise way to show that a method
d indexing becomes more powerful as an increasing
amount of control is exercised over the indexing
language, but this seemsintuitively to betrue. Var-
ious indexing techniques will be described in this
section in what is felt to be an approximate order
of increasing indexing power or effectiveness for
retrieval purposes.

Words Chosen from Title or Text but Common
Words Omitted

The first and simplest indexing technique is‘to
lift or extract some words from thetitle of the docu-
ment being examined and use these terms as indica-
tors o the subject content of the document. But,
since the title may not prove to be an accurate in-
dicator of the document contents, a better approach
would be to extract words from the abstract of
that document—and, better yet-extract the words
from the entire text or body o the document. For
the purposes of the discussion of subject indexing
in this section, we shall assume that the entire text
d the document is being examined.

I n this most elementary form o subject indexing,
an attempt is made to indicate the contents of the
document by alist of words extracted from the text.
The only control on the indexing isto provide a list
o common words, such as the ones given below,
that are to be avoided since they have little value
for indexing.

d more specid
be going severd

if taken another
up often produced

to study posshble

on great approach

an toward problems

it during something
the around associated
and before variaions
our system conditions
for better development
few higher demongtration
with others determination
Lome because characteristic

The search tool is usually an alphabetical list of
the terms used to date, with an indication of what
documents are associated with each of the terms.
Thislist may be displayed in many forms, ranging
from printed lists to separate record cards for each
term. The document may be represented by many
means, such as code numbers (accession numbers)
posted to the term cards, or an abbreviated citation
in the printed list.

The increasing popularity of such an elementary
indexing procedure seems to be duein large measure
to the fact that each document can be indexed
rather quickly by people who do not have a com-
plete grasp o the subject material which would be
needed to classify it more exactly. At first glance,
it may appear to be a very simple and useful ap-
proach—and in some cases it is. But, problems
soon arise in the control o the indexing terminol-
ogy. Synonyms, plural forms, genericaly related
terms, and other points begin to cause difficultiesin
indexing, and searching, and the user then finds
himself switching to another type of system or
building in more controls such as those mentioned
later in this chapter.

One of the earlier formalizations o an indexing
system based on words extracted from the text was
the Uniterm Coordinate Indexing System, proposed
in 1952.> These early Uniterm (*'unit-terms™) sys-
tems did not stress vocabulary control and even
suggested that the indexer was not required to
create and maintain a list of approved Uniterms.®
It was also suggested that the indexer would rarely
have to consult the index (search tool) as he as-
signed terms to the new material.

The Uniterm concept was initially'developed and

2 Taube, M., € al., Studies in Coordinate Indexing, Vol.
1 (Documentation, Inc., Washington, D.C., 1953).

s Installation Manual for the Uniterm System d Co-
ordinate Indexing, Armed Sarvices Technicd Information
Agay (ASTIA) (Arlington Hall, Virginia, October 1953).
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operated as a manual system. Since 1953, there has
been much interest in this approach, with scores of
libraries establishing manual Uniterm systems.*

The basic word units in the Uniterm system
usually consist d single-word concepts or ideas
(e.g., methane, transistors, B-47) although multiple-
word units are used (e.g., human engineering, In-
dian Ocean, surface-to-air missiles). Nouns, ad-
jectives, equipment model numbers, and proper
namesare also used asindexing terms. In any case,
the indexer writes out a list of words from the text
that he thinks are representative o the contents o
the document. The sequence or relationship o one
Uniterm to another is not considered. Each Uni-
term is considered to be o equal value so that no
indexing terms are subordinated or related to any
other terms.

4 Taube, M., et a., "Unit Terms in Coordinate Indexing,"
American Documentation, Vol. 3, No. 4, pp. 213-218
(October 1952).

Gull, C. D., "Alphabetic Subject Indexes and Coordinate
Indexes: An Experimental Comparison,” College and Re-
search Libraries, Vol. 14, No. 3, pp. 276-281 (July 1953).

Morris, J., "Evolution or Involution? A Note Critical
d the Uniterm System o Indexing,” Journal of Cataloging
and Classification, Vol. 10, pp. 111-118 (July 1954) (M.
Taube’s reply on p. 119).

Randall, G. E., "Practicality of Coordinate Indexing,"
College and Research Libraries, Vol. 15, No. 4, pp. 417-419
(October 1954).

Warheit, 1., "A Study of Coordinate Indexing as Applied
to U.S. AEC Reports," College and Research Libraries, Vol.
16, No. 3, pp. 278-284 (July 1955) (Taube’s reply on
p. 284).

Sanford, J. A., and F. R. Theriault, "Problems in the
Application o Uniterm Coordinate Indexing,” College and
Research Libraries, Val. 17, No. 1, pp. 19-23 (January 1956).

Francisco, R., "Use of the Uniterm Coordinate Indexing
System in a Large Industrial Concern,” Specia Libraries,
Vol. 47, No. 3, pp. 117-123 (March 1956).

Armed Services Technical Information Agency, Confer-
ence on Multiple Aspect Searching for Information Re-
trieval, Washington, D.C., February 12-13, 1967 (December
1957), AD 147 491

Whaley, F. R.,"A Deep Index for Internal Technical Re-
ports,” in J. H. Shera et a., editors, Information Systems in
Documentation (Interscience Publishers, New York, 1957).

Wadington, J. P., "Unit Concept Coordinate Indexing,"
American Documentation, Vol. 9, No. 2, pp. 107-113 (April
(1958).

Costdllo, J. C., Jr., and E. Wall, "Recent Improvements
in Techniques for Storing and Retrieving Information,” in
Studies in Coordinate Indexing, Vol. 5 (Documentation,
Inc., Washington, D.C., 1959).

Jaster, J. J., B. R. Murray, and M. Taube, The State of
the Art of Coordinate Indexing, a report prepared by
Documentation, Inc., Washington, D.C. (February 1982).

The indexing terms may be assigned so liberally
that one document has as many as 30 to 40 Uni-
terms. There is no standard dictionary of Uni-
terms for universal application to a number o dif-
ferent files—just as a standard Universal Decimal
Classification exists in published form and can be
applied to a number o different files. The dic-
tionary for any new installation often starts with
zero entries, and grows as items are indexed and
different terms are added to the vocabulary.®

A practice of liberal or uncontrolled assignment
o terms has raised difficultiesfor many users, and
some indexers are now exercising more control on
their descriptor vocabulary than they have in the
past. In some cases, a degree o control may be
achieved by deriving the Uniterm vocabulary from
an existing subject-heading list. The present Armed
Services Technical Information Agency (ASTIA)
system, for example, employs about 7000 Unitgrms
o which at least 80 percent consist of terms for-
merly contained in a list of subject headings devised
by its predecessor, the Technical Information Di-
vision in the Library of Congress.® The same list
of ASTIA Uniterms also corresponds very closely
to the 13,000 subject headings used by the Atomic
Energy Commission.'

The stated operating procedures for the Uniterm
system suggest that each document to be indexed is
given a unique number (aserial or accession hum-
ber), which is then used throughout the system to
represent that particular document. Figure 2-1 il-
lustrates thispoint. Some attempts have been made
to mechanize the preparation of these term cards
with punched card or computer equipment and this
is discussed later, in Chapts. 6 and 7.

Searching is done by translating the search ques-
tion into specific Uniterms that represent the sub-
stance d the search request, extracting the records

s Schultz, C. K., and C. A. Shepherd, " A Computer Anal-
ysis o the Merck, Sharp, & Dohme Research Labs Index-
ing System,” American Documentation, Vol. 12, No. 2
pp. 83-92 (April 1961).

8 Dubester, H. J., "Mechanization and Subject Headings,"
Library Resources and Technical Services, Vol. 6, No. 3,
pp. 230-23¢ (Summer 1962).

During the time that this book vas in press, the officid
name o ASTIA was changed to the Defense Documenta-
tion Center for Scientific and Technical Information (DDC).
The earlier name is used throughout this book.

7Hammond, W., and S. Rosenborg, Ezperimental Study
of Convertibility Between Large Technical Indexing Vo-
cabularies, Technica Report IR-1 o the Datatrol Corp.,
Silver Spring, Maryland (August 1962).
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(cards) for each of the specified Uniterms, and
noting the document numbers listed on each card.
To answer the question, '(What documents do we
have in the file that discuss the human engineering
o display systems?'—the searcher would look for
the document numbers that are common to the two
cards human engineering and display. Figure 2-1
shows two representative cards that would be exam-
ined during such a search. In this case, the docu-
ment numbers 670, 1380, 3451, and others, would
appear on both cards and may provide relevant
answersto the search question. It is quite possible,
however, that some o the indicated documents,
even though they are represented by the prescribed
terms, may not be a correct answer t0 the search
guestion. For example, given the question, "What
documents do we have in the file that discuss the
propagation of round-off errors in machine compu-
tations?' a report on ‘(Indicated Errors in the
Propagation Computations™ would be selected by a
search that used the Uniterms propagation, errors,
and computations, even though it is probably irrele-
vant. This problem o false drops has been sug-
gested as one of the main drawbacks of the basic
Uniterm scheme, but it often turns out to be a rela-
tively minor problem in practice. When this type

o problem becomes acute, it can be ameliorated
by the use o auxiliary indicators ("links" and
"roles") described later in this chapter which show
the relationships between terms.

Also included in this same class of indexing tech-
niques are all the present methods of permuted title
indexing called Key-Word-in-Context (kwic) in-
dexing.® Thistypedf permutationindexing, whether
performed manually ® or on data processing equip-
ment (see Chapts. 6 and 7) is a technique for dis-
playing a sequence of indexing terms derived from
atitle or portion of a document to be indexed. Its
distinguishing feature isits form of display. Be-
cause the index term is shown in context, its index-
ing power is slightly greater (but only slightly)
than thesimplest of indexing schemesthat lift words
from the text. It might be considered a first rough
draft of a more comprehensive indexing or classi-
fication scheme. .

8This type of indexing has been referred to as “Key-
Word-in-Context (gwrc) Indexing' because the method o
display of the printed index actually shows the key words
in some context.

9 Janaske, P. C., "Manual Preparation o a Permuted-
Title Index" American Institute of Biological Sciences Bul-
letin, Vol. 12, No. 6, pp. 53-54, December 1962.
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FIG. 2-1 Representative Uniterm terminaldigit term cards.

Top: display; bottom: human engineering.
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The early development and application o this
method, and its relationship to other similar schemes
is wdl described by the following footnote from a
System Development Corporation report.® ''Per-
mutation indexing is a machine system developed
by Herbert Ohlman o the System Development
Corporation using fixed-field punched cards and ex-
tended to afield-free punched card system by Lewis
Hart o the same organization. It is related very
closgly to the 'rotated file' developed at the Chemi-
cal-Biologica Coordination Center, to the Kwic
system o H. P. Luhn at IBM, to the 'rotational
indexing' developed by H. Snowden Marshall at
Rocketdyne, and to the 'redundant self-indexed in-
formation recording’ d Gene Bussey at Sandia
Corporation. There are undoubtedly other similar
developments—among the related manual systems
are extractive filing as employed at Battelle Me-
morial Institute, 'correlative indexing' as pro-
pounded by C. L. Bernier & Chemical Abstracts,
and bibliography compilation as developed by
Major D. B. Netherwood at Wright Air Develop-
ment Center.”” The first published reports to de-
scribe the implementation o this technique with
data processing equipment came independently and
simultaneously in 1958 from IBM and SDC (Sys-
tem Development Corporation).** A later publica-
tion reported that the Central Intelligence Agency
had been using permuted title word indexing since
195312 The methodology is continually being im-
proved and is currently in use by many companies
and publishers for indexes and title announcement
bulletins,*®* This type d indexing is useful pri-

10 Citron, J., L. Hart, and H. Ohlman, A Permutation
Index to the Preprints of the International Conference on
Scientific Information, a December 1959 revision of a No-
vember 1958 report by System Development Corporation,
Santa Monica, California.

11 Bibliography and Auto-Index, Literature on Informa-
tion Retrieval and Machine Translation, an un-numbered
report o the IBM Service Bureau Corporation, New Y ork,
1st ed. September 1958, 2nd ed. June 1959.

SDC report cited previously in this section, fn. 10.

12 Veilleux, M. P., “Permuted Title Word Indexing Pro-
cedures for a Man-Machine Syatem," in Machine Indexing:
Progress and Problem, pp. 77-111 (American University,
Washington, D.C., 1962).

18 | uhn, H. P., "Key-Word-In-Context Index for Techni-
ca Literature (KWc Index),” American Documentation,
Val. 11, No. 4, pp. 288-295 (October 1960).

Luhn, H. P., "The Automatic Derivation o Information
Retrieval Encodements from Machine-Readable Texts,"
Chapt. 45 in Information Retrieval and Machine Transla-

marily for current awareness reporting (e.g., Chemi-
cal Titles, Keywords Index to U.S. Government
Technical Reports, and BASIC, a semi-monthly
title index to Biological Abstracts) and for the one-
time indexing o relatively small and speciaized
collections of information where the titles o the
items are particularly descriptive and meaningful
(e.g., Dissertationsin Physics). Anexample df such
a display is given in the sample page d a xwic
index shown in Fig. 2-2. This particular illustra-
tion, from one of the earliest kwic indexes, shows
how the words o a single line d text are shifted
or re-arranged horizontally, and then listed in alpha-
betic order by each o the significant words in that
line* In this particular figure, selected extracts
from three sections d the index were chosen to
show how the title *"Punched Card and Machine"
was listed in three different places in the index:
under punched, card, and machine. The associated
number, 5258, is the serial number o a full biblio-
graphic description o the article printed in another
section of theindex. Portions of some o the longer
lines o text have been shifted df the right end
d the line and have looped around to be printed on
the left side of the line.

The usefulness o this type o indexing depends
in large measure on how well a document title or
sentence describes the document's contents. The
communication effectiveness o extracted document
titles and sentences has not been clearly established
yet.® |t is becoming more frequent practice for

tion, A. Kent, editor (Interscience Publishers, New York,
1960).

Kennedy, R. A. “Library Applications o Permutation
Indexing,” Journal of Chemical Documentation, Vol. 2,
No. 3, pp. 181-185 (July 1962).

Kennedy, R. A., "Mechanized Title Word Indexing o
Internal Reports,” in Machine Indexing: Progress and
Problems, pp. 112132 (American University, Washington,
D.C., 1962).

Turner, L. D., and J. H. Kennedy, System of Automatic
Processing and Indexing of Reports, Report UCRL-6510 of
the Lawrence Radiation Laboratory, Livermore, California
(July 1961).

14 SDC report cited earlier in this section, fn. 10.

15 Resnick, A., " Relative Effectiveness of Document Titles
and Abstracts for Determining Relevance o Documents,"
Science, Vol. 134, No. 3484, pp. 1004-1006 (October 6, 1961).

Maizell, R. E., "Value d Titles for Indexing Purposes,”
Revue de la Documentation, Vol. 27, NO. 3, pp. 126127
(August 1960).

Lakhuti, D. G., and N. A. Stokolova, “The Problem o
Searching Chemical Abstracts by Title Foreign Develop
ments in Machine Translation and Information Processing,
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5421 FIGURE 2A TERM CODE IN QUESTION CARD
ALYS1S WAS MADE BY PUNCHING A HOLLERITH CARD
6046 TAYLOR = STENCIL ASPECT CARD

— 5258 PUNCHED CARD

5419 THE COMAC s AN EFFICIENT PUNCHED CARD
5419 PUNCHED CARD

/ 4075 EDGE = PUNCHED CARD
1156 THE DIARY CARD

1169 APPENDIX 3 DISCUSSION OF DIARY CARD
5091 MARGINAL = PUNCHED CARD

5427 CARD

/
/ 1278 THE AN
/

AND MACHINE @

COLLATING SYSTEM FOR THE STORAGE =
COLLATION /

INADEQUATE IN LANGUAGE CAPABILITIES
INVESTIGATION *

LAYOUT /
PRODUCED ON IBM EQUIPMENT /

REPRODUCT 1ON AND PRINT OUT /

—> 5258 PUNCHED CARD AND MACHINE #
2195 MACHINE = PUNCHED CARDS /
OORDINATED DOCUMENTATION USING HAND AND MACHINE ~ 2195 POSSIBILITIES OF C
4038 METHOD = SUCH AS MACHINE = SORTING TO COMPUTERS /
5134 MACHINE APPLICATION +
5135 MACHINE COMPARJOSN *
5340 SOME MACHINE DESIGN PROSPECTS /
5280 MACHINE DISCLOSURES e
NG THE HARVARD - 5137 LINGUISTIC AND MACHINE METHODS FOR COMPILING AND UPDATI
5405 RAPID METHOD FOR MACHINE RETRIEVAL /
5161 THE FEASIBILITY OF MACHINE SEARCHING OF ENGLISH TEXTS .
EARCH FILES 7/ 5350 APPENDIX D USE OF MACHINES AS AIDS IN THE PREPARATION OF $§
5335 MACHINES WITH LEARNING ABILITY /

ONSIDERATIONS IN ESTABLISHING THE FIELD PUNCHED - CARD SYSTEM * 4087 PRACTICAL C
4010 PUNCHED CARD SYSTEM /
——> 5258 PUNCHED CARD AND MACHINE +
5419 PUNCHED CARD COLLATION /
5420 PUNCHED CARD SEARCHING +
5091 MARGINAL = PUNCHED CARD PRODUCED ON 1BM EQUIPMENT /
ORAGE - 5419 THE COMAC » AN EFFICIENT PUNCHED CARD COLLATING SYSTEM FOR THE ST
2090 SUBSCRIPTION SERVICE OF PUNCHED CARDS /
2195 MACHINE = PUNCHED CARDS /
5316 FIGURE BS OUTLINE OF THE PUNCHED CARD USED IN VS3 /
BILITIES /7 4075 EDGE = PUNCHED CARD INADEQUATE IN LANGUAGE CAPA

1278 THE ANALYSIS WAS MADE BY PUNCHING A HOLLERITH CARD /

FIG. 2-2 Representative sample of a permutation or Key-Word-in-Context index.
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indexers to add words or terms to otherwise barren
titles in order to provide useful indexing points
(sometimes called "title enrichment™). This leads
the basic kwic scheme into a more powerful method
d indexing in which terms are added that are im-
plied but not specifically stated in the title or text.

Figure 2-3 shows an example of a more recent
form of a kwic index, which uses a slightly different
method of display.*® In this case, thetitles are left
intact with no shifting along the line, and there is
no restriction on the number o lines taken to de-
scribe the full title. The key words are copied off
to the left margin of thetitle, with one entry assem-
bled for each significant word. This makes the in-
dex somewhat easier to scan, and provides the full
title instead of a one-line segment. The serial num-
bers again refer to full citations that are printed in
another section of the index. This particular index
listed the titles under an average of 6 key words per
title. The key words selected were the remainder
after a computer had rejected any of approximately
300 forbidden words that had been programed into
the machine. The same index also includes an
alphabetical listing of the reports by corporate
author.

One operational disadvantage o xwic indexing is
the relatively bulky index that is developed for a
given collection. Depending upon the amount o
information provided, and the manner of presenta-
tion, the index may be printed to hold an over-all
average o 10to 25 titles per page.

Similar to the kwic system, but providing much
more information in context, is the "clue word" or
"key word" extraction technique, in which key
words are extracted from the title and text material
to become the index terms. As with the xwic
methaod, only the specific subject words that appear
in the document itself are used for indexing—and
very few terms are assigned that do not occur in the
document. This key word or extractive approach
was put into use at about the same time that the

No. 31, JPRS: 8479 (June 22, 1961), distributed by the
Office of Technical Services, U.S. Department of Commer ce,
Washington, D.C.

Gillie, P. J., “A Simplified Formula for Measuring Ab-
straction in Writing," Journal d Applied Psychology, Vol.
41, No. 4, pp. 214-217 (August 1957).

Rath, G. J., A. Resnick, and T. R. Savage, " Comparisons
of Four Typesof Lexical Indicators of Content,” American
Documentation, Vol. 12, No. 2, pp. 126-130 (April 1961).

16 Keywords Index to U.S. Government Technical Re-
ports (Permuted Title Index),Vol. 1, No.4 (August 1,1962).
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first kwic system was started and differs from xwic
primarily in its method and amount of display. Its
display consists of a unit-record called an " extract,"
which isa condensation or abbreviation of the docu-
ment (see Fig. 2-4). This extract is made by ex-
tracting or lifting key sections from the document
to form a summary collection of statements.'’
Bibliographical data and other key subject words
are also lifted to go with the summary. The indexer
marks the words and sentences in the original docu-
ment that summarize the document contents, and
this marked material is transferred to form another
unit record, such as a 5-by-8-inch card. These new
cardsarereproduced and filed under each of the key
words that were marked ¢e.g., names, organization,
subjects). In this way, a copy o an extract may
appear under many headings in the file system. A
technical literature file may require each original
extract to be filed, on the average, in 10 to 15 dif-
ferent locations. For searching purposes, a person
can go to the file section under the subject heading
or clue word of interest, and immediately browse
through a file of al relevant summary or extract
cards. The cards contain enough text to be useful,
and the subject heading is shown in the context in
which it was used. The selected cards may easily
be reproduced so that the requester can take a use-
ful search product away from the file when the
search is completed. A file system that uses this
general approach o lifting sections from a single
source document, reproducing it, and physically fil-
ing it under each of the categories or key words, has
been referred to as a Collectanea. There are sev-
eral examples o such systems in operation today.®
Much credit for the initial development and sub-
sequent improvement o this method must go to
Igelsrud, Murdock, and Simpson at Battelle Me-
moria Institute. A good description of this method,
aswell asa discussion of itsweak and strong points,
has been given by Gibson and Lipetz.1?

17 This is essentially the same type of condensation done
with some of the "automatic abstracting" computer pro-
grams. .

18 Hines, T . C.," The Collectanea as a Bibliographic Tool,"
Ph.D. Thesis, Rutgers University, 1961.

19 Gibson, R. W., Jr., and B. Lipetz, "New Look in
Manual Methods," Special Libraries, Vol. 47, No. 3, pp.
106-113 (March 1956).

Simpson, G. S., Jr.," The Qualitative Approach to Scientific
Information,” Journal of Chemical Documentation, Vol. 2,
No. 2, p. 125 (April 1962).

Murdock, J. W., "Application of Battelle Technique to
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FIG. 2-3 Representative sample of a permutation or Key-Word-in-Context index. ,
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Ti 48209 Card 1/2

J. D Jackson, P D Miller, W. K. Boyd, E W. Fink

A Study of the Titanium-Liguid Oxygen Pyrophoric Reaction

Battelle Menorial Institute, Columbus Ohio, WADD TR 60-258, June, 1960,
(Qune 1, 1959 - February 15, 1960), AF 33(616)-6345)

Early indications of the reactivity of titanium with LOK stimulated studies
by several aircraft and other interested companies. Maog of these early investi-
gations were on impact sensitivity. Impact sensitivity i s determined by a reaction
with LOX upon impact by a falling weight. Titanium has exhibited impact sensi-
tivity at a lower energy level than i s accepted for other metals, that is, no
reactions out of 20 impacts at the 70=foot=pound level. Titanium alloys were
found more reactive than unalloyed titanium. Alloys in the aged or hardened form
were found most reactive.

Other investigators indicated that, when titanium was fractured under LCX to
present a fresh surface, a reaction occurred.

ﬂe%ﬁgw of titanium would suggest a higher reactivity to XX
than in the case with other metals. For example, titanium has (1) low thermal
conductivity and law heat capacity on a volume basis, resulting in high temperature
and dow heat dissipation for a given heat input; (2) alow ignition temperature
in an oxygen atmosphere; and (3) a reactivity in high-pressure oxygen at and above
room temperature.

Ti 48209 Cad 2/2

The experimental program at Battelle was designed to investigate important
factors singly and in a controllable manner in the titanium-LOX reaction. The
f?llov(\a/(ijng factors have been studied in detail using titanium that was thoroughly
cleaned:

(1) Exposure under LIX of a fresh titanium surface by fracture or tearing
(23 Localized impact of a surface under LOX to cause deformation
(3) @lling of the surface under LOX with a scribe under a heavy load

(4) Impact of clean smooth surfaces under LOX.

It was concluded from the above experiments that these factors were not a
primary cause of the reaction. |t appears that a combination of several factors
in proper sequence i S necessary to initiate the reaction. A proposed mechanism
i s that gaseous oxygen i s formed by the heat generated at local impact sites, this
trapped oxygen i s compressed, and the freshly exposed titanium metal reacts locally
with the high-pressure oxygen. Propagation IS contingent on the heat generation
and the quenching capacity of the system.

[53 pages, 17 figures, 8 tables, 23 references - Disposition, Shelf]
Msf September 25, 1962

FIG. 2-4 Representative clue word or extract cards.

21
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Words Chosen from Text, Omission of Common Words,
and Consideration of Variants

An improvement can be realized over the index-
ing method just described by incorporating some
additional terminology control to take care of all
the variant word forms used for indexing; for ex-
ample, a list o synonyms (with a "use" or “see”
reference) to indicate which terms to use. Another
form o control is the use of definitions or brief
descriptions for the words that are spelled the same,
but have different meanings, such as: (1) pitch (to
throw) ; (2) pitch (tar); (3) pitch (acoustics); (4)
pitch (attitudeor angle). Figure 2-5illustratesthis
characteristic. Words which have common roots or
are variants o the same basic term can be related
(e.g., fungus, fungi; sun, solar; printing, printed).

Words Chosen from Text, Omission of Common Words,
and Consideration of Variants and Generic Relationships

A further improvement is obtained by the de-
termination and display o generic relationships be-
tween the indexing terms (a "' generic 10" and " spe-
cific to" reference). Once these relationships are
established for terms already in the indexing sys-
tem, there is a tendency to standardize the indexer's
choice o terms chosen from new documents. As
this list is examined, relationships between terms
are noticed and recorded. An example of such a
display isthe ASTIA thesaurus (a portion is shown
in Fig. 2-5). A thesaurus is essentially an alpha-
betical list o possible indexing terms, each of which
is accompanied, where relevant, by its related
terms, references, and scope notes. It is an author-
ity list which shows relationships o terms, and
helps to bring terms to the attention o the indexer
and the searcher. Several comprehensive technical
thesauruses or authority lists o thistype have been
published recently—by ASTIA, the American In-
stitute o Chemical Engineers, and the U.S. Atomic
Energy Commission.? These lists assist both the

the Operation of Information Centers," Journul of Chemical
Documentation, Vol. 2, No. 2, pp. 126127 (April 1962).

Olofson, C. T., "Mechanics of Answering a Technical In-
quiry,” Journal oj Chemical Documentation, Vol. 2, No. 2,
pp. 127-128 (April 1962).

20 Heald, J. H., et al., Thesaurus of ASTIA Descriptors,
2nd ed. (Armed Services Technical Information Agency,
Arlington Hall, Virginia, 1962).

AJI.Ch.E. Chemical Engineering Thesaurus (American In-
stitute of Chemical Engineers, New York, 1961).

indexers and searchers o scientific and technical
material.

To date, most of the reported dissatisfaction with
Uniterm indexing has falen into seven different
categories. Asdescribed by Costello, these categories
are: (1) semantic problems; (2) viewpoint; (3)
generics, or specificity and generality of description;
(4) Syntactical controls and potential false re-
trievals, or noise; (5) generaities as indexing
terms; (6) ranges o numerical information; and
(7) posting.2* The thesaurus or authority list ap-
proach givesindications of being able to solve some
o the problems d generics, viewpoint, and se-
mantic~.Preparation of a good thesaurus requires
a great deal o effort, perhaps severa man-years,
but it is a necessity for any efficient file system.

Words Chosen from Text and Consideratioh of Syntac-
tical Relationships between Indexing Terms

In addition to all the vocabulary control meas-
ures taken in the preceding methods, the indexing
system could also show the functional or syntactical
relationships between the indexing terms used to
describe the content of a single document. For
example, the indexing terms man, bites, and dog ap-
pearing in an index would not distinguish whether a
document indexed under these three termswas about
a dog biting a man, or viceversa. Some o thisam-
biguity can be reduced by assigning role indicators
to the index terms to show the role or application o
each term, as well as to indicate which terms are

Subject Headings Used by the USAEC Technical In-
formation Service, C. W. Hargrave, editor, Report TID-5001
(4threv.) of the United States Atomic Energy Commission,
Division of Technical Information (August 1962). The
original edition was published in July 1951.

21 Costello, J. C.," Uniterm Indexing Principles, Problems,
and Solutions,” American Documentation, Vol. 12, No. 1,
pp. 2026 (January 1961).

2z Joyce, T, and R. M. Needham, "The Thesaurus Ap-
proach to Information Retrieval," American Dmumentatwn,
Vol. 9, No. 3, pp. 192-187 (July 1958).

Holm, B. E., end L. E. Rasmussen, " Development of a
Technical Thesaurus" American Documentation, Vol. 12,
No. 3, pp. 184-190 (July 1961).

Vickery, B. C., “Thesaurus—A New Word in Documenta-
tion," Journal of Documentation, Vol. 10, No. 4, pp. 181-189
(December 1960).

Frick, B. M., "Suggestions for the Beginner in Subject
Heading Work," an introductory chapter in Sears List of
Subject Headings, 8th ed., by B. M. Frick (H. W. Wilson
Co., New York, 1959).
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EAR FASTERN HEMISPHERE
(ANATOMY) ({GEOGRAPHY)

INCLY  COCHLEA
LABYRINTHN EBERTHELLA USE SALMOMELLA
SEMICIRCULAR CANALS FAUR USE DENTINE
STAPES
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ALSO SEE? UTORWINOLARYNGOLOQY (MARI-E BI0LOGY)
INGL!  HOLOTHURIANS
EAR MUFFS USE EAR PROTECTORS SEA CUCUMBERS
ALSO SEET AQUATIC ANINALS

CAR PROTECTORS
(SAFETY OEVICES AND PRUTECTIVE EQUIPMENT) ECHO RADAR MANKERS USE DELAYEU ECHO RADAR MARKERS
INGLS  EAR MUFFS
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E£ARLY WARNING RADAR
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W A R AND RADAR EQUIPMENT
ECITON USE ANTS
CANT DARNING SONAR ECLIPSES U Y $0LAK ECLIPSES) STELLAR ECLIPSES
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FCoLOaY
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GEOCHEM]STRY ECONOMIC CONDITIONS
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EARTH 3L1DES USE AVALANCHES FOISON CELLS USE ALKALINE CELLS

EARTHQUAKE-RESISTANT STRUCTURES
(STRUCTURES {BUILDINGS AND CIVIL ENGI- EOUCATION

NEERING) } (SOCIAL SCIUNCES)
INCL1  ILLITERAGY

EARTHQUAKE WARNING. SYSTEMS LITERACY

1SEISMOLOaY ) TEACKHING
ALSO SEET CULTURE

EARTHOUAKE S INSTRUCTORS
(SEISMOLOGY) LEARNING
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SEISMIC WAVES STUDENTS
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EAST CHINA SEA IVERSITIES
(GEOGRAPHY)
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FIG. 28 vPortion Of representative indexing thesaurus.
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being acted upon by the other terms, and in what
manner.

With regard to Uniterm systems, these specia
tags have been referred to in the literature as" links"
and "roles." #* “Links” indicate the fact that terms
are related, but do not indicate how. A "role" is
appended to each term in a link to indicate the
function of that term. Thus, in multiple-term
associations, roles indicate how terms are related
to each other. The indexing task becomes more
complex and difficult when links and roles are used
or when "modifier lines" need to be composed.
Great care must be exercised by the indexers.

Another method of syntactical control isto main-
tain the integrity of the phrase which identifies the
subject content o the document. A good example
o the use of this method is the subject index to
Nuclear Science Abstracts.

The telegraphic abstracting system of Western
Reserve University is similar in many respects to
the links and roles scheme in the sense that it uses
role indicators and other means for showing the
functional relationship between the various indexing
components.

Any of Preceding Methods, with Addition of Terms Not
Used in the Text

The quality of the indexing of any o the pre-
viously mentioned schemes can be improved by
adding index terms that areimplied but not actually
stated in the text, or arranging phrases in an in-
verted order for more accessible index points. This
step, requiring judgment and some subject knowl-
edge, marks the first clear-cut point where derived

indexing starts to change to assigned indexing. Up
to this point, al o the indexing methods could be

28 Taube, M., " Notes on the Use of Roles and Links in
Coordinate Indexing,” American Documentation, Vol. 12,
No. 2, pp. 98-100 (April 1961).

Costello, J. C., Jr., "Storage and Retrieval of Chemical
Research and Patent Information by Links and Roles in
DuPont,” American Documentation, Vol. 12, No. 2, pp.
111-120 (April 1961).

Costello, J. C., Jr., " Some Solutions to Operational Prob-
lems in Concept Coordination,” American Documentation,
Voal. 12, No. 3, pp. 191-197 (July 1961).

Costello, J. C., Jr., "Uniterm Indexing Principles, Prob-
lems, and Solutions," American Documentation, Vol. 12,
No. 1, pp. 20-26 (January 1961).

Montague, B. A.," Patent Indexing by Concept Coordina-
tion Using Linksand Roles," American Documentation, Vol.
13, No. 1, pp. 104-111 (January 1962).

performed almost automatically by people or ma-
chines—using such tools as tables of alowable in-
dex words and rules for systematically extracting
words from the text. Up to this point, the index
terms could be derived from the document tO be
indexed by following specified rules or algorithms
while examining the text. The automatic indexing
systems have in fact achieved successin implement-
ing aimost all parts of the first four methods de-
scribed in this section. There will, however, be
difficulty in achieving high-quality machine index-
ing at or above this fifth level of indexing complex-
ity. Nevertheless, it seems possible that machine
methods may be used to generate most of the index-
ing data for these more complex indexing schemes,
with some additional indexing data assigned by a
human indexer. Some recent automatic indexing
methods do in fact take this approach, with the
final product being the result d combined machine
and manual effort.?* The indexer generates new
terms, or arrangements of terms, or the thesaurus
or authority lists mentioned in previous sections are
used for the additional index terms not found in the
document.

Assignment of Index Entries from a Fixed Authority List
or Classification Scheme

The most carefully controlled index language is
usually found in those systems which use a fixed
list of index terms or classification scheme. New
terms or class numbers are added reluctantly. In
such systems the indexer must use the subject head-
ings or terms that appear in the authority list. Re-
vision of the authority for the terms or class hum-
bers is possible, but often the procedure or mech-
anism for the revision is unwieldly and hampered
by long delays. Examples of such fixed index lan-
guages are the familiar Dewey Decimal classifica-
tion and the Library of Congress List of Subject
Headings.?? Each classification scheme that uses a

2¢Borko, H.," The Construction of An Empirically Based
Mathematically Derived Classification System," Proceed-
ings of the 1962 Spring Joint Computer Conference, San
Francisco, May 1962, pp. 279-289.

Swanson, D., Word Correlation and Automatic Indexing;
Phase I1A Final Report—Appendiz A: Thesaurus, Appen-
dix B: Alphabetic Index to Thesaurus (Thompson Ramo
Wooldridge, Inc., RW Division, Canoga Park, California,
1962).

25 Dewey, M., Dewey Decimal Classification and Rela-
tive Index, 16th ed. (Forest Press, Inc., Lake Placid Club,
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numeric or alphanumeric notation for classified ar-
rangement has a well-developed and standardized
descriptor language t0 accompany it.?* In some
cases these languages have been developed and
maintained over a period of 60 years or more.

Such well-developed languages may or may not
have a generic or hierarchical structure built into
them. The Library o Congress subject heading
list has been shown, for example, to contain a hidden
classification structure.’

One other system with a well-controlled language,
but without a hierarchical structure is Mooers' De-
scriptor system. |In the early 1950’s, Mooers used
the word "descriptor” to describe the specific type
d indexing or subject terms that he was using.?®
This "descriptor" (which we shall refer to as a
Descriptor with a capital D) has a special and
well-defined meaning, although common usage in
the documentation field considers "descriptor” to
be synonymous with “Uniterm,” "key word," and
"subject heading." The Descriptor is a broad sub-
ject heading that stands for an idea or concept, and
ischosen to facilitate retrieval for a particular group
d users. That is, the Descriptors are tailored to
a specific population of users. Many other indexing
systems that have little control o the index lan-
guage may develop an authority list of perhaps
10,000 terms. However, the Descriptor systems use
a very tightly controlled indexing vocabulary o
perhaps 250 to 350 Descriptors. The schedule o
Descriptors is separately derived and maintained
on an empirical basis for each file collection with its

New York, 1958). See also Guide to the Use of Dewey
Decimal Classification (Forest Press, 1962). The first edi-
tion was published about 1876.

Library of Congress, Classification, Class T (Technology),
4th ed. (1953). The first edition was published in 1903.

26 Frick, B. M., Sears List of Subject Headings, 8th ed.
(H. W. Wilson Co., New York, 1959).

Subject Headings Used in the Dictionary Catalogs of the
Library of Congress, 6th ed., M. V. Quattlebaum, editor
(Library of Congress, Washington, D.C., 1957). This 6th
edition contains the headings established and applied by
the Library of Congress from 1897 through 1955. The 1st
edition was published in sections from 1910 to 1914. A
7th edition is now in preparation.

27 Richmond, P. A, "Cats: An Example of Concealed
Classification in Subject Headings,” Library Resources and
I'echnical Services, Vol. 3, No. 2, pp. 102-112 (Spring 1959).

28 Mooers, C. N., "Zatocoding and Developments in In-
formation Retrieval,” Association of Special Libraries and
Information Bureaux Proceedings, Vol. 8, No. 1, pp. 3-22
(February 1956).

particular population of users—thus, in theory, pro-
viding access to the material from the same point
o view as that o the file user. A dictionary or
thesaurus is established for each system, with many
"see” references and definitions for each Descriptor.
"See" references may be made from words in the
users own terminology (as determined by the in-
dexer) to locate the appropriate Descriptors. Some
observers have suggested that the Descriptor sys-
tem is essentially the same as the Uniterm system,
with the Descriptors being used to code the Uni-
terms.?®

Assignment of Index Entries from Authority Lists or Clas-
sification Schemes Representative of Several Viewpoints
and Aspects of Subject

An indexing or classification scheme usually rep-
resents one particular viewpoint o the personsor
persons who developed it. A classification schedule
or alist of descriptors may organize a body o in-
formation into some very useful form for one user,
but may not provide the type of information needed
by another user with another viewpoint. For ex-
ample, a cocker spaniel might logically be found in
a classification scheme for the animal kingdom; but
he might also be considered from a different view-
point when placed in a classification scheme for
various types of burglar alarms. This same dog
could be represented as one part of an infinity o
different organizations o a collection o informa-
tion.

There is no single way 10 organize the entire uni-
verse o information into an ordered and well-
structured pattern d relationships that is best for
all users. Most methods o file organization repre-
sent a single approach or point o view. For maxi-
mum utility, any single approach should follow the
methods o organization and division o material
used consciously or unconsciously by most of the
users d that particular file.

Fortunately, it is not necessary to restrict the in-
dexing of a particular item to a single approach or
point o view. It is quite possible to analyze the
elements and characteristics of a file item from
several points of view and synthesize a group o
indexing terms for the item. This is often called
"facet analysis® or "relational indexing." It

28 Jaster, J. J., “A Note on Descriptors,” American Docu-
mentation, Vol. 13, No. 4, pp. 433-434 (October 1962).
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amounts to the composite indexing of an item by
combiningin a prescribed manner the terms derived
from separateindexingexaminations. A" synthetic"
classification schedule, and index terms, or point
o view symbols (i.e., multiple facets) are derived
for each aspect o the subject.

Ranganathan's Colon classification3® and the
recent work d members o the Classification Re-
search Group in England® are outstanding ex-
amples d this method o indexing and classifying.
Ranganathan's first work on the subject was pub-
lished in 1933 and is still being expanded. These
analytic and synthetic methods provide a sys-
tematic specification o complex subjects. Accord-
ing to Bliss, Ranganathan's work is a validation o
the principle & composite classification, systematic
and synthetic.®2 |nstead of providing a completed
classification schedule, or list of terms, Ranganathan
has outlined a method and a systematic plan
whereby each user can construct his own classifica-
tion schedule and index language. In this way, a
file item receivesits composite indexing by the as-
sembling, in a prescribed sequence, of all the terms
and code groups. Lists are empirically derived for
each installation, and can be expanded. The final

80 Ranganathan, S. R., Colon Classification, 6th ed.
(G. Blunt & Sons, London, 1951). [So called because a
colon (:) isused inthe notation to separate the index terms
of each facet.]

Ranganathan, S. R., "Telescoping of Facets and Mixed
Notation,”" Revue de la Documentation, Vol. 27, No. 4, pp.
154-156 (November 1960).

Ranganathan, S. R., "Classifying, Indexing, Coding,"
Chapt. 3in Information Retrieval and Machine Translation,
Part I, A. Kent, editor (Interscience Publishers, New York,
1960).

Ranganathan, S. R., Elements d Library Classification,
2nd ed. (The Association of Assistant Librarians, London,
1959).

Ranganathan, 8. R., Prolegomena to Library Classifica-
tion, 2nd ed. (Library Association, London, 1957).

Ranganathan, S. R., "Colon Classification and Its Ap-
proach to Documentation," in Bibliographic Organization,
J. Shera, editor (University of Chicago Press, 1951).

81 Foskett, D. J., et al., "Classification Research Group
Bulletin No. 7" Journal of Documentation, Vol. 18, No. 2,
pp. 65-88 (June 1962).

Vickery, B. C., "Developments in Subject Indexing,"
Journal & Documentation, Vol. 11, No. 1, pp. 1-11 (March
1955).

Vickery, B. C., Faceted Classification: A Guide to Con-
struction and Use of Special Schemes (Association of Spe-
cial Libraries and Information Bureaux, London, 1960).

82 Bliss, H. E., Organization o Knowledge in Libraries,
2nd ed., p. 304 (H. W. Wilson Co., New York, 1939).

code designation for the file item consists o a se-
guence o code groups separated by colons, with
the various aspects arranged in sequence according
to their importance to the user. The code groups
can show generic relationships. Selection by a
single aspect is also possible. By first grouping the
terms into categories or facets, and providing a
method d notation to link the facets together, the
classification scheme displays the index terms to-
gether in a coordinate relationship to designate a
complex idea. By providing for a "chain index,”
each aspect of the subject becomes an index term.

Although the work o Ranganathan®* has had
considerable impact on the recent work in classifica-
tion, there are few installations actually using a
complete Colon classification system. The Metal
Box Co., Ltd., in England uses the Colon classifica-
tion, in part, to classify their books and reports on
packaging. .

Some o the facet analysis techniques have re-
cently been adapted by the British National Bib-
liography. For a more complete description, and a
historical survey o the development o Colon clas-
sification, the reader is referred to articles by
Tyaganatarajan and Foskett.3¢

The Semantic code, another type of faceted clas-
sification, developed by Perry, Kent, and others at
Western Reserve University around 1950, is a
method for coding information for machine search-
ing and is composed o a number o related index
terms known as "'semantic factors," each o which
represents a general conceptual area o the word
being encoded.®

38 Ranganathan, Colon Classification, cited earlier, fn. 30.

s+ Tyaganatarajan, T., " A Study in the Developments of
Colon Classification," American Documentation, Vol. 12,
No. 4, pp. 270-278 (October 1961).

Foskett, D. J.," The Construction of a Faceted Classifica~
tion for a Special Subject,” Proceedings of the International
Conference on Scientific Information, Vol. 2, pp. 867-888
(National Academy of Sciences— National Research Coun-
cil, Washington, D.C., 1959).

35 Melton, J. L., "The Semantic Codg" pp. 221-279 in
Tools for Machine Literature Searching, J. W. Perry and
A. Kent, editors (Interscience Publishers, New York, 1958).

Melton, J. L., "The Semantic Code Today,” American
Documentation, Vol. 13, No. 2, pp. 178-181 (April 1962).

Taube, M.," A Note on the Evaluation of the WRU Se-
mantic Code as an Example of Generic Coding,” Ameri-
can Documentation,Vol. 13, No. 2, pp. 185-186 (April 1962).

Vickery, B. C., " The Structure of 'Semantic Coding: A
Review,” American Documentation, Vol. 10, No. 3, pp.
234-241 (July 1959).
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The Semantic code is similar to the Colon clas-
sication, with the differences being predominantly
in the notation.®® This is due in large part to the
fact that the Colon classification was designed for
visual consultation, and the Semantic code (called
Encoded Telegraphic Abstracts) was designed for
machine searching. There seems to be a high de-
gree of compatibility between thetwo systems. The
Semantic code does not rely entirely on words con-
tained in the text of thefileitem. Duringits early
development, the code was based on terminology
drawn primarily from classification systems and
subject-heading lists from all fields of science.®”
The coding system began to be used in 1956 to en-
code metalurgical abstracts for the American
Society for Metals and the terminology of the code
became rather heavily oriented toward metallurgy
and immediately adjacent subject fields.®®

In early 1961 the Semantic code dictionary con-
tained over 35,000 terms (over 19,000 terms encoded
with the Semantic code, and over 16,000 chemicals,
names, etc., encoded with non-Semantic codes). To
date, the Semantic codes have been applied pri-
marily to the area of physical sciences, although
some studies have been made o its application to
such fields as law and medicine. The Semantic
coding system forms the basis for an operational
literature searching service currently being operated
at Western Reserve University under the sponsor-
ship of the American Society for Metals.®® This
coding system is not used widely —its application
2 far has been primarily limited to the research
group at Western Reserve University.

38 Melton, J., A Note on the Compatibility ¢ Two In-
formation Systems, Colon Classification and Western Re-
serve University (Encoded Telegraphic Abstracts) and the
Feasibility d Interchanging Their Notations, Technical
Note No. 13 of the Documentation and Communication Re-
search Center, Western Reserve TUniversity, Cleveland,
Ohio (1960); Air Force Officeof Scientific Research Tech-
nical Note TN 60-261 on Contract AF 49(638)-357.

37 Melton, J. L., Test Program for Evaluating Procedures
for the Exploitation of Literature of Interest to Metal-
lurgists. V. The Semantic Code Today, a report of the
Center for Documentation and Communications Research
at Western Reserve University, Cleveland, Ohio (1961).

38 Perry, J.W., A. Kent, and M. M. Berry, Machine Lit-
erature Searching (Interscience Publishers, New York,
1956).

38 Kent, A.,J. Melton, and C. Flagg," Abstracting, Coding,
and Searching the Metallurgical Literature for A.S.M. The
WRU Searching Selector,” Chapt. 23 in Information Sys-

tems in Documentation, J. H. Shera et al., editors (I nter-
science Publishers, New York, 1957).
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TheUniversal Decimal Classification (UDC) aso
has a facet device (:) and auxiliary point-of-view
indicators to add to the main UDC number 0 sug-
gest a particular point of view o the document.4°
Separate schedulesor classificationsare available for
such points of view as: theoretical (aim, trials and
tests, research, and development) ; practical (realiza-
tion, execution, production, materials, plants, prod-
ucts); economic and commercial; use, operation,
and care; installation; personnel; organization or
management; and social or ethical (responsibilities,
obligations).

METHODS OF SUBJECT INDEX DISPLAY

There are many ways to display the file index
to its users (from catalog cards to printed indexes)
with each method o display providing different
operational features, even though the same method
or degree of indexing is used. The choice of dis-
play technique can be almost independent of the
choice of the indexing system, and the same index-
ing system can be displayed in many different
forms. Thus, the designer o the file system has
the freedom to choose the indexing system, notation,
and display technique almost independently. When
regarded in this light, we see that many “different”
indexing systems are actually variations in the
form of display, with no basic change in the power
or capability o theindexing system itself. A num-
ber of different methods of display are described
briefly below. Equipment and methods for pre-
paring these different forms of display are described
inlater chapters o this book.

Unit-Record Displays

A very common approach is to prepare a single
card (aunit-record) for each file item, and to du-
plicate and file a copy o that card under each head-
ing or subject term that is used to describe that
document. Thisapproach isused with conventional
library card catalogs, with the cards (see Figs. 2-6
and 2-7) usually filed by the classificgtion number,
author(s), and subject headings. The record o
where the duplicate cards have been filed is indi-
cated in the “tracing,” the numbered terms at the

40 Universal Decimal Classification, Abridged English Edi-
tion, 3rd ed., revised 1961 (British Standards Institution,
London, 1961). The first English edition was published by

the International Federation for Documentation in Brussels
in 1927-1933.
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The National union eatalog; a cumuintive author |ist repre-
senting Library of Congress printed cards and titles re-
ported by other American libraries. 1956~

Washlngg)n Library of Congress,

Printed In 9 monthly tssues, 8 quarterly cumulations, annval cumu-
lations for four years and a quinquennial in (he Aifth.
In 1958 a cumnlation, covering 1966-57 entries and entrnes iu the
1838-65 annual vols. of the Library of Congreas catalog .
nuthorl. was published in Ann A.rbcr Mich. by 7. W, Edwu'aa.
t head of utle. 1086~ The lenrr of ‘Congress catalogs.
Library of O catalog e list of works
ted by Library of Oongress printed cards—Books: anthors,
Complled by the Processing Dept ot theLIbrary of Congreas (with
(he cooperation of the Committee urces of American Libraries

{Contluued on next card)
56—60041
160r59n ‘15,

oD 1353 USSR

G.[A
DIFFUSION COEFFICIENT MEASUREMENT
BY RADIOACTIVATION ANALYSIS OR THE 3
150TOPIC DILUTION METHOD, (Izmerenie U. Akademifi Nauk 88SR.
Inoﬂlﬁl.lnlnv diffuzii metodam! Leningradaial Plriko-
analizz { Tekh Inst. [Acad,
razbavlenifa; Text in Rusalan, ) Fizika Tverdogo 8ci. USSR, Leningrad Inst.
Tela, 1, no. 6: 953-984, June 1069, 6 refs. Phyatcs and Technology)
DLC, Unbound poﬂndlul

In case of v:_l;y amall diffugion coefficlents
D=3x10" tomary
of diffusion nn:?yl‘l‘:‘/“lg\nm.nmm In tbne
capes, activation or lsotope dilution analyses give
more ¢xact rasults, The first method consists in the
preparation of the diffusing metal and the diffusion
medium, the annenling of both, the separation of the U.S. Atomic Energy
metal and medium, the bombardmant of the medium Commisalon

(over) [Office of Isotopes Developmsnt

The National union catalog... {Card 2)

(called July 1950—Qct, 1957 Bourd of Resources of American Li-
braries) of the American Library Association, July 1050~

Includes entrles for map and atlases.

‘Quinquennlal cumulations Include the quinquennial cumulations ot
Library of Congress cntnlog: Muslc and phonorecords, and Labrary
of Congress catalog: Motlon pictures and filmstrips.

1. Catalogs, Unton, 2 American literature—Bibl.—Catalogs. 1
U. 8. Llbrary of Congress. Processing Dept. 1, Title: The Llbrary
of Congress cataloga.

7881.A10372 018.1
8d set. £603.7.L512

Library of Congress (60r59n15,

56—60041

FIG. 26 Representative Library of Congress catalog card.

bottom o Fig. 2-6 and on the right side o Fig. 2-7.
Extensive use d the conventional library catalog
card is illustrated by the fact that in 1962 the Li-
brary o Congress sold over 42 million printed cards
for use in other libraries, and filed over 114 million
cards in its own library. Reference cards (“see”
and "see also") are considered part of the display.
This unit-record approach isalso used with the clue-
word or extract systems, with the cards filed under
terms that appeared in the text (seeFig. 2-4). One
modification o this unit-record approach isto print,
in book form, copies o the cards in the order that
they would appear in the card drawer file. One of
the Library of Congress publications is prepared in
this manner, by photographing the cards and print-
ing them in reduced size, 18 to a page.**

Unit-Term Displays

Another approach, used primarily with coordinate
indexing systems, is to prepare a single record

41 A Catalog of Books Represented by Library of Congress
Printed Cards Issued to July 31, 1942 (Edward Bros., Am
Arbor, Michigan, 1942-1946).

FIG. 2-7 Representative side-margin catalog card.

(usually a single sheet d paper) for each subject
heading or index term, and record on each term
card the names or numbers o every file,item in-
dexed by that particular term (see Fig. 2-1). Most
"draft" copies o published indexes take this form,
regardless d what method o indexing has been
used. One modification of this technique is to bind
and publish copies o all the term cards together
under onecover. Thiscreates another type o book-
form index, severa more o which are described
below.

Book-Form or "Published Index Displays

Arranged by Text Words. Several types o indexes
are prepared in book form and organized by the
words used in the text material, rather than by a
pre-determined classification scheme. Figure 2-8il-
lustrates two portions of a printed book catalog
that was prepared to provide a condensed descrip-
tion o the holdings o an engineering library, and
meant to be used as a supplement to the library's
regular card catalog.*> Notice that the one-line
entries are sorted and listed by author and by title,
but not by the classification number. Thus the in-
dex is organized and displayed on the basis of the
descriptive text material. The index could be pre-
pared either manually or with the aid o some data
processing equipment. |n this case, punched card
equipment was used. Notice that this form o dis-
play, completely different fromtheregular card cata-
log, and with an intended use different from the card
catalog, has the same classification information as
the card catalog, namely, the Library d Congress

42 Richmond, P. A.," A Short-Title Catalog Made with
IBM Tabulating Equipment,” Library Resources and Tech-
nical Services, Vol. 7, pp. 81-90 (Winter 1963).



Classification and indexing: The organization of information / 29

MASTER CATALOG ARRANGED BY TITLE

FIELD ENGINEERING ED. 22 57 SEARLES W H TF0205
FIELD THEORY OF GUIDED WAVFS 60 COLLIN ROBERT E QC0661
FIFTY YEARS OF PAINT TESTING 53 AMER SOC TEST MAT TP093645
FILTRATION & FILTERS 29 PICKARD JOSEPH ALLEN TPO156
FINANCIAL STATEMENT ANALYSIS 41 MYER JOHN N HF5681
FINE PARTICLE MEASUREMENT 59 ORR CLYDE TAG40647
FINISHING METAL PRODUCTS ED. 2 46 SIMONDS HERBERT R 750213
FINITE DEFORMATION OF AN ELASTIC SOLID 51 MURNAGHAN FRANCIS D QA0935
FINITE DIFFERENCE METH PART DIFF EQUATICNS 61 FORSYTHE GEORGE E QA0374
FINITE MARKOV CHAINS 59 KEMENY JOHN G QA0273
FIXED NITROGEN 32 CURTIS HARRY ALFRED TPO2454N8
FLOTATION ED. 2 57 GAUDIN ANTOINE M TNOS523
FLOW MEASUREMENT & CONTROL 59 COXON WILFRED F TC€0177
FLOW MEASUREMENT WITH ORIFICE METERS 51 STEARNS REID F T€0177
(ELOW _METES ENGINEERING HANDBOOK EDe2 46 _BROWN INSTR_ CO _1€0177)
FLOW OF GASES THROUGH POROUS MEDIA 56 CARMAN PHILIP C QCOlé68
FLOW OF HEAT IN METALS 42 .AUSTIN JAMES B nro3z”
FLOW OF NATURAL GAS 56 SMITH ROBERT V
FLOW OF RAREFIED GASES 61 SCHAAF °©*'~
FLUID AGITATION HANDBOOK 56
FLUID & PARTICLE MECHANICS e satec
FLUID DYNAMICS o0 TAO163
FLUID DYNAMICS 58 QA0935
FLUID DYNAMICS & HEAT TRAM™" TPO986
FLUID DYNAMIC® MASTER CATALOG ARRANGED 9 0189
FLUID FLOWw 39 QCo1s
FLUID BY AUTHOR 58 QCO189
c ..+ ED. 2 43 QDO095
WHITNEY 45 QD0022
...~LES & PROBLEMS IN ENERGETICS 55 QC0073
HEAT INERTIA |IN PROB OF AUTO CONTROL OF TEMP 50 TH7226
ADVANCED MATH IN PHYSICS & ENGR 53 QA0037
. ~OLY INST PROCFEDINGS OF SYM ON INFORMATION NETWORKS 56 TK5101
oROOKLYN POLY INST PROCFEDINCS OF SYM MOD ADV IN MICROWAVE TECH 55 TK7801
BROOKLYN POLY INST PROCEEDINGS OF SYMPOSIUM ON MOD NETWORK SYN 52 TK3226
BROOKLYN POLY INST PROCEEDINGS OF SYMPOSIUM ON MOD NETWORK SYN 55 TK3226
BROOKLYN POLY INST PROCEEDINGS OF SYM ROLE SOLID STATE PHENOMENA 57 QC0501
BROWN AUBREY 1 INTRODUCTION TO HEAT TRANSFER ED. 2 51 QC0320
BROWN AUBREY 1 INTRODUCTION TO HEAT TRANSFER EDe 3 58 QC0320
BROWN CLINTON CARL ELECTRONIC INSTRUMENTATION FOR BEHAVIORAL SCI 58 QP0357
BROWN GEORGE G NATURAL GASOLINE & VOLATILE HYDROCARBONS 48 TP0692,.,2
BROWN GEORGE G UNIT OPERAT|ONS 50 TpPO155
BROWN RORERT GROVER LINES» WAVES* & ANTENNAS 61 Tk3001
BROWN SANBORN C BASIC DATA OF PLASMA PHYSICS 59 QC0711
BROWN THOMAS B LLOYD W TAYLOR MAN ADV UNDER-GRAD EXPER PHYS 59 QC0033
(BROWN INSTR CO FLOW METER ENGINEERING HANDBOOK ED«2 46 1CO177)
BROWNE CHARLES A HISTORY OF THE AMER CHEM SOC 52 QDO0002
B8ROWNELL LLOYD E PROCESS EQUIPMENT DESIGN 59 TpPO157

FIG. 2-8 Portion of a short-title printed book catalog.

classification number. Figure 2-9 is the same type  with each title repeated in the list as many times as

of book catalog in use at another library, and is
shown here to illustrate the differences in format
and arrangement that are possible while still using
the same classification scheme.*

The xwic indexes, described earlier in this chap-
ter, usually provide a one- or two-line title listing,

43 Griffin, M., "Printed Book Catalogs,” Revue de la
Documentation, Vol. 28, No. 1, pp. 8-17 (February 1961).

there are significant index terms in the title, and
listed alphabetically by each o the subject terms
(seeFigs. 2-2 and 2-3). Additional index terms as
well as “see” and "see also" references can be in-
serted into this display.”"

Arranged by a Planned Scheme. Most subject in-
dexes are alphabetical listings o subject headings,

44 Veilleux, M., cited earlier in this chapter, fn. 12.
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AUTHOR TITLE Ve CALL NUMBER DATE LOC.
BRI IN NG ASYMPIOYIC METHADS IN ANALYSIS QA 221 BR92 %8 ~~ RE
BRUJINSMA AH REMOTE CONTROL BY RADIO TK 6570 8 89 52 RE
BRUINSMA AH PRACTICAL ROBOT CIRCUITS TJ 211 8892 60 RE
BRUMME) 1 UNION CATALOGUES 2 495 BIRRYY £¢ RE
BRUNAUER S ADSORPTION OF GASES AND VAPORS 1 QC 182 B825 43 RE
BRUNER JS STUDY OF THINKING BF 455 B 75 56 RE

— BRUMER JS  PROCESS OF EDUCATION LE 885 BA94 GO RE
— BRUNING H SECONDARY ELECTRON ENISSION PC 721 8 86 54 RE
TITLE AUTHOR Ve CALL NUMBER DATE Loc.
FED STC 3 RTJ 1340 Uoos 57 RE
SCULPTURE OF THE WESTERN HEMISPHERE I BN NB 30 1610 42 RE
SEA AROUND US CARSON RL 6C 21 C 3 51 RE
SEAIS BOOK MACH DESIGN RT] 1040 M149 61 AS
SEARCH ING THE CHEM ECAL L ETERATURE ACS Qo 1 AS12 61 RE
SEARCHING THE LITERATURE FOR TRANSOUC.ee PEARLSTEIN J 1 5834 p3se 60 RE
COYNE RS I 238 cssl 61 RE
SECOND ENCYCLOPEDIA OF STORIES QUOTATION BRAUDE " RPN 60381 B82S 57 RE
SECOND SCIENTIFIC AMERICAN BOOK OF MAeee GARDNER " PA 95 6228 61 RE
—— H QC 721 B 86 54 RE
SECRET AND URGENT PRATT F A 104 P914 42
SUBJECT
CALL NO. BOOK VAIL LULe
COLLISIONS NUCLEAR PHYSICS
SEE ALSO RADIATION
oc 173 A881 ATOM MOL BEAM PHOC ATOMIC AND MOLECULAR BEAMS €O 60 RE
— C 721 B 86 BRUNING SECONDARY ELECTROUN EMISSION Al RT

pPCc 721 1615 INTL CONF PHY PROC INTL CONF ON THE PHYSICS 61 RE

PC 721 M416 MASSEY HS ELECTRONIC AND IONIC IMPACT PHENOM 52 RE

QC 721 Ol10 VUAK RIDGE XTOMIC ANV MULCECULAR COLLCTISIUN CTKU 0]} 3

QC 721 R325 REED RI ION PRODUCTION BY ELECTRON IMPACT 62 RE

QC 771 U220 UEHLING EA PENETRATION OF CHARGED PART I N MAT 58 RE

COLLOIDS
SEE ALSO  AZEOTROPES
SEE ALSO RHEOLOGY

QD 549 A 32 ALEXANDER J COLLOID CHEMISTRY 50 RE

QD 17Z2AUGF25& FATT T ALKALT MtTAL DISPERSIONS 51

QD 549 1004 ILER RK COLLOID CHEMISTRY OF SILICA + SILI

QD 549 J610 JIRGENSONS B ORGANIC COLLOIDS

Wb  24% RKOZ20 KRUYT IHK COLLOD SCIERNCe

QD 549 K940 KRUVYT

QD 549

FIG. 2-9 Portion of a short-title printed book catalog.

under which some reference to pertinent file items
appears. The index to this book is a good example
o such an index. The simplest form of this type
o index isone which usesa few broad subject head-
ings in alphabetic order and lists under each of these
headings the numbers of the pertinent file items
(see Fig. 2-10). A classification scheme, rather
than an alphabetic array o termsis another method
of display. One example of such a classified sub-
ject index is given in Fig. 2-11.

A more advanced subject index is the index in
which theindexing terms are “co-related” in the dis-
play.** The indexing terms are, taken from a rela-
tively small and well-controlled vocabulary, and are

45 Bernier, C. L., et d., "Correlative Indexes. VII. Trope
Vocabularies and Trope Indexes for Chemistry," Journal of
Chemical Documentation, Vol. 2, No. 2, pp. 93-102 (April
1962).

Bernier, C. L., " Correlative Indexes. |. Alphabetical Cor-
relative Indexes," American Documentation, Vol. 7, No. 4,
pp. 283-288 (October 1956).
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Subject Index to Applied Mechanics Reviews

Volume 14, January-December 1961

(Numbers vsed arc seriel awmbers of reviews)

THE GROWTH OF THE FIELD AND THE NUMBER OF PAPERS
PUBLISHED AND THEN REVIEWED |IN AMR MADE MACHINE
PROCESSING OF THE 1961 SUBJECT INDEXING MANDATORY.
THE TABULATING EQUIPMENT USED FOR PRINTING THE INDEX
HAS ONLY UPPER CASE LETTERS. FOR THIS REASON AN
ASTERISK 1S USED BEFORE AND AFTER THE SEE AND SEE
ALSO WORDINGS. THE MAIN AND SUB-HEADINGS ARE
DIFFERENTIATED BY INDENTATION. THE SUBHEADINGS ARE
PRINTED IN PARENTHESIS |F THEY FOLLOW THE MAIN
HEADINGS IN THE SEE ALSO GROUP SUCH AS

*SEE ALSO®* STREAM (NATURAL}

A AERODYNAMIC INTERFERENCE
350 351 908 1450 1452 1453 1465 1522 1568
ABLATION
3113 3166 3671 3730 3734 3853 4288 4293 4868 ¢
433 434 435 439 998 1611 1612 2102 3777 4875 4954 5457 5458 5459 5460 5505 5554 6159
3802 5604 5605 6305 6874 6190 6206 APRIL FEATURE ARTICLE

ABSORPTION OF SOUND--- *SEE* SOUND {(ABSORPTION)
AEROELASTICITY

ACCELERATION MEASUREMENT 503 507 508 1661 2224 2734 3285 3287 5070
6682 5071 5073 5697 5698 5699 5700 5701 5702 5824
*¥5EE ALSO*--- STRAIN CAGES 6163 6164 6348 6349 6350 6351 6352 6929 6930

6932 6933 6934 6935 6936 6937
ACOUSTIC PROPERTIES OF MATERIALS *SEE  ALSO*-—- AIRFOIL AND WINGs OSCILLATING- -
282 531 533 2252 2442 5096 6027 6835 FLUTTER == GUST LOADS =~ HYDROELASTICITY ~~
WINGS
ACOUSTICS
12 529 531 532 533 725 1100 1101 1102 AERONAUTICS
1104 1105 1106 1107 1108 1109 1110 1693 2252 12 1069 1665 2736 2829 2830 3154 3167 3852
2257 2258 2760 3318 3413 3896 5099 5101 2200 3853 3854 3855 3856 5706 5707 5708 5709 5710
2257 2258 2760 3318 3413 3896 5099 5101 5200 5711 JULY FEATURE ARTICLE
5738 5742 5743 5754 6375 6382 6383
#SEE ALSO*--— COMBUSTION (ACOUSTIC) == I NTERFACE AEROTHERMOACOUSTICS
PHENOMENA == ULTRA AND INFRA-SONICS 1524

ADHESIVES AEROTHERMOCHEMI STRY

FEBRUARY FEATURE ARTICLE 305 309 338 339 2001 2569 2573 3681 3683
3685 3702 3716 3717 3762 3763 3808 4853 4901

ADSORPTION 4907 5689 5491 5495 5569

1629 3774
AEROTHERMODYNAMICS

AERODYNAMIC COEFFICIENTS 331 455 952 990 991 1474 1613 1621 1998
347 348 1462 1467 1997 3164 3167 5504 6839 2004 3102 3117 3119 3123 3126 3672 3673 3678
6931 6953 3679 3681 3761 3762 3763 3783 3813 5648 6848
DRAG COEFFICIENT APRIL FEATURE ARTICLE
3671 3681 3727 3728 3729 3863 3864 4286
4353 4354 4482 4485 4863 4874 4915 4918 *SEE  ALSO*——— AERODYNAMIC HEATING == HEAT
5450 5461 5465 5503 6203 6756 TRANSFER (BOUNDARY LAYER) == TEMPERATURE
LIFT COEFFICIENT RECOVERY

352 2330 2615 3730 3733 3734 3853 3863
3864 4286 4354 4482 4856 4915 4918 5450 AGING
5461 5465 5502 6160 6163 6164 6203 6742 235 236 776 777 1263 1819 2451 2452
6756 6795
MOMENT COEFFICIENT AIRCRAFT STRUCTURES--- *SEE* STRUCTURES (AIRPLANE)
349 354 1989 2330 2615 3734 3853 3864
4286 4292 4354 4482 4485 4856 5450 5461 AIRFOIL CASCADES--- *SEE* CASCADES OF AIRFOILS
5465 5502 6160 6163 6164 6203 6756 6795
AIRFOIL CHARACTERISTICS

AERODYNAMIC HEATING 895 3158 4292 4913 5500 6789
311 510 654 1084 1954 1993 2066 2150 3100 PRESSURE DISTRIBUTION
3112 3286 3672 3673 3676 3678 3679 3680 3761 349 931 1461 4289 4875 4918 4936 5457
3863 4999 5183 6872 5501 6153 6158 6747 6835
*SEE ALSO*-——-HEAT TRANSFER *SEE ALSO*--- AERODYNAMIC COEFFICIENTS,-- STALLING

Review ambars: 1-582 583-1169 1170-1724 1725-2298 2299-2830 2831-3397 13398-3950 3951-4566 4567-5169 5170-5806 5807-6448 6449-7040
Issue: January Pebruary March April Moy June July August September October MNovember December

1

FIG. 2-10 Portion of a conventional alphabetic subjeet index. (From Applied Mechanics Reviews.)
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Influence of different acoustical stimuli on the threshold of
the contralateral ear. M. Loeb and J L. Fletcher. 33:
857—1961

Measurement of the displacementsand nonlinearities of the
guinea pig tympanum. Lothar O. Hoeft, Eugene Acker-
nan, and Adam Anthony. 33: 1671—1961

Minimum phase responsesfor the basilar membrane. James
L. Flanagan and Carol M. Bird. 33: 830-1961

Monaural double click interactions at the round window,
eighth nerve, and inferior colliculusdf cat. Alfred Finck
and Robert J. Ruben. 33: 1671—1%1

Present status of the neurophysiology of the cochlea. Hal-
lowell Davis. 33: 1662(T)—1961

Properties of the 8th nerve. Robert J. Ruben, Hugo Fish,
and William Hudson. 33: 830—1961

Quantitative evaluation of inertial and compressiona com-
ponents o bone conduction in cats. Juergen Tonndorf,
R A. Campbell, L. Bernstein, and J P. Reneau. 33: 1671
—1961

Shifts in the masked threshold. Ira J. Hirsh. 33: 859—1%1

Steady'vs intermittent noise bursts for evoking and main-
taining middle ear muscle reflex reactions. E. S. Mendel-
son and D. L. Kemmerer. 33: 858—1961

SUBTITLES

Microphenics in animal ears. Edward A. Rice and Edward

W. Shinabarger. 33: 923—1961
4.3 Binaural Hearing. Localization
Parers

Auditory threshold shifts produced by simultaneously
pulsed contralateral stimuli. Carl E. Sherrick, Jr., and
Pedro L. Mangabeira-Albernaz. 33: 1381—%l

Binaural interaction of clicks of different frequency con-
tent. Bruce H. Deatherage. 33: 139-1961

Lateralization vs localization. Lloyd A. Jeffress and Robert
W. Taylor. 33: 482-1961

Phasor analysis of some stereophonic phenomena. Benjamin
B. Bauer. 33: 1536—1961

Time vs intensity in the localization o tones. Randolph H.
Whitworth and Lloyd A. Jeffress. 33: 925—1961

LetrERs TO THE EpITOR

Binaura hearing aids. An enigma. James Jerger and

Donald Dirks. 33: 537—1%1
ABSTRACTS

Binaural detection o single frequency signals in the pres-
enced noise. Mark B. Gardner. 33: 855—1961

Binaural lateralization o cophasic and antiphasic clicks.
James L. Flanagan. E. E. David, .. and B. J Watson.
33: 840—1961

Head-position identification. H. N. Wright. 33: 855—1961

Phasor analysis of the stereophonic phenomena. Benjamin
B. Bauer. 33: 852-1961

Study o intelligibility improvement with out-of-phase con-
nections of headphones. D. Greenberg and H. O,
Benecke. 33: 851—1961

4.4 Deafness. (See also 5.5.)
Parers

Noise-induced permanent threshold shift at 2000 cps and

4000 cps J C. Nixon and A. Glorig. 33: 904—1%l
ABSTRACTS

Cochlear potentials in the human being. Robert J Ruben,
John E. Bordley, and Alfred T. Lieberman. 33: 830—
1961

Equivaent circuit study o fenestration. G. F. Paskusz. 33:
8311961

Experimental case study o a "tone-deaf" individua. Wil-
son P. Tanner, Jr., and Laurence Rivette. 33: 1655—1961

Recent research on noiss—induced hearing loss. Aram
Glorig. 33: 1662(T)—1961

FIG. 2-11 Portion of a conventionel classified subject index.

Temporary depression in VIIIth nerve output following
90-110 SPL in the nonanesthetized cat. J. Donald Harris.
33: 1670-1%1
Book Reviews
Hearing and Deafness. H. Davis and S. R. Silvcrman,
Editors. (Reviewed by James Jerger.). 33: 544—1961
4.4.5 Auditory Fatigue. Temporary Threshold Shift
PAPERS
Contralateral threshold shift and reduction in temporaﬁl
threshold shift as indices of acoustic reflex action. M.
Loeb and J. L. Fletcher. 33: 1558—1961
Effect of matching time on perstimulatory adaptation.
Arnold M. Small, Jr., and Fred D. Minifie. 33: 1028—
1961
Exploratory studies on temporary threshold shift from im-
pulses. W. Dixon Ward, Weldon Selters, and Aram
Glorig. 33: 781—%1
Temporary threshold shifts from tones and noise bands of
equivalent rms sound-pressure level. Paul O. Thompson
and Robert S. Gales. 33: 1593—1961
ABSTRACTS
Acoustic trauma: concomitant behaviotal and electro-
physiological measurements in the cat. Dana Beatty and
F. Blair Simmons. 33: 830—1961
Contralateral threshold shift and reduction in temporary
threshold shift as indices of acoustic reflex action. J L.
Fletcher and M. Loeb. 33: 1670—1961
Damage risk criterion for and auditory fatigue from the
Audiac. K. D. Kryter, A. Z. Weisz, and F. M. Wiener.
33: 858—1961
Effect of auditory fatigue on differential intensity thresh-
olds. Donald N. Elliott, Winifred Riach, and Herman
Silbiger. 33: 859-1%1
Effect of matching time on perstimulatory auditory adapta-
tion. Arnold M. Small, J., and Fred D. Minifie. 33:
859—1961
Poststimulatory fatigue of masked threshold. Robert C.
Bilger and Charles V. Anderson. 33: 1656—1961
Poststimulatory shift of the Preyer reflex threshold in rats.
P. N. Herman, T. D. Clack, and J D. Harris. 33: 1670
—1961
Shifts in the masked threshold. Ira J. Hirsh. 33: 859—1961
Short-time aftereffects of noise on auditory nerve re-
sponses. W. T. Peake and J. F. Buoncristiani. 33: 1670
—1961
Temporary depression in VIlIth nerve output following
90-110 SPL in the nonanesthetized cat. J Donad Harris.
33: 1670-1%1
Temporary hearing losses for bare and protected ears as a
function of exposure time to continuous and firing noise.
Alexander Cohen. 33: 858—1961
45 Instruments Relating to Hearing, and for the Testing
of Hearing. (See also5.5.)
PAPERS
Improved method for studying tympanic reflexes in man.
Emanuel S. Mendelson. 33: 146—1961
LerTERS TO THE EbITOR
Binaura hearing aids. An enigma. James Jerger and
Donald Dirks. 33: 537—1961
Supra-aural cushions in audiometry. Russell L. Sergeant
and J Donald Harris. 33: 966—1961
PatenTs
Acoustical device. John F. Rose. 33: 1645—1%1
Apparatus for measuring psychological-physiological rela-
tionships. Monroe T. Hunsicker and Robert H. De
Vaney. 33: 1438—%1
Binaural eyeglass hearing aid constructipn. Sam Posen and
Louis A. McNabb. 33: 254—1%1

(From The Journal of the Acoustical Society of America.)
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not simply words from the text. Coded representa-
tions o the subject headings for a specific file item
are grouped together with the item description or
number, and listed under each o the index term
numbers, so that the user can see what other index-
ing termswere used with that fileitem. Anexample
d asection o one such correlativeindex by Bernier
is given in Fig. 2-12.%

One way to make an even more useful display is
to provide, in addition to the grouping o refer-
ences under prescribed subject headings, some small
amount o more substantive detail about the con-
tents of thefileitems. This descriptive information
{a modifier line or micro-abstract) might consist of
asingle line or less which describes the text of the
fileitem. One sample of such an index, taken from
Nuclear Science Abstracts, a publication of the U.S.
Atomic Energy Commission, is shown in Fig. 2-13.
Another example in which the micro-abstract briefly
describes the major finding or content d the paper
is the Index Handbook of Cardiovascular Agents.*’

Two other typesd indexes which arrange and dis-
play the information in a specia way in order to
facilitate searching are O’Connor’s Scan-Column In-
dex and Ledley's Tabledex — however,they have not
received any extensive use to date,*®

OTHER TYPES OF INDEXES

I n addition to the subject indexes described in the
last section and the bibliographical indexes that in-
clude the descriptive indexing information and might
be arranged in order by authors, corporate authors,

46 A sample of a trope index o Chemical Abstracts is
given in Bernier’s J. Chem. Doc., article cited above, fn. 45.

47 Welt, |. D., Indez Handbook of Cardiovascular Agents:
1961-1966 (National Academy of Sciences—Nationa Re-
search Council, Washington, D.C., 1960).

MacMillan, J. T.,and |I. D. Welt, "A Study o Indexing
Procedures in a Limited Area o the Medical Sciences,”
American Documentation, Vol. 12, No. 1, pp. 27-31 (January
1961).

48 O’Connor, J., "The Scan-Column Index," American
Documentation, Vol. 13, No. 2, pp. 204-209 (April 1962).

Ledley, R. S, "Tabledex: A New Coordinate Indexing
Method for Bound Book Form Bibliographies,” Proceed-
ings of the International Conference on Scientific Informa-
tion, Vol. 2, pp. 1221-1243 (National Academy o Sciences,
Washington, D.C., 1959).

Ledley, R. S, et a., Selected Bibliography of the Inter-
national Geophysical Year: An Ezample of Tabledex
Formats, Report 62071/18100 o the National Biomedical
Research Foundation (undated).
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report number, and contract number, there are also
some other special types of indexes.

One o these is the citation index, which records
and displays cited references, and by whom cited.
This type o index (e.g., Shepard's Citations) has
been used by the legal profession for many yearsto
trace the citations of the courts and has developed
a very compact method of notation and display (see
Fig. 2-14) ** There has been recent interest in ap-
plying the same technique to the indexing of cita-
tions to technical articles given in the scientific
journals (see illustrations in Chapt. 7). This in-
dex would, in fact, be an index to authors in foot-
note references or bibliographies, and might be of
value in supplementing existing reference tools.®

Another example of a special type of index is the
index o chemica compounds as typified by Index
Chemicus. In this index the chemical elements of
a compound reported in the literature are permuted
and listed in alphabetical order with the context of
the accompanying elements in the compound, to
make it relatively easy to locate specific compounds
and a reference to the literature that mentioned
them.

CRITERIA FOR THE SELECTION OF AN
INDEXING SYSTEM

Thereisd course no best indexing system for all
jobs, since each job has different requirements in
terms of such things as size o file, search complex-
ity, staff, and funding for the support of the system.
I n general, the following points should be considered
during the review of an existing indexing method or
during selection o a new system:

1. Typed ultimate user (the usersvary in needs,
habits, and approaches)

49 Shepard's Federal Labor Law Citations (Shepard's Cita-
tions, Inc., Colorado Springs, Colorado). A compilation o
citations to Decisions and Orders o the National Labor Re-
lations Board, United States Supreme Court Decisions in
Labor Cases, Lower Federal Court Decisions in Labor Cases,
and Labor Provisionsin the United States Code.

50 | jpetz, B., "Compilation of an Experimental Citation
Index from Scientific Literature,”” American Documentation,
Vol. 13, No. 3, pp. 251-26 (July 1962).

Garfield, E., " Citation Indexes for Sdence  Science, Vol.
122, No. 3159, pp. 108-111 (July 15, 1955).

Tukey, J. W., "Keeping Research in Contact with the
Literature: Citation Indexes and Beyond,"” Journal o
Chemical Documentation, Val. 2, No. 1, pp. 34-37 (January
1962).
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HEAT TRANSFER TO WATER IN AN ANNULUS.

EFFICTENT FURNACES FOR MAGNETIC ROASTING QF ORES,

THE ENTHALPY AND HEAT CAPACITY OF MAGNESIUM ANO OF
TYPE-430 STAINLESS STEEL FROM Y00 TO
1100-DEGe =Ko

EXPERIMENTS [N THE BAS1C CUPOLA FURNACE WITH HOT
BLAST AND COKE INCRUSTATION,

BACKGROUND FOR PRACTICAL HEAT-TREATMENT OF
VARIOUS TITANIUM ALLOY TYPES

HEAT-TREATMENT OF Nlm-STﬂENGTH NODUL [ ZED CAST

TRON
ELlllNi'lM OF CARBON IN THE OPEN-HEARTH FURNACE.

1
INFCUENCE OF ELECTRIC HEATING ON PHASE TRANS-
FORMATION IN PLAIN CARBON AND [N CHROMIUM

STEELS .

EFFECT OF PRETREATMENT OF MARTENSITE ON suB-
SEQUENT GRAPHITIZATION AT 1200-0EGS .-

HEAT-TREATMENT OF HAROENABLE COPPER-N!CKEL-SILICON
ALLOYS .

THE MELTING OF MULLI

POSSIBILITY OF RAPIO BURNING CYCLE IN THE CERAMIC
INOUSTRY»

MEASUREMENT OF THERMAL COMDUCTIVITY OF
REFRACTORTES AT HIGH TEMPERATURES.

APPARATUS FOR PREHEATING AND ROASTING THE CHARGE
IN CEMENT KILNS,

CONTIMJOUS STIRREQ TANK REACTORS,®# A NEW
GRAPHICAL HETNOO FOR COMPLEX REACTIONS ANO
REFLUX DESIGN

CHEMI CAL EWINEERIM FUNDAMENTALS s
FOR REACTOR OESIGNS.

GENERAL CONS!DE'!AHMS IN REACTOR DESIGNe

REACTOR OESIGN PROBLEM.® SIMPLE REACTION.

CHEMICAL REACTOR STABILITY AND SENSITIVITY.

CHEMICAL PROCESSING AT HIGH TEMPERATURE ANO HIGH
PRESSURE «

THEORY OF PHe

THE MODERN STATE OF THE PROBLEM OF CATALYSIS ANO
THE THEORETICAL BASES FOR THE STUOY OF
CATALYSTS,

SELECTION OF MATERIAL FOR CONTACT CATALYSTS.

THE USE OF HOMOPOLAR ANO HETEROPOLAR
CHROMATOGRAPHY [N MEOICINE.

VEGETABLE TANNING, Xls TWO NEW METHODS FOR
OETERMINING THE ACIDITY OF VEGETABLE-TAMNEC
LEATHER.

AN EVALUATION OF THE ACCURACY OF THE METHOD OF
STATIONARY CONCENTRATIONS (BODENSTEIN/S METHOD),.

RINETICS OF THE DISSOCIATION OF WEAK ACIDS ANO

BASESs APPLICAT JON OF POI.AROGRAPNY AND
VOLTAMMETRY AT CONSTANT CURREN

THE MICROELECTROCHEMICAL METHOO OF INVEST IGATION
OF STRUCTURAL CORROSION

A METHOO FOR THE DETERHINA"ION OF THE SURFACE-
VOLUME MECHANISM OF CATALYTIC REACTIONS.

CORRELATION OF ACCESSIBILITY OF CELLULOSE WITH
ACETYLATION RATE.

ALCOHOLYSIS OF CELLULOSE.

THE OXIOATION STABILITY OF LUBRICATING OLLSs
ITS SIGNIFICAMCE AND OETERMINATIONe

A CONTLINUOUS CONOUCTOMETRIC METHOD FOR MEASURING
THE RATE OF HYOROLYSIS OF CHLORIOES.

INFLUENCE OF THE CONCENTRATION ON THE OPTICAL
PROPERTIES OF SOLUTIONS OF 3,6-D1AMINOACRIOINE .

THE ACTIVITY COEFFICIENT OF HYOROCHLORIC ACIO
IN CONCENTRATED AQUEOUS HIGHER-VALENCE=-TYPE
CHLORIDE SOLUTIONS AT 29-0EGe Ills THE SYSTEM
HYDROCHLORIC ACID-ALUMINUM CMLORIDE.

ELECTROCHEMICAL PROPERTIES OF AN [ON-EXCHANGE
MEMBRANE «

THE EXTRACTION OF METAL COMPLEXES. XX.
DISSOCIATION CONSTANTS AND PART1TION
COEFFICIENTS OF 1-NITROSO-2-MAPHTHOL AND
2-N1TROSO-1-NAPHTHOL

THE POTENTIOMETRIC NEASURE"ENT OF AC1D
DISSOCIATION CONSTANTS AND PH IN THE SYST
METHANOL-WATER. PKA VALUES FOR CARBOXYLIC AC1DS
AND ANILINIUM 10MS.

EFFECT OF STRUCTURAL FACTORS ON CATALYTIC
DECOMPOSILTION OF ALCOHOLS OF DIFFERENT MOLECULAR
WEIGHTS «

THE INFLUENCE OF THE SOLVENT ON REACTION VELOCITY.
Xle ALKALINE HYDROLYSIS OF ETHYL BROMIDE IN
ACETONE-WATER MIXTURES.

HYDROGEN FLUORIDE AS A CONDENSING AGENT. IVe
HYDROGEN FLUORIDE AS A SOLVENT FOR CATALYTIC

WHY KINETICS

THE

REDUCTION,

TRANSFER-LINE REACTOR AND CYCLOME SEPARATOR.

THE DETERMINATION OF THE BISULFATE DISSOCIATION
QUOT1ENT FROM POTENTJOMETRIC MEASUREMENTS.

ACTIVITY COEFFICIENTS IN T"E SYSTEMS
HC1={LIs NAs Ky NH&)C

OXYGEN EXCHANGE IN THE NVDROTNERML GROWTH OF
QUARTZ o

CHARACTERIZATION OF PHYSICAL ADSORPT ION SYSTEMS o
11ls THE SEPARATE EFFECTS OF PORE SIZE AND
SURFACE ACIDITY ON THE ADSORBENT CAPACITIES OF
ACYIVATED CARBONS,

PHOTOTROPIC BEMAVIOR OF A=
(P=DIMETHYLAMINOPHENYLAZO}~ PMENYLMERCURIC

ACETATE.

RETENTION OF CONF1GURATION IN THE WOLFF
REARRANGEMENT»

STERLC EFFECTS IN DISPLACEMENT REACTIDNS. 1l.
THE RATES OF REACTION OF ALKYL 100IDES WITH THE
MONOCALKYLPYRIDINESe STERIC STRAIN IN THE
ACTIVATED COMPLEX.

THE EFFECT OF CONFIGURATION ON THE REACTIVITY OF
THE CHALCONE SYSTEM.

OXIDATION OF HINDERED PHEMOLS. 11le THE
REARRANGEMENT OF THE 2+6-DI-TERT-BUTYL-4~
METHYLPHENOXY RADICALS

1+3-SH1FTSe 1lls THE KINETICS OF THE THERMAL
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REARRANGEMENT OF PHENYL BENZANILIMINO ETHERS,

OZONOLYSIS OF QUINOLINEs &:7-DIMETHYLOUINOLINE,
338=-D1=-METHYLQUINOLINEs AND 2+3-DIMETHYL-
QUINOLINE IN CONNECTION WITH THE REACTIVITY OF
THE BONDS IN THE RING SYSTEM,

SPECTROPHOTOMETRIC STUDY OF THE HYDROLYSIS
CONSTANTS OF THE NEGATIVE I1ONS OF SOME ARYL
TMIDAZOLES,

ASYMMETRIC SYNTHESES BY THE GRIGNARD REACTION.

INFLUENCE OF STERIC WINORANCE ON REACTIVITY OF
ARYLAZOGLUCAMINES «

INFLUENCE OF SUBSTITUENTS ON CHEMICAL REACTIVITY.
VIITa NEW A~AMINO ACI0S FORMED BY THE INTER-
ACTION OF AZILACTONES WITH GRIGNARO COMPOUNDS.

STRUCTURE OF CHROMIUM OXIDE AND THE MECHANISM OF
I1TS HIGH-TEMPERATURE OXIOATION.

CHAIN BRANCHING [N GLASSY POLYPHOSPHATES.®
OEPENOENCE ON THE SODIUN-PHOSPHORUS RATIO ANO
RATE OF DEGRAOATION AT 29

SOME PROBLEMS OF THE ELEC'RON TNEOQV OF CATALYS!S
BY SEM]CONDUCTORS.

POLAROGRAPHIC REACTION KINETICS,.

THE THEORY OF THE POLAROGRAPHIC CURVE. V.
REACTIONKINEYICALLY DETERMINEC POLAROGRAPHIC
CURRENT DENSITY, 3. CHEMICAL REACTIONS
FOLLOWING THE ELECTRODE PROCESS AND
REGENERAT ING THE DEPOLARIZING AGENT.

OUR CONCEPTS CONCERNING THE KINETICS OF ELECTROOE
PROCESSES,

METHOOS OF [NVESTIGATING THE KINETICS OF ELECTRODE
PROCESSES,

DlFFEREN'lA”ON OF OIFFERENT ELECTROOE
MECHANISMS BY MEASUREMENY OF TRANSITION 'l”E
AT CONSTANT CURRENT [N STATIONARY SOLUTIOM

ABSORPT ION PHENOMENA AND ELECTROCHEMICAL KINETICS-

CHEMICAL EFFECTS FROM EXCITATION BY SECONDARY
ELECTRONS PRODUCED BY IONIZAT{ONS RAYS.

LEMITING CURRENTS IN THE REOUCTION OF FORMALOEWYOE
AT THE DROPPING MERCURY CATHODEs

ELECTROLYTIC CONDENSERS.

POLAROGRAPHIC STUDY OF
TRIS{ETHYLENEDIAMINE 1-COtIIL) IONo

EFFECTS OF OXYGEN ON LEAD SULFIOE FILMS.

KINET]CS OF CATHODIC HYDROGEN EVOLUTIONM.

REACTIONS OF METAL LONS AT MERCURY ELECTROOES IN
FUSED SALTS.

ANODIC POLARIZATION OF ZIRCONIUM AT LOW
POTENTIALSe FORMATION RATES, FORMATION FIELO,
ELECTROLYTIC PARAMETERS, ANO FILM THICKNESSES OF
VERY THIN OX1DE FILMSe

ELECTRODE POTENTIAL AND CORROSION OF METALLIC
MANGANESE IN AMMONIUM CHLORIDE SOLUTION.

CAUSES OF CORROSION INHIBITION OF ZINC CATHODES IN
THE PRESENCE OF SURFACE-ACTIVE AOOITIVES.

KINETICS OF ELECTRODE PROCESSES. IIls EFFECT OF
AODITIVES UPON THE RATE OF CONTACT OEPOSITION OF
COPPER ON IRONs

FINAL REPORT ON FOUR ANNUAL ANOOE INSPECTIONS, A
REPORT OF THE TECHNICAL UNIT COMMITTEE T~28 ON
ANODES FOR IMPRESSED CURRENT,

INDUCED ALTERNATING CURRENT USED FOR CATHOOLC
PROTECTION OF A COATED PIPE LINE.

INHIBITION OF METALLIC CORROSION IN AOUEOUS MEOlAe
A REVIEW.

EFFECT OF THE ADDITION OF AMMONIUM CHROMATE ON THE
POTENTIAL ANO THE CORROSION OF MANGANESE IN
AMMONIUM CHLORIDE.

EFFECT OF COMPOSITION ON THE CORROSION POTENTIAL
OF [RON ALLOYS.

CONTINUOUS REACTIONS IN OLSTILLATION EQUIPMENT .

GAS ABSORPT |ON ACCOMPANIEO BY CHEMICAL REACTION,

FEEOING GRANULAR PARTICLES INTO A GAS LIFT.

ADSORPTION AND SILVER-SILVER ION EXCHANGE.

SILICONE-COATED CATALYST.

CHROMATOGRAPH1IC ADSORPTIONs Ive CATION-EXCHANGE
RESINS AS CATALYSTS IN GLYCOSIDE FORMATIONe

LIGHT-ENOS RECOVERY IN FLUID NYOROFORMINGe

CATALYTLIC FUME [NCINERATION.

FLOW EXPERIMENTS IN STUDYING KINETICS. ROLE OF
DIFFUSION AND INFLUENCE OF FLOW PATTERN IN
GASIFLCATJOM REACTIONS

THE ADIABATIC EXPONENT Foﬂ CHEMICALLY CMANGING GAS
MIXTURES s

EOUIVALENT [SOTHERMAL TEMPERATURES FOR
NONLSOTHERMAL REACTORS.

ACID CATALYSIS OF THE HYOROLYSIS OF ACETIC
ANHYDRIDE IN ACETIC ACIDe

GASEOUS DETONATIONSs VIIs A STUDY OF
I:ERNODVNAN!C EQUILIBRATION IN ACETYLENE-OXYGEN
WAVESs

THE O1SSOCIATION OF SODIUM ACETYLIDE.

KINETICS OF HEAT OF INACTIVAYION OF RIBONUCLEASE,

THE INTERNAL STRUCTURE OF FLAME REACTION ZONES,

CATALYTIC FLUID HYOROFORMING WlTH INERT HEAT-
TRANSFER SOLIDS.

IGNITLION TEMPERATURES OF LEAD COMPOUND-CARBON
MIXTURES .

THE THERMODYNAMIC STABILITY OF REFRACTORY BORIDES.

EFFECT OF TEMPERATURE ON THE RATE OF FORMATION OF
NICKEL IFEROUS ANTJGORITE.

THERMODYNAMICS AND KINETICS OF THE NITROGEN
DIOXIDECATALYZED OXIDATION OF NITROSYL CHLORIDE
TO NITRYL CHLORIOE.

PREVENTING SCALING ON HEATING,

EVALUATION OF FUELS AMD OXIDANTS FOR WELDING AND
ASSOCIATED PROCESSES.

FLUORESCENCE AMD AVERAGE LIFEYIME OF EXCITED
OH IN FLAMES,

KINETICS OF THE THERMAL AND PHOTOCHEM1CAL
OXIDATJOM OF ACETALDEMYDE.

PHOTOSENSITIZED DECOMPOSITION OF ACETYL PEROXIDE.

REVERSIBLE FLASH BLEACHING OF CHLOROPHYLL.

TRANSFORMAT JONS OF ORGANIC COMPQUNDS CAUSEO BY
ALUMINOSILICATE CATALYSTS, VIjle CHANGE IN THE
OPTICAL ACTIVITY OF LIMONENE,

QUATERNIZATION KINETICSe e SOME PYRIDINE
DERIVATIVES IN TETRAMETHYLENE SULFONE.

SPECTROPHOTOMETRIC STUDY OF THE KINETICS OF FERRIC
THIOSULFATE REACTIONS.

PROBLEM OF THE RELATIONS BETWEEN RADIOCHEMICAL
YIELD AND THE PHYSICAL ASPECTS OF THE QUALITY OF

FIG. 2-12 Portion of a correlative index.
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creep behavior, effects of hegt treatment, 16: 552
MAGNETIC FIELDS
charged-particle bebavior io plasas-fres, 16 1115 (NYO-9495)
charged particle orbit is, 16: 607
measurement, performance of Hall probes, 16: 328 (BNL-5750)

micropulsations in aurSral zone, relations of enh with el
bremsstrahlung, 16: 920
particle traj y in, dings by spark chamb 16: 374

plasma compression by, theory of cylindricel, 16; 1113 (NP-10852)
plssma containment by external and internal, 16: 1153
plasma dynamics in, 16; 1118 (SIT-P30)
plsama ring motion o coaxiaf, 16; 1274 (NASA-TR-R-121)
stehility effects on conducting fluid sphere, 16: 881
stabilization, in beta apactrometer, 16 157
MAGNETIC MIRROR MACHINES
plasma injection, 16: 1151
MAGNETOHYDRODYNAMIC CELLS
viscosity effects, 16: 1126
HAGNETOHYDRODYNAMICS
combuation in, 16: 865
detonation and ionization shock waves, 16 1149
effects of magnetic field on gas flow in horizontal tube with heat
difference, 16: 1129
ions for piasma i 16: 618
Jinesr oscillstions in relstivistic pissma, 16: 1108 (ARL-TR-60-274
(Pt.ID)
mechanics, 16: 603
of plssma, 16 1118 (SIT-P30)
plasma stability conditions in, 16: 1114 (NP-10876)
radis] flow of sn electroconducting gas in 8 movisg magretic field,
16: 1128
stability of axial current fluid, effect of surrounding neutral mediam,
16: 602
stability of electrical condacting inviscid fluid in axiai current,

coaxis! conducting cylinder, and longitudinal tic field,
16: 600
stability of electrical dacting inviscid fluid alab in b

magnetic field, 16: 601
stability of plasma in static equilibrium, 16: 1111 (NP-10848)
streaming in cylindrical tube, exact solntion, 16: 859
theory, \} of Oseen’s 8o 16: 1116 (PLR-75)
wave ph ina 1 16: 1109 (BSR-455)
wave propagation io ionospher¢, 16: 1103 (AFCRL-64)
MAIZE
metnbolism of cora roots, effects of 2,4-D and nugera, 16: 28 (OR0-470)

MALONIC ACID
1 spin of gamma irrediated, 16& 232
ethyl, el spin of free radicain in gamma irradisted
16: 115
MALONIC ACID, ESTERS
! spin of x-ray irradisted single crystsis of potasaium
hydrogen, 16: 234
MAMMARY GLAND
madiotherapy, eftecta on cardiac muscle, 16: 61
MANGANESE
di i by nolvent jon and sp h y using
1-(2-pyridylszo)-2-naphthol, 16: 139
d ination iu ore by activati lysio, 16: 689
effects on corrosion of Zircaloy-3 by steam and water, 16: 486 (BM-RI-
5865)

MANGANESE BORATES

polymorphism, x-ray snalysis, 16: 162
MANGANESE BROMIDES

spectra of tetra, arraagement of bromide ioas, 16: 92(R) (TID-13601)
MANGANESE CHLORIDES

spectrs of tetra, arrangement of chloride ionn, 16: 92(R) (TID-13601)
MANGANESE FILMS

rties B8 neut: ing probes, 16: 336 (NP-10851)
HANGANESE IONS
catsiytic effects on of hydrogy ide with tam(VI)
jons, 16: 111

MANGANESE ISOTOPES Ma-54

4

ination in Bruderheim chondrite, 16: 917

MANGANESE ISOTOPES Ma-55

nuclear in antif [

16: 616

MANGANESE-RHENIUM ALLOYS

phase studies, 16: 559
MANNITOL

uptake in corn roots, 16: 28 (ORO-470)
MANNOSE

uptake in cotn roots, 16: 28 (ORO-470)
MARCOULE REACTORS

tack-di I falf-out normal and accidental, 16: 395
(CEA-1924)
MARITIME GAS COOLED REACTOR
i and nafety sy , review, 16: 1250(R) (NDA-2159-2)
MASS SPECTROMETERS

adaptation of Consolideted Mode! 21-611-1, in snalysis of uranium for
hydrogen, 16: 261(R) (MCW-1465)
design and ion of two-di ional ic prism, 16: 376
design and performence of high resolving power, 16: 355T) (NP-tr-791)
deaign for detection of free radicain in gases, 16: 338 (NP-10899)
WATERIALS TESTING

for i th 16: 38%R) (ARF-6043-20)
MATHEMATICS
continuous weapon casurity functl tep-funct}
16: 3 (SC-2992(TR))
diffe isls and gradi of fu 1s, 16: 477 (T) (UCRL-Trans-170)

di ional of ions for calcul of maxi
ductile rupture in pressurized systems, 16: 392 (WAPD-TM-56(Add.))
relatious between cross section in the center of masa system and that in
the Jaborstory system, 16: 1019 (AROD-2188:2)
theory of dimensional anslysin and mode) testing, 16: 30XT) (AEC-tr-

4850)

theory of operational i ristions! principles in, 16: 476(T)
(UCRL-Trans-169)

use for d of lized of two coupled masa

spring systems, 16: 589 (SCR-408)

Y 16: 317 (SC-4640(RR))
MATTER
energy of highly compresnsed, statistical theory, 16: 1163(T) (UCRL-
Trans-72XL))
theory of highly compressed, 16: 1169
MECHANICAL ENGINEERING
analysis of the apike phase pulse in two-phase shock tests, 16; 390
(SCTM-316A-60(73))
drawing d i
834)
theory of dimensional nnalysis snd mode] testing, 16: 30XT) (AEC-tr-

positional tol method for, 16: 300 (SCR-

4850)
MECHANICS
nonlinear syntems nnalogy to classical, 16: 609
MEDICINE
tanearch progresa is, 16: 21(R) (ACRH-15)
MEMORY DEVICES
design and circnitry for 256-channel time soalyzer, 16 350(T) (AEC-
2-4700)
MERCURY

by nolvent ion and ph y using
1-(2-pyridylaxo)-2-naphthol, 16: 139
bydrogen reactions ot -195°C, 16: 112
MERCURY IODIDES
effects oo aluminum oxidation rates, 16: 484(R) (AD-256309)
MERCURY IONS

catalytic effecta on reactions of hydrog de with (VD
fons, 16: 111
MERCURY ISOTOPES Ho-197 ’

hyperfine ntructure of 24-hr isomer, 16: 1055

isomeric yields from (d,20) resctions on gold-197, 16: 1028 (NP-9365)
MERCURY ISOTOPES Hg-201

ouclear magoetic momentn, 16: 1054
MESONS

interactiona of neatra! vector, with photons, 16: 967

FIG. 2-13 Portion of a conventional alphabetic subject index with micro-abstracts.

/ 35



36 / Methods of information handling

UNITED STATES SUPREME COURT REPORTS (Labor Cases) Vol. 350

117Bd 440 26LA 736| 30LCY69872) 28L.CY69435| ==2@4-— | 117Bd 321 246F2d 857 9LLJ 434
No 60 30LC{70090 3TLRM2749| 30L.CT70148| (100LE 285)| No 42 258%2d 147| '56PrABI2
j117Bd 443/ 38LRM2378 "144FS 553 12WHC626| (76SC 383)|1117Bd 325| '58ALCS69| 67YLJ 287

No 60 236F2d 634 . 13WHC14| ('56ALC No42 |35LCY71616 w290
T 81Az 168 241¥2d 826 — Ca2d — |d240¥2d 116 426) 717Bd bo2| 42LRM2320| (100LE 335)
302P2a 934 *57ALC403 315P2d 331 's57ALC115| (29LC No 8l [Agreement (76SC 400)

'5TALC278 31LCY70477| 40LRM2709| 31LCY70411) _ ¥89777) 33783 s5ol Stri CB6A.
31LCY70286 39LR1IIH2384 ZAp23342| 13WHC127 (37LRM 11130132308"9 %ﬂgff_' Lc423)
39LRM2082 130FS_ 18 155524 805 j254F2d 12 2885) oovmiSons waiver| (20LC
139CA2d607 148FS 523 _ SAp2d214 '58ALC6035108Bd 490" "\ 168" 335208 302 169778)
204P24 474 'B7ALC474| 159824 331 34LCY71452, No 81 m 1LE 844 (3TLRM
'56ALC724 311,C170483 _11ArJ 77 _18WHC627/s350US 819 ~“o "o 77SC 841 2581)
30LCY69842 39L.RM2520| 1iArJ 127| 266F2d 837 100LE 733 20 | 317,097044¢/8350US 860
STLRM2772 Applicable | 13ArJ 204 '08ALCos2| 76SC 491118Bd 995 so7pyao0q 100LE 763
" 1Ap2607 Law- —1iyao8 30LCYT1631 5210F2d 441 __NO125 | “oxappiary 763C 103
15638241003 Agreement| —rryoroeal 13WHC704 9CtD10231118Bd 1489 .0, ¢~ o- 502570 417
'58ALC1079 —Revoea. 7LLJ 759 * '55ALC320__N0209 |47 nrioarl 554101008
30LCY70048 tion 81T 240 3a5Mch 273 271.CY69007| 21BAR 35 50t ™| 281,0169341
38LRM2262/ 4231 F2d 763 SLLJd 784 76NW 40 35LRM2526 21BARI25 gipike De. | SSLRM2415
T15552a 596/ 238523 780 2L 898 T5EPrAB28| Lab. Rel. | 21BdR131 privation- |8232F24 481
?lfsf&mggg "SEALC1407 _5?6—?%—2-_—21&13278 [Il)nfair _ 9LLJ864|  Evidence| 8;;53&%%&132
70 811.CY70179 ractices~- | '56PrAB15 352 284
3SLRM2541 %thgoﬁmm (E.'.?L%oz?z) Complaint |~ g7yL.7288 1E§ 335 3SLRM2066
48W2d525 J140FS 22| 7TIHLRI31 (76SC 337)| “Noncom- |—Jypigrey 778C 3881s128FS 128
295P2d 309\ 3745Fs 17| 6IYLJI193 (56ALC | munist Af-| _owq | 31L0Y70446 145FS 89
'56ALC686 156AT,C1543 67YLI 323 241)| fdavits~ | (1001, 15 309)| 39LRM2206| '56ALC1447
80LC169873 311,0470280| T00LE214n (29L.C Require- | “(7g5C 349)| Statutes | S1LCY70270
37LRM2812 35T RM2766| T00LE3n . 169712 mentl o5GALC  |Construe- | S8SLRM2717
22BAR 98 _Remand- |~ gim ga7g 2V BO  |e352US 149 428) tion Lab. Rel.
22BdR131| Considera- 755)| 1LE 204 (29LC j241¥2d 214 Labor
22BAR145 tion| ;=247 5310US 014 77SC 158 " 160770)| 228724 458 Manage-
56PrAB26 233793 543 ‘%‘7’2‘5{??38 99LE 1248 56ALC1578 (3TLRM | 184FS 10 ment Act-
57CR__ 53| 268F20 470| (58ALG 758C 605 31LCYT70349 2587)|————— Legislative

5oNwLI58| Arbitra- S1)|350US 083 SILRMIO iy 5py) W &Fh. | History

231724 769 556723 B2
42ABASSS tion—Judi- | (29LC 100LE 851 - Nobl \“oilocraon,
43ABAZ31 clal Deter- 169711)|_76SC_466 ngé%égg‘g S106Bd_454 rs7AT.37e DSALCLIES

_1LE2078n Xinations-| (12WHC 552412%11&13 et No81 | aiT,0070510) 3v§vL(l:t1171630
er- e —welilare
322810205 750) 9BLCY68787| €232F2 BI8 ™ pors o1y SILRM2441 5y

ences—
—~19 Eftect|5>49US 914 “1owHC313| '56ALCT29| 71550 2977 11084 1598 Legislative
L 109 |4856TS b S eG aodS107FS 369 30LC%9912?35TUW01—111% Purpose
Cloate D 2B 961 Groryy (SSALC b SSLRMI0ST S b0 1465 Nodos | 200k 118
C 783C 899 SAALO1493 291767258 235F2d 7 765C 1043/==o220 | '56ALC1177
(25L.4 698 1398US 590 g1, caggaty - LLWHCITO SOALOUAS e Mo 10k | oLCTT0004
(2L 2LB 969 5w rGese Lab. Rel, | 30LCT70147 S20nsr o/ No 154 | 38LRM2855
169689)| 78SC_907 —oorro 7g7 Portal to | SSLRM3520, vy, s 13754 1131240724 265
BI9US 943 230RA 419 ey Portal-In. | £243F24 807 26LC%8584&‘ "FTALC221
oL 197 241794 514 '53ATCoss cluded Ac- '57ALC686) 34L.RM2484 1117Bd 1162| 31L.CT70445
tivities 3210770621 ——————|_N0162 | 39LRM2499

758C 873 'STALC384 931,0467483 —mmsror s L {118Bd 572 162FS 872
<o1sToa 048 27LA 820 d233F2d 902 39LRM2743 Lab.Rel. \1118B4 572 162FS 8§72
L o0l SILCY70495 LW HIOZ8Z 1564 1,01018 141FS degAct-lnfer- | Nobg | '58ALCI108

03T 21| 257H24 315  plab- Rel. | 3010170018 *56ALC1201 PTELBROn" ™ 23Ny “105 30LOYT1598
27T.0768063 141FS 225 oriint0 | 12WHCSS6 30LCY60848 B P RNV 127424 880 42LRM2200
o357 500 15BFS 18 Pf".; e An- | 235F2d 624"y g pp Constst. "5TALC119 W.& Ph.
HOAT.C1546| BBALC1548 © S vities SOALCLI60 oficer ency| 31LC170392 Any Repre-

B G S IL.OT70280 7amee es B0LCYT0L0/~gro el o220 | 39LRM2208 sentative

ZEIéA 4‘% SSLRM2766 £350US 260 13wHC 3 T00LE 478 354US %SW of Any Em-
v 35 DFRDIS ‘fasc aaq,Z0F B0 7650 450 ;79g 1149 128A2 25 . Blovees

'55ALC 2|-State 'SBALC241 562 G180  0254K2d 777 244723 611 250 W13 504 J00LE 500

23LA 447 Laws-Ap- | 20LCT60712 o5y, cyap4as  OBALCHSS I47FS 136

261.CY68779|__Dlication 12WHCT55 507,Gq70148 30LCT70041 —gr - —| 32LCT70628 .;’2250233
Arb. & Aw. 1301US 170 d233F2d 902 12WHC626 38LRM2265 wojerne | SOLRM2TT0 507,0q89844
Action- 100LE 1064/ '56AL.C1018 ~13WHC14 * Perlod- | 21BAR121 371 RM2731
Stay-Stat- |__79SC_785 30LC170018 23072q 116 119Bd 1026 pp)ovees | 22BAR 93 546m9q 264
ute—Con- |B230F2d 110 12WHC888 '57ALC115|—N2 104 | _gtatus 22BAR1I5 57410221

struetion 242F2d 538 235F2d 624 31LCY70411| 115Bd 1155 5750 fpg 11 ILRR411) 311070445
€233F2a 94 'BTALCTS1|'56ALC1160 13WHC127| N0 186 | Sgrit cogg  SBLLJ250| 39LRM2499
'SEALC901| 32LCT70590| 30LCY70140 * 115Bd 1375 40LRM2213 _ SLILJ 364| 324272 624
30LCY60908 39LRM2680| 13WHC 3 845Mch 278) No217 | ~5izred pos  SLLJ6S5| '57TALCOSS
38LRM2019| 139FS 631 235F2d 646|_70NW 40| 117Bd 139 '57A1,01001| _ SLLJ 772| 32LCT70579
"235F2d 801| '56ALC767|'55ALC1212| '56PrAB28) No31 |4rRrM2217 9LLJ 53| 39LRM2617
'56ALC1399 26LA 166|'56ALC1389 214213278 Oontinued

FIG. 2-14 Portion of a citation index. (From Shepard’s Federal Labor Law Citations.)
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2. Type of immediate user (librarian or cus-
tomer)

3. Characteristics of the file collection (current
and expected size, rate of growth, variety and com-
plexity of subject content, and format of file ma-
terial)

4. Availability of other existing indexes for the
same type of file material

5. Complexity and required accuracy of searches
to be conducted (current awareness, comprehensive
retrospective searches)

6. Number of searches expected, and their re-
quired response time

7. Current user and librarian attitudes toward the
existing indexing system and form of display

8. Resources available for developing the system,
converting the backlog of material to the new sys-
tem or new method of display, and maintaining the
routine operation
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Coding: The indexing shorthand

I n addition to establishing the over-all organiza-
tion of thefile collection, the system designer must
decide how the classification or indexing informa-
tion is to be represented, whether on paper or in
some machine-readable form. |n most cases, coding
is a shorthand representation o the indexing in-
formation, and can help system operation by reduc-
ing clerical effort and storage requirements, and by
streamlining the search and retrieval process. The
choice o coding method becomes critical if auto-
matic or semi-automatic processing or handling of
the file or indexing information is to be used, and
this special topic o machine language representa-
tion is examined in Chapt. 4. There are, however,
several special and useful coding topics that have
been described previously only in widely scattered
sources. These less-well-known coding techniques
and background information have been collected
into this chapter. Other coding topics are discussed
in Chapts. 5, 6, and 7 asthey relate to specific types
o equipment or media. Further information is
available from the sources listed at the end dof the
chapter.

THE STATISTICAL NATURE OF ENGLISH WORDS

Frequency distributions for the alphabetic letters
in English text material have been determined by
at least six investigators.* Two studies in particu-

1Pratt, F, Secret and Urgent, The Story d Codes and
Ciphers (Blue Ribbon Books, Garden City, New York,
1942).
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lar concentrated on the statistical nature of people's
names and technical subject words.? A summary of
many o the results of these studies is presented
here.

Individual Letter Usage

Table 3-1 gives five different rankings of fre-
guency of occurrence o initial letters. Three dif-
ferent studies of continuous text material show rela-
tively close correlation and agree that T, A, and O
are the three most frequent characters for initial
letters. Two different studies of subject words also
show relatively close correlation and agree that S,
P, and C are the three most frequent characters for

Ohaver, M. E., Cryptogram Solving (Stoneman Press, Co-
lumbus, Ohio, 1933).

Cox, G. J., et al., "Recent Developments in Keysort
Cards" Journal of Chemical Education, Vol. 24, pp. 65-70
(February 1947).

Smith, L. D., Cryptography— The Science of Secret Writ-
ing (W. W. Norton Co., New York, 1943).

Gaines, H. F., Cryptanalysis (Dover Publications, New
York, 1956).

Griffith, R. T., " The Minimotion Typewriter Keyboard,"
Franklin Institute Journal, Vol. 248, No. &, pp. 399-436
(November 1949).

2Bourne, C. P,,and D. F. Ford," A Study of the Statis-"
tics of Letters in English WordS  Information and Control,
Vol. 4, No. 1, pp. 48-67 (March 1961).

Ohlman, H.," Subject Word Letter Ftequencies with Ap-
plications to Superimposed Coding," Proceedings of the
International Conference on Scientific Information, Vol. 2,
pp. 903-916 (National Academy of Sciences, Washington,
D.C., 1959).




TABLE 3-1

Comparative Ranking by Frequency of Ocwrrence of Initiol
Letters in English Words

Con- Con- Con-
Subject  Subject  tinuous tinuous  tinuous
Words Words Text Text Text
(Bourne- (Ohlman,  (Pratt, (Ohaver,  (Smith,
Ford) p. 92) p. 258) p. 27) p.153)

NeduzZbQE<-OEZHagQEg>OX

HNO RO 40 ZdoabOem-EygorEQu®
RO R~d<gogdZ"mQauHAEgEAgREerYRQ
NNRO<“<QQUZrBERZTIWQL~ 2O >4
HNO~R4AQzZzZ<4{Hdgo0"dv Q- H®ROPS

initial letters. Taken as a group, the rankings for
subject words are different from those for continu-
oustext. This differencewould be expected, prima-
rily because d thelarge number d prepositionsand
other small words (e.g., a, and, in, is, the, to, with,
etc.) that appear in continuous text.

Table 3-2 shows that four different studies of
initial letters in people's names were in relatively
close agreement. All the studies showed that B, S,
M, H, and C are the most frequent characters for
initial letters.

The three studies o continuous text agreed that
E, S, D, T, and N werethe most frequent characters
for terminal letters, and were in relatively close
agreement for theremainder of the characters. The
rankings of terminal letters in the study of subject
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words were distinctly, but not radically, different
from those for continuous text. All the studies
agreed that E was the most common terminal letter.

Table 3-3 lists data from six different studies o
the composite rankings of letter usage. Composite
rankings are based on the relative frequency o oc-
currence o lettersin collections of words or in text
and do not consider the position o the letters with-
in the words. The four studies of continuous text
material showed remarkably close agreement, and
all showed that E, T, A, O, and N were the most
frequent letters. The rankings for subject words
and for proper names differed from each other and
from the rankings for continuous text material.

TABLE 3-2

Comparative Ranking by Frequency of Occurrence of nitial
Letters in Proper Names

Bourne- Ohlman, Cox et dl.,
Ford® p. 93 p. 69

Bourne-
Ford «

HOodNH<dOoZzE~pHRRUQYNIgQOEZ R
HOCONK- O ZE<-pHAREDYEQXNIZQEEWR
HMOKOANHO~“dZEA Y gD RQUQENZE P ®
KON HKO<Z-EHrHREAUQODWRIOENEE®R

Based On adetailed study d 8207 names.
b Bagad on an independent, but less-detailed study of
approximately 63,000 names.



40 / Methods of information handling

TABLE 3-3

Comparative Ranking by Composite * Frequency of Occurrence
of Letters in English Words and Proper Names

Subject  Continuous Continuow Continuow Continuous
Words Text Text Text Text

(Bourne (Pratt, (Ohaver,  (Griffith, (smith,
Ford) p. 252) p. 25) p. 426) p 153)

Proper
Names
(Bourne
Ford)

O-NMNIR<CHE<QENdUREYQrRZa>0H
NO MR <AWgUI<OdZz Q"D —~ " 203
N MOoOR<AQUELKgZA9ddQuUbH I OT®R—~ 2030
NOUMR<AEWOEKTEIZEAQUHET 2~ Z20-A0
NHoMR<wWwoO<Ezadgobogm®o—~2Z2r03H
OHNadg IR <EAAdQEQZO N AR OHZ bt

@ These are al composite samples which did not consider the position d
the letters witbin the words.

The only point d complete agreement in all six
studies was that E was the most common letter. A
more graphic comparison o the composite distribu-
tions for subject words and proper names is given
in Fig. 3-1, which shows the actual frequencies of
usage as well as the rankings.

Figure 3-2 illustrates the rankings and frequency
distributions for the characters of subject words in
a particular letter position (i.e., the frequency dis-
tribution for the initial letter of the word, the sec-
ond letter of the word, etc.). Some interesting pat-
terns are shown in this figure. For example, the
distributions of the first, second, and possibly the
third, letter positions have relatively unique pat-
terns, and those d the remaining letter positions
have generally the same pattern. In the second

letter position, the vowels are the most common
characters. TherankingisE, O, A, I, R, U. Ex-
cluding the R, the group o five vowels accounts for
over 61 percent of the letter usage in that position.

Figure 3-3illustrates the rankings and frequency
distributions for the characters of proper names
within a particular letter position. Asin the case
o the subject words, the distributions of the first
and second letter positions have relatively unique

TABLE 3-4

Comparative Ranking by Composite # Frequency of Occurrence
of the Most Common ® Bigrams in English Words and
Proper Names

Con- Con- Con- Con-
tinuous Military  tinuous tinuous tinuous Subject  Proper
Text Telegraph Text Text Text Words  Names
(Pratt,  (Pratt, (Gaines, (Smith, (Ohaver, (Bourne YBourne-
p. 260) p260) p218) p.153) p 2) Ford) Ford)

TH TH TH TH TH ER ER
HE AN HE ER HE ON AR

AN RE AN ON ER TI AN
RE HE IN AN IN IN ON
ER ON ER RE AN TE LE
IN IN RE HE ON AT EN
ON ER ES IN RE RA LL
AT AT ON ED AT RO HA
ND TO EA ND ED 10 EL
ST ou TI HA ST AN NE
ES OR AT AT ND OR RO
EN ND ST EN ES 1C AL
OF TA EN ES HA RE IN

TE EN ND OF OF TR MA
ED ES OR OR EN AL RI

OR NT TO NT OR EN CH
TI TI NT EA AS AR LI

HI HA ED TI NT NT RE
AS ST 18 TO TI LE TH
TO RO AR IT TO ET BE
AR AR ou ST IT NE AM
ou Cco TE 10 EA RI ES

IS TE OF LE NG ST IL

IT IT IT 18 ou IT RT
LE ME HA ON AR ES RD
NT TT SE AR ET CO RA
RI oM ET AS HI LA LA
SE VE AL DE TE DE OR
HA UR RI RT RO ME IC

AL ED NG VE NE LI TE

* Theserankings did not consider the position d theletter pairswithin a
word.

> The bigrams which consisted d a |etter and a space were not considered
for these rankings.




NOTE: THIS COMPOSITE
DISTRIBUTION IS BASED ON
THE 16913 LETTERS OF 2082
SUBJECT WORDS.
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16
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25
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NOTE: THIS COMPOSITE
DISTRIBUTION IS BASED ON
THE 141,190 CHARACTERS COF
8207 FULL NAMES.

RAN
A 2
B “
c 3
) 1
E I
F 22
G 5
H o]
! 7
woy 19
oK 20
<L 5
oM 12
5N 4
20 6
é P 2
a Q 26
R 3
s 8
T 9
U 16
v 23
w 7
X 25
Y 8
z 24

0 5 10 b
PERCENT OF TOTAL

OCCURRENCES

FIG. 3-1 Composite distributions and rankings for the alphabetic letters in subject

words and people's names.

patterns, while those for the remainder of the let-
ter positions have much the same pattern. The
vowels dominate the second letter position of proper
names, as they did with subject words. In this
case, the vowels (ranked A, O, E, I, U), account
for over 70 percent o the character usage in the
second letter position. There is general agreement
between the patterns for corresponding letter posi-
tions o subject words and proper names.

Bigram (letter Pair) Usage

Table 3-4 lists data from seven different studies
of rankings of bigram occurrences. The five dif-
ferent studies of continuous text and telegraph text
agreed in many respects (e.g., that T H was the most
common bigram). The bigram rankings for sub-
ject words and for proper names were different (ex-

cept in agreeing that ER was the most common bi-

gram) and somewhat different from any o the other
five rankings. However, because d the large num-
ber o bigram possibilitiesit is more difficult to make
a quantitative judgment of the degree of similarity
between bigram rankings than it is for the ranking
o single alphabetic characters. The frequency o
occurrence o various bigrams in subject words and
proper names and the composite bigram rankings
for subject words and proper names are reported in
the literature.?

Distribution of Subject Word lengths and Proper

Name Lengths

The distributions o subject word Tengths and o
proper name word lengths are illustrated in Figs.
3-4 and 3-5, respectively. The subject words rep-

3Bourne and Ford, Information and Control, article
cited earlier in this chapter! fn, 2.
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resented single-word descriptors (e.g., ""magnetic,”
"optical™) which were used to index a collection of
technical documents in a coordinate indexing sys-
tem. The names consisted o the last name as well
as some combination o the first and middle (or
more) names, and their prefixes (in that order).

Statistical Summary

In general, the statistical characteristics of usage
d the alphabetic letters are markedly different for
three different categories o English words—con-
tinuous text material, proper names, and subject
words. Several independent studies d continuous
text material show close agreement for a number
o characteristics, suggesting that the reported data
are representative of the general nature o continu-
ous English text material.

In subject words (two studies), S, P, and C were
the three most frequent initial letters. In continu-
oustext (three studies), T, A, and O were the three
most frequent initial letters. 1n proper names (four

studies), B, S, M, H, and C were the most frequent
initial letters.

In subject words (one study), E, N, R, and S
were the most frequent terminal letters. 1n continu-
ous text (three studies), E, S, T, and D were the
most frequent terminal letters.

I n subject words (one study), E, I, R, and O were
the most frequent letters. 1n continuous text (four
studies),E, T, A, O, and N were the most frequent
letters. In proper names (onestudy), E, A, R, and
N were the most frequent letters.

In subject words and proper names (one study
each), the first, second, and possibly the third let-
ter positions had relatively unique letter distribu-
tion patterns, and the remaining letter positions had
patterns that closely resembled each other.

In subject words (one study), the most frequent
bigrams were ER, ON, TI, and IN. In continuous
text and telegraph text (fivestudies), TH, AN, HE,
and RE were some o the most frequent bigrams.
In proper names (one study), the most frequent
bigrams were ER, AR, AN, and ON.
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FIG. 34 Distribution of subject word lengths.
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FIG. 3-5 Distribution of proper name lengths.

I n single-word descriptors, one study showed that
over 95 percent of the vocabulary could be repre-
sented by 13 characters. For proper names, one
study showed that approximately 95 percent of the
names could be represented by 25 characters.

METHODS FOR SYSTEMATICALLY ABBREVIATING
ENGLISH WORDS AND NAMES

There are many instancesin which it is useful to
abbreviate * English words such as people's names,
places, street addresses, proper nouns, or continuous
text material. Common subjects for abbreviation
are addresses in telephone directories, customer ac-

aThisdiscussion refersto the ' abbreviation" of words, but
actually it is concerned with "coding" the words, or trans-
forming the source words into new patterns. It happens
that in satisfying some of the objectives of code design the
word is abbreviated. However, some o the schemes and
transformations described in the following sections bear
little resemblance to what might normally be considered as
abbreviation.

count number identifications in some data process-
ing systems, and commercial teletype or ham radio
vocabularies. There will always be a need for
abbreviation or coding schemes to make efficient
use of the storage mediain computers, punched card
systems, and other storage and processing systems.
Abbreviation techniques may also improve the ef-
ficiency of communication systems by decreasing
the number of characters transmitted. If the ab-
breviations are to be made automatically or semi-
automatically, they must be obtained by some
systematic method.

Many methods have been suggested for abbrevi-
ating words, and several of them are described in
the following sections. A few o these schemes have
been empirically tested with representative data to
obtain meaningful performance comparisons.

Some abbreviation studies have been concerned
primarily with the subject words or descriptors used
with documentation systems. Other studies have
been concerned with the abbreviation of names or



46 / Methods of information handling

the derivation d customer account numbers, and
a few studies have been concerned with continuous
text material. The objective of most o these
studies has been to develop methods for the sys-
tematic coding d words which satisfy the following
regquirements:

1. Each word should be coded to require as little
storage space as possible.

2. Each word should retain the same degree of
discrimination and uniqueness that it had in the
origina sample. (For example, if there were 2082
unique wordsin the original list of words or names,
hopefully there will still be 2082 unique items after
abbreviation.)

3. If possible, each word should retain some mne-
monic similarity to the original word.

4. It would be a useful feature if the abbreviated
word could be systematically transformed back into
the original word when desired.

5. It would be a useful feature if the abbreviated
words could be used as a basis for sorting the origi-
nal words in nearly correct alphabetic order.

These are idealized requirements which have not
been met in full by any o the methods described
in the following sections.

The abbreviation procedure may or may not rely
on prior detailed knowledge of the body of wordsto
be abbreviated. A method based on prior detailed
knowledge may be called an assigned code system,
and a method not requiring such knowledgeis called
a derived code system. From the standpoint o
uniqueness and storage space, one of the most effi-
cient schemes would be an assigned code method
that used a previously established table of code
numbers or abbreviations for each word that would
subsequently be encountered. The scheme would
require the initial development d a table and con-
tinued reference toit. Derived code systems would
generally accept and abbreviate any word presented
to the system, without the use of detailed tables
generated in advance.

As illustrated in Table 3-5, the 26 characters o
the English alphabet offer a large number o coding
possibilities, so that a few alphabetic characters are
capable of providing a large degree of discrimina-
tion. Even if the non-pronounceable letter com-
binations were removed, there would still be a large
number o code combinations. The use of a few

TABLE 3-5

Number of Unique Codes Possible with a Series of
Alphabetic Letters

Number of
Unique Codes
Possible

Number of Characters
Usd in the
Abbreviaion

26

676

17,576

456,976

11,821,376
26"

ROV W N~

alphabetic characters in an automobile license num-
ber, for example, provides a large number o pos-
sible codes with just a few letters. There has even
been a compilation and publication of 1805 three-
letter words and 19,005 four-letter words which
have the specia property o being self-demarcat-
ing.® That is, the words are serially unique, dis-
junctivein combination, and reasonably pronounce-
able. A computer program has even been written
to generate pronounceable three-letter and four-
|etter words.®

Derived Coding Methods

The derived coding methods generate a code di-
rectly from the source material without the neces-
sity for table look-ups.” In nearly all the methods
described in this section, theinitial letter isretained,
and the scheme is not executed if the word length
isinitially less than or equal tO the desired length
d the code word. Each of 13 different methods is
briefly described below.

Simple Truncation d the Right End. Starting from
the right end of the word, drop df letters until the

5 Luhn, H. P., Sdf-Demarcating Code Words, 2nd ed.
(IBM Corp., New York, 1953).

8 Leiner, A. L., and W. W. Youden, "A System for Gen-
erating Pronounceable Names Using a Computer,” Journal
of the Association for Computing Machinery, Vol. 8, No. 1,
pp. 97-103 (January 1961).

7In thistext, a" table look-up" isdefined as the operation
of looking up someitem in a table or index, given a particu-
lar search key. For example, to look for a specific telephone
number in a telephone directory, given a person's name,
would be considered a table look-up operation.




required word size is obtained. No exceptions or
other operations are allowed. This very simple op-
eration is often used to derive some library call
numbers.

Simple Truncation of the Left End. This process
is the same as the simple truncation o the right
end, except that the letters are dropped from the
left end of the word.

Elimination of Vowds. Starting from the right end
d the word eliminate vowels (a, g, i, 0, u) until the
desired word length is reached. If the word can-
not be sufficiently shortened by this method, use
simple truncation o the right end {0 reach the de-
sired length after the vowels are eliminated. The
common method of manual note taking referred tO
as"' speedwriting™ usesthis type o coding (plusthe
elimination of other characters) in order to reduce
theamount of material {0 be written.

Selective Drop-Out by Letter Position. Starting
from the left end of the word, eliminate every nth
letter. (Each different n constitutes a different
technique and results in different efficiencies) The
use d thistechnique to reduce a word to three char-
acters by dropping out every second character (i.e.,
n = 2) is shown in the two examples below.

Firdpass  ABLATION  AGCEPTANCE
Seoond pass  AETO A¢PAC
Final result  ATO APC

Selective Drop-Out by a Single Ranking of Letter
Usage. Using an empirical ranking of the com-
positeS frequency o usage of the 26 alphabetic
characters, such as the ones given in Table 3-3,
eliminate the most common letters until the desired
word length is reached.@ I n case two letters are
equally common, remove the right-hand letter first.
Because d the different source material used in pre-
viousempirical studies, the published frequency dis-
tributions may not accurately represent the sta-

8 That is, an average frequency of usage, regardleas of
the letter positions. There are distinct differences in the
character frequency distributionsfor the various letter posi-
tions (Figs. 3-2 and 3-3).

9 Luhn, H. P., "Superimposed Coding with the Aid of
Randomizing Squares for Use in Mechanical Information
Searching Systems," Chapt. 23 in Punched Cards—Their
Application to Science and Industry, 2nd ed., Casey et al.,
editors (Reinhold Publishing Corp., New York, 1958).
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tistical nature of the new data to be abbreviated
or processed. It may be necessary 1O test or de-
termine the frequency distribution of the new input
data before using any o the abbreviation schemes
that require a frequency distribution.

Selective Drop-Out by Separate Rankings of Char-
acter Usagefor Each Letter Position. Using a sep-
arate empirical ranking o letter usage for each
letter position, examine each word t0 determine the
respective ranking of each of the characters present.
Then remove the letters in the order o their fre-
quency until the desired word length is obtained.
In case two letters have equal rank, remove the
right-hand letter first.

I't has been found that there is a marked similar-
ity in the ranking and distribution of most of the
characters, regardless of their letter position (see
Figs. 3-2 and 3-3). However, for both subject
words and proper names the distributions of the
first two, and possibly three, letter positions are
each markedly different from the distributions of
all the other letter positions. In particular, the
frequency o vowels in the second letter position
suggests that this position does not provide a great
ded o discrimination.!?

Selective Drop-Out by a Single Ranking of Bigram
(Letter Pair) Usage. Using an empirical ranking
o the compositefrequency d occurrenced bigrams
(ie., ignoring the position of bigram occurrence
within the words), examine each word {0 determine
the ranking o all the possible letter pairs (ad-
jacent letters only). The elimination process con-
siders the association of each letter with the neigh-
boring letters and rejects the letters which make up
the most common bigrams. With the exception of
the initial letter (which is retained by policy) each
letter contributes tO two different bigrams. The
total ranking o the frequenciesdf these two bigrams
is the selection criterion for that particular letter.
Each letter is evaluated in this way {0 derive its
index or measure  discriminative power. Those
with the least discriminative power are removed {0

10 This has been recognized by other workers, notably
Cox, Casey, and Bailey, who have designed punched card
codes (for coding proper names) that either ignored the
second letter, or provided separate coding spaces for each
vowel and one or two additional code spaces to take care
of the remaining 21 characters (Cox, G. J., et al., cited pre-
viously, fn. 1).
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arrive at the desired word length. The process is
shown by the following example, reducing the word
ACETYLENE to four characters:

Bigram rankings 66 538 25 108 164 24 20 26

Letter A N (space)
Letter index 124 83 133 272 188 44 46 28

Final result A T Y L

I't would aso be possible to operate with trigrams
or larger groups of letters, and consideration could
be given to letter pairs that are separated by one
or more letters. It would also be interesting to ex-
aminethe use o a separate bigram ranking for each
letter position.

Truncation after Elimination of the Second Char-
acter. Eliminate the second character o the word,
counting from the left side of the word. Then per-
form simple truncation, starting at the right end
o theword. No exceptions or other operations are
allowed. Thismodification of the simple truncation
scheme should benefit by omission of the second
letter with its weak discriminative power.

The Use of a Check Digit (or Letter). The dis-
criminative power of any of the preceding coding
schemes can probably be enhanced by using a check
digit or check letter to describe the letters that have
been eliminated.!* For example, an abbreviation
technique may reduce COMPUTERS and COMPU-
TATION to the same root, COMPUT, with a re-
sulting lossin discrimination. Using a check letter,
the original words would abbreviate to COMPU *,
the letter in the asterisk position generaly being
different for each origina word. There are severa
ways to generate a check letter: (1) add the num-
bers that represent the alphabetic position of the
eliminated letters (eg, A=1,B=2...,%Z=
26); (2) add the numbers that represent the fre-
quency rankings of the eliminated letters (e.g., E =
1L,A=2 ..., Q= 26for names); and (3) count
the number of eliminated letters. If the number
resulting from any o these operations islarger than
26, then cast out 26 as many times as possible; the
remainder (lessthan 26) isthen used as the entry
in a table of check letters. The table of check let-
ters could be a simple listing of the alphabet. One
method for deriving a check digit is shown in the

11 Check digitsare generated and used in many wayswith
data processing systems. However, the application of check
digits to word abbreviation to represent the omitted letters
isrelatively new. (See H. P. Luhn, Chapt. 23 in Casey et
al., mentioned earlier in this chapter, fn. 9.)

following example, in which the word ABLATION
is reduced to a total of four characters by simple
truncation and the addition of a check letter:

14-204+9-+15+4+14=59=26+26+-7=H
Original word ABLATI ON
Final abbreviation A B L H
The table for the eliminated letters uses A =1,
. .., % = 26; but the table for the derivation o
the check letters usesvalues A=0, ..., Z =25
since it is possible to obtain the value zero if the
first number exactly equals a multiple of 26.

Shuffle and Truncation. Shuffle the letters of the
word, then drop the letters from the right end until
the desired word length is obtained. The shuffle
consistsof a simple folding of the letters within the
word, as in the following example, in which the
word ABLATION is reduced to four letters. Dif-
ferent types of folding patterns can be used.,

N = ANBOLFKT = ANBO

Elimination of Miscellaneous Redundancies. Some
benefit may result from operations like the deletion
o U after Q, or o one d a pair d the same letters
(e.g., tt, mm, nn), or of the second vowel o a double
vowel (e.g., ae, io, 0e). These possibilities for re-
duction are not frequent enough to be the basis o a
complete technique, but taking advantage of them
whenever they do occur canenhanceother techniques.

Arithmetic Manipulations. |n some types of com-
puter equipment it is possible to do such things as
squaring the original word and using some of the
digits of the result asthe abbreviated word. There
would be no resemblance to the original word, but
the transformation might yield a relatively unique
expression. The abbreviations would probably be
numbers, or mixed alphanumeric and specia char-
acters. Other types of arithmetic operations could
also be used.

Soundexr Code. The conventional Soundex system
for manual files converts a name to a code word
having one alphabetic character and three numeric
characters.!? |t is possible to generate larger code

12 Remington Rand, Soundez—Foolproof Filing System
for Finding Any Name in the File, Brochure LBV809 (un-
dated).

Remington Rand, ldem Sonans Says Its
(Soundez), Brochure LBV528 (undated).

Legal




words, but this is seldom done. The conversion
rulesare these:

1. Always retain the initial letter & each name

2 Dropout A E I,0,U, Y, W, and H.

3. Asign the following numbersto the remaining Smi-
lar-sounding sets d letters:

B,F,P, V=1
C,G JKQS8,X,Z=2
D,T=3
L=4
M,N=5
R=6
I nsufficientconsonants = 0
(eg., DARLINGT@N = D645)
4. Specid cases
i. If there are insufficient letters, fill out with zeros
(e.g., MORAN = M650).
ii. Drop out the second letter in a letter pair (eg.,
KELLEY = K400).
iii. Drop out adjacent equivalent letters (e.g., JACK-
$ON = 5250).
iv. Drop out adjacent equivaents d the first letter
(eg, LLGYD = L300).
Most o the methodsd shorthand note taking utilize
such phonetic coding (without numbers) to reduce
the bulk of material to be written. These shorthand
methods obtain further condensation by using a
family o special graphic symbols to represent the
phonetics.

Comparison of Derived Coding Methods

In most coding situations, the major objective is
to condense the words as much as possible while
maintaining a maximum amount d discrimination
between the words. Success in meeting this objec-
tive can be measured more accurately than for any
d the other objectives mentioned previously. Tests
have been made on several of these techniques by
abbreviating the test material to a given number of
characters, then counting the number o unique en-
tries that remain after the abbreviation process.*?
In thisway the degree of uniqueness was measured
for various amounts o abbreviation. These data
provide a measure d the performance o each
scheme, and can be plotted to form summary curves
d the operating characteristics & each abbrevia-

18 Bourne, C. P., and D. F. Ford,"A Study o Methodsfor
Sysemdticdly Abbreviating English Words and Names'
Journal of the Association for Computing Machinery, Vdl. 8,
No. 4, pp. 538-552 (October 1961).
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tion scheme. In practice, the codes should also be
evaluated on such criteria as ease of use and deriva-
tion.

The data base used for the experimental compari-
sons shown is Figs. 3-6 and 3-7 consisted d a list
of 2082 different single-word Uniterms (e.g., "' mag-
netic,” "optical™) that were used in an operational
coordinate indexing system to index a collection o
technical documents. The full and correct spelling
o the words was used for all the tests.

The data base used for the comparisons in Fig.
3-8 was a list of the 8207 names o the entire 1959
student registration of Stanford University. Inits
origina application for student registration, each
o the names was restricted to a field d 25 charac-
tersand consisted o at |east the last name and some
combination of the first and middle (or more)
names and their prefixes. The full names were con-
densed by removing all spaces and specia charac-
ters (e.g., hyphens) and compressing them to form
single sequences d 22 or fewer characters.

Figures 3-6 and 3-7 show the results d tests on
the sample o subject words; Fig. 3-8 shows the re-
sults of tests on the sample d proper names. These
threefigures show, for a given number d code char-
acters used, the ratio (expressed as a percent) o
the number o unique entries after abbreviation to
the number d unique entries before abbreviation.
In general, none o the tested techniques produced
abbreviations that could be transformed back into
the original words, and none o the techniques pro-
duced abbreviations that bore a strong resemblance
to the origina word. With the exception o the
statistical data describing the nature o the words
to be abbreviated, no table look-up or prior knowl-
edge o the input data was required.

The familiar techniques of simple truncation and
vowd elimination produced the poorest results.
Schemes that took advantage of the statistical na-
ture o the words (i.e.,, drop-out by a composite
frequency distribution, drop-out by a separate fre-
guency distribution for each letter position, and
drop-out by bigram rankings) produced, better re-
sults. The shuffle scheme produced mediocre re-
sults, and the technique d selectively dropping the
nth letter produced some good results and some bad
results. In the two basic schemes (truncation, and
selective drop-out of every second letter) that were
run with and without the generation o a check let-
ter, the check letter improved the performance.

For subject wordsand for proper names, the best
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FIG. 36 Operating characteristics for the abbreviation

performance was obtained by dropping every other
letter and generating a check letter, i.e., selective
drop-out, n = 2, with a check letter.

For subject words, severa o the performance
curves crossed each other, so that no single scheme
was "best," i.e., the "best" scheme varied with the
number d letters allowed in the abbreviation. Be-
cause o the large number o tests on the subject
words, the curves were plotted in two different fig-
ures, making it difficult to compare the techniques.
Therefore, Table 3-6 was produced to show the
rankings, by performance, o all the tested tech-
niques, for abbreviated word sizesd 3, 4, 5, and 6
characters. The table showsthat for subject words
and an allowable field size o 3 to 6 characters, the
best performance was obtained by dropping every
other letter and generating a check letter. Thetest
results for proper names did not intersect on the
chart and thus there was a single "best" technique
for all degreesd abbreviation. Acceptanced these
conclusions should be tempered by recognition that
not all o the described techniques have been tested.

The subject words o the data base ranged in
length from 1 to 23 characters. However, with

b, ‘actad with Tt

ject words.

most o the abbreviation techniques, the data could
still be represented by 8 t0 10 characters while re-
taining the same degree o discrimination as the
original words, i.e., the number o unique file items
remained the same after abbreviation even though
the field size had been restricted to 8 or 10 charac-
ters. The proper names d the data base ranged
from 6 to 22 characters after editing. However,
these names could also be reduced to 8 to 10 char-
acters while retaining a high percentage o their
origina uniqueness. These results would probably
vary with the total size and configuration d the
data base being processed.

Assigned Coding Methods

Assigned coding methods require the use of de-
tailed code tables for both the coding and decoding
operations. Any type of material can be coded by
this technique; single words or even large groups
d wordscan be condensed into a concisetable entry.
For example, in 1874 Bloomer published a code dic-
tionary o frequently used sentences and statements,
to reduce the cost o cabling and to provide a cer-
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TABLE 3-6

Ranking of Techniques by Performance on Subject Words

Allowable Fidld Size (No. d Characters)

3 4 5 6
1 1 1 1
3 2 4 2
4 4 5 4
6 3 3 6
2 5 7 3
Technique 8 8 8 5
Number 9 6 9 7
10 7 2 9
5 9 6 8
11 10 10 11

7 11 11

12 12

Note: The best techniques are at the top o thelist.

Legend
Technique
No. Descriptiond Technique
1 Selective drop-out (n=2) with a check

letter
2 Selective drop-out by separate rankings o
character usage for each letter position
Selective drop-out by a single ranking o
bigram usage
4 Selectivedrop-out (n = 2)
5 Sdlectivedrop-out (n = 3)
6 Sdlective drop-out by a single ranking do
letter usage
7 Sdectivedrop-out (n = 4)
8 Truncate right end and add check letter
9 Vowd elimination
10 Shuffle
11 Truncate right end
12 Truncate left end

w

tain degree of message security.* Examples of his
codes are given below, with their assigned meaning:

Fient: Panic in the market. If you want to sell,
telegraph immediately.
Phelan:  Be careful in dedling with them, as they will

take advantage, although their means are
ample.

14 Bloomer, J. G., Bloomer's Commercial Cryptograph—
A Teletype and Double Indez-Holocryptic Cipher (A.
Roman & Co., San Francisco, Cdlifornia, 1874).

Hoop: Remit to us in gold coin by express, letting
portions come daily until all is sent; limit-

ing shipments to the amout of

A similar code dictionary was published in 1913,
which included the following:

Loranthus:  Sdll out at once; do not delay.

Coloring: Do not decide until you receive my |etter.
Adjunct: Have had no letters from you for a fort-
night or more. Are dl well?

Reversible:  We all unite in wishing you a very Merry

Christmas.

Commercial, government, and amateur radio and
teletype operators use a variety of standard code
terms to save transmission time and effort. Ex-
amples of these code terms are:

GM Good morning

CUL See you later

BCNU I'll be seeing you

73 Best regards

QRM Are you being interfered with?

I aminterfered with.
Have you anything for me?
I have nothing for you.

QRU

Some military organizations use standardized ab-
breviated writing for applications where data must
be recorded or transmitted as quickly as possible.®
An example of thistype of notation is given by the
following:

POW states he was a Msgr with the 22nd M Tk Bn o
the 316th Fus Mecz Div. CO do the Div is Col Hans
Heiner, a tough and energetic Of who has written sev-
eral FMs on Armd tactics and Sup. Div was formed
from the remnants o the old 41st Med Tk Brig under a
new TOE effective 1 Jan 1954, and was a Repl unit until
recently committed to the line. ElIms d Svc units from
the FIRST Fus Rif Army (Reinf) have been Atchd.

The message is expanded here to illustrate the de-
gree of compression that was obtained.

The prisoner d war states that he was a messenger
with the 22nd Medium Tank Battalion o the 316th
Fusilier Mechanized Divison. The commanding officer
d the Divison is Col. Hans Heiner, a tough and ener-
getic officer who has written severa fidd manuals on
armored tactics and supply. The Division was formed
from the remnants o the old 41st Medium Tank Brigade

15 , The Adams Cable Codex, 10th ed. (F. O.
Houghton & Co., Boston, 1913).

18 Military Symbols, Dept. d the Ar ny Field Manua FM
21-30 (June 1951).




under a new table d organization effective 1 January
1954, and was a replacement unit until recently com-
mitted to the line. Elements d service units from the
14 Fusilier Rifle Army (reinforced) have been attached.

Thistype of abbreviation can easily be generated
and interpreted after practice. The message can be
filed in abbreviated form and later expanded into
the original text.

Some computer and data processing systems use
special name-coding techniques to identify custom-
ers or accounts. In many cases these codes are
combinations of fragments of the individual's name
and address, sometimes with additional data such
as the type of account or details of the account.
One particular name-coding scheme derives an 11-
character code from elements o the person's family
name and initials, birthday, sex, and a check digit.*’
The first 6 characters are the first 4 letters of the
family name followed by the first and middle initial.
The next character represents the month of the
birthday, and the next 2 characters represent the
day of birth, The next character represents the
unit digit of theyear of birth, and the last character
isacheck character for the preceding 10 characters.
Missing letters are replaced by an X.

Another name-coding scheme, which has been
used successfully for driver licensing and motor
vehicle registration, uses elements of the person's
name, age, and physical characteristics to form a
code 15 characters long.*® It takes advantage of
the fact that while there are about 134 million dif-
ferent names in the United States, approximately
50 percent of the people have only about 1500 dif-
ferent names (Smith, Jones, etc.). A table look-up
operation identifies each of approximately 8000 of
the most common names with a four-digit number.
Theused thefirst letter of the name plusthe four-
digit number is said to produce an alphabetic se-
guence which is 8 to 9% percent accurate. The
four-digit number is then appended to the first let-
ter of the family name. To these 5 characters rep-
resenting the last name, 3 more digits are appended
representing the first four letters of the first name.

17 Luhn, H. P., A Personal Identification Code, IBM
Corp., Report AM-1.01.022.001 o the Advanced Systems
Devdopment Divison, Yorktown Heights New Yok
(Augudt 19, 1959).

18IBM Corp., General Information Manual: A Unique
Computable Name Code for Alphabetic Account Number-
i ng, Report F20-8052 of the Data Processing Divison, White
Rans, Newv Yok (1960).
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Over 90 percent of first names can be found in
approximately 770 four-letter combinations. Two
digits are then appended to represent the middie
initial. Theremaining 5 digitsof the code are based
on persona data and characteristics; 1 character
for month of birth, 2 digitsfor year o birth, 1 char-
acter for combination of sex and eye color; and 1
digit for range o height. This coding scheme re-
portedly produced code entries which were com-
pletely unique for several years of operation o the
driver licensing and motor vehicle registration de-
partments for a large state. Other examples o
specific account coding techniques are referenced
below.2?

Many elaborate assigned coding schemes have
been developed, especially by large publishers, for
maintaining mailing lists having up to 40 mil-
lion names. Business and industrial organizations
aso maintain large lists for mailing internal re-
ports and notices, company publications, press re-
leases, and mail advertising. As mentioned earlier,
there are many organizations that specidize in col-
lecting, maintaining, and selling lists of names for
direct mail advertising, like the familiar '(Occupant™
addresses. In many o these cases, the coding
schemes are quite elegant, and are implemented
with computer or punched card equipment. A well-
organized company mailing list may often consist
of 15 or 20 different lists, including lists for each
company publication, for different types of meeting
announcements, for various types of press releases,
and for various groups of customers. Thelist might
aso include a geographic code showing the general
area and major city of the addresses, and dis
tinguishing between classes of direct and residue
cities as specified by the Post Office. The files may
also be arranged so that the lists are organized in a
hierarchical order by geographic region, city, street,
name, and number instead of alphabetically by
addressee. For mailings, this arrangement can save
the Post Office a tremendous amount of effort; some
o the larger publishers are able to save the Post

1 Ogtinger, A. G., "Account Identification for Auto-
matic Data Processng,” Journal d the Assecidtion for Com-
puting Machinery, Vol. 4, No. 3, pp. 245-253 (July 1957).

Taunton, B. W., "Name Cale-A Method & Hling Ac-
counts Alphabeticdly on a Computer,” Data Processing,
Vol. 2, NO. 3, pp. 23-24 (March 1960).

Trueman, R. E., "Devdlopment o an Efficient Account-
Numbering Method,” Management Science, Vd. 7, No. 3,
pp. 265-279 (April 1961).
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Office hundreds o thousands of dollars per year by
organizing their mailing lists in this way. In re-
turn for this pre-sorting service, the Post Office
alows reduced rates, and some saving in delivery
time usualy results. The user with a geographic
file problem might consider the use o a numerical
code for states, counties, and cities o the United
States. A code system of this type, which also in-
cludes an indication o thecities or counties' recent
population total is available from IBM.2* The
same organization has also published some other
useful general explanations of coding schemes.?

Another common example o assigned coding is
the notation used in many libraries with the Uni-
versal Decimal, Library o Congress, Bliss, or other
classification schemes. The coding or notation is
used for convenience to represent the various sub-
ject classes. The following examples describe some
o the notation used by several subject classification
schemes:

Classification ~ Sample Notation Term
Dewey Decimal 621.312 136  Winddriven electric
plants
Library of TK 1001 General transmission
Congress of power

Universal Decimal  551.507.362.2  Artificial satellites

A distinction should be made between the classifica-
tion scheme and its system of notation or coding.
For any classification scheme, avariety o notations
could be used, and each would have little effect on
how well the scheme organized a collection of in-
formation. The notation of a scheme is a matter
that should be considered independently o the basic
question of how information should be grouped and
organized. Unfortunately, classification systems
are often criticized primarily on the basis of their
notation, even though it is quite possible to com-
pletely change the system of notation without chang-

20|BM Corp., Numerical Code for States, Counties, and
Cities of the United States, Brochure X21-4653,IBM Corp.,
New York (1958).

21|BM Corp., Account Numbering and Self-checking
Number Systems, Brochure G22-8502-0, IBM Corp., New
Yok (June 1959).

Modern Coding Methods, Brochure X21-3793-6, |BM
Corp., New York (undated).

Reference Manual: Indez Organization for Information
Retrieval, Brochure C20-8062, IBM Corp., Data Processng
Div., White Plains, New York (1961).

ing the basic structure of the classification scheme.

One further example of word coding is given by
the ASTIA Thesaurus Code Manual, a table of code
numbers for each descriptor used in their indexing
system.2? The use of fixed-length numeric code
numbers instead of the full alphabetic spelling of
the descriptors simplifies the subsequent machine
handling by the data processing equipment. A
seven-digit number is assigned to each descriptor so
that numeric sequence and alphabetic sequence co-
incide. The machine codes for astronomy, beeswax,
and cats are 0534000, 0711000, and 1098000, re-
spectively.

Another good example d an assigned coding
schemeis the use of an empirically derived table to
code the names or subject headings into equal-in-
terval groups. Such a scheme is useful, because in
many practical applications it may be desirable to
break a file or list of people's namesinto groups of
equal size. Thisiseasy t0o do if the file or list al-
ready exists. However, it may be necessary to make
the division before the file items are collected, and
thus before the characteristics of the file can be
known. An example would be the establishment
(by the letters d the name) of equal-size groups
o new students to be registered during the eight
time periods available for class registration. An-
other example would be the establishment of call
numbers for library books to help group the books
on the shelves within a particular subject classifica-
tion in alphabetic order by the author's name. Such
cal numbers have been derived in many libraries
by using equal-interval tables such as the ones de-
scribed in this section. The tables most commonly
used for the establishment of library call numbers
have been the Cutter-Sanborn tables, first developed
by C. A. Cutter in the 1880’s and based on lists of
author's names, and later modified by K. E. San-
born.?* Several other equal-interval tables have
been developed for library call numbers.?*

These situations can be handled by using em-
pirical data like those in Table 3-7 which show the

22 ASTIA Thesaurus Code Manual, an un-numbered re-
port of the Armed Services Technical Information Agency
(June 1961).

23 C. A. Cutter's Alphabetic-Order Table— Consonants ez-
cept 8 Altered and Fitted with Three Figures by Miss Kate
E. Sanborn (Library Bureau, Boston, 1896).

24\W/. C. Berwick Sayers, A Manual of Classification for
Librarians and Bibliographers, 3rd ed., rev., Chapt. 23 (Graf-
ton & Co., London, 1955).
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TABLE 3-7
Numerical Breakdownfor Coding Namesinto Equal-Size Groups
Aa- Alk 01 Ell - Eu 27 Lan-Led 52 Rip - Rog 76
All - Andq 02 Ev - Feq 28 Lee - Lewi 53 Roh - Rue 77
Andr - Au 03 29 Lewj - Lol 54 Ruf - Sans 78
Aum - Bal 04 Fer - Hem Lom - Lym 55
Flen - Fram 80 Lyn-Magm 56  Sant - Schn 79
Bam - Bar 05 Fran-Gaa a Scho - See 80
Bas- Bdk 06 Magn - Marsg 57 Sad - Shel 81
Bell - Beu o -G 32 Mash- Moat 58  Shem-Simo 82
Bev - Bln 08 Glb-G 34 Mcau - Mcem 59 Simp - Smith, G. 83
Blo - Bour 0 o g‘?d Mcen - Mcni 60  Smith, H. - Sot 84
Bous- Breec 10 rad - Bf 35 Menj - Mey 61 Sou - Stans 85
Breed - Brown, H. 11 Grie-Hag 36 Mez - Mir 62 Stant - Stev 86
Brown, I. - Bun 12 Hah - Ham 37 Mis- Mord 63 Sew - Stuf .87
Buo - Cdc 13 Han - Harrisa 38 More- Muk 64 Stug - Tag 88
sy Mul - Nea 65
Harrisb - Hay 39 .
Cdd - Caq 14 _ Tah - Thel 89
Haz - Hero 40 . . .
Carr — Chanc 15 Herp - His 41 Neb - Nid 66 The - Tis 90
Clar - Cdfe 17 Hoo - Hua 43 Tur - Vag 92
Coff - Con 18 Ohb - P4 68
Hub - Hya 44
Coo - Coy 19 _ Va - Wak 93
Hyb - Jam 45
Coz - Culp 20 Pag - Patte 69
Culg - Dau 21 Jan- Johnson, R. 46 Pattf — Pes 70  Wall - Wat 94
Johnson, S - Kac 47 Pet - Pk 71 Wau - Wer 9%
Dav - Dek 22 Pl1- Prh 72 Wes - Wh 9%
Dd - Dim 23 Kad - Kd 48 Pri - Rand 73 Wi - Wilm 97
Din - Doy 24 Kdm - King 49 Wiln - Wom 98
Doz - Dye i) Kinh - Kor 50 Rane- Ren 74 Won - Wyc 99
Dyf - EIk 26 Kos- Lam 51 Reo - Rio 75 Wyd - Z 100

Source: This breskdown is a modification d the resultsd a detailed study d 63,000 names by the Records Bureau o
Stanford University. To smplify the use d thistable, some d the groups have been rounded df to smpler demarcation

points.

statistical distributions of names that have been
observed with other representative files. Table 3-7
is divided alphabetically into 100 groups, each
group representing approximately %44 o the en-
tire file. If, for example, a large and unknown
group of peopleisto be divided into 10 groups, then
theend o every tenth group in Table 3-7 could be
used as a separation point.

PRIME NUMBER CODING

For coordinate indexing systems, a workable cod-
ing scheme can be developed in which each subject
headingor Uniterm isrepresented by a unique prime

number, and a particular document represented by
the arithmetic product of all the pertinent prime
numbers. In this way, the subject index o a col-
lection would consist of a list of numbers, with one
number for each file item. A search is made by
arithmetically dividing the search primes, or the
product of the search primes, into the number that
describes a particular document. The search cri-
teria are satisfied if there is no fractional remainder
after division.

As an example, consider a system which had a
code dictionary such as the following, in which each
descriptor was represented by a unique prime
number.
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Code Number
Descriptor (Primes)
Abstracts 2
Aperture cards 3
Artificid language 5
Automata 7
Automatic abstracting 11
Automatic indexing 13
Automatic programing 17
Bibliographies 19
Bliss classification 23
Catdoging 29

Character recognition 31

A document which was characterized by the three
descriptors Automatic indexing, Bliss classification,
and Cataloging, would be represented by the num-
ber 13 x 23 x 29 = 8671. That s, thissingle num-
ber, 8671, would uniquely represent the joint oc-
currence o those three descriptors, since with the
given table, thereis no other way to derive the num-
ber 8671. Each item in the file would have its sub-
ject content represented by a single concise number.
For searching purposes, each o these compound
numbers would be divided by the code number for
the search term, to find those numbersthat could be
divided without giving a finite remainder. For
example, if our file item represented by 8671 were
to be examined during a search for Automatic in-
dexing, the search examination would consist of
the division operation 8671 + 13 = 667, which pro-
duces an answer with no fractions. Aside from
the three terms used for indexing (13, 23, 29) no
~ other terms in the code dictionary can divide into
8671 without yielding a fraction remainder.

This particular scheme is awkward and cumber-
some for the human user, and is not suited for
manual systems. However, its numerical nature
makes it amenable to mechanization by computers
or other devices that can easily form the compound
numbers and do the division for the search opera-
tions. Another difficulty with the system isthat as
the size o the dictionary or authority list grows, so
does the length o the number that represents the
average document. The magnitude o the final
product depends upon the number o descriptors
used and the size of the indexing vocabulary. If a
dictionary o several thousand words is required,

and if prime numbers are assigned in ascending
order (2, 3, 5, . .), then the last items in the
vocabulary will be represented by large numbers, as
shown in the following list,?®

The  50th prime numberis 227

100th 523
200th 1217
500th 3,559
1,000th 7,907
5,000th 48593
10,000th 104,723
15,000th 163,819
20,000th 224729

If the dictionary has 10,000 descriptors, then a
document with 12 descriptors would require a coding
field sufficiently large to hold a number slightly less
than (104,723) 2, The magnitude o this number
is approximately 1.8 < 108, which can be.repre-
sented by 61 decimal digits. A procedure of assign-
ing the smaller prime numbers to the most frequent
descriptors would reduce the average code length.
In any case, the formation and division of these
long numbers will pose some awkward problems for
computing equipment as well as for people.

The first references to prime number coding in
connection with document searching were made by
Buck in 1958.2¢ Buck made use of a mathematical
coding problem that was solved earlier by Gédel,
and referred to the coding as Gédel indices. Kokie
later described an operating system for an IBM 650
computer that used prime numbers o up to 4 digits
to index a file of documents.?” There are approxi-
mately 1200 prime numbers with 4 digits or less, so
that a reasonable dictionary size can be maintained
for a small filedf documents. Kokie's restriction to
4 descriptors per document was necessary because

25 Lehmer, D. N., List of Prime Numbersfrom 1 to 10,-
006,791, Publication No. 165, Carnegie I nstitute of Washing-
ton, D.C. (1914).

26 Buck, R. C., Studies in Information Storage and Re-
trieval: 1. On the Use of Gédel Indices in Coding, MRC
Technical Summary Report No. 53, University of Wiscon-
sin, Math Research Center, Madison, Wisconsin (October
1958), AD-207 325; and "Studies in Information Storage
and Retrieval: On the Use of Gédel Indices in Coding,"
American Documentation, Vol. 12, No. 3, pp. 165-171 (July
1961). I

27 Kokie, J. E., “An Experimental Numerical Informa-
tion Retrieval System," paper presented at the 15th Na-
tional Conference of the Association for Computing Ma-
chinery, Milwaukee, Wisconsin (August 1960).




the computer could not conveniently handle the
product d larger primes.

At this same time period, Cockayne and Hyde ex-
perimented with a prime number coding system for
chemical compounds, using a computer searching
system, and stated that they found thisto be a way
to achieve a savings in storage space over more con-
ventional systems.?? Some 25,000 organic chemical
compounds were coded with prime numbers that
represented their physical and other properties.
This system was indexed by 208 different strue-
tural features, and used the first 208 primes. The
smaller primes were all ocated to the more frequently
occurring features in an effort to keep the prime
product to a relatively small number. For a given
chemical compound, the primes corresponding to its
structural features were selected and multiplied,
and the resulting product was used as the code for
that chemical compound. The test for the presence
d a set o features consisted of dividing the code
number by a factor, formed from the primes cor-
responding to the particular set, and testing for zero
remainder. This process selected those compounds
that had at least the specified features. It was
found that even with the possibility o coding 17
features per chemical, the largest code number en-
countered, approximately 10%2, was very much less
than the computed worst case, approximately 10%2,

In a later publication, Lamm suggested that
prime number coding as previously described could
be usefully modified into a positional scheme, in
which the code for each element is a prime number
sdected in such a way that the digits occupying
various positions have special meanings.??

SUPERMPOSED CODING

Superimposed coding was first developed, anal -
yzed, and used as a coding technique for information
storage and retrieval systems—manua and mech-

28 Cockayne, A. H., and E. Hyde, "Prime Number Coding
for Information Retrieval,”” Computer Journal (Great Bri-
tain), Vol. 3, No. 1, pp. 21-22 (April 1960).

Fairthorne, R. A., "Prime Number Coding for Informa-
tion Retrieval" (a review of the article by Cockayne and
Hyde), Computer Journal (Great Britain), Vol. 4, No. 1,
p. 8 (April 1961).

29| amm, E., "Prime-Number Coding," American Docu-
mentation, Vol. 12, No. 3, pp. 172-177 (July 1961).
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anized—around 1947.2¢ Its principal advantage is
a reduction in storage space requirements for card,
tape, or computer systems. Other advantages, for
machine handling, are the built-in logic capabilities
and the alignment o the descriptor fields. The
primary disadvantages are the possibility o am-
biguities, the occurrence o fase drops2* the re-
quirement d coding and encoding by table look-up,
and most important—the lack o a single composite
indexing number that is convenient for human in-
terpretation, notation, and retention. The false
drop problem is not a serious one since code design
techniques alow the frequency o false drops to be
designed to any desired level.

The usua coding method consists o determining,
from a code dictionary, the particular pattern &f
marks assigned t0 each relevant descriptor, and
then superimposing the patternsd all these descrip-
tors to form one composite pattern to represent the
document. These patterns could be represented in
many forms, such as the punched holes in an edge-
notched card or numbers recorded on magnetic tape.
Themarksall exist only in one of two possiblestates
(i.e., a holeis either punched or unpunched, a num-
ber iseither 0 or 1). Thissituation is referred to
as binary coding, which is characterized by the fact
that each code element can only exist in one of two

30 Jsbell, A. F., "A Practical Application d a Punched-
Card System Utilizing the Superposition d Codes," paper
presented at the Division of Chemical Literature o the
American Chemical Society, 114th National Meeting, Port-
land, Oregon (September 1948).

Mooers, C., Application of Random Codes to the Gather-
ing of Statistical Information, Bulletin 31, Zator Co., Cam-
bridge, Mass. (1949) (based on M.S. thesis, MIT, January
1948).

Mooers, C., ""Zatocoding Applied to Mechanical Organi-
zation of Knowledge,"™ American Documentation, Vol. 2,
No. 1, pp. 20-32 (January 1951).

Mooers, C., "Zatocoding and Developments in Informa-
tion Retrieval," Association of Special Libraries and In-
formation Bureaux Proceedings, Vol. 8, No. 1, pp. 3-2
(February 1956).

Wise, C., "Mathematical Anaysis of Coding Systems,"
Chapt. 21 in Punched Cards: Their Application to Science
and Industry, 2nd ed., R. S. Casey et al., editors (Reinhold
Publishing Corp., New York, 1951).

81" False drops” are defined as items that are located in
response to a search request, but that have no relevance to
the search question. They occur because the resulting in-
dexing pattern on a particular document is not unique, and
can be synthesized from severa different combinations of
descriptor code patterns.
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states. The following illustration shows how the
method might be used for the encoding of a docu-
ment with 4 descriptors:

Descriptor Code Pattern

Magnetic 010000000001 100000

Computer  000000000010000011

Circuits 000000010001000010

Digital 000000000010000011
Resulting superimposad

code pattern:  010000010011100011

Just as in the case o prime number coding, a
single composite pattern is derived (with the aid o
a code dictionary) to represent the subject indexing
o that file item. However, in this case it is much
more difficult to transcribe, read, or otherwise handle
the composite pattern. Notice that thisis really a
code pattern, and not a specific number, although it
could be interpreted as a binary number and con-
verted to its equivalent in some other number base.
As mentioned earlier, the pattern could be a set o
punches in a card, a set d notches on the edge o
a card, a set o binary numbers stored on magnetic
tape, or a set o binary marks stored on a piece of
microfilm. The search process consists o superim-
posing the patterns o the search descriptors to form
a composite quiz pattern, then checking each file
item to see if the quiz pattern is included in the
pattern of thefileitem. A search issatisfied if there
is a corresponding mark in the file item for every
marked position in the quiz pattern.

The code patterns in the code dictionary are ini-
tially assigned to the descriptors on a random basis,
primarily to distribute the marking uniformly over
the whole coding pattern and enhance system per-
formance. However, thisis not essential to the op-
eration of a superimposed coding system. One in-
teresting modification o this random binary coding
might be to use certain pairs of letters taken from
the descriptor itself, rather than random numbers.??

To date, superimposed coding has been used pri-
marily for edge-notched card systems. The com-
plete card and coding system developed by Mooers
(seeFig. 3-9) is the best example of such a system,
and is referred to as Zatocoding.®®* In this figure,

82 Gilbert, P. T., J., "An Optimal Punch Card Code for
General Files” American Documentation, Vol. 9, No. 2,
pp. 84-98 (April 1958).

33 Brenner, C. W., "Experience in Setting Up and Using
the Zatocoding System,"” Chapt. 11 in Information Systems

the reference card is notched with the codes for 7
descriptors. The code pattern for each descriptor
has 4 marks (punches) in a total field o 40 posi-
tions. That is, in this example, there are 4 marks
per descriptor in-afield size of 40 coding sites. And
instead o showing the binary pattern o marks for
each descriptor (40 digits for each descriptor, con-
sisting of 4 ones and 36 zeros), the card shows the
location numbers o the positions on the card that
are to be punched. Thus the descriptor camera is
represented by 1, 8, 29, 34, meaning that those 4
positions are to be punched on the card. The top
d this figure shows the similar action that takes
place during the superimposition o the search terms.
Note that the composite search pattern is"included”
in the card's indexing pattern—hence the card
would be selected.

Superimposed coding has also been used with a
few tabulating card systems.’* However, Superim-
posed coding need not be restricted to these methods
of implementation, and could be used to good ad-
vantage for computer searching systems or for other
special equipment.®®

Finding the Number of Different Code Possibilities with
m Marks in F Positions

Many o the characteristics of superimposed
codes can be described mathematically; some o
these are discussed in more detail in later sections,
using the following terminology:

in Documentation, Shera et al., editors (Interscience Pub-
lishers, New York, 1957).

Brenner, C. W., and C. N. Mooers, "A Case History o
a Zatocoding Information Retrieval System,” Chapt. 15 in
Punched Cards, 2nd ed., R. S. Casey et a., editors (Reinhold
Publishing Corp., New York, 1958).

Perry, J. W.," Superimposed Punching of Numerical Codes
on Hand-Sorted Punch Cards" American Documentation,
Voal. 2, No. 4, pp. 205-212 (October 1951).

3¢ Schultz, C. K., "An Application of Random Codes for
Literature Searching,” Chapt. 10 in Punched Carols, 2nd
ed, R. S. Casey et d., editors (Reinhold Publishing Corp.,
New York, 1958).

Luhn, H. P., "Superimposed Coding with the Aid o
Randomizing Squares for Use in Mechanical Information
Searching Systems,” Chapt. 23 in Punched Cards, 2nd ed.,
R. S. Casey et al, editors (Reinkold Publishing Corp.,
New York, 1958).

as Mooers, C. N., The Application of Simple Pattern In-
clusion Selection to Large-Scale Information Retrieval Sys-
tems, Technical Bulletin No. 131, Zator Co., Cambridge,
Mass. (April 1959), AD-215 434.
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camsra
7y

18 20 =
|

T
selective device

3 11 15 »

1

g \ Y Y

2 4 ; 10 2 13 139 2§ 2“ 4 25 7 28 22 35 3¢é'
bl LAV AL L DAL | s

Descriptore Zatocodes Reference

eelective device 311 13 % U. 8. Patent No. 2,295,000

film tally % 17 2 Rmpid Selector-Calculator

photo-electric eensing 1 11 34 & Richard 3, Morse, Rochester, K. L

audio frequency code 9 16 29 31

campera 1 8 29 3% one claim

flash 17 23 34 38

counting 8 26 3» 3
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/

FIG. 3-9 Zzatocoding, illustrated with a 5-by-&inch edge-notched Zatocard.

«— F code positions —

(00100001001001 . . . 001
- ddescriptors
with m ones or
marks per de-
(0001000001000 ... 100 scriptor

00010000000101 ... 100

Superimposed
pattern: 00111001001101 ... 101

M ones or
marks in the
compodite fidd

Using this terminology, Fig. 3-9 could be character-
ized as having 40 code positions (F = 40), seven
descriptors (d = 7) with 4 marks per descriptor
(m=4), and 21 marks in the composite field
(M = 21).

Nearly all superimposed code systems represent
each term or descriptor by a fixed number of marks
in a coding field of fixed size. For example, edge-
punched card systems normally use one full side of

the card (about 40 holes or code positions) for the
coding field, with a random 4-mark pattern for each
descriptor. However, there are a limited number
o code possibilities for m marksin a field of F posi-
tions. For a given value o F (e.g., 40 for certain
edge-punched cardsj, the value o m should be
chosen to ensure that there are at least as many dif-
ferent code possibilities as there are descriptors in
the indexing vocabulary. The actual nhumber (N)
o different code possibilities for mmarksin a single
field of F positionsis given by simple combinatorial
analysis as the binomial coefficient, expressed below
in some o its common forms.3®

F
T omiF — m)i

F

v=()

ss Feller, W., An Introduction to Probability Theory and
Its Applications, Vol. 1, 2d ed. (John Wiley and Sons,
New York, 1959).

Parzen, E., Modern Probability Theory and Its Applica-
tions (John Wiley and Sons, Nev York, 1960).
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where code combinations. It will be shown later that the
Fl=FF-1)F-2)...1 valuesd F and m are usually chosenin a systematic
and way to ensure an upper bound on the number o

or=1

This means, for example, that there are 10 different
waysto mark 2 holes in a field with 5 hole positions.
That is,

N_(5)_ 5| 5:4:3.21 _
“\2/ 26-2)1 (2-1)@3-2:1)

Using this formula, the number o unique code pos-
sihilities was computed for several values o m and
F with the results shown in Table 3-8. When the
field size is an even number, the maximum number
d unique combinations is obtained when m, the
number of marks per descriptor, is one-haf o the
field size (i.e, m = F/2). If the field size is an
odd number, the maximum number of combinations
is obtained when the number o marks per de-
scriptor is %(F + 1).

The actual choice o F and m is usually a com-
promise among several conflicting objectives. It
is convenient, especially for manual systems, to use
a small value & m, to simplify the marking and
punching. However, a large enough value & m
must be used to provide the necessary number of

false drops that will occur during searching.

Number of Marks in the Superimposed Field

If each descriptor uses m marks in a single field,
and d descriptors are superimposed, then the total
number o marks, M, that actually appear in the
final patternwill lieintheranged mand md. Esti-
mates of the mean or average number o marked
positions have been made by Mooers and Wise.
One estimate suggests that the average number o
marked positions will be given approximately by 27

F — 1\¢
M=~F—-F —)
F

Another estimate suggests that the average number
d marked positions will be given approximately
by 88
M = F(l — ¢ ™md/F)
37 Wise, previous citation in Casey, p. 448 (fn. 30).
38 Mooers, C. N., The Ezact Distribution of the Number

of Positions Marked in a Zatocoding Field, Bulletin No. 73,
Zator Co., Cambridge, Mass. (1952).

TABLE 3-8

Number of Unique Code Combinations {N) for m Marks

in F Positions

Number of Marks per Descriptor (m)

1 2 3 4 6 7 8 9 10

1 1
2 2 1
3 3 3 1
4 4 6 4 1

Fdd 5 5 10 10 5 1

Sze (F) 6 6 15 20 15 6 1
7 7 21 35 35 21 7 1
8 8 28 56 70 56 28 8 1
919 36 84 126 126 84 36 9 1
10 10 45 120 210 252 210 120 45 10 1
15 15 105 455 1,365 3,003 5,005 6,435 6,435 *5,005 3,003
20 | 20 190 1,140 4,845 15,504 38,760 77,520 125,970 167,960 184,756
40 | 40 780 9,880 91,390 658,008 — — — —
50 | 50 1,225 19,600 230,300 2,118,760 — — — — —
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30

FIELD LENGTH (F) =40
25

T=AN N). OF TARKS (M)

& S
!

<]

L m = NO. OF MARKS IN EACH TERM

(o} 2 4
NQ OF SUPERIMPOSED TERMS {d)

6 8 10 12

FIG. 310 Mean value (ﬁ) of the distribution of marks in a field of 40 places resulting from the super-
imposition of d terms, each with m randomly placed marks.

Both of these expressionsare only estimates. How-
ever, various approaches for obtaining the exact
solution for the complete distribution o marked
positions as well as for the mean value have been
suggested and formulated explicitly.®® There are
some differences in the mathematical assumptions
used by the different investigators— hence the re-
sults, and the computation procedures are somewhat

39 Goldberg, J., et al., Multiple Instantaneous Response
Fib, Final Report RADC-TR-61-233, Stanford Research
Institute, Menlo Park, California (August 1961), AD-266
169.

Orosz, G., and L. Takées, " Some Probability Problems
Concerning the Marking of Codes into the Superimposi-
tion Field," Journal of Documentation, Vol. 12, No. 4, pp.
231-234 (December 1956).

different. The exact solutions are rather compli-
cated functions, and for the sake o brevity are not
repeated here. It is important to remember that
these solutions are the exact solutions to a model
that, unfortunately, does not exactly represent the
true operational situation. To date, all o the
models assume random, uniformly used descriptors,
with no correlation between descriptors.  All of these
models differ from the real-life situations, in which
some descriptors are used more thap others, and
in which the descriptors are not completely inde-
pendent o each other—for indexing or for search-
ing. Although no detailed study has been made to
show how well these models approximate the real
situations, preliminary studies indicate that they
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FIG. 3-11 Mean value (ﬂ) of the distribution of marks in a field of 80 places resulting from
the superimposition of d terms, each with m randomly placed marks.

provide a good first approximation. A few ex-
amples of the exact solutions of the mean number
o marks, and their distributions in a coding field
are given in Figs. 3-10, 3-11, and 3-12.4°

Risk of False Drops

There is a finite possibility that the superimposi-
tion of several descriptors could yield a pattern that
included the code pattern of one or more other de-
scriptors.  In this way, the final code pattern may
appear to include irrelevant code terms. There is
no way to look at the final code pattern in all in-
stances and say with certainty exactly which de-
scriptors were superimposed. The descriptors syn-
thesized by the superimposition operation may re-
sult in an irrelevant response during a search. The
possibility of this false drop is influenced by the

40 Goldberg report cited previoudly in this chapter, fn. 39.

coding and searching parameters, and can with
proper design, be made as small as desired. The
probability that a random interrogation will result
in a false item being selected is often expressed as
a "dropping fraction." One estimate of the upper
bound to the probability of selecting an unwanted

4 F

It has recently been shown that this upper bound
is a good approximation which overestimates the
exact random selection probabilities—thus it could
be used as a conservative estimate to demonstrate
the plausibility and general behavior of the code,
even though it may berather congervative for actual
design.#* The following approximation for the

4 Mooers, C., Zatocoding for Punched Cards, Bulletin
No. 0 of the Zator Co., Cambridge, Mass. (1950).
42 Goldberg report cited earlier, fn. 39.




dropping fraction was derived from a different ap-
proach from that used for the previous approxima-

tion: . "
(m) ___m!

() =

An exact, and rather involved expression for the
dropping fraction has been derived by Singleton,
who has aso computed the fractions for various
code combinations.# The results of these computa-
tions indicated that the Wise approximation is too
optimistic— frequently by several orders of magni-
tude— primarily because the derivation used the

q

d

#Wise, C. S.,, "Mathematical Anaysis o Coding Sys-
tems," Chapt. 21, p. 457 in Punched Cards, 2nd ed., R. S.
Casey et al., editors (Reinhold Publishing Corp., New Y ork,
1958).

44 Goldberg report cited earlier in this chapter, fn. 39.
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mean number o marks in the field instead o the
exact distribution. The reader is cautioned that
computed tables of dropping fractions that have
used this expression, or variations o it which con-
sider only the mean number o marksin afield, are
probably too optimistic for serious code design
work.*> The exact computations for the probability
of random selection for several different field sizes
aregivenin Figs. 3-13, 3-14, and 3-15. These calcu-
lations appear to support Mooers and Wise's rule
that for single-field coding, a code field is best used
when one-half of the places are marked.

45 Taube, M., A. Kreithan, and L. B. Heilprin, " Super-
imposed Coding for Data Storage with an Appendix of
Dropping Fraction Tables," Chapt. 5in The Mechanization
of Data Retrieval, Vol. 4 of the Studies in Coordinate In-
dexing Series (Documentation, Inc.,, Washington, D.C,
1957).

Stiassny, S., "Mathematical Analysis of Various Super-
imposed Coding Methods," American Documentation, Vol.
11, No. 2, pp. 155-169 (April 1960).
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How to Design the Superimposed Code

For relatively small retrieval systems, the user
can generally adapt the systems and code param-
eters found to be successful by other users. How-
ever, for newer retrieval systems that require high
performance of the superimposed coding system,
a special study and code design may be in order.
The design procedure is relatively simple, and con-
siders the following parameters: *¢

C thenumber d itemsinthetotal collection

L theanticipated lower bound d the num-
ber o descriptors normally used for
searching

M theanticipated upper bound d the num-
ber o descriptors normally used for in-
dexing

R the tolerable noise ratio = Epax/C

the maximum number o false drops with

L search descriptors

F  the length of the single fixed field for the
superimposed code

In terms o these parameters, each descriptor code
pattern should contain m marks (or binary ones),

where
()
_ <(%> (3.31) (—logso R)>

wherethe symbols () mean that the nearest inte-
gral valueistobetaken. Theleast number o sites

(F) that must be used to contain M descriptors is
F=(1445mM)

For a sample calculation, assume the following pa-
rameters:

Filesze (C) = one million items

Minimum number d descriptors used for
searching (L) = 3

Maximum number d descriptors ussd to
index eechitem (M) = 12

Maximum number d fase drops tolerable
with L search descriptors (Emasx) = 100

48 Mooas, C. N., The Application of Simple Pattern In-
cluston Selection to Large-Scale Information Retrieval Sys-
tems, Technicd Bullein No. 131, Zaor Co., Cambridge,
Mass. (April 1959), AD-215 434.
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Tolerable noise ratio (R) = Emex/C

R=E“P§=1—Elo—4

c 108
m:<G)@mx4%mmﬂ>

= (32 (=1 toma 109

= (3 -n(-0)

= (441)
=4
and
F = ( 1.445 (4) (12))
= (69.36) .
= 69

Repeating this computation procedure for severa
different values d M, while keeping the same values
o C, L, and E.x for this example, gives the follow-
ing results:

Max. No. d Required
Descriptors  No. d Marks  No. d Code
Usd to per Positions
Index Each  Descriptor Required
Item (M) (m) #)
3 4 14
6 4 29
12 4 69
20 4 96
40 4 191

The size o the coding field required, F, also varies
with the size of the file. This gdlight variation is
shown in Fig. 3-16, which illustrates the degree to
which the specification for Emex influences the size
d coding field required.
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Machine-language representation

For machine retrieval or processing, some nu-
meric, alphabetic, or special symbols must eventu-
aly be transformed to some physical representa-
tion—such as holes in a card or magnetized spots
on a magnetic tape—in order that they can be stored
and interpreted by the equipment. Most d the
equipment in use today has a limited capability for
representing and working with symbolic or textual
information. Most o the methods for representing
information on the various storage media (punched
cards, punched tape, magnetic tape, ete.) were de-
veloped and adapted by the manufacturers o equip-
ment that utilized these media. For example, both
IBM and Remington Rand had developed their own
separate card and code designs to go with their
equipment; the cards are not compatible, and each
o the coding systems uses only a small portion o
the coding potential of the cards. There have been
some attempts to develop a common or standard
coding system for mechanized information process-
ing equipment, but no definite standards have yet
been established. The following sections describe
the storage medium and coding systems used for
punched tabulating card (tab card), paper tape, and
magnetic tape systems.

PUNCHED TABULATING CARDS

The Storage Medium

IBM or Remington Rand punched tabulating
cards are used for virtually all o the mechanized
card-handling systems in the United States, with

70

IBM supplying most of the installations.* Each of
these card types (see Figs. 4-1 and 4-2) comesin a
variety of sizes (normally 51-, 60-, 66-, and 80-
column cards for IBM; and 32-, 40-, 54-, 66-, and
90-column cards for Remington Rand), but most
organizations use the largest size possible. The
smaller sizes are useful for some special applica-
tions, as will be mentioned later. The cards are
availablein avariety o colors, and are usually pre-
printed for the user's particular requirement. The
characters (numbers, alphabetic symbols, and some
special symbols), which are used as the restricted
languages o the various Remington Rand and IBM
punched card machines, are shown in Figs. 4-1 and
4-2.

The IBM card is most commonly used in such a
way that each of thevertical columns on a card rep-
resentsasingle character. Consequently, the largest
card size (80 columns) will permit 80 characters o
information to be stored on a card. The Remington
Rand card normally allows a maximum of 90 char-
acters to be stored on a single card. The Reming-
ton Rand equipment normally operates with a
smaller alphabet of characters than the IBM equip-
ment. That is, it recognizes a smaller number o
different symbols. Generally, the card equipment
will accept and interpret the cards only in the
manner of coding shown in Figs. 4-1 and 4-2. Ar-
bitrary coding schemes devised by the card users

1 Throughout this book, the IBM and Remington Rand
type of card will often be referred to as a tab (tabulating)
card, an expression in common usage.
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FIG. 4-1 Remington Rand 90<olumn card.

will usually be meaningless to the card-handling
equipment.

From a practical standpoint the cards can tolerate
a certain degree of rough handling, but do not work
well when they have been folded, creased, warped,
or stapled. Stapled or mutilated cards may jam
the machines, or result in a misinterpretation of the
data punched in them. Specia card-editing equip-
ment is available for the primary purpose of read-
ing cards which have been handled by the public, in
order to extract the illegible or manhandled cards.

ABCDEFGH T JELFNOPRRES TUYHEY

Another problem is that the cards gradually become
frayed or damaged during repeated machine han-
dling and may occasionally have to be regenerated.
Some. card-handling problems may be aggravated
by temperature or humidity effects; consequently,
the cards should be stored in a cool, dry atmosphere.

Some card stock is available which is perforated
or scored, to permit a portion of the card to be de-
tached for subsequent card-handling operations.
This detached portion might be used, for example,
as a return stub for billing purposes, with a per-
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FIG. 4-2 IBM 80<olumn card.
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forated 80-column card sent out as a bill and the
21-column stub returned by the customer with the
payment. The stub (previously punched with the
customer's account number and amount due) could
serve as the input card for the machine to post a
credit to the customer's account. Equipment modi-
fications are available to permit the handling o any
o the card sizes, but most operating systems re-
produce the information from the smaller card into
the largest card size as soon as the smaller card is
received.?

Symbols are usually entered on the card by one
or more of these four methods:

1. Manual keypunching
2. Automatic punching
3. Mark-sense cards
4. Pre-scored cards

I n most situations, the cards are manually prepared
by an operator who reads a source document and
punches the data into a card, using a key punch
machine (see Fig. 6-1). That is, the information
is transcribed from a source document into a card.
Less expensive card punches with reduced capabil-
ity are available. In some cases, cards are auto-
matically punched by computer output devices or
tabulating equipment as an output, or temporary
storage of the result of some machine operations.
Mark-sense cards and their associated equipment
provide a capability for interpreting information
that has been marked on the cards with a spe-
cial pencil. Equipment is available to read these
penciled marks and punch the data into the same
card or into new cards. Mark-sense cards can be
used in some cases to reduce the amount o manual
keypunching required, but the system has found
widest use where some data must be entered at the
point of origin (e.g., recording physical inventories,
survey results, and utility meter readings). Each
marking position on the card is 3 columns wide, thus
restricting the card to a maximum of 27 mark-sense
characters, which may be a disadvantage in some
applications. In general, any number of marking
positions from 1 to 27 can be placed on a card, and
in any desired position on the card. Many people
with extensive data processing experience tend to
avoid use o the mark-sensing technique except in

2Some very small punched tags are available from the
Dennison Company for use as retail sales tags, and equip-
ment is available to read these tags and punch the data
into standard punched cards.

those instances where there are several outstanding
advantages. |n general, users have indicated satis-
faction with the results only under the following
circumstances: there were a small number o digits
to be entered; there was no pressure or requirement
for speed at the time o entry; there were good
physical working conditions; and the entries were
to be made by clerical personnel. Most decisions
to use mark-sense cards are based upon possible
savings in time or cost. A cost advantage may be
realized because manual keypunching and verifying
is eliminated, and a time saving may be realized
because the cards can be processed immediately
upon their receipt, without waiting for keypunching
and verifying. There does not appear to be any
significant difference in the accuracies achieved by
recording with mark sensing rather than by data
recording and subsequent keypunching.

Pre-scored cards such as Port-a-Punch (see Fig.
4-3) permit data to be punched into the card by
pushing out the perforated holes with a pencil or
other probe. The pre-scored holes are positioned
with a 1-column spacing between each pre-scored
column. Consequently, only 40 characters, each
separated by a 1-column width, can be punched
into a card. The usua practice is to reproduce the
information from the pre-scored cardsinto a stand-
ard card as soon as the card is received. This con-

FIG. 43 IBM Port-A-Punch.



denses the information on the card, and removes the
possibility that additional holes may pop out during
subsequent machine handling. These pre-scored
cards may also be useful for small, peek-a-boo file
systems (seeChapt. 5).

Card sets are also available that permit duplicate
papers (e.g., receipts) and punched cards to be pre-
pared at the same time, usually at the information
source. A large number o retail charge systems,
such as gasoline credit cards, use this type o card
Set.

The Coding

Standardization of the Hole Patterns. As men-
tioned earlier, the pattern of holes in the cards is
meaningless unless some definitions or standards are
established by the users. There are 960 hole posi-
tions on the IBM card and 540 on the Remington
Rand card. With this number of hole positions, a
tremendous number o unique hole patterns are pos-
sible. However, the equipment manufacturers have
adopted their own coding definitions, which utilize
only a small percentage o the code possibilities.
Most of the equipment recognizesonly a small num-
ber of hole patterns to be valid, and usually treats
any other hole patterns aserrors. |n some applica-
tions, such asthe sorting of cardswith superimposed
coding on the Statistical Sorter (described later),
unconventional hole patterns can be used. The re-
stricted number of valid codes and characters (the
machine language) designed into the early equip-
ment were generally adequate for the early applica-
tions of this equipment. However, the steadily in-
creasing application of tab card and computer
equipment to a great variety of information proc-
essing tasks has created a need for more flexible
coding and a greater number o valid code combina-
tions which can be machine-manipulated. For ex-
ample, sophisticated automatic programing systems
for computers can be used most efficiently when the
tab card codesdirectly represent the symbols of the
programing language (e.g., =, V™, 5%, {}, [ ).
Some code modifications have been proposed for
this purpose.®

3Voorhees, E. A.," Some Thoughts on Reconciling Vari-
ous Character Set Proposals” Communications of the As-
sociation for Computing Machinery, Vol. 3, No. 7, pp. 408~
409 (July 1960).

Bemer, R. W., " A Proposal for a Generalized Card Code
for 256 Characters” Communications of the Association for
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Inusing a set of valid characters established for a
card code, there are several methods most often
employed for representing information on the card:

Direct coding

Abbreviated coding

Category coding

Category coding with unconventional punching
Superimposed coding

Direct Coding. This is the most common method
and the technique that most of the equipment has
been designed to utilize. With this method, there is
a one-for-one correspondence between the origina
source data and the charactersin the card colunins.
For example, a card used in a system for automobile
registrations may contain the complete spelling of
the owner's name and address as well as the vehicle
information. Punching the information in this
manner will allow the cards to be sorted (by name,
address, or license number), or duplicated for usein
separate reference files (e.g., by name, address, or
license number), or listed by a printer to obtain
catalogs, directories, or mailings. Telephone di-
rectories, parts catalogs, and name lists are often
generated and maintained with cards that use this
method of coding.

Abbreviated Coding,. In order to make efficient use
of the available card columns it may be necessary
to abbreviate or condense the spelling of a name,
part description, subject term, or other information
to be punched. Any d the methods of assigned
and derived codes described in Chapt. 3 could be
used to obtain these abbreviations. Cards, for ex-
ample, which contain the information for addressing
magazine labels or advertising material often make
use o abbreviation techniques.

Category Coding. This technique is commonly em-
ployed with tab cards and edge-punched cards to
make efficient use of the available coding positions.
Category coding requires the use of a reference
table to describe which items belong in each cate-
gory o that the original terms can be correctly as-
signed to the proper category. The following ex-
amples illustrate how various topics might be rep-
resented as numbered categories.

Computing Machinery, Vol. 2, No. 9, pp. 19-23 (September
1959).
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Subject Field Code
Physics 01
Chemistry 02
Zoology 99

Geographic Area Code
San Francisco 01
Los Angdes 02
San Diego 99
Umiterm Code
AerodynamicHeating 1334
Diffraction 2123
Methyl Groups 3024

Other methods of numeric coding were described
earlier, in Chapt. 3. A description of various ways
to indicate relationships between descriptors coded
in different areas of a card has been given by
Dekker.*

Category Coding with Unconventional Punching.
Most punched card equipment recognizes only a
small group of punch patterns as being valid codes,
and rejectsall other patternsasillegal. The process-
ing equipment either interprets these invalid pat-
terns as errors or manipulates the information to
provide an incorrect result. Printing or tabulating
equipment does not have any characters to cor-
respond to the invalid punches, and key punch ma-
chines cannot conveniently be used to punch the
invalid patterns into the card. However, some of
the sorting equipment can operate with the invalid
punches. _

Because the use of non-standard punch patterns
(e.g., a 7 and an 8 punched in the same column)
will provide a greater number of coding possibilities
for each card column, the use of the invalid patterns
provides a more efficient coding scheme than could
be obtained with direct or category coding with con-
ventional punching. In astrict sense, it is possible

+ Dekker, J., “Interfiling d Descriptors for Row-by-Row
Coded Punched Card Machine Literature Searching Sys
tems" Chapt. 8 in Information Retrieval and Machine
Translation, Part I, A. Kent, editor (Interscience Publishers,
Nav York, 1960).

to uniquely represent 212 or 4096 different topics in
onel BM card column by using thistechnique. How-
ever, for convenience the user may wish to employ
only those code combinations which utilize 2 or 3
punches per column. Thiswill decrease the number
o total coding possibilities, but this number may
still be much larger than that obtained with conven-
tional coding. Unconventional punching might be
used, for example, to permit a single column to rep-
resent many different animals, such as:

Rows Punched
Anima in a Column
Horses 3and 4
Cows 3and5 ¢
Sheep land 6
Cats 7and 8

The codes might also be assigned in a systematic
manner to represent a hierarchical structure in a

single column. For example:
Rows Punched

Subject in a Column
Airplanes, dl types 1
Airplanes, jet 1and2
Airplanes, turboprop 1and 3
Airplanes, propdler land 4
Airplanes, helicopters land5
Ground vehicles, all types 2
Ground vehides, 4 axles 2and 3
Ground vehicles, 6 axles 2and 4
Ground vehicles, 8 axles 2and 5
Ground vehicles, more than 8 axles 2and 6
Ground vehides, tracked 2and 7
Boats, all types 3
ete.- etc.

Superimposed Coding. It ispossible to superimpose
descriptions or indexing information into fixed fields
of a tab card.® This process will usually generate
some invalid punch combinations #nd introduce the
inconveniences of invalid punch combinations men-

5 Anon., “Superimposable Punched Cards as a Means d
Reference to Peiodicds” Unesco Bulletin for Libraries,
Va. 12, No. 10, pp. 228-229 (October 1958).

Well, B. H., and E. A. Clapp, "The Adaptation of the
ASM-S_ A Medlurgicd Literature Classficationfor Usein
a Machine-Sorted Punched Card System,” Chapt. 20 in
Information Systems in Documentation, J. H. Shera et a.,
editors (Interscience Publishers, Nav York, 1957).




tioned earlier. The use o the superimposed punch-
ing will normally restrict the card-handling opera-
tions to the use o the IBM Statistical Sorter (de-
scribed later, in Chapt. 6).

PAPER TAPE

Punched paper tapeis availablein many different
sizes and is used with many different code patterns.
The code may be represented by holes that are com-
pletely punched out (chad tape) or partialy
punched out (chadless tape) or printed but not
punched (e.g.,, Burroughs Electrographic tape).
The holes may be sensed with mechanical feelers
(for chad and chadless tape), sensed photoelec-
trically by light beams transmitted through the
holes (chad tape), or sensed by beams reflected from
the printed spot (Electrographic tape). Tape that
is sensed by photoelectric transmission usually re-
quires the use o an opaque paper to reduce the
amount o light transmitted directly through the
paper stock, but there are no other restrictions on
the color of the paper. For infrequent usage and
the dlow-speed handling of most applications, a
relatively light and inexpensive paper stock can be
used. However, if the paper tape is to receive any
high-speed machine handling (e.g., 100 inches per
second), or repeated use as a permanent tape in a
control system, then it should be made from suit-
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ably durable stock. In specia instances, plastic
tape (such as Mylar tape) has been used for this
purpose. Paper tape is usually used in a continu-
ous reel form; however, unit-record card stock and
continuous fan-fold tape are also used. The edge
of a paper document (e.g., an 8%-by-11-inch page
or a 3-by-5-inch card) could be punched in such a
way as to permit the body o the paper to be used
as a document, while the edge punching was used to
carry some information for machine handling.

The basic families of paper tape codes are re-
ferred to as 5-, 6-, 7-, and 8-channel codes.®! The
"channel" refers to a coding line running along the
length of a tape. A 5-channel tape, for example,
has a pattern of 5 hole positions across the width of
the tape. The hole combinations across the width
o the tape determine the variety of codes possible.
One row o hole positions across the width o a
tape is caled a "frame" and represents a single
character, and is analogous to an IBM card column.
Several codes are illustrated in Fig. 4-4. As with

6 Tholstrup, H. L., " Perforated Storage Media," Electrica
Manufacturing, Vol. 62, No. 6, pp. 53-61, 276 (December
1958).

Tholstrup, H. L., " Numerical Control by Punched Tape,"
Instruments and Control Systems, Vol. 34, No. 9, pp. 1643-
1646 (September 1961).

Anon., "All About Paper Tape" Datamation, Vol. 5,
No. 3, pp. 8-12 (May-June 1959); Vol. 5, No. 4, pp. 48-51
(July-August 1959).
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FIG. 4-4 Representative paper tape codes.
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the tab cards, no single standard code exists, al-
though several o the codes (notably the teletype
and IBM codes) are used much more freauentlv
than the others. The purchaser of the paper tape
equipment usually has the final choice of codes.
To handle code compatability problems, equipment
isavailableto read a tape that is punched with one
code and use this information t0 punch a tape in
another code.? None of the common paper tape
typewriter systems print symbols on the paper tape
to correspond to the punched information, although
the practice is followed by some tel etype equipment.

MAGNETIC TAFE

Information is stored on digital magnetic tape
and magnetic cards by forming discrete-variable
magnetic flux patterns in magnetic media according
to some pre-determined code. The patterns are
formed by passing an eleetric current through a
recording head which has been placed very close to
the surface of the magnetic medium. As the elec-
tric current passes through the recording head in a
prescribed sequence, a corresponding sequence of
magnetic field changes will occur. The magnetic
material is held close enough to the recording head
so that the magnetic material will be magnetized in
the same pattern asthe magnetic field of the original
electric current. During recording, the magnetic
medium is moved rapidly past the recording head
so that new information is not written over old
information. The materials used for the storage
medium are such that they will permanently retain
the flux patterns until the medium is remagnetized

» Converter equipment is also available to read paper
tapes and to transcribe the information onto other storage

mediums, such as punched cards or magnetic tape. Con-
versely, equipment is available to transcribe information
from many different mediums onto punched paper tape.

by another recording operation, or by some other
magnetic field. As with any magnetic device, the
medium will lose its magnetic patterns. and hence
its memory, if it is subsequently exposed to high
temperatures, extreme physical shocks, or large mag-
netic fields.

The magnetic pattern is normally invisible to the
eye, so that recordings usually must be sensed elec-
trically instead of visually. Thesensing d thetapes
is done with a reading head, which is similar to the
writing head. When the storage medium is moved
past the read head, the stored flux patterns of the
medium induce a voltage in the head, which tends
tofollow the pattern o the stored flux. |nthisway,
an electrical signal is obtained that corresponds to
the recorded flux pattern. At this point, a clarifica-
tion of the term "digital recording” would seem to
beinorder. Digital recording meansthat only dis-
crete numbers or digits are recorded, most often
with a binary number system. The information is
represented by patterns of discrete-valued variables.
The flux patterns for each coding position are usu-
ally oriented only in one o two alowed states, and
numeric and alphabetic symbols are represented by
uniquely specified groups of flux patterns. The
“track” of the magnetic tape is analogous to the
“channel” of the paper tape, and "frgme" has the
same meaning for both types of tape. Figure 4-5
shows a section of magnetic tape with 7 tracks or
channels. Many magnetic tape systems have a 5-,
6-, or 7-channel code similar to that used with
punched paper tape. In contrast, analog recording
allows a continuous variation in the flux pattern in
a manner that is analogous te the variations in the
original stimulus. An audio tape recorder, for ex-
amplev prov1des g recording i, which ¢he fux pat-
tern is analogous to the origina sound pattern.
With a few noted exceptions, magnetic recording

will, in this book, imply digital recording.
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FIG. 45 Representative computer magnetic tape coding.



A roll of magnetic tape is the usua storage
medium, although magnetic cards have been used.®
The magnetic tape normally consists of rolls d thin
plastic (such asMylar) ribbon that has been coated
with a very thin layer of magnetic oxide material.
I n some cases, a plastic lamination is placed on top
o the oxide (a "sandwich tape) to prevent the
oxide from flaking or rubbing off during reading or
writing. The rolls are normally 2400 to 3600 feet
in length, and %4 inch, %, inch, or 1 inch in width.
It isusually necessary to store and use the tape in
a dust-free and controlled environment (nominally
50t085°F and 50to 90% relative humidity) to pre-
vent damage to the tapes or degradation o the in-
formation on the tape. If the tape is too dry, it
tends to build up a charge o static electricity that
may cause it to physically jam the tape transport
mechanism. Combinations d moisture and high
temperatures will cause the tape to stretch out of
shape when it is being pulled at high speeds.

Since the information can be recorded in very
small regions on the tape, it is possible to record
several parallel tracks on the same tape. Figure
4-5 shows the coding and recording pattern o a
representative digital magnetic tape. The informa-
tion or pulse patterns can be stored very compactly
on tape; typically there are from 5 to 20 tracks per
tape, and from 100 to 1000 pulses per linear inch
o track. Thetape can also be moved at very high
rates of speed, 75 to 200 inches per second. The
high recording density and tape speed result in a
rapid information transfer rate of 25 to 200 thou-
sand digits or characters per second. And as with
the punched card and paper tape systems, the physi-
cal dimensions, recording method, and coding sys-
tem are parameters whose values have been estab-
lished separately by almost every equipment manu-
facturer. Consequently, no single standard tape or
coding system exists for digital magnetic tape.
Only in afew instancescan the magnetic tapes writ-
ten on one manufacturer's computer be read on
another manufacturer's computer.

MACHINE REPRESENTATION OF NATURAL LANGUAGES
Text Material

I't would be most useful to have machines that
could read ordinary English text, such as news-
papers, books, and journal articles. Complex proe-

8 The magnetic cards will be discussed later (Chapt. 8)
in conjunction with the Magnacard system.
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essing of text material — such as automatic index-
ing, automatic abstracting, machine translation,
concordance construction, and automatic editing—
cannot be done effectively or economically unless
the processing equipment can store, recognize, and
process the many different symbols and forms as
used and recorded in our natural language. Pres-
ent-day equipment is generally inadequate in this
respect. Whereas the text of a published dictionary
may currently use an alphabet o approximately
1400 different characters (uppercase and lowercase
letters of 4 different type styles plus special charac-
ters), most data processing equipment is only de-
signed for a total alphabet size d something less
than 90 characters. For this reason, many coding
tricks and simplifications must be used to represent
text material in machine language today. Several
schemes have already been proposed to represent
text material in the language o the current data
processing machinery.®

Image Material

Chemical structures (such as molecules and poly-
mers) and their symbolic notation or coding are a
part of our natural language that is usually difficult
to represent in machine language. Several coding
procedures have been developed: * semi-automatic

9 Nugent, W. R., "A Machine Language for Document
Tranditeration,” paper presented at the 14th National Con-
ference o the Association for Computing Machinery,
Massachusetts Institute of Technology (September 1959).

Newman, S. M., R. W. Swanson, and K. C. Knowlton,
"A Notation System for Tranditerating Technical and Sci-
entific Texts for Use in Data Processing Systems,” Chapt.
7 in Information Retrieval and Machine Trandation, Part 1
(Interscience Publishers, New York, 1960).

10 \Waldo, W. H., and M DeBacker, " Printing Chemical
Structures Electronically: Encoded Compounds Searched
Generically with 1 BM702," Proceedings of the Interna-
tional Conference on Scientific Information, Vol. 1, pp. 711~
730 (National Academy of Sciences, Washington, D.C.,
1959).

Opler, A., and N. Baird, " Display of Chemical Structure
Formulas as Digital Computer Output,” American Docu-
mentation, Vol. 10, No. 1, pp. 59-63 (January 1959).

Opler, A., and N. Baird, "On the Automatic Manipula-
tion of Repreeentations of Chemical Structures," American
Documentation, Vol. 10, No. 2, pp. 130-134 (April 1959).

Opler, A.," A Topological Application of Computing Ma-
chines" Proceedings of the 1966 Western Joint Computer
Conference, pp. 86-88.

Wheder, K. W., “A Structure Code for Organic Com-
pounds,” American Documentation, Vol. 9, No. 3, pp. 198~
207 (July 1958).
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procedures have been developed for translating in-
organic compound names into formulas,** for trans-
lating structural formulas o organic compounds
into a linear notation,*? and for converting com-
pound names into molecular formulas.®

Graphic representations (e.g., pictures, maps,
drawings, equations) are also a part o our natural
language, and will eventually be handled and proc-
essed with machines—just as text material is proc-
essed today. Graphic images may have to be stored
for file-searching applications involving such things
as: (1) engineeringdrawings, (2) curves, figures, and
equations associated with document abstracts, (3)
copiesd legal documents and signatures associated
with business records, (4) property descriptions to
accompany tax records or title files, (5) chemical
structures to accompany their associated compound
characteristics. The method.most commonly em-
ployed for the digital storage o an imageisto ap-
proximate the image with a rectangular matrix of
discrete, equal-area elements, each element having
a quantized intensity or shading corresponding to
that of the origina image. The accuracy o the
approximation depends upon such things as the
number and size  matrix elements used and the
amount of tone scale preserved.

For some situations it is possible to directly and
uniquely describe an image by a single linear nota-
tion or number derived from an examination o its
topology or general configuration. However, the
application o this type of coding is necessarily re-
stricted to a very special class of well-structured
images, such as chemical structures, electrical cir-
cuit diagrams, and flow charts or block diagrams.**

1 Sayfer, A. L., and V. S. Shteyn, "An Algorithm for Con-
verting the Name o a Complex Compound Presented in
Rational Nomenclature into a Linear Formula," in Foreign
Developments in Machine Translation and Information
Processing, No. 58, JPRS: 11483 (December 12, 1961). Dis-
tributed by Office & Technical services, US. Dept. d
Commerce, Washington, D.C. This is an English Transla-
tion o a 1960 Soviet article.

12 Borshchev, V. B. et d., "An Algorithm for Translating
Structural Formulas in Organic Chemistry into Canonical
Notation,”" in Foreign Developments in Machine Tranda-
tion and Information Processing, No. 58, JPRS:11483 (De-
cember 12, 1961). Distributed by Office & Technical Serv-
ices, US. Dept. o Commerce, Washington, D.C. This is
an English Translation d a 1960 Soviet article.

13 Garfield, E., An Algorithm for Translating Chemical
Names to Molecular Formulas, a report o the Institute for
Scientific Information, Philadelphia, Pennsylvania (1961).

14 Luhn, H. P, ldentification & Geometric Patterns by
Topological Description of Their Envelopes, Technica Re-

An automated program has been developed to de-
rive an identifying statement or coded description
d any simple pattern.®

The many different image processing operations
described to date can be grouped into a few general
categories.

Derivation of image statistical data

Blob or area counting

Center-of-gravity computation

Translation, rotation, compression, and expansion
Superimposition and generation of images
Image smoothing, thickening, and thinning
Other contour enhancement techniques
Topological determinations and operation3

The input and output o graphic data (images)
have been handled for digital computersin a variety
o ways, o which flying spot scanners and cathode
ray tube displays are the most sophisticated. The
processing has been programed or simulated on sev-
eral different computer types such as the National
Bureau o Standards Seac; MIT’s Whirlwind 1,
Memory Test Computer, TX-0O and TX-2; and the
IBM 650,704,709, and 7090 systems. A large num-
ber of processing techniques have been developed,
so that it should be possible to construct a fairly
comprehensive library of processing routines for ap-
plication of computer systems to general image
processing problems and research. However, there
have been few instances, reported in the literature,
o practical application o these techniques to real
operational problems. Image processing techniques
could be used effectively in a number of applica-
tions: (1) character and pattern recognition, and

port No. 001.011599, IBM Corp., Product Development
Lab., Poughkeepsie, New York (April 1956).

Opler, A, and N. Baird, "Display d Chemica Structure
Formulas as Digital Computer Output,” American Docu~
mentation, Vol. 10, No. 1, pp. 59-63 (January 1959).

Opler, A., and N. Baird, "On the Automatic Manipula-
tion d Representations d Chemica Structures,"” American
Documentation, Vol. 10, No. 2, pp. 130-134 (April 1959).

Opler, A., "A Topological Application of Computing Ma-
chines, Proceedings of the 1966 Western Joint Computer
Conference, pp. 86-88.

Whedler, K. W., "A Structure Code for Organic Com-
pounds,” American Documentation, Vol. 9, No. 3, pp. 198-
207 (July 1958).

18 Grimsdale, R. L., et al, "A System for the Automatic
Recognition of Patterns," Proceedings of the Institution of
Electrical Engineers (London), Vol. 106, Part B, No. 286,
pp. 210-221 (March 1959).

Grimsdale, R. L., " Automatic Pattern Recognition," Wire-
less World, November 1959, pp. 499-501.




simulation o character and pattern recognition
logic; (2) automatic encoding of chemica struc-
tures, electrical circuits, or other line drawings; (3)
object counting, such as particle or bacterial colony
counts; (4) determination of areas o selected ter-
rain or vegetation on aerial photographs; (5) analy-
sisof tracking data such asphotos of satellite tracks
against a star background; (6) analysis o as-
tronomy photographs to compute positions and mo-
tions, and to establish star catalogs; (7) generation
o elevation contour lines from aerial photographs,
(8) selection of optimum road routing and cut-and-
fill computations from contour maps; (9) superim-
position of images tO form composite images; (10)
improvement of contrast on such low-definition
images as X -ray photographs, and the enhancement
o these images to accentuate outlines and skeletal
features. This is already being done for the pic-
tures obtained by some US space satellites. It
seems reasonable to expect that computer equip-
ment will approach most of these other capabilities
with some success in the next 5 or 10 years.

Additional References

Bemer, R. W,, "Survey o Coded Character Representa-
tion,” Communications of the Association for Comput-
ing Machinery, Vol. 3, No. 12, pp. 639642 (December
1960).

Bonnett, H. T., and D. W. Cahoun, "Application of Line
Formula Notation in an Index of Chemical Structures,"
Journal of Chemical Documentation, Vol. 2, No. 1, pp.
26 (January 1962).

Doyle, W., ""Recognition of Sloppy, Hand-Printed Charac-
ters" Proceedings of the 1960 Western Joint Computer
Conference, pp. 133-142 (Institute of Radio Engineers,
New Y ork).

Machine-language representation / 79

Frishkopf, L. S., and L. D. Harmon, "Machine Reading of
Cursive Script," Chapt. 23 in Information Theory, C.
Cherry, editor (Butterworth, London, 1961).

Garfidld, E., "Information Theory and Other Quantitative
Factors in Code Design for Document Card Systems,"
Journal of Chemical Documentation, Vol. 1, No. 1, pp.
70-75 (January 1961).

Gull, C. D., "Holes, Punches, Notches, Slots, and Logic,"
Chapt. 19 in Punched Cards, 2nd ed., R. S. Caaey et d.,
editors (Reinhold Publishing Corp., New York, 1958).

Hayward, H. W., A New Sequential Enumeration and Li ne
Formula Notation System for Organic Compounds, U.S.
Patent Office, Washington, D.C., Research and Develop-
ment Report 21 (November 1961).

Kirsch, R. A, et a., "Experiments in Processing Pictorial
Information With a Digital Computer,”" Proceedings
1967 Eastern Joint Computer Conference, pp. 221-229
(Institute d Radio Engineers, New Y ork).

Neisser, U., and P. Weene, “A Note on Human Recognition
d Hand-Printed Characters,” | nformation and Control,
Vol. 3, No. 2, pp. 191-196 (June 1960). See also AD-
236 395.

Oliver, B. M., "Efficient Coding,"” Bell System Technical
Journal, Vol. 31, No. 4, pp. 724-750 (July 1952).
Rosen, L., " Characteristics of Digital Codes," Control Engi-

neering, December 1959, pp. 115-119.

Ross, H. M., "Considerations in Choosing a Character Code
for Computers and Punched Tapes," Computer Journal
(British), Val. 3, No. 4, pp. 202-210 (January 1961).

Ross, H. M., "Further Survey o Punched Card Codes,"
Communication of the Association for Computing Ma-
chinery, Vol. 4, No. 4, pp. 182183 (April 1961).

Smith, H. J., and F. A. Williams, " Survey o Punched Card
Codes," Communications of the Association for Com-
puting Machinery, Val. 3, No. 12, p. 638 (December
1960).

Starker, L. N., and J. A. Cordero, " The Cyanamid Organic
Structure Code and Search System,” Journal of Chemi-
cal Documentation, Vol. 2, No. 1, pp. 1215 (January
1962).

Waldo, W. H., " Searching Two-Dimensional Structures by
Computer,”" Journal of Chemical Documentation, Vol.
2, No. 1, pp. 1-2 (January 1962).



5

Manual card systems

Manual card systems such as the 3-by-5-inch
catalog card files have been in use for many years,
and have proven to be a very flexible means for re-
cording, sorting, merging, re-arranging, and updat-
ing filesin which each file item or unit-record con-
sists o a relatively small amount o information
and can be handled independently o all the other
file items.* Some mechanica aids (e.g., loose leaf
sorters or sorting bins) have been developed to as-
sist in the manipulation and re-arrangement o the
cards, but all o the major operations are still per-
formed manually.

I n order to speed up or simplify the manual han-
dling o these cards, some mechanical modifications
have beenincorporated; namely some specia means
d coding, notching, and selecting the edges or in-
teriors o the cards. This chapter discusses two
general types of manual card systems that have
been modified in this manner to reduce effort and
make the unit-record moreflexible: the edge-notched
card and the interior-notched card. A description
o the coding methods and equipment employed,
and suggestions for how these cards might be used
to advantage, are included. Both the edge-notched
and interior-notched systems are basically manual
systems, although some simple mechanical aids are
available to augment both types o systems.

1\Wedks B. M., How to File and Index, rev. ed. (Ronad
Press, New Yok, 1951).

Oddl, M. K., and E. P. Strong, Records Management and
Filing Operations (McGraw-Hill Book Co, New Yok,
1947).
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Edge-Notched Cards
Interior-Notched Cards

EDGE-NOTCHED CARDS

This section is concerned with card forms which
are coded with notches along the edges o the
card (see Fig. 5-1). The notches are usually im-
posed on pre-punched pilot holes or guide lines.
These cards are commonly referred to as ""mar-
ginal punched cards,” " edge-punched cards,” “edge-
notched cards,” "manual punched cards,” and
"notched cards."” There are several typesand forms
o cards, furnished by several different equipment
and forms manufacturers. The card system most
commonly employed is the Keysort Card, marketed
by the Royal McBee Corp. Table 5-1 lists many
o the types o edge-punched cards that are com-
mercially available. Several representative notched
cards are shown in this chapter to illustrate speci-
fic points brought up in the discussion.

The notched card is especialy useful for two
types o jobs: (1) sequence sorting t0 arrange data
or records into a logical sequence to simplify tabu-
lation o like items or the use of the itemsin a pre-
determined seguence; and (2) selective sorting to
select those records which fall into a single specific
category (direct selection), or to select those rec-
ords which fal into a specified combination of cate-
gories (multiple selection).

The Storage Medium

Theindividual notched card provides a very flexi-
ble storage and retrieval system, which can be tail-
ored to fit the requirements of each application.
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FIG. 5-1 Card selection with an edge-notched card system.

The exact shape of the card and the number o
coding positions on the edge o the card are usually
determined by each card supplier. The coding sys-
tem used on the card is usually developed by each
user and pre-printed on the cards, athough some
standard preprinted cards are available from each
forms supplier.

Regardless of the size of the card or the type of
coding used, generation and search are similar in
almost all systems. Portions of the card edge are
notched so that the code position is no longer sur-
rounded by card stock and the card cannot be sup-
ported by a needle which is passed through that
code position. The cards may be notched with a
simple hand punch (see Fig. 5-2), in which case it
is useful to employ a coding template.? Other

2Gould, D. W, "The Use of Templates with Punched

Cards in the Code Indexing o Technical Literature," Spe-
cial Libraries, Vol. 50, No. 9, pp. 451-453 (November 1959).

mechanical equipment is also available for card
notching (seeFigs. 5-11 through 5-15). The search-
ing is performed for most notched card systems
(see Fig. 5-1) by passing a needle through the ap-
propriate pilot hole position in a bundle of cards
and alowing the notched cards to fall free from
the un-notched cards.®? Because of the friction be-
tween adjacent cards, the cards must be separated,
fanned, or vibrated during the search operation, to
ensure that no notched cards are kept from falling
because of the friction forces. One modification of
the use of pilot holesis employed with the Zatocard
(seeFig. 3-9), which uses printed marks but no pre-
punched holes on the edges of the cards. The Zato-
card coding is achieved by notching the cardsinthe
indicated positions, and the searching is done by

3 Casey, R. S, and J. W. Perry, "Elementary Manipula-
tions d Hand-Sorted Punched Cards," Chapt. 2 in Punched
Cads, 2nd ed., Casey et al., editors, cited previoudly.
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TABLE 5-1
Commercially Available Notched Card Systems

Card Name Distributor

E-Z Sort E-Z Sort Systems, Ltd.
45 Second Street

San Francisco 5, Cdlifornia

Royal McBee Corp.
Port Chester, New York

Zator Co.
14014 Mt. Auburn Street
Cambridge 38, Massachusetts

Todd Co. Div., Burroughs Corp.
950 Charter Street
Redwood City, Cdifornia

Superior Business Machines, Inc.
285 Madison Avenue
New York, New York

ArizonaTool and Dye Co.
31 East Rillito Street
Tucson, Arizona

Practa Data-Card System
1245 East Walnut Street
Pasadena, Cdifornia

Acme Vigble Records, Inc.
Crozet, Virginia

Keysort

Zatocard

Unisort System

Flexisort System

Needlesort System

Practa Data-Card

Electrofile

supporting the deck of cards on long rods which
have been placed directly beneath the specified po-
sitionsand at right angles to the card (see Fig. 5-3).
I n thisway, cards which satisfy the search criteria
will drop down, and the notches instead of the card
edges will be resting on the rods. The rods sup-

FIG. 52 Simple manual punch,

T

FIG. 5-3 Card selection with a Zatocard selector.

port the unwanted cards on their edges instead of
the interior of the notch, so that they sit higher
than the others. Consequently the unwanted cards
can be removed by skewering them through a hole
provided in the top o the cards, and lifting them
away from the selected cards.
Thecardsareavailablein alarge variety of sizes,
shapes, colors, and number of coding positions. Spe-
cial cards are also available to hold duplicating
stencils, printing plates, or microfilm inserts with
each card, so that printing can be done directly
from the selected card. Some card stock is also
available in sets with carbon paper or carbon back-
ing so that multiple copies of the original informa-
tion can be generated for filing or distribution.
Card stock isavailablein the form of coupon books,
which are useful for, say, loan repayments or toll
tickets. For these applications, information com-
mon to all of the cards can be notched before the
set of cardsisissued. |nsome situations, it may be
convenient to use a sorting field on just a small por-
tion of a document. An example of thisisthe use
o a punch position for account numbering on




commercia bank checks. For the inevitable mis-
punched hole or change in classification, gummed
stickers (Card Savers) are available to patch the
holes and restore the edge of the card. Card Savers
may aso be used to fasten cards together when
they are to be handled as a set.

Information may be entered onto the card by
handwriting, or typing, or dffice duplicating equip-
ment (spirit, offset, xerographic). For some appli-
cations, it may be convenient to print some infor-
mation on the notched card from the same duplicat-
ing master that was used to prepare some other
form or document. This might be useful, for ex-
ample, when the cards are used as part of a produc-
tion control system in which common information
(e.g., order number and description) is printed onto
the notched cards used for labor and requisition
charges as well as the other accompanying shop
documents.

One very interesting modification of the edge-
notched card is the Practa Data-Card (see Fig.
5-4). The Practa Card is actually a folded piece
d paper which has 21 notches in the center fold,
with each notch constructed in such a way that it
can hold a small plastic tab or signal that protrudes
from the edge o the paper when the paper is folded.
These plastic tabs come in different shapes and 14
different colors to act as markers on the card. In
addition, plastic tags are available which are made
in the form o a loop. Using the looped tags, the
deck may be needled for searching (see Fig. 5-5)
in much the same way as edge-notched cards are
needled. The loops are offset from the center of
the notch so that a loop can be put on either side

FIG. 5-4 Practa Data-Card.
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FIG. 55 Needling a deck of Practa Data-Cards.

d a notch. In practice this provides 34 coding
positions for the loops. The cards may be recoded
by removing and re-positioning the tags. The tags
do not fall out when the card is opened up for read-
ing or insertion in a typewriter.

The Coding

Direct Numeric Information. Many applicationsre-
quire that some data, such as an employee number
or part number, be punched directly into the card.
There are several coding techniques which permit
direct representation o such numeric or alphabetic
information. However, all of these methods for
direct representations, especialy the alphabetic, re-
quire a relatively large amount of coding space.
Since the card has a limited number of coding po-
sitions along the edge, more conservative coding
methods are usually used.

Figure 5-6 illustrates several schemes for repre-
senting numeric data by punch patterns. The
schemes which assign a separate hole to each of the
ten digits (Fig. 5-6a) are the easiest tO use, but re-
quire the most coding space. With double-row
punching (i.e., an inner and an outer row o holes)
or triple-row punching, each of the holes can be
uniquely assigned, with a resulting sating in card
space (Fig. 5-6b, c). Cards with two, three, four,
or more rows o punching can efficiently code large
numbers by assigning each row to a specific digit
position (e.g., hundreds, tens, units) and including
al ten possible digits in the coding field (see Fig.
5-6¢). With this method, some provision must be
made to distinguish duplicate digits in the same
number. Schemes which alow a particular hole to
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: (a) Single-row direct one-for-one coding. (b) Double-row direct one-for-one coding,
: 6 8 0 2 9
qOOOUBOooooPUoooooooooooooooooUP ooUboooooUoo
: 987654 32101987¢65 4321019876543 210 [o][oXeXoXeoXel[oXeXo)UNo o]
»ﬁ 1234512345
! 67 891067 829810
(c) Triple-row direct one~for-one coding. (d) Single row with single modifier.
20
q???g?????%%%%ﬁgggo‘\_Mmﬂmummnnmmwm
U810 28425262 82031 g punch the day of the month.
(f) Single-row 7-4-2-1 coding. ¢
3 1 9
o Ulo olooUUlooo o Uolo
E 7 4 2 1|7 4 2117 421
E
).
(8) Singlo-row §F-7-4-2-1 coding, (k) Single-row SF-7-4-2-1-0 coding.
9 3 1
o

3 1
cloocoUUUooo
SF7 42 1ISF7 42

(i) Double-row 7-4-2-1 coding.
The deep punch indicates that this
number Is used as a single figurs.

-

9
[e](eXe] ONOOO OOUOUOOO
SF7 42 10|SF742 10[SF7T4210

The punched SF verifies that the punched
digit is used as a single figure, and is not
in combination with another digit.

0 o)
O o)

<00
~00)e
~0
-0
~00
~00|,_.
~00
~00],
~00

000
1742

(j) Single-row SF-7-4-2-1 coding with zero fisld.
6
ooUUo

(o]
. SF7 421
(k) Single-row triangular coding (0-9). 1 Wundreds

This field designates the total
number of zeros in the number.

(o) e} (o]
3 21
Zeros

O o o

SF 7 4

0 1
ooooolUoooU
74 21|§ 71
Units

Tens

8"— Note: Code upper numbers with a shallow-deep (o) Triple-row approximate

combinetion, and lower numbers with a deep- $3500 V2lue coding.
shallow combination, This facilitates sorting.
O |o#) wolictio ©
oulEon0s o

(o]
O |o¥%oMN Aol
Nearest hundred dollars

FIG. 5-6 Methods for direct coding of numeric data.




assume more than one meaning by using one or
more modifying code positions to assign the mean-
ings are somewhat more efficient and almost as easy
to use (Fig. 5-64d, ¢).

From a space standpoint, one of the most efficient
and most commonly used schemes is the 7-4-2-1
code, which only requires four holes to represent
any number between 0 and 14 (Fig. 5-6f). Nor-
mally the four holes are only used to represent the
digits 0 to 9, with zero represented by an un-
notched code field. This introduces some ambi-
guity since a field with no punches in it may rep-
resent either missing data or a zero digit. The 1
hole will be punched every time that the numbers
1, 8, 5, or 8 are punched. If there was a need to
search the file to select the cards which were
punched with a 1, then a single needle pass in the
1 hole would also drop out all the cards which were
punched with a 3, 5, or 8. Similarly, a single
needle pass in the 4 hole would also select the cards
notched with 5’s and 6’s. For this reason, this par-
ticular code does not lend itself to rapid selective
searches. However, it is extremely useful for ap-
plications that require sorting cards into sequence.
A one-digit field (0 to 9) in the 7-4-2-1 code can be
completely sorted into numerical order with just
four needle passes, whereas a one-digit field (0 to
9) in a card with direct one-for-one coding will re-
quire ten needle passes. This sorting into numeri-
cal sequence with the 7-4-2-1 code can be performed
very simply by needling the 1, 2, 4, 7 holes in that
sequence and putting the fallen cards (in the same
order that they had in the deck before they fell) at
the rear of the deck after each pass and before the
next pass is made.

The addition of one or two extra positions to the
7-4-2-1 code reduces the ambiguity and permits the
decks to be selectively searched more rapidly, while
still permitting relatively easy sequential sorting
(Fig. 5-6g, k). A 0 hole position is used to punch
the digit 0, and an SF position is used to indicate
that the punched digit position is used as a ‘“single
figure” and not in combination with another digit
position. Thus the joint or sequential needling of
the 1 hole and the SF hole will select only the cards
which are punched with the value 1 and will ignore
the other cards which use the 1 hole, such as the 3, 5,
and 8. For this scheme two needle passes, in se-
quence or simultaneously, are required to select a
card with a specific digit. This technique guaran-
tees, however, that no extraneous cards will be se-
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lected by the dual needling operation. For sorting
into numerical sequence the SF and 0 holes are
ignored and the deck is sorted in the manner de-
scribed for the 7-4-2-1 code. The single-figure po-
sition on some manufacturers’ cards is represented
by a V. With double-row punching the effect of an
SF position can be achieved by deep-punching the
single digits (Fig. 5-61). One code variation han-
dles the problem of coding zeros by using a separate
field to indicate the total number of zeros in the
number (Fig. 5-67).

Several other coding schemes that also permit
relatively rapid serial sorting are available. These
schemes, at the cost of using more code positiops
than the 7-4-2-1 code, incorporate a triangular dis-
play on the card in order to simplify the punching
and recognition by the user (Fig. 5-6k, I). Two
holes are punched for every digit. The positions
to be punched are the ones whose guidelines inter-
sect at the desired digit on the printed display.
Serial sorting is performed in the same manner as
for the 7-4-2-1 code except that one more hole
must be needled. One efficient triangular display
scheme uses four code positions with a double-row
card (Fig. 5-6m). Combinations of shallow (outer
row only) and deep (both rows) punching represent
the data.

Numbers within a range of values may be re-
corded by quantizing the number range into a dis-
crete number of intervals, and assigning a code pat-
tern to each interval (Fig. 5-6n). Instead of using
a range of values, it is possible to use approximate
or average values to represent the data, and assign
each code position to a particular approximate value
(Fig. 5-60).

Direct Alphabetic Information. TFigure 5-7 illus-
trates various notching schemes for representing
alphabetic information. The use of a unique hole
for each alphabetic character is even more waste-
ful than it would be for numeric data (see Fig.
5-7a). Efficiency can be improved hy assigning
multiple meanings to each position, using one or
more modifier code positions (Fig. 5-7b, c). One
of the most efficient methods is a number represen-
tation or count of the particular character, consid-
ering the alphabet A to Z to be represented by the
numbers 1 to 26. This basic method can be used
with single-row or multiple-row punching (Fig. 5-
7d, e). However, the method is more awkward to
use because a code table is needed for punching or



86 / Methods of information handling

(a) Single-row direct one-for-one coding.
’ B

quooooooooo
BCDEFGH! )K

~0

o000
MNO

~0

(b) Single-row with single modifier.

o]

oooooooooﬂ
QRSTUVWXYZ|A

)
¢

Yo
=20
mO
-0
=0
=0
-0
-0
=0
~0
=0
=0
°0
<0
eC
=0
«0
-0
=0
<0
=0
=0
~0
fale]

[

(c) Single-row with double modifier.

B B Q
0????????????8 o oUooococoooollUoooooooolUoo
A nsruvwxvzg ABCDETFGH®®IABCODETFGCH®®
q 2 (I)J:%MNOPEEIJKLMNOPEE
b R UVYWXseElo RS TU VWYX=
& y 23 y &8

z z

(d) Single-row numeric representation.

B Q

(e) Four-row niimeric

ooooUolUooolUo
68 421168421

Note: Count the letters in the alphabet.

presentation.
B qQ

[¢]

(o]

[e]

(@]

5

10

15

20

(f) Single-row triangular coding.

Note: Either code upper characters with a shallow-deep
combination and lower characters with a deep-shaliow
combination, or code upper characters with shallow
punches and lower characters with deep punches,

FIG. 57 Methods for direct coding of alphabetic data,

reading the holes. As with numeric data, a tri-
angular format can also be used to represent alpha-
betic data in single- or double-row cards (Fig.
5'7.f ’ g)-

Dates and Times. Figure 5-8 illustrates various
methods for representing dates and times by punch
patterns. Months or years can be coded directly,
with a unique hole for each month or year (Fig.

5-8a). The days can be coded by any of the tech-
niques described for coding numeric data. The
years can be coded by many of the schemes used to
represent numeric data, such as multiple meanings
for each hole, unique hole assignment for multiple-
row cards, and straight 7-4-2-1, 7-4-2-1-0, or 10-
7-4-2-1 numeric representations (see Fig. 5-8b to
h). Coding for the century may be ignored if the
card file is restricted to the years within a century.




The months may also be coded by any of the nu-
meric schemes (Fig. 5-8t, j). One variation of the
numeric scheme is to divide the year into quarters,
and into months within a quarter (Fig. 5-8k). An-
other variation is to use multiple-row cards to in-
clude the coding for the month and the year (Fig,
5-81). Elasped time in months, days, and hours
may also be simply encoded (Fig. 5-8m).

(a) Single-row direct onefor-one coding
March
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Names. Figure 5-9 illustrates various methods of
representing names by punch patterns. Any of the
schemes for coding alphabetic data can be used to
completely spell out the names, but this is so clumsy
that most users only code some abbreviated form
of the name. There are many ways to abbreviate
the names (see Chapt. 3), but.the most common
methods for notched cards are:

1964

o o U o o o o
Jan Feb  Moar Apr  May Jun Jul

O

(b) Single-row 7-4-2-1 coding

(c) Single-ow 7-4-2-1 coding with century field

o o o o olo o o o U o
Aug Sep Oct Nov Dec 1966 1961 1962 1963 1964 1965

{(d) Single-row 7-3-2-1-0 coding

1961 1961 1962
\ UUOOOOU OOOLO [ol[eNeNe] (o] OOUUOOOO [eX 0] (0]
7421 17 18 917 4 2 117 4 2 1 74210|/74210
Year Centary Decade Year Decade Year

(The 1900 is assumed)

(e) Single-row with single modifier

1961

4
4
8

[¢]
20
s0

280
<0

(0]

Read 2nd row

(g) Single-row 7-4-2-1 coding with century fieid

(o]
O
17 18

19 16
X100 Decade Year

1961
OU—UOOOOU
0000|000

1 4 2

14 21

(i) Single-row 7-4-2-1 coding

March

The deep punch indicates
that this number is

] - used as a single figure

(j) Single-row 10-7-4-2-1
Dec

(f) Double-row direct one-for-one coding

1961
56
61

O @]
@] o]

2800
2800
2800
8200

(h) Double~row 7-4-2-1 coding

(The 1500 is assumed)

(k) Months by quarters

March

IOOU'UI orﬁooUoo

7421
Month

1 4 2
Month

(1) Four-row combined month and year
May, 1962
OHWO“U'O’O
fo) Glol MO A le)
o [URosotollo
o |o8BoboNolo

OI OO OO0 Ul
1 23 4(1 2 3
Quarter Month

in the

quarter

(m} Triple-row elapsed time.

2 Months, 14 days, 20 hours

FIG. 58 Methods for coding dates or times.
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(a) Single-row numeric coding—one letter.

D.BIRD
© i(l)s (sj (4)12,[ (13 © Use 1st letter of last name only, and
Ist letter use any of the schemes of Fig. 5-7

to represent an alphabetic character.

(b) Single-row numeric coding—two letters.

PRGLGLY
ojooo UolUo o Uo
|lss 4 2 1(168 4 2 1‘ Use 1st and 3rd letter of last name
Ist letter 3rd letter only, and use any of the methods of

representing an alphabetic character.

(c) Single-row direct coding.

sy 0.@Pp .
I KOL 1]

oloocooUoUoUococolUooocUoooUooofo
AB EF MN RS YW AB £F MN RS W
CD GH 0PQ 1{/] XYZ D GH KL 0PQ T XYz

1st author 2nd author

Divide each field into the
desired number of sections.

(d) Double-row direct coding.

D.CBXRD
nd letter O[O ooooooUoooo]onup
Istletter OO U OO OO OO OO OO Q[OANN
AN BO CP DQ ER FS GF HU IV JW KX LY MZ

Deep-punch the 1st letter and
shallow-punch the 2nd letter.
Punch “DUP” if there are
duplicate letters. Punch “ANON"

if the author is anonymous.
(e) Triple-row direct coding.

2d letter O|O || O
Istletter O(O U O
Initial O[O O O

A B C

Note: For each author, use the 1st initial and the first two
characters of the last name. The initial is deep-punched.
the first character is medium-punched, and the second
character is shallow-punched.

(f) Double-row direct coding with vowel field.

D@0
oooUoooooooooooUooooUoo
[e][eJoRUNoNeNeNoNecNoNoNoNoNoNeNoNoNoNeNe] o NoNe) Use the 1st three letters of last name only.
DUPA B C D EF G HL JK L M N O PQ R S T UV WX|I U Other Deep-notch the 1st letter, and shallow-
ScH YZ|A E O notch the 3rd letter. The 2nd letter is
Ist and 3rd letter nd letter notched as indicated in the special field.
(&) Double-row triangular coding with vowel box. ’
0.@BD

Use the 1st three letters of last name only.
Code upper characters with a shallow punch,

and lower characters with a deep punch. (h) Double-row numeric interval coding.

Falls in category 26

Break the name list info an arbitrary 8 3l o5 8 8
number of intervals (100 in this case) 3 1

and punch the number of the interval Numerical breakdown
Ist letter 2nd letter 3rd letter which holds this name. of name list

FIG. 59 Methads for coding names.




1. Retain only the first initial and the first two
letters of the last name.

2. Retain only the first two or three letters o the
last name.

3. Retain only the first and third letters of the
last name.

Examples o some of the simpler coding methods
are given in Fig. 5-9q, b, c. Figure 5-9c will pro-
vide some false drops (e.g., I. MIST or |. SIMPLE
aswdl as J. SMITH) but many fewer than if the
initial letter S was punched alone. Direct coding
methods using multiple rows are shown in Fig. 5-9d,
e For situations (such asseveral authors) in which
two or more names are to be placed on a card, the
names are usually put into separate fields, although
they may be superimposed onto the same field. As
mentioned in Chapt. 3, the second letter of a per-
son's last name is nearly always one o the vowsls.
Consequently, the second letter does not provide
a great deal of discrimination between names or
words. Some coding systems have considered this,
and have provided a minimum number of coding
positions (a, e, i, 0, u, and "other"") for the second
letter (Fig. 5-9f, Q).

The actual number o holes to be assigned for
the alphabetic breakdown is arbitrary, and is usu-
ally a compromise among user convenience, the
number of available holes, and the required degree
d resolution or discrimination between data en-
tries. Coding schemes for names often combine
relatively infrequent letters (e.g., XYZ) into the
same coding position.

For uniform utilization o the entire coding field,
some attempt should be made to assign the charac-
ters to the holesin such a way that on the average,
each hole position has the same probability o being
punched. The frequency o occurrence of the let-
ters, described in Chapt. 3, could be used as a basis
for code assignment. It is also possible to use a
numeric code such as the one described in Table
3-1 to assign each name to a numbered interval
(Fig. 5-9h).
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Chemical Elements and Compounds. There are
many ways in which chemical elements and com-
pounds can be coded, and some o the simpler
schemes are shown in Fig. 5-10. Direct coding of
the elements can be used (Fig. 5-10a), the symbols
can be spelled out (Fig.5-1ob), or the atomic num-
ber can be given a numeric code (Fig. 5-10c). Sev-
eral comprehensive coding systems have been de-
veloped such asthe Frear, National Research Coup-
cil, Dyson, Gruber, and many others.! Coding of
compounds and elements is relatively specialized,
and the code usualy reflects the specia needs and
interests of the individual or organization which is
responsible for the file collection. Their interest
may be focused upon a narrow subject field such as
petroleum products, plastics, and high-temperature
metals.

Coding by Categories. Instead of directly punching
numeric or aphabetic information into the card,
most edge-punched card systems assign specific
meanings or categories to each coding position. For
example, a fruit cannery that recorded basic data
on a card for subseguent statistical studies might
assign a separate hole to each o the fruit types
(apples, pears, etc.) to be recorded instead of notch-
ing out the complete spelling of the particular fruit
(see Fig. 5-21). Economy in punching can also be
realized by assigning numeric codes to names (e.g.,
cities and states) or categories of information.

It nearly always proves useful to leave some holes
unassigned on the card when the initial format is
being planned. Additional requirements for record-
ing data often become apparent after the system has
become operational. It is also convenient for the
user if the meaning or assignment of each o the
holes can be printed directly onto each card. In
some cases, it may prove advantageous'to print on
both sides of the card. This printing can be done
by the user with small-scale printing machines such

¢Frear, D. E. H, "Comprehensive Coding Schemes for
Chemical Compounds" Chapt. 22 in Punched Cards, 2nd
ed., Casey et al., editors, cited previously.
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(a) Single-row direct coding with modifier.

Mg
ojlooooooooooooooooUooUo
=28 Nm 35 8 Ng 8K T B gF .
T8 8 o8 s o Sl az: st For some metallurgical uses.
< o o 3....22 -—i_;;u.— ::_
&
(b) Double-row symbol spelling.
Si
oloooooooo ooocooooooUooooo00o0olo
QIOOO0O0O0O0O00 00000000 O0OOOOOO0OO0 OO0 For general usage—
ABCDEFCHIJKLMNOPRSTUVWXYZ spell out the symbol
a b cdef g h i j kK I mnopor s tuvwixyz ! !
with the shallow row
for the first letter
and the deep row for
the second letter
(c) Single-row direct and numeric coding.
Sn
ojlooooooooooUoolooooflooooloooolo
Al C CoCr CuFe MgMoNi Si Sn W2Zn|7 4 2 1|7 4 2 1|7 4 21 For some metallurgical uses.

Elements—direct

Additional efernents coded
by atomic number

FIG. 5-10 Methods for direct coding of the chemical elements and compounds.

as ditto or multilith systems; however, better print
quality is usually obtained if the cards are printed
by the card supplier, with |etterpress printing equip-
ment.

Superimposed Coding. Superimposed coding, as de-
scribed earlier, in Chapt. 3, provides a means for
more effectively utilizing the storage capacity o
a card by superimposing severa items of informa-
tion in the same coding field. Code design tech-
nigues are available that allow systems to be de-
veloped with relatively compact codes and little
"noise” due to superimposed terms. To date, the
techniques of superimposed coding have been re-
stricted almost entirely t0 edge-notched card sys-
tems, although some tab card systems have used
this method of coding. The most common example
o an edge-notched card system with superimposed
coding is the Zatocard (see Fig. 3-9), a system de-
veloped by Mr. Calvin Mooers, one d the earliest
workersin the field o superimposed codes.

The Equipment

Some o the card systems include a small amount
o equipment to speed up some of the operations,
or to provide additional functions. However, no
comprehensive notched card systems exist with ca-
pability or performance comparable to the families
d punched tabulating card equipment. That is,

edge-notched equipment is not available to auto-
matically duplicate decks of notched cards or print
a listing o the information notched into the card.
Some o the more complex notched card equipment
is described below.

Key Punch. This unit is used for high-speed or
high-volume notching of individual cards. Manual
and electric models are available (see Fig. 5-11).
The keyboard permits the setting of the coding of
an entire card edge before any punching is done,
and then it is all performed simultaneously by a
single stroke of the motor bar. A repeat feature

FIG. 5-11 Keysort key punch.



permits the operator to pre-set any column or series
d columns o the keyboard to remain in the repeat
condition while the keys o all other columns re-
store after each operation.

Groover. The manual unit simultaneously grooves
as many as 50 cardsin the same notch position (see
Figs. 5-12 and 5-13), while the electric unit simul-
taneously grooves as many as 150. This feature
is valuable when many cards (e.g., a coupon book)
or checks must be notched with common informa-
tion.

Duplicating Punch. This unit reproduces fixed data
from a plastic card or Charge-A-Plate onto notched
card sets (see Fig. 5-14). This feature is valuable
for simultaneously punching several items of fixed
data (e.g., name, identification number, depart-
ment) from a Charge-A-Plate into a card.

Data Punch. Thisunit hasthe same capabilities as
the duplicating punch, plusthe capability for simul-
taneously imprinting information from the master
metal tag or Charge-A-Plate onto the face of the
card (seeFig. 5-15). When a card set is used, this
information from the Charge-A-Plate is imprinted
and punched on all o the pieces in the set, thus

FIG. 512 Keysort card groover.
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FIG. 513 Keysort electric groover.

generating a paper copy for other record-keeping
operations. Maximum coding capacity is 8 digits
on one edge of the card. The plates may be used
for imprinting without notching.

Tabulating Punch. The tabulating punch unit does
not read or interpret the punching on the edge o
the card (see Fig. 5-16). However, it can punch
numerical data into the interior of the card in a

FIG. 5-14 Keysort duplicating punch.
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FIG. 5-15 Keysort data punch.

form similar to paper tape coding, and it can later

read such numerical data in order to add, subtract,
or print them with the information from the cards.

The unit can aso reproduce a card while automa-

FIG. 5-16 Keysort tabulating punch.

FIG. 5-17 Keysort selector.

tically printing and totaling the information previ-

ously punched into the card's interior by the tabu-
|aIing punch_

Keysort Selector. The Keysort selector is a me-
chanical framework that can be used to speed up
the selection operations, especially where a rela-
tively large number o hole positions must be
needled (see Fig. 5-17). The selector is especially

FIG. 5-18 Electrofile card system—single unit.



FIG. 5-19 Electrofile card system—multiple unit.

useful for doing multiple needle sorts without dis-
turbing thefileorder. Oneentire edge, either single-
row or double-row coding, is sorted in one opera-
tion. Approximately 250 cards are handled in each
selection operation, and the file order of the se-
lected and rejected cards remains undisturbed.

Zatocard Selector. The Zatocard Selector isa device
which permits rapid searching o decks d Zatocards
(see Fig. 5-3). This is especialy useful when a
large number of hole positions are t0 be needled.
The separation of the selected cards is speeded up
somewhat by a vibrator, which shakes the cards
loose from each other.

Electrofile. The Electrofile stores and searches files
(see Figs. 5-18 and 5-19) o specialy constructed
edge-punched cards. The cards have a toothed
magnetic metal strip at the bottom whichis used for
coding the card (see Fig. 5-20). After the search
specification has been typed on the Electrofile key-
board, the device selects the pertinent cards from
the file without any manual card handling. The
main Electrofile search mechanism may operate
with a single tray o cards or with multiple trays
d cards. When the search mechanism's keyboard
buttons are depressed, corresponding selector rods
are pushed up between the teeth in the bottom of
the cards, so that cards that have not been punched
with the proper code are restrained from moving
to one side when an electromagnetic field is applied.

Manual card systems / 93

Properly punched cards are pulled to one side of the
deck by the magnetic field, and then tilted upward
on one corner so that the operator can easily ob-
serve and extract them. Because of the method of
selection, the cards may be filed in random order
in the trays. The cards are notched by the same
keyboard that is used for the search.’

Applications

Reporting and Charging System. |n many cases a
document must be quickly generated to record some
transaction or event. This document may not re-
quire an extensive amount o sorting, and does not
have to remain an active fileitem long. Thus, such
a document can be used as a temporary note or
scratch pad, rather than as a permanent record.
The following examples describe several different
ways in which notched cards have been used as
transaction records in reporting or charging sys-
tems.

TIME cARDS. Figure 5-21 shows a card used by a
large fruit and vegetable cannery to record the di-
rect labor charges o the hourly produc ion workers.
Notched cards have been used for this purpose in
several other installations.® The card shown is a
good example df category coding, in which most of
the individual holesin the card stand for a specific
category such as the day, shift, department, and
typed fruit or vegetable worked on. The employee
number is the only item numerically coded into the
card. Twenty-four holes are numbered and re-
served for spares and special uses such as special
operationsin each department. Thiscard isnotched
by the foreman for each o his workers at the end
o the shift, and used primarily to generate em-
ployee payroll data. It is aso used for cost ac-
counting studies t0 determine the production labor
costs to process each of the fruit or vegetable types.

CHARGE TICKETS. Figure 5-22 illustrates a hospital
patient's charge ticket for laboratory services. This
type of ticket isin fairly widespread use for hospi-
tal accounting, with format variation§ to satisfy the

5 Anon., "Automatic Loan File,” Auditgram, December
1955,

Anon.,"DedlersInstall Automatic System for Degree Day
Déliveries," Fuel Oil News, May 1955.

s Anon., “Keycard Simplifies Labor Distribution at
Norge," Management and Business Automation, Vol. 2,
No. 4, pp. 28-30 (October 1959).
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Fig. 5-21 Time card.

local requirements. The ticket set shown consists
d three carbon-backed papers (copiesfor the nurs-
ing section, patient's chart, and laboratory) and a
sorting card (for the business office). For a situa-
tion in which several documents must be generated,
each with some common data, an imprinting punch
machine (Fig.5-15) can be used to print and punch
the common data onto the charge ticket. A metal
plate similar to a Charge-A-Plate is made for each

incoming patient, and is used to label all the pa-
tient's charges and reports during the hospital stay.
This includes the registration forms, the patient's
medical record, and any request for medicines or
special services. The patient's plate contains fixed
information such as the patient's name and num-
ber, doctor's name, type of accommodation, and
other pertinent data. The nursing station in the
hospital that is responsible for this patient also has
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FIG. 5-22 Hospital charge ticket.
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FIG. 5-23 Library charge card.

an imprinting plate to describe the physical loca-
tion of the patient (Nursing Station N-6 in the ex-
ample). To generate a charge ticket, the patient's
plate and the nursing station plate are jointly in-
serted in the punch, and the basic charge ticket
is notched as shown in the example. Additional

details and variable data are then filled in as re-
quired.

LI BRARY CHARGE-OUT SYSTEM. Very simple notched
cards systems (see Fig. 5-23) have been used in
many libraries to record and control the charge-out
and circulation of books and other material. Mrs.
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FIG. 5-24 Spirit stencil card for library catalog cards and circulation control.
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FIG. 5-25 IBM card used as an edge-notched card for library circulation control.

Mary Lou Haire at the Hughes Aircraft Company
has developed and installed a clever notched card
system for a document center that serves many li-
brary functions besides circulation control.” The
key element in this system is a notched card which
contains the complete citation o a document or
book typed onto a spirit stencil insert. The stencil
card is prepared as soon as the document enters
the system, and is subsequently used to put a head-
ing on the indexing worksheet, prepare an accessions
list, prepare the required number of 3-by-5-inch
catalog cards, and prepare sets o charge-out cards
(anoriginal charge card, a first overdue notice, and
a second overdue notice). The stencil card (see
Fig. 5-24) may be sorted by corporate author, con-
tract, report number, and the contract for which the
document was requested. The charge cards may
be sorted by the borrower's badge number and due
date.

Another example of a circulation control card is
givenin Fig. 5-25. Thisis a rather specia type of
card in that it is a regular and pre-printed 80-

7Banks, D. H., "Planning the New Library: Hughes
Aircraft Company's Ground Systems Group Technical Li-
brary,” Specid Libraries, Vol. 52, No. 4, pp. 191-197 (April
1%61).

column IBM card which has been pre-punched with
the character | in alternate columns, in order to
provide a row of holes at the top and bottom of the
card that could be used for notching and needling
in the same manner as the other edge-notched cards,
and then trimmed at the print shop to make a
shorter card. Specia rectangular needles are avail-
able from IBM and other tab card equipment sup-
pliers, that can be used to needle the cards. The
main reason for using an IBM card in a manual
system is an economic one—the total cost of the
pre-printed, pre-punched IBM card is appreciably
less than the cost of an equivalent card from one
o the edge-notched card suppliers. Theuseof IBM
cards for this purpose was first suggested in the
literature by Ohlman.®

REQUISITION FORMS. Cards or card sets are often
used as parts or material requisition forms in pro-
duction operations to easily assemble all pertinent
charges to the proper project or cost center. The
example shown in Fig. 5-26 is used by 4 large manu-
facturing organization to record miscellaneous ma-
terial requisitions. Instead of writing in the parts

8 Ohlman, H., "The Low-Cost Production o‘_ Marginal-
Punched Cards on Accounting Machines,” American Docu-
mentation, Vol. 8, No. 2, pp. 123-126 (April 1957).
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FIG. 5-26 Requisition card.

description, it may be desirable in some instances
to code and notch the description of the item which
is being ordered, so that the cards can also be used
for inventory control purposes.

Technical Data Storage. Notched cards are often
used for situations in which a relatively large
amount o technical data must be correlated, or

searched. Such datafiles are usually of a very spe-
cialized nature, intended to satisfy the needs of one
particular user, although in some cases such files
may be useful to other organizations. Several rep-
resentative applications are given below.

TRANSISTOR INDEX. There are so many electronic
components (e.g., tubes, transistors, resistors) avail-
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FIG. 5-27 Transistor data card.
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FIG. 5-28 Trouble ticket.
ablefor use by design engi neers that many engi neer- MATERIAL COMPOSITION CR CHARACTERISTICS. As

ing organizations have established or subscribed to
card fileson componentsand devices. Several com-
mercial firms sell subscriptions to such card files
and tabulated listings o components characteris-
tics. One example o such a service is the Zeco
Transistor Index.? A copy o the type o card
which they provide in their file service for tran-
sistor characteristics is illustrated in Fig. 5-27.
Each card describes a particular transistor or family
of transistors by means of both notched sorting
slots and printed data on the card. The transistor
information is printed on the face of the card with
an office duplicating machine.

PERFORMANCE OR TEST DATA. Notched cards are use-
ful for the collection and analysis of performance
data such as the maintenance and parts replacement
records o radios, computer systems, or automaobiles.
These data are often collected in order to statisti-
cally analyze the malfunctions and required re-
placements. One example o the use d a card for
recording performance or trouble data is given in
Fig. 5-28. This particular card is used by a tele-
phone company for statistical studies of the location
and types of troublein the telephone system equip-
ment.

9 Distributed by the Zeus Engineering Co., Inc., 625
Kingsley Drive, Suite 1, Los Angeles 5, California.

mentioned earlier, techniques are available for de-
scribing chemical compounds with a general and
systematic coding scheme. But the majority o card
filesfor chemical data seem to use category coding,
with a particular compound or element assigned to
holes on a one-for-one basis. Cards have been de-
signed in this way for special chemical data, geo-
logical or mineral data, metallurgical data, and
many other special types of data.’® Figure 5-29 is
an example o a card which records the description
and measurements d some of the properties of spe-
cial chemical compounds. Additional descriptivein-
formationis recorded on the reverse side of the card.

PART SPECIFICATIONS. Some organizations may have
a large number o partsin their product line. In
such cases, the user may want to be able to select
a particular product by one of a number o char-
acteristics of that product. In this respect, this
application issimilar to the use o cardsin the tran-
sistor file that was previously described. One ex-
ample of such a part description card is given in
Fig. 5-30.

10 Anon.," Mass Spectra Data on Keysort Cards" Chemi-
cal Engineering Newsg December 29, 1952, p. 5466.

Kuentzel, L. E., "Punched Cards as Aids to Qualitative
Chemical Analysis by Spectral Methods" Chapt. 9 in
Punched Cads, 2nd ed., Casey et al., editors, cited previ-
ously.
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FIG. 5-29 Chemical compound file card.
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FIG. 5-30 Part index card.

Scheduling Systems. The examples below are given
to illustrate how the cards may be used to assist the
planning and scheduling d personnel and facilities.

CLASSROOM SCHEDULING. Figure 5-31 describes a
card set which is used by a high school during the
student's class registration period in order to as-
sist the scheduling of classes and the allocation o
classrooms and teachers.'* After the student's pro-
posed program content has been agreed to by the
parents and the counselor, the pertinent information
is notched into the card. The three or more parts
d the card set are then distributed to the parent,
counselor, principal's office and other parties as
required. The heavy card in each set is often used
as a master student locator card in the principal's
office. With thisinformation in each o the students
cards, the complete collection o cards can then be
sorted to determine the advance enrollment in each
d the classes. This will quickly provide the nec-
essary information for scheduling the classes and
facilities.

PRODUCTION SCHEDULING. Production work centers
can be scheduled and allocated in a manner similar

11 Matulis, A. S, Case History #978. How Taylor Center
High School Achieved Homogeneous Student Ability Group-
ing-and Many Other Benefits, with Low Cost Keysort
Notched Card System, Brochure S-570 o the Royal McBee
Corp., Port Chester, New York, 1960.

to that described for classroom scheduling.'? Data
to show which machines, processes, or departments
are affected by a particular order are notched in
the cards, and then the cards are sorted to observe
the predicted workloads for each work center.
The pertinent work center and operation number
are notched into the card (see Fig. 5-32). How-
ever, the scheduling details are not notched, and
instead, space is provided on the card to manually
record the required scheduling. This particular
example (called a Load Schedule Card) is one o
a group o 5 different cards used as part o a pro-
duction control system for alarge equipment manu-
facturer organization. The other 4 cards are used
for direct labor charges, material requisition, mis-
cellaneous material requisition, and summary data.
This particular manufacturer currently uses about
400,000 cards each year for the production schedul-
ing and cost accounting of a division which has ap-
proximately 400 shop workers, and distributes 400
to 500 production orders per day to the shop.

Personnel Records. Cards are often used to store
background data on an organization's personnel, in
order to easily locate people with particular skills
or backgrounds, or to provide a means for determin-
ing the total background or skills o the entire per-

12 Crause, S. J.,, "How a Simple Control System Cut Pro-

duction Costs," Office Equipment and Methods, Vol. 2, No.
1 (January 1956).
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FIG. 531 Student program card.

sonnel roster. Information such as additional edu-
cation or academic degrees, and job skills, can be
added to the card at some later date if necessary.
However, information that might be altered, such
as salary, marital status, present department, and
subject interests, presents more difficulty. Figure
5-33 is an example of one type o personnel card.
The reverse side o this card is used to record
changes, re-assignments, and factory courses com-
pleted.

Notched card systems are also used to describe a
criminal’'s background and reports o arrests.:?

18 McPherson, L. A., "Modernized Records System for
the Small Department,” The Police Chief, February, 1958.

Performance ratings or reviews such as the school
report card are another type o personnel record.
Figure 5-34 shows a punched card set that can be
used to conveniently provide the documentation as-
sociated with the reporting of students' grades. At
the beginning of the term, setsd cards are prepared
for each student, with one set for each class or sub-
ject to be taken. Fixed data such as the identifica-
tion numbers for the student, instructor, counselor,
and subject are punched into the cards at this time.
Each o the papers in the set is carbon-backed in
such a way that information entered on the top
sheet is always reproduced on the sheets below it.
In the example shown, information about the stu-
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HG 5-34 Student report cord.

dent, instructor, course, and performance is trans-
ferred through to all the copies beneath the top
sheet. For thefirst report, the grade and comments
are written into the appropriate locations on the
top sheet, and automatically reproduced by the
carbon backing onto all o the remaining sheets.
The top sheet then serves as the first report card to
be taken home for the parents' signature. The next
sheet serves asthe report card for the second period,
and so on. All the subsegquent report cards will con-
tain the grades of the previous report periods. The
final card in the set is used by the administration
for the student's cumulative records.

Bibliographies. There has been a considerable
amount d interest in the use o notched cards for
the preparation o bibliographies and reference
files.** Many such applications have been described

14 Westbrook, J. H., and L. H. De Wald, "A Modified
Punch Card Filing System for Metalurgica Literature,”
Metal Progress, Vol.54, No. 3, pp. 324-327 (September 1948).

Milne, L. J.,, and M. Milne, "Foresight and Hindsight on
a Punch-Card Bibliography," American Documentation, Vol.
10, No. 1, pp. 78-84 (January 1959).

Mathay, W. L., and R. B. Hoxeng, "A Classification and
Filing System for Corrosion Literature,”” Corrosion, Vol. 12,
No. 11, pp. 588t~592t (November 1956).

Staats, H. N., "Data Extraction in Nondestructive Test-
ing," Journal of the Society for Nondestructive Testing,
Vol. 15, No. 1, pp. 14-46 (January-February 1957).

Cox, G. C, C. F. Bailey, and R. 8. Casey, "Punch Cards
for a Chemical Bibliography," Chemical and Engineering

in the literature, with many variations in the
method of coding the subject, the authors, and the
references. Most of the reported systems were de-
veloped to satisfy the needs of a particular individ-
ual or organization. Names and dates may be
coded in the manner described earlier in this chap-
ter. Journal titles may be coded by the direct nu-

News, Vol. 23, No. 18, pp. 1623-1626 (September 25, 1945).

Hyslop, M. R., and A. Wassenberg, "An International
Classification and Punched-Card Filing System for Metal-
lurgical Literature,” Chapt. 5 in Punched Cards, 2nd ed.,
R. S. Casey et al., editors, cited previoudly.

Hyslop, M. R., “An Edge-Notched Punched Card System
for Metallurgy," Chapt. 10in Information Systems in Docu-
mentation, J. H. Shera, A. Kent, and J. W. Perry, editors
(Interscience Publishers, New York, 1957).

Hoyle, W. G., "Marginal Punched Cards for a Reference
File in the Field d Electronics,” The Engineering Journal,
June 1958, pp. 61-66.

Breger, 1. A, "Design d Simple Punched Card Systems
with Reference to Geochemical Problems,” Economic Geol-
ogy, Val. 53, No. 3, pp. 325-338 (May 1958).

Krieger, K. A., “A Punched-Card System for Chemical
Literature," Journal of Chemical Education, Vol. 26, No. 3,
pp. 163-166 (March 1949).

Tapia, E. W., "Coding Several Typés o Chemical Patent
Abstracts for Punch-Card Use™ pp. 41-55 in Progress Re-
port in Chemical Literature Retrieval, G. L. Peakes et d.,
editors (Interscience Publishers, New York, 1957).

Fleischer, M., "Experiences with a Notched-Card File of
Geochemica Data," pp. 105-111 in Progress Report in
Chemical Literature Retrieval, G. L. Peakes et a. (Inter-
science Publishers, New York, 1957).
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FIG. 5-35 Bibliography card.

meric punching of journa identification numbers,
the direct alphabetic punching o a standardized
journal title abbreviation, or by category punching,
using a separate hole for each particular journa
(if the number o journals of interest is not too
large). The reference or abstract may be hand-
written, typed, printed, duplicated, or pasted onto
the face of the card. Figure 5-35 shows a general-
purpose bibliographic card. This card has several
numeric and al phanumeric fieldsthat can be adapted
by the user to implement his particular classifica-
tion scheme.

Busi ness Records. There are many ways in which
notched cards can be used in the paper work system
d a business organization. In addition to the ex-
amples already cited, notched cards are useful for
the following purposes:

General accounting and cost accounting
Payroll distribution and check reconcilement
Sales analysis

Labor relations and union grievances

General filing systems (e.g., correspondence rec-
ords)

Purchase orders and incoming orders

Mailing lists

Inventory control °

Registration of warranties®

Motor-pool trip reports

Preventative maintenance records

Two specific examples of these applications are
given below.

GENERAL ACCOUNTING. For a manual bookkeeping
system with a large number of ledgers, it may be
convenient to use a card for each double entry.

15 McPherson, L. A, "Punch Cards for Inventory Con-
trol," Hospital Management, Vol. 83, Nq. 6, p. 86 (June
1957).

De Mambro, J., "Inventory Control for Electronic Parts
Distributors," National Electronics Distributors Association
Journal, July 1959, pp. 43-51.

18 Nicholson, A. K., (‘Automation o Warranty Cards
Provides Fast Consumer Profiles," Sales Management, Val.
84, No. 4, p. 48 (February 19, 1960).
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Ledger or account numbers could be pre-punched
so that when a batch o cards was received by the
accounting department they could easily be sorted
out into groupsto simplify the posting to the ledgers.
Such an application might also use the tabulating
punch, described earlier in this chapter. An ex-
ample o a general accounting card for a large de-
partment store is given in Fig. 5-36.

MAILING LISTS. Most companies maintain some
sort o mailing list for direct mailing of promotional
material, often organized by individual names, or
company, or geographic location, or product in-
terests. Cards can be used to advantage if different
portions o the file are t0 be used for each mailing.
For example, organizations that have a diverse
product line and know the special interests of the
people on their mailing list, would want to re-
strict their promotional mailings to those individ-
uals who have an interest in the product to be de-
scribed in a particular mailing. Figure 5-37 shows
an example o a mailing list card maintained by an
electronics component manufacturer.

Representative Costs

Notched cards may be ten times as expensive as
IBM or Remington Rand cards, and two to three
times as expensive as good catalog card stock, but
the equipment for notching and manipulating the
cards is relatively inexpensive. As mentioned
earlier, notched card stock may even be prepared

TABLE 5-2

Representative Costs of Notched Card Equipment

Approx- Approx-
imate imate
Rental Purchase
Item Cost Price
Electrofile(maaterkeyboard — 1-tray unit) $ — $1600
Electrofile(master keyboard—5-tray Unit) — 3000
Keymrt Tabulating Punch, Model 380 85/mo. 3410
Keymrt Hand Punch, Model 6201 — 8
Keymrt Data Punch. Model 8500 85/year —
Keymrt Duplicating Punch 35/year —_
Keymrt Keypunch (manual), Model 8145 10/mo. —
Keymrt Keypunch (electric), Model 8148 20/mo. —
Keymrt Batch Groover (desk model 8203) 20/year —_
Keymrt Dupli Punch, Model 8300 48/year -_
Keymrt Groover. Model 8250 18/mo. —
E-Z Sort Hand Groover —_ 16
E Z Sorting Needles _ 1
Keysort Sorting Needle — 2-4
E-Z Sorting Tray — 8-13

Zator 800 Selector
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TABLE 5-3
Representative Costs of Notched Cards and Card Sets

Item Approximate Cost

3$10-by-754-inch notched cards or sten-

cil cards (for orders o 10,000 oardsor

less) 1 14 per thousand
334 0-by-7}4-inch notched cards or sten-

cil carda (for orders of 100,000 carda)
&by-&inch cards (for orders of 10,000

6 per thousand

cardsor less) 17 per thousand
5-by-8-inch cards (for orders o 100,000

carda) 8 per thousand
Zatocards 16 per thousand

Cardsin coupon book form 100 to 200 per thousand books

Two-piece (3$1lo-by-754-inch! sets with
carbon-backed paper (for orders o
15,000 sets)

Four-piece (334 0-by-734-inch) sets with
carbon-backed paper (for orders of

18t0 24 per thousand seta

15,000 seta) 2810 32 per thousand sets
Card Savers 3 for 10 books s
Practa Data-Cards 38t0 50 per thousand

Ekctrofik carda (5-by-8-inch) 80 t0 68 per thousand

Note: Them are approximate prices. The exaet price will depend upon
the order quantity, card size, special printing requirements, and other
features.

with tabulating card equipment by punching holes
around the edges o a conventional IBM or Reming-
ton Rand card (seeFig. 5-25). Aninitial charge of
50 to 100 dollars is necessary to do the artwork and
prepare the printing plate if a special card format
is to be printed. Representative equipment costs
are given in Table 5-2 and material costsin Table
5-3.

INTERIOR-NOTCHED CARDS

The rest o this chapter discusses cards (other
than the IBM and Remington Rand type of tabu-
lating card) that are punched in the interior o the
card, and are primarily manual systems with a few
machine aids. There seem to be two general types
o interior-notched cards: those that are searched
with needlesin much the same manner as the edge-
notched cards and those that are searched visually
or optically (the so-called " peek-a-boo™ systems).

Needled Cards '

The needled cards are similar to the edge-notched
cards in that the type of coding used for edge-
notching is also used for interior-notching. The
pre-punched holes are enlarged with hand punches
or stronger desk-top punches. Searching is per-
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FIG. 5.38 Needled microfilm sheet of Petroleum Research Corporation.




formed by threading a long needle through the file,
or fraction thereof, for each o the notched posi-
tions to be needled. By then removing the bottom
support of the card deck, or by turning the entire
deck upside down, the notched cards will be able
to drop lower than the un-notched cards, and can
then be extracted from the deck. An example o
such acard isshownin Fig. 5-38.

The Ahrend-Globe interior-notched card system,
with its relatively simple equipment, has been used
rather extensively in Europe for many different
types of applications."” One rather unusual ap-
plication has been made in this country o an in-
terior-needled card by the Petroleum Research
Corporation.’®* Instead d using regular paper
cards, they have applied this method to a file o
sheet microfilm cards that they prepare and dis-
tribute on a subscription basis to persons interested
in sedimentary and petroleum geology (see Fig.
5-38). Each article or report o potentia interest
to the service's subscribersis microfilmed and each
page transferred to a 5-by-8-inch microfilm sheet,
with up to 56 pages of text reproduced at about 1 ¢
its original size. One o these microfilm sheets is
made for each subscriber. |n addition, the index-
ing information for this article is punched into the
microfiche so that each subscriber, with the use of
a standard indexing system, obtains and maintains
a complete reference file and search facility with
very little effort on his part. Simple searching fix-
tures permit the subscriber to perform the file
searching rather rapidly and easily.

Optical (Peek-a-Boo) Cards

Whereas the needled cards are often encoded in
a large variety o ways, the optical coincidence
cards are usually coded in a coordinate indexing
manner. If coordinate indexing is used, then each
item in the file is given a unique serial number or
accession number, preferably starting with 1 and
numbering consecutively. Each of the attributes,
subject headings, or terms used for the indexing of
the file contents is assigned a term card (see Fig.
5-39). Thusthereis aterm card for each deserip-

17 Anon., "A New Approach to the ASM-SLA Interna-
tionad Punched Card System,” American Documentation,
Val. 10, No. 1, pp. 95-97 (January 1959},

18 Chronic, J., "How Microfilm Library Aids Research,"”
World Oil, Vol. 142, No. 6, pp. 95~97 (May 1956).
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tor, Uniterm, or subject heading which might be
used to describe the items of information in the file.
Each d these term cards contains a fixed number
and pattern of assigned but unpunched hole posi-
tionsontheinterior o thecard. Each o these hole
positions is numbered according to a standard pat-
tern, such as a rectangular checkerboard pattern.
Each one o the hole positions represents a serial
number, starting with 1 and counting consecutively
up to the maximum number o holes that can be
punched into a single card. If a particular term
applied to a document, a hole would be punched
in that term's card in the position corresponding to
that document number. Consequently, a term
card would be punched only with the numbers o the
documents described by that term. A search for
logical products of several terms (where the de-
sired document is one that is indexed by term. A
and term B and term C) can easily be performed
by superimposing the A, B, and C term cards and
looking for the individual hole positions which are
punched through all three cards. If the same hole
position is punched on all three cards, it will be
possible to see through the entire deck in that hole
position. Thus, if a light is positioned at the rear
o the deck, a pinpoint o light will show up in each
hole position that has been punched for all three
terms. Inthisway,the coordinatesd thelight spots
indicate the serial numbers of the file items that
satisfy the search request. This business of look-
ing through the holesto see the light isthe basis for
the descriptive label of "peek-a-boo™ systems. The
basic ideas for this approach were developed in 1915
by Taylor, with some later modifications suggested
by Soper.** An excellent description o the peek-a-
boo approach and its application have been given
previously by Wildhack and Stern.2® For applica-
tions in which the file material and index are con-
stantly changing, new cards may be prepared by a
computer program.*

19 Taylor, H., "Selective Device," U.S. Patent No. 1,165,-
465, issued December 28, 1915.

Soper, H. E.,"Means for Compiling Tabular and Statisti-
ca Data,"” U.S. Patent No. 1,351,692, issued August 31,
1920.

20 Wildhack, W. A., and J. Stern, "The Peek-a-Boo Sys-
tem--Optical Coincidence Subject Cards in Information
Searching,’, Chapt. 6 in Punched Cards, 2nd ed., R. 8. Casey
et a., editors (Reinhold Publishing Corp., New Y ork, 1958).

21 Robbins, D. K., "Computer Production d Peek-a-Boo
Sheets,” Communications of the Association for Computing
Machinery, Vol. 4, No. 12, pp. 562-565 (December 1961).
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FIG. 5-39 Peak-a-boo term cards (National Bureau of Stondards).

The peek-a-boo cards may also be used as a data
processing device for the evaluation of test data and
the examination o relationships between many
variables. It can easily provide cross-correlations
and statistical analyses of survey or test results,?

22 Campbell, J. D., and H. 8. Caron, “Data Processing by
Optical Coincidence," Science, Vol. 133, No. 3461, pp. 1333~
1338 (April 28, 1961).

The use of pre-addressed hole positions on the
card provides some restrictions because of the

limited number of holes that can be punched into
and read from a card. The file capacity can nat-

ura”y be increased by increasing the card size and

decreasing the size and spacing of the holes. The
following card sizes have been used:




Number
of Holes Sized Coding Field
per Card (ininches) System
400 standard tab card size Find-1t
480 e 1BM RatA-Ruth
540 . conu Omnidex
540 “ oo Remington Rand card
960 “ “omow regular IBM card
10,000 9x9 Tennatrex
18.000 4xTY4 National Bureau of Standards
100,000 Microfilm filmstrip Minimatrex

For some applications with very largefilesit is pos-
sible to divide the file into a number of separate
sub-files, so that smaller peek-a-boo indexes can be
operated in a parallel and independent manner.
The Omnidex * system, described later, uses some
additional encoding to allow large files o informa-
tion to be represented by sub-files o 500-item cards.
Several of these peek-a-boo systems are described

in more detail below.

National Bureau o Standards Microcite System.
One d the earliest applications of peek-a-boo cards
to documentation problems was made by the U.S.
National Bureau of Standards t0 index a collection
d literature on instrumentation,?® This initial ap-
plication was followed by additional tests and the
development o operating systems by other organi-
zation~.¥he NBS term cards are 5-by-8-inch
white plastic cards (see Fig. 5-39), and the equip-
ment for punching and viewing is relatively simple
(see Fig. 5-40). In most peek-a-boo systems the
searcher usually has to view the light spots, record
the numbers of the selected documents, and then
obtain a copy o the document or abstract from
permanent storage before he can actually appraise
the search results. With the NBS Microcite fea-
ture, a microtransparency o the abstract o each
document is placed on a microfilm array in the posi-

* Trademark.

23 Wildhack and Stern, chapter in Casey et al., cited
earlier in this section, fn. 20.

Wildhack, W. A., and J. Stern, "The Peek-a-Boo System
in the Field of Instrumentation,” Chapt. 13 in Information
Systems in Documentation, J. H. Shera et al., editors (In-
terscience Publishers, New York, 1957).

Wildhack, W. A., J. Stern, and J. Smith, " Documentation
in Instrumentation,” American Documentation, Vol. 5,
No. 4, pp. 223-237 (October 1954).

2¢ Wright, R. C., and C. W. J. Wilson, " Classification with
Peek-a-Boo for Indexing Documents on Aerodynamics. An
Experiment in Retrieval,”" Proceedings of the International
Conference on Scientific Information, Vol. 1, pp. 771-801
(National Academy o Sciences, Washington, D. C., 1959).
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FIG. 540 National Bureau o Standards peek-aboo punch and
viewer in operation.

tion corresponding to that document number. Thus,
with the microfilm array placed behind the term
cards during searching, any selected coordinate will
now produce a microdisplay of a document's ab-
stract instead of merely a dot of light. This micro-
film image can be read with suitable magnifying
lenses. A specia searching machine has been built
using this principle so that a user may more care-
fully examine the content o a selected document
as a part of the search operation (see Fig. 5-41).
With photocopy techniques, it is also possible to
make a paper print o the display onto suitable
paper so that the search results can be quickly re-
corded for later reference or mailing.

Termatrex. The first commercial versions o the
National Bureau o Standards peek-a-boo system
seem to have been Howard Benson's Omnidex equip-
ment, put out in 1956, and the Termatrex equip-
ment of Jonker Business Machines, Inc., who in
stalled their first system in 1957.2 The Termatrex
eqguipment is a complete line of peek-a-boo equip-
ment covering a wide range o file-size capabilities
and input-output devices. The simplest system is
the Model 104. For input, the cards cprresponding

25 H, F. Benson, "File It to Find It ... Omnidex,” an
instruction manual of Omnidex, Pomona, Calif., 1959.

Jonker, F., “The Termatrex Inverted 'Punched Card*
Systems,"” American Documentation, Vol. 11, No. 4, pp. 305-
315 (October 1960).
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FIG. 5-41 National Bureau of Standards peek-a-boo image viewer.

to the index terms o that document are placed to-
gether on a drilling template, and a hole is drilled
with a portable hand drill through all the cards
simultaneously at the hole number corresponding
totheserial number or accession number of the docu-
ment. Tosimplify thisdrilling process, two modified
versions of this machine, Model 202 and Model 301
(Figs. 5-42 and 5-43), provide a drill-holding mech-
anism which is suspended above the cards, travels
on two perpendicular tracks, and can be locked into
position during the drilling operation to ensure ac-
curacy in the hole drilling. The numbering system
for the cardsin this machineis a simple rectangular
coordinate system o 100 by 100 points, resulting
in a total o 10,000 hole positions on a card. For
searching, the cards corresponding to the search
terms are superimposed on a viewing screen and the
base light illuminates the punched addresses that
are common to all the cards. The coordinates o
the holes can be read by means of movable scales.
A similar system (Keydex) by the Royal McBee
Corporation was introduced in 1963.

FIG. 5-42 Jonker Model 202 retrieval equipment.

FIG. 5-43 Jonker Model 301 retrieval equipment.

A more complex system, the Jonker Model 400
(seeFig. 5-44),isavailable for the applications with
unusually heavy input and search traffic, and uti-
lizes auxiliary input equipment. A keyboard entry
device is available which causes a card to be
punched in the position corresponding to the co-
ordinates entered into the keyboard. Input could

also be provided from tab cards or punched paper
tape. To simplify the recording o search results,
equipment is also available which will print or
punch out the hole number when a cross-hair sight-
ing arrangement is placed over that hole, or when
an automatic scanning device locates an illuminated
hole. Equipment is also available, Jonker Model

FIG. 5-44 Jonker Model 400 retrieval equipment.



81, to obtain a permanent photographic record of
the resultsof the superimposition of a deck of cards.

For applications that require a larger file capa-
city, Jonker has developed a microfilm peek-a-boo
system, the Minimatrex, in which reduced images
o standard 10,000 item cards are stored on micro-
film strips (“termstrips”). Each filmstrip contains
5 or 10 separate frames, with each frame a photo-
graphic reduction o a standard Termatrex card.
An early model of the special viewer is shown in
Fig. 5-45, and a display of one of the frames of a
termstrip is shown in Fig. 5-46. Up t0 12 term-
strips can be superimposed for a single search on
this viewer. The termstrips would probably have
to be made with special microfilm equipment or
techniques, in order to achieve the necessary con-
trol o distortion and registration.

Several users haveindicated that about 3 minutes
d machine time is required to enter a document
into the system, and that the search time for a file
d 10,000 or 40,000 items is usually on the order of
2to 4 minutes. Thiscompares very favorably with
computer searching speeds, and is probably less ex-
pensive. In addition, any o the peek-a-boo sys-

FIG. 545 Jonker Model 1000 visual Minirnatrex reader.
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FIG. 5-46 Jonker Model 1000 viewing screen.

tems have the advantage of being available for al-
most immediate searching at any time during the
day —whereas, searches on a computer system are
usually batched and run once per day.2

QOmi dex. The Omnidex peek-a-boo system uses a
card stock with the dimensions o a standard tabu-
lating punched card, and an array o 12 rowsand 45
columns of pilot holes pre-punched into the card
(seeFig. 5-47). This pattern provides 540 hole po-
sitions on the card, so that if each position were
assigned to a particular file item, the file would be
limited to a collection of 540 items. However, the
card format is arranged so that 40 o the holes are
used to denote a system of sub-files. In this man-
ner, a master deck restricts the search ta bne or more
o 40 sub-files (each with a capacity o 500 items).
The selected sub-files are subsequently examined to

26 Carpenter, H. M., "A System for Storage and Retrieval
o Data from Autopsies,” American Journal of Clinical
Pathology, Vol. 38, No. 5, pp. 449-467 (November 1962).
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FIG. 5-47 Omnidex card.

locate the exact reference number. This scheme
permitsthe system to index up to 20,000items. For
still larger collections, combinational coding (2 holes
out d 40) can be used to control up to 250,000 items
in 500 file groups of 500 documents each. The pre-
punched pilot holes are used to guide the hand
punching and assure the proper alignment of
punched holes. This is possible because the hand
punch is constructed in such a manner asto prevent
punching unless a pilot needle is centered in the
pilot hole. Although the Omnidex system has re-
ceived relatively little attention to date, its first
commercial application (17,500 items) occurred in
1956 at the General Dynamics—Pomona Engineer-
ing Document Center. Installations have been
made in about 25 major companies since that time.

IBM Port-A-Punch. The IBM Port-A-Punch card
described in an earlier chapter can be used con-
veniently for a small peek-a-boo system. Each card
has 480 pre-scored hole positions, and a hole can
be put in a card simply by pushing it out with a
pencil point. However, relatively little use has
been made, so far, of these small peek-a-boo sys-
tems. In some restricted applications, a regular
IBM card has been used.* A commercial version

27 Malinoski, R., et al,, Use of the Cardatype Machine to
Prepare Peek-a-Boo Cards, Report 30 d the Groth Institute,
Pennsylvania State University, University Park, Pennsyl-
vania (August 7, 19591, ASTIA Report No. 228 899.

TABLE 5-4
Representative Costs of Interior-Punched Card Equipment

Approximate

[tem PurchasePrice

Jonker Model 100 $ 39
Jonker Model 202 1,350
Jonker Model 301 4,000
Jonker Model 400 12,000
Jonker Model 500 Automatic Card Scan-

ner 10,000
Jonker Model 1000 Visual Minimatrex

Reader 1,500-2,000
Jonker Model 81 Photological Device 450
Omnidex Hand Punch 30
Royal McBee Keydex 1,200

TABLE 5-5
Representative Costs of Interior-Punched Cards

[tem Approximate Cost

Omnidex cards
IBM Port-A-Punch cards

$25 per thousand
3 per thousand

Find-It Card Kit 10 per two hundred
Jonker Termatrex cards (plain

index tabs) 25 per hundred
Jonker Termatrex cards (random

accessindex) 35 per hundred




TABLE 5-6

Commercially Available Interior-Punched Card Systems

Card or
System Name Distributor
Termatrex Jonker Business Machines, Inc.
P.O. Box 265
404 North Frederick Avenue
Gaithersburg, Maryland
Trio Ahrend-Globe
Simon-Stevinweg 7-21
Hilversum, Netherlands
Omnidex Howard Benson
P.O. Box 825
Pomona, California
Findex William K. Walthers, Inc.
1245 N. Water Street
Milwaukee 2, Wisconsin
Brisch-Vistem Visirecord, Inc.
Feature Card (Distributorsfor Carter-Parratt, LM.,
London)
375 Park Avenue
New York 22, New Y ork
Keydex Royal McBee Corp.
850 Third Avenue
New York 22, New Y ork
Find-It Find-It

P.O. Box 36074
Wilshire-La Brea Station
Los Angeles 34, California

of this system is marketed by Find-It (see Tables
5-5, 5-6) providing 400 hole positions.

Brisch-Vistem Feature Card. The Brisch-Vistem
Feature Card system is another peek-a-boo system
for relatively small collections.?® A card measur-

28 Jolley, J. L., " Punched Feature Cards," Data Processing
(British), April-June 1959, pp. 4-11

Johnson, A., "Experiencein the Use d Unit Concept Co-
ordinate Indexing Applied to Technical Reports,” Journal
d Documentation, Vol. 15, No. 3, pp. 146-155 (September
1959).
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ing 6 by 11 inches provides 1000 hole positions,
while a card that measures 10 by 12 inches con-
tains 10,000 hole positions. Very simple equipment
is used for punching, and no special equipment is
provided for searching or viewing.

Represenfafive Costs

The interior-notched cards are generally more
expensive than regular punched tabulating cards.
However, the total equipment investment for in-
terior-notched cards is usually very modest. Rep-
resentative equipment costs are given in Table 5-4,
and material costsin Table 5-5. A list of the dis-
tributors or manufacturers of this equipment is
given in Table 5-6.

Additional References

Aronoff, S, "Code for Alphabetical Index for Punched
Cards," Journal of Chemical Education, Vol. 36, No. 11,
p. 581 (November 1959).

Ball, N. T., "Making Classification Systems for Punched-
Card Coding,” Chapt. 25 in Punched Cards, 2nd ed,
Casey et al,, editors, cited below.

Casey, R. S, C. F. Bailey, and G. J. Cox, "Punch Card
Techniques and Applications,” Journal of Chemical
Education, Vol. 23, No. 10, pp. 49549 (October 1946).

Casey, R. S, J. W. Perry, A. Kent, and M. Berry, editors,
Punched Cards: Their Application to Science and In-
dustry, 2nd ed. (Reinhold Publishing Corp., New York,
1958).

Cox, G. J,,R. S. Casey, and C. F. Bailey, "Recent Develop-
ments in Keysort Cards," Journal of Chemical Educa-
tion, Vol. 24, No. 2, pp. 65-70 (February 1947).

Hoffer, J. R., "Information Retrieval in Socia Welfare:
Experiences with an Edge-Notched Information Re-
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vison o John Wiley and Sons, New Y ork, 1962).

Thompson, M. S, "Peek-a-Boo Index for a Broad-Subject
Collection," American Documentation, ;Vol. 13, No. 2,
pp. 187-196 (April 1962).
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THE EQUIPMENT

This chapter deals with the IBM and Remington
Rand punched tabulating card (tab card) equip-
ment, and the ways in which it can be used for in-
formation storage and retrieval applications. Since
the actual card form and methods of coding were
described earlier, this chapter will concentrate pri-
marily on functional descriptions o appropriate
card equipment, indications of what costs can be
expected, and descriptions of many applications of
this equipment to storage and retrieval problems.
Although most of the equipment illustrated happens
to be IBM equipment, corresponding equipment is
available from Remington Rand in nearly all cases.
Remington Rand and IBM each offers some equip-
ment for which the other has no equivalent. In
most instances, the figures in this chapter illustrate
one particular model of each machine type under
discussion.

Key Punch

The most common method of creating tab cardsis
to usea key punch unit similar to that shownin Fig.
6-1. Simpler manual card punches, such as the
models shown in Figs. 6-2 and 6-3, are also available
but’ operate at much slower speeds. The operator
of the key punch depresses the keys on a device
similar to a typewriter keyboard, and the machine
automatically punches the corresponding holes into
a card. The card is advanced automatically after
punching each column, and new cards are fed in

116

The Equipment
Representative Applications
Representative Costs

from an input hopper when called for. The key
punches may also be equipped with printing mecha-
nismsthat can print the punched information at the
top o the card, above the corresponding columns.
In this way, the entire contents o the card can be
printed in one line at the top o the card at the
same time that the card is being punched. I neces-
sary, the key punch can automatically enter any

FIG. 6-1 Card punch (IBM Model 026).



FIG. 6-2 Manual key punch (Panels, Wires, Inc., Model 001).

amount o fixed or constant data into each card as
it is being punched, or can rapidly skip sections of
the card that are t0 be left blank. The operator
thus needs only t0 key in the variable data. Any
or all o the data that were punched into a card can
also be duplicated automatically into the next fol-
lowing card. Skilled key punch operators can punch
the cards as fast as 10,000 numeric characters per
hour (125 full cards per hour) if the conditions are
right. A more reasonable estimate for personnel or
time requirements is 5000 numeric or 2500 alpha-
numeric characters per hour, using a fairly well-
trained operator.

It is amost certain that there will be some mis-
takesin the punching, just asa typist can always be
expected t0 make an occasional mistake. Conse-

FIG. 6-3 Manual key punch (American Electronics, Inc., Mek-A-
Punch).
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FIG. 6-4 Reproducing punch (IBM Model 514).

guently, another card machine, the verifier, is used
to detect these mistakes. An average o about 2
percent of punched cards contain errors detected by
the verifier, while about 2 cards in 10,000 will sub-
sequently be found to contain errors not detected by
the verifier.*

Verifier

The verifier machine looks much like the key
punch machine. The punched cards to be verified
are placed in the input hopper, and the operator
proceedsto use the keyboard and the original source
data in the same manner as the original key punch
operator. As a further check for errors, the cards
are usualy verified by a different operator from
the one who originally punched them. For each
column, the verifier compares the character o the
depressed key with the character already punched
in the card. A difference between these two will
cause the machine to stop at that point so that the
operator can observe the discrepancy. The operator
can then pass the card through the madhine, but the
top o the card will be notched above the column in
doubt. Whenever a card successfully passes a check

1 Hinds, G., "Accuracy d Data Preparation,” Computer
Bulletin (British), June 1960, pp. 7-9.
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by the verifier, it automatically receives a notch
on one edge o the card. This provides a means for
later determining whether or not the card has been
verified. Most organizations that use key punches
also use verifiers to check the card punching.

Reproducing Punch

The reproducing punch (see Fig. 6-4) provides a
means by which cards can easily be duplicated, or
fixed information can be punched into all o the
cards in a deck. One deck of previously punched
cards is fed into one hopper o the reproducing
punch while a deck of blank cards is fed into an-
other hopper. A blank card isthen punched to con-
form exactly to each card, or specified portion there-
of, in the original deck. Decks o cards that are
wearing out can be regenerated, or additional copies
o cards can be generated for subsequent filing, dis-
tribution, or parallel processing. When reproduc-
ing a deck, the machine automatically checks the
corresponding punched cards against each other,
and indicates the discrepancies when they occur.
A plugboard wiring arrangement permits the user
to program the machine to transcribe any or all of
the data in the original card to different columns of
the new card, or to duplicate only a selected portion
of the original card. A plugboard or patchboard
(see Fig. 6-5) is a control panel similar in nature
to a telephone switchboard and is used to permit
changes to be made relatively easily in the internal
electrical circuits o the machine in order to change
the sequence of operations of the equipment. The
actual physical wiring or interconnection o the
electrical circuits of the equipment needs to be
changed for each different computation or operation
to be performed. The plugboard offers a convenient
way to plug in jumper wires to make these neces-
sary connections. The entire plugboard and its
patchwork of wires can be easily removed from the
equipment and replaced with another plugboard.
Thus for jobs that are run frequently, a separate
plugboard may be maintained and stored, with all
its wiring intact.

Most tab card equipment incorporates some form
o plugboard, sinceit provides a relatively inexpen-
sive way to change the sequence of operations of
a piece of equipment. However, a considerable
amount o time and training are usually necessary
before a user can properly prepare a plugboard. In
addition, plugboards are limited in the number of

FIG. 6-5 Representative plugboard.

sequence steps that they can control, and they are
bulky and difficult to store. Conseguently, as the
data processing equipment gets more complex (e.g.,
computers) the sequence of machine operations for
each job may be controlled by computer programs
stored in the machine, rather than by plugboards.
Thisis discussed in more detail in the next chapter.

The reproducing punch can interpret the penciled
mark-sense information on a card and punch it into
thesame card. One model of the reproducing punch
can print pre-wired or pre-punched numbers across
one end o each punched card. These printed num-
bers are in large, bold type, which is appropriate
for, say, employee time cards, where individual
cards must be recognized quickly. Another model
d the reproducing punch has an arithmetic capa-
bility for accumulating totals from information
punched into the cards, and punching the total into
the original data card or into a new card. Some
d these reproducing punches have been adopted for
use as input-output devices for computer systems.
This type o equipment normally punches at the




rate of 100 or 200 cards per minute, although some
units operate at 300 cards per minute.

Inferpreter

For many applications, it may be convenient to
have printed on the top o the card the same infor-
mation that has been punched into that card. In
some cases, the information can be printed at the
top o the card when it is keypunched. However,
the printing of a key punch unit (see Fig. 4-2) is
not d the best quality, and can only appear at the
top o the card. In addition, thereis no convenient
way to suppressthe printing o specified columns on
the card, and the printing will not be available if
the decks are generated by some means (e.g., re-
produced with a reproducing punch) other than key-
punching. The interpreter is a machine for print-
ing numeric or aphanumeric data from selected
portions of a card onto selected positions of the
same card. Because o its improved print quality
(see Fig. 6-17), this equipment will permit tab
cards t0 be used as documents, notices, or entries
in a manual reference file. The interpreter, shown
in Fig. 6-6, operates at a rate d 60 cards per minute.

FIG. 6-6 Alphabetic interpreter {IBM Model 548).
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FIG. 6-7 Sorter (IBM Model 084).

Sorter

The sorter provides a means by which groups of
cards may be sorted into numeric or alphabetic se-
guence. It also provides a means by which cards
can be selected from a file on the basis o the in-
formation which is contained in the card. Several
sorter models are available; one is shown in Fig.
6-7. Most sorters examine only one specified col-
umn position on the card while the entire group
o cards is passed sequentially through the ma-
chine, and direct each card to the hopper corre-
sponding to the character punched on the card. The
machine operator designates the column to be ex-
amined by setting selector switches or buttons on
the machine. Because a deck of cards can normally
be sorted by only one column at a time, the deck
must be passed through the sorter as many times
as there are characters in the sorting or selection
field.> A deck would have to be passed through
the sorter ten times in order to be arranged in se-
gquence by a ten-digit number. The number of
passes is doubled for alphanumeric Yata. Some
sorters link mechanical counters to each of the sort
pockets or hoppers so that the cards in each sorted

2ThelBM Model 101 Statistical Sorter, described in more
detail in a later section, is the major exception to this
restriction to single-column sorting, and consequently pro-
vides many additional capabilities.
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category can be tallied. Various single-column
sorter models are available that will operate at
rates of 450, 650, 1000, and 2000 cards per minute.

Collator

The collator isa machine with a moderate amount
of logical capability for card-handling operations.
It can select specific cards from a deck, merge two
decks o cardsinto asingle ordered deck, and match
one deck against another. |n a single pass through
the machine, it can select cards by the following
criteria:

Cards punched with specific digits
Cards with a blank column

Cards with a specific number

Cards higher than a specific number
Cards lower than a specific number
Cards between two specific numbers
Cards that are out of sequence

The collator's merging operation, in one machine
pass, combines two sets o ordered cards into one
set of cardsin an ordered sequence. Both sets must
originally be arranged in the same sequence (e.g.,
both in ascending order) before they are merged.
The collator is often used for file-maintenance op-

FIG. 6-8 Collator (IBM Model 088).

FIG. 6-9 Accounting machine ({IBM Model 407).

erations to insert a small amount o information
into an existing file. New data can usually bein-
corporated into an existing file much faster by a
merging than by re-sorting the entire group of new
and old cards. The collator's matching operation
isused to compare one card file to another to check,
for example, that a purported duplicate deck is ac-
tually duplicate; or to extract cards from a master
filewhich corresponds to a set of interrogation cards.
Some of the newer collators operate at speeds up to
1300 cards per minute. One collator is shown in
Fig. 6-8.

Line Printer (or Accounting Machine)

The line printer (see Fig. 6-9) derives its name
from the fact that it prints one complete line at a
time, instead of printing each o the line's charac-
ters sequentially. An illustration o the type font
and quality o such printing is given in Fig. 6-16.
The first machines developed to print a line at a
time from tab card information were designed as
accounting machines with a capability to read in-
formation from cards, perform some computations,
and print the results, along with-other information
from the card or from plugboard wiring, in com-
pletelines. For many information processing tasks,
little or no use is made o this available arithmetic
capability, and the machine is used entirely for
"listing," or printing the information that is punched
into a deck o tab cards onto a sheet o paper. A
plugboard is used with the machine so that it can



be wired to read from designated portions o the
card and position the designated information at
various locations across the line of print. Usually,
the information from one card is distributed along
one line of print, although other arrangements can
be devised. One machine (IBM Model 409) per-
formsthe dual function of punching datain thefirst
24 columns of a card at the sametimethat it prints
some information on the remainder of the card.
This is a very convenient way tO generate docu-
ments for distribution (e.g., checks, utility hills,
motor vehicle registration) which are to be read by
humans and then returned (in whole or in part) for
additional machine processing. A punched paper
tape control unit on the machine provides some con-
trol over the paper movement, and can initiate such
functions as the insertion of a predetermined num-
ber o line spaces at appropriate times. The in-
ternal logic o the machine can also be used for,
say, automatically counting and printing page num-
bers or page headings. Line printers from IBM are
normaly available with 120 characters per line;
each character position can draw from the symbols
described in Fig. 4-2, and specia characters can be
substituted if desired. One modification of a com-
puter line printer (IBM Model 1403) provides a
full alphabet of both uppercase and lowercase let-
ters. Most tab card printers normally work at a
speed o 150 lines per minute, regardless of the
amount of information to be printed. However, the
line printers used with computer equipment often
print 600 or 900 lines per minute, and sometimes
more.

Tape-fo-Card Punch

This machine (see Fig. 6-10) provides a means
by which the information on a punched paper tape
can be transferred to cards. Similar equipment is
aso available to transfer information from cards to
tape. Most equipment will read only the particu-
lar paper tape code for which they were designed,
although a few models of more complex equipment
can read almost any paper tape and transcribe the
information t0 tab cards. The paper tape may
have been generated by devices such as teletype
tape punches, or it may have been made on tape-
punching typewriters. The paper tape often con-
tains additional information to control the actions
d the machine, in addition to the data to be trans-
ferred to the card. Once the machine has started
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FIG. 6-10 Tape-to-card punch (IBM Model 046)

to read the tape, it can continue to operate auto-
matically under control of the tape. With an op-
tional keyboard added, this machine may also be
operated as a regular key punch. The equipment
usually operates at a maximum speed of about 20
card columns per second, and represents one way
to conveniently bridge the gap between manual op-
erations and machine systems. More specific in-
formation about paper tape equipment is given in
Chapt. 8.

Statistical Sorter

This versatile machine (see Fig. 6-11) has the
capability to sort, count, accumulate, edit, and print
summaries from tab card data. The sorter can
arrange the cards in any desired pattern, and can
search files of cards by specific search criteria, or
by a combination o specific criteria. The statisti-
cal sorter can sort the cards one column at a time,
as can all other sorters. However, plugboard wiring
enables this machine to perform more complex sort
operations than the other sorters. The flexibility
provided by the plugboard is somewhat offset by
the added inconvenience, since a plugboard wiring
layout must be made for every special search opera-
tion on the statistical sorter. This machine is espe-
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FIG. 6-11 Statistical sorter (IBM Model 101).

cialy efficient for file searching operations.? In one
pass of the deck it can select all cardsthat have the
same punching as a master card. This machine is
also useful for searching by ranges o variables.
For example, if a continuous range of temperatures
were punched into the cards, the cards could be
separated into groups or ranges of temperatures
(e.g., 0°-20°, 21°-40°, 41°-80°, 81°-500°, and
everything over 500°) by one machine pass. The
machine can also be used for checking the sequence
o a deck o cards, sorting a deck o cards by

3 Garfield, E., "Preliminary Report on the Mechanical
Analysis d Information by Use o the 101 Statistical
Punched-Card Machine,” American Documentation, Vol. 5,
No. 1, pp. 7-12 (January 1954).

Secrest, B. W., The IBM 101 Electronic Satistical Ma-
chine Applied to Word Analysis of the Dead Sea Scrolls,
an un-numbered report o the IBM World Trade Corp.,
New York (November 17, 1958).

Jones, W. S., and P. H. Butterfield, "A Technical Infor-
mation Service Using Punched Cards for Indexing and Re-
trieval,” in Progress Report in Chemical Literature Re-
trieval, G. L. Peakes et al., editors (Interscience Publishers,
New York, 1957).

Schultz, C. K., "An Application o Random Codes for
Literature Searching,” Chapt. 10 in Punched Cards, 2nd
ed.,, R. S. Casey et a., editors (Reinhold Publishing Corp.,
New York, 1958).

Maierson, A. T., and W. W. Howell, "Application o
Standard Business Machine Punched-Card Equipment to
Metallurgical Literature Reference,” American Documenta-
tion, Vol. 4, No. I, pp. 3-13 (January 1953).

variable-length numbers or words, selecting the nth
card o a group, and selecting all unpunched cards.
The statistical sorter operates at a rate of 450 cards
per minute.

COMAC Mark-2

The comac Mark-2 (see Fig. 6-12), developed by
Benson-Lehner Corp. in 1962, is an improved com-
mercial version of the Continuous Multiple Access
Collator (comac) developed by Documentation,
Inc., in 1957.* An earlier commercial version, the
Special Index Analyzer (IBM Model 9900) was
developed by IBM Corp. in 1958, but less than six

+Taube, M., " The comac: An Efficient Punched Card Col-
lating System for the Storage and Retrieval o Informa-
tion,” Chapt. 5 in Vol. 5 of Coordinate Indexing (compiled
by M. Taube, Documentation, Inc., Washington, D.C,
1959). Also published in the Proceedings of the Interna-
tional Conferenceon Scientific Information, Vol. 2, pp. 1246
1254 (National Academy o Sciences, Washington, D.C,
1959).

Taube, M., "Experiments with the IBM-9900 and a Dis-
cussion o an Improved comac as Suggested by These Ex-
periments,” Journal of Chemical Documentation, Vol. 2,
No. 1, pp. 22-26 (January 1962).

FIG. 6-12 COMAC Mark-2.



units were installed.® All of this equipment was
designed primarily for searching files of punched
cards, and was especially intended for collections of
data or technical documents that had been in-
dexed by a coordinate indexing system. The sys-
tems use inverted coding, with a set of one or more
tab cards collected together to list the document
numbers o al reportsindexed by a particular term.
The term decks are updated by adding the new
document numbers into each o the term sets that
describe those particular documents. Searching is
performed by manually extracting and then ma-
chine-collating the sets o the search terms together,
two at a time, to obtain the document numbers
which satisfy the search logic. This is the same
approach described earlier in connection with the
collator. The machines can find logica sums (i.e.,
"term A or term B"), logical products (i.e., term A
AND term B), complements (i.e., NOT term A), and
some combinations o these operations. The re-
sult of thesearch isalist of selected document num-
bers. On the IBM 9900 this list can be printed out
on an electric typewriter. On the comac Mark-2
this list can be automatically punched out into tab
cards by a key punch unit. The entire file collec-
tion can normally be searched in less time than a
seria scanning o the file would take because only
a few cards (the pertinent term sets) are actually
passed through the equipment. In addition, each
card o aterm set can hold up to 12 six-digit docu-
ment numbers. The comac Mark-2 has some addi-
tional features, such as the ability to duplicate por-
tions o its file if necessary, and the ability to read
agroup o term cards that are punched with one
document number per term card and condense this
information into new terms cards that are punched
with up to 12 numbers each.

Universal Card Scanner

The card scanner (Fig. 6-13) was developed for
file-searching operations.® This machine examines

5 Murphy, R. W., The ZBM 9900 Special Index Analyzer,
a non-numbered report from the IBM Corp., Poughkeepsie,
New York (November 17, 1958). Also printed as Chapt. 6
in Coordinate Indexing, Vol. 5, compiled by M. Taube
(Documentation, Inc., Washington, D.C., 1959).

6 Luhn, H. P.,, The ZBM Universal Card Scanner for
Punched Card Znformation Searching Systems, a non-num-
bered report from the IBM Research Center, Yorktown
Heights, New York (November 17, 1958). Also printed as
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FIG. 6-13 Universal card scanner (IBM Model 9310).

cards one at a time, and notices whether any of one
or more search patterns are wholly or partially con-
tained in any o the cards which are scanned. The
machine uses a punched question-card to furnish
the search patterns to be used for comparison with
the deck o cards to be searched. File cards that
match all or part of the search pattern are directed
into separate pockets on the sorter. With this type
o selector or scanner, the entire card file must
usually be passed through the machine, rather than
selected portions o the file as is done with the
comAc. The system is therefore described as using
direct instead o inverted coding. The statistical
sorter can aso be equipped with a similar scanning
attachment.? Less than six o these special units
have been installed.

Interrelated Logic Accumulating Scanner (ILAS)

ILAS, a specia punched card scanner, was de-
signed by the Office of Research and Development

Chapt. 7 in Coordinate Indexing, Vol. 5, compiled by M.
Taube (Documentation, Inc., Washington, D.C., 1959).

7 Luhn, H. P., Row-by-Row Scanning Systems for ZBM
Punched Cards as Applied to Znformation Retrieval Prob-
lems, Report RC-100 from the IBM Research Center, Y ork-
town Heights, New York (May 1959).

Luhn, H. P., Information Retrieval Through Row-by-
Row Scanning on the IBM 101 Electronic Statistical Ma-
chine (Row-by-Row Scanning Aattachment), an un-num-
bered report from the IBM Research Center, Yorktown
Heights, New York (November 17, 1958).



124 / Methods of information handling

-.::1*'.-"1',-.7.1-;
= 8 L L

FIG. 6-14 Fotolist cards ready for filming and a sample of the resulting copy.




d the U.S. Patent Office for experimental work in
chemical patent searching. Only one unit has been
built, and has been in operation at the U.S. Patent
Office since about 1956.5 It is mentioned here pri-
marily because of its historical value.

Card-Actuated Cameras

Many indexes, directories, and catalogs are pro-
duced today by typing directly onto high-quality
white punched cards (see Fig. 6-14), arranging the
cards in proper sequence, and then running the
cards through a special camera such as the one in
Fig. 6-15 to take a high-speed picture o the ma-
terial that is typed on the top o the card. The
special cameras, such as VariTyper Fotolist, Re-
cordak Listomatic, and Friden Compos-0-Line,
sequentially expose a band across a strip of negative
film which is one page column wide. The cameras
usualy photograph one typed line from the top of
eech card, athough the Listomatic camera will
automatically adjust its aperture according to the
punchesin the card, in order tO expose one, two, or
three lines from that particular card. In the ex-
ample shown in Fig. 6-14, the information is typed
one line per card, and then photographed after the
cards have been assembled in proper order by tab
equipment. The exposed film is then used to pre-
pare an offset plate for printing. One attractive
feature of printing from a card is the fact that the
cards can be mechanically sorted and arranged into
order before the filming is done. Also, after being
photographed in one type of arrangement, the cards
may then be sorted into some other arrangement
and then re-photographed. Publication of updated
lists may be accomplished by adding and deleting
cards from the original files by manual or machine
methods, and then re-photographing the new card
file. The cards may also be used for other tab
machine operations if necessary. Another attrac-
tive feature is the fact that the typing on the card
may bein any desired font, and is not necessarily
restricted to 80 characters as an IBM card is. In
practice, any kind of graphical information may be
placed on the top of the card for photographing,
although as mentioned earlier, thereisthe restriction

8 Andrews, D. D., et al, "Recent Advances in Patent
Office Searching: Steroid Compounds and 1Las Chapt. 25
in Information Systems in Documentation, J. H. Shera
et d., editors (Interscience Publishers, New York, 1957).
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FIG. 6-15 Fotolist camera (Model 90).

that it be placed within certain locations on the
card.

The cards are usualy typed on electric type-
writers or VariTyper machines which have been
modified with special card-holding platens in order
to ensure accurate positioning o the characters
on the card. Special holes are provided in the mar-
ginsof some of the cards to ensure proper alignment
in the typewriter.

The Listomatic camera can operate at a maxi-
mum rate of 13,800 cards per hour, whereas the
Compos-0-Line and Fotolist Model 970 can oper-
ate at approximately 7200 cards per hour. This
technique o composing from tab cards is currently
being used to produce the Index Medicus, the world's
largest title announcement bulletin.® It is also
being used to prepare the index to Nuclear Science
Abstracts and Chemical Abstracts.® At least three
other serial publications (Electronics, Nucleonics,
Textile World) are using card-actuated cameras to
prepare their directories or indexes.* The equip-
ment is also being used for other commercial com-

2 Miller, E. A., "The National Library of Medicine Index
Mechanization Project,” Bulletin o the Medical Library
Association, Vol. 49, No. 1, Part 2 o 2 parts (January 1961).

0 Day, M. S., and I. Lebow, "New Indexing Pattern for
Nuclear Science Abstracts, American Documentation, Vol.
11, No. 2, pp. 120-127 (April 1960).

Dyson, G. M., "Current Research at Chemical Abstracts,"
Journal of Chemical Documentation, Vol. I, No. 1, pp.
24-28 (January 1961).

11 Markus, J., "State o the Art of Published Indexes,"
American Documentation, Vol. 13, No. 1, pp. 15-30 (Janu-
ary 1962).
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position work such asthe Dun and Bradstreet busi-
ness directories, telephone directories, parts lists,
price lists, and maintenance manuals.*? Some com-
mercia printing shops have installed card-actuated
cameras for job-shop production o catalogs, di-
rectories, and other material.*®* Some printers have
even used the equipment to prepare entire training
manuals and reports.

For simple copy and using these card-actuated
cameras, the total cost to prepare a finished film
copy from an original typed manuscript is about
6 to 20 cents per line, whereas the cost to prepare
a duplicating master for the same copy using a tab
listing is about 2 cents per line. If the user types
his own cards he may then have them run through
a camera at a service bureau at a cost of about 2
cents per line. A good typist can prepare 100 to 150
cards per hour.

REPRESENTATIVE APPLICATIONS

There are a number d ways in which tab equip-
ment can be used to advantage in a library or other
type of information system. The applications de-
scribed or suggested to date, seem to fall into three
genera categories: (1) those in which composition
and printing are the major objectives; (2) those in
which file searching is the major objective; and (3)
those other types of operations that are normally
considered to be part of the processing or admin-
istrative job of the information system. Each o
these three general areas is described in more detail
in the following sections.

Situations Where Composition and Printing Are the
Major Objectives

Tab card equipment has been used a great deal to
prepare catalogs, directories, lists, and other tabula-

12 Anon., “D & B Shoots Its Directories," Business Auto-
mation, May 1962, pp. 40-41.

Anon., " Cameras, Cards Create Catalogs," Sysems Man-
agement, April 1961, p. 26.

13 Anon., "From Punched Card to Printed Page Mat
agement and Business Automation, August 1960, pp. 28-29.

Prioletta, A., "New Photomechanical Equipment Speeds
Preparation of Lists, Directories, and Text," OffsetDuplica
tor Review: Reproductions Reference Guide, 1 ed., pp.
208-211 (1960).

Minor, R., "Cards and Camera Speed Catalog Produc-
tion,” Manegematt and Busness Automation, April 1960,
pp. 35-37.

tions. Thisis usually done by "listing” the cards
on the line printer (see Fig. 6-9) after they have
been arranged inthe desired order. Theline printer
can print directly on paper forms with a few carbon
copies for direct distribution, or on paper masters
for spirit or offset printing o many copies. The
arrangement of information on the page is deter-
mined by the layout of information on the cards, the
sequence o cards, and the wiring of the plugboard
on the printer. Consequently, there is a consider-
able amount o flexibility in the way in which the
information can be arranged on the printed page.
However, the tab equipment does have definite
limitations such as the absence of lower case |etters,
the limited number of symbols available, the single
type font and the difficulty of changing fonts in a
machine, the possibility of occasional printing errors
due to equipment malfunctions, and the aestheti-
caly poor print quality. Where print quality is
important, tab cards can be used with the card-
actuated cameras described earlier. There may also
be limitations to the use of tab equipment be-
cause o the restricted amount of data that can
be stored in a single card, although additional cards
(sometimes called "trailer cards) could be used.
However, it is more cumbersome and takes more
machine time to handle sets of two or more cards
per fileitem instead of a single card.

Card equipment is especially useful when a pub-
lished listing is modified so often that a revised list
must frequently be published and distributed.
Company telephone books, personnel rosters, Uni-
term dictionaries, classification schedules, and
printed library catalogs are examples of this type o
situation. A sample page of a company telephone
directory which is prepared and maintained in this
manner is shown in Fig. 6-16. Changes and addi-
tions to the list can be made simply by replacing
and adding new cardsto thefilein their proper loca-
tions. Up-to-datelists can be obtained at any time,
merely by listing the cardson the line printer.

UnionListsand Listsd Library Holdings. Listsof
library holdings can be generated in a relatively
straightforward manner by punching one or more
identification cards for each file item, arranging the
cards in some desired sequence, and then listing the
cardsonthe printer. Inthecased alist of journals
or periodicals, a library might punch a card such as
the one shown in Fig. 6-17 for each journal, indicat-
ing such things as the title, language, frequency of




EXT
2266

2813
2387
3159
2145
2047
3474
2222
3475
3255
2432
2811
2643
3219
2222
2665
3450
3221

2077

3484
2475
3134
2570
2642
2349
2222

2659

ALT
2796

3342
3530
3372
2141
3140
2664
2223
2771
2234
2373

2159

2223

3449

3220

3388

2838

2437

2632

3164
2223

3164

NAME SPOUSE

FULLMFR s DALE /

6069 PARK BLVDes» PeAs
FULTONs JOHN Ke /ISHIRLEY

340 MFADOWOOD DRIVE* MePe
FURBUSHs PETER /ELAINE

602 SPRING STes ReCe
FUREYs DON Le /

3941 CALIFORNIA AVEes APT. 19y MeVe
FURGERy CASOL /

380 IRENE CTeys BELMONT

FURIOy KIZO /LOLA
967 967 ROBLE STes APTe3s MeP,

FURIYOs ALBERT /ELIZABETH
3101 UNIVERSITY AVEes PeAs
FURMANs GEORGE G ILOIS
3390 BAY RDes PLA,
FURVERIs ELLEN Te IMARK
610 ADOBE PLaes PeA,
BURRERs MARK /3
533 Ee 34TH STes APT. 15-0s NeYe
FURST, FRANK ILOUISE
688 WESTRIDGEs PePe
FURTADOy MANUEL Se ILORY
773 CONNEMARA WAYs SUNNYVALE
FURUSHOs YOSH /CHIYOKO
630 DEODARA DRes LeAs
FURUYAs JOHN Jo IMARGARET
6646 ARMOUR DRes SANTA CLARA
FUSSs CARL Ce IBETTY JEAN
719 WARRINGTON AVEes ReCo
FUSSELLs RICHARD Je ILEE
993 CEREZA DRes PeAs
FUTERNICK,y JAMES /IDIANE
556 HEDGE RDes MeP,
FUTTRELLEs BARBARA /
951 LAYNE CTes APT. 59 PeAs
FUTTERERs CHARLES A, /

3784 EDGEWOOD RDes ReCo

FUZY, JULIE IDAN
483 TYRELLA STes MeVe
FYFEEs WILLIAM Ae IMARY
1061 PARTRIDGE* MePe
FYLERs MARGARET /
420 EMERSON STaes PeA,
GAABs ROBERT M, /

MAPLE AVEes TAYLORSVILLEs KENTUCKY

GABANY» ALEX /IBARBARA ANN
356 BOSTON AVEes APT. 49 SeJe
GABELs RAYMOND F, /REY
5097 SEYFIRTH WAYs SeJe
GABLERs RICHARD We IHOPE

514 STANFORD AVEes PsA.

GABOR,y JULIE /LENAL
3227 MADERA AVEes MePe
GABRILLSONs HARLEY Pe /7L INDY

861 LA YESA DRes MeP,
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TITLE

DATA REDUCTION AIDE
DA 1-2682

SECT MANAGER FORMULA
UL 1-2958

BUYER
EM 9-6062

RES ENGINEER
YO 8-5326

SECRETARY
LY 1-4817

CHMN DEPT SOLID STAT
DA 6-0689

CHMN MEDICAL SCIENCE
DA 3-8055

GFN FOREMAN
DA 2-2735

ASST FOR REPORT SERV
DA 1-5929

INDUSTRIAL ECONOMIST
OR 9-6564

PHYSICAL CHEMIST
32 2-1429

RES ENGINEER
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MACHINE SHOP FOREMAN
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SUPV MAIL SERVICES

LABORER
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32 6-9486
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EM 8-2402
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RES METEOROLOGIST
DA 5-6058
REPORT TYPIST
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SR ELECTRONICS TECHN
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LAB TECHNICIAN
CY 5-9570
MODEL MAKER
AN 6-9079
MECHANICAL TECHN
DA 6-4548
MATRON
DA 4-6534
RES ENGINEER
DA 3-5491

SR

FIG. 6-16 Example of a company telephone directory prepared by punched card equipment.
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FIG. 6-17 Punched cards used for library lists of periodicals.

publication, earliest issue in the library, location of
holdings, vender or source, expiration date, sub-
scription fee, and cost accounting charge number.
The cards could be sorted and then listed on the
tabulator to obtain an alphabetized list of holdings.
The same cards could be used to easily prepare spe-
cial reportson such thingsas:

List d titles, their location, and extent o holdings—
total or by sub-library

Subscriptions addressed for routing to particular offices

Subscriptions received by each office

Number o subscriptions

Amount spent by each department for subscriptions

Number o issues checked in during a given time period

Number d new subscriptions placed each year

List o new subscriptions expiring bn a given date

Expected monthly hilling for subscriptions

List o publications received from each vender or
service,

In one such operating system, the tab card (see
Fig. 6-17) has been especially designed for this pur-
pose so that data for the key punch operator can




beinitially written on the card itself, and the cards
can be kept up to date by making notes on the
punched cards as the changes occur. In this way,
the blank card is used as a convenient printed form
for recording the data, and the punched card is also
used as a form for manually recording corrections.
The sample cards of Fig. 6-17 show the card used
for the initial manual recording of data, and for
the subsequent recording o the data. Some of the
punched information is printed at the top o the
cad by an interpreter machine in order to fa-
cilitate manual filing. Severa other libraries have
utilized tab equipment for the control of library
subscriptions.!¢

If the cards for two or more libraries can be
punched in the same format, then a "Union List o
Periodical Holdings" can be prepared simply by
merging the cards from all the participating li-
braries, sorting into the desired sequence, and print-
inga common listing. This approach has been used
to prepare union lists for several groupsd cooperat-
inglibraries. It has also been used to prepare New
Serial Titles, a continuing supplement to the Li-
brary o Congresss Union List of Sertals.*®* The
same approach could be extended to file material
other than periodicals. The actual master list o
holdings can be kept up to date rather simply by
adding and replacing a few punched cards. Up-to-
date listings can be prepared at any later date
simply by running the revised deck o cardsthrough
theline printer.

Printed Book Catalogsand Catalog Cards. A com-
pletelist o library holdings is a natural outgrowth
d the use of tab equipment to prepare lists o
periodicals or other special collections. However,
in this case, it is possible to use the manipulative

1¢ McCann, A., "Applications of Machines to Library
Techniques: Periodicals,” American Documentation, Val. 12,
No. 4, pp. 260-265 (October 1961).

Nicholson, N. N., and W. Thurston, " Serialsand Journals
in the M.I.T. Library," American Documentation, Vol. 9,
No. 4, pp. 304-307 (October 1958).

Anthony, L. J., and J. E. Hailstone, "Use of Punched
Cards in Preparation of Lists of Periodicals," Association
d Special Libraries and Information Bureaux Proceedings
(British), Vol. 12, No. 10, pp. 348-360 (October 1960).

Logan, |. C., A Statistical Method for Evaluating Serial
Holdings, an un-numbered report of the Utah State Uni-
versty, Logan, Utah (1961).

1 Berry, M. M., "Application of Punched Cards to Li-
brary Routines," Chapt. 13 in Punched Cards, Casey et al.,
editors, cited previoudly.
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properties of the cards to better advantage. Using
one or more cards for each book in the library, it is
possible to use the same deck o cards to prepare
listings by author, title, subject category, call hum-
ber, or other special category. Two examples of li-
brary catalogs prepared this way were given in
Chapt. 2 (seeFigs. 2-7 and 2-8). The book catal og,
prepared by this, or other methods, has some dis-
tinct advantages over the standard card catalog;
it is much more compact (duein large part to the
fact that it contains less information), its contents
can be searched and read in less time, and it is
often easier to use. Its major advantage seems to
be the fact that multiple copies can be prepared
and distributed rather easily. The major disad-
vantage o a book catalog is that it is obsolete by
the time it is printed, and gets progressively mpre
out of date with time. The book-form catalog must
thus be thought of as a throw-away item, to be re-
placed every month or so. The earliest application
d tab equipment to the preparation of book cata-
logswas made in 1951.2¢ The largest book catalog
operation currently under way appearsto bethat of
the Los Angeles County Library System, which
publishes a book catalog for 117 branch libraries,
with more than 540,000 entries in the subject cata-
log, and more than 150,000 entries in the author cat-
alog.” Book catalogs o library holdings are cur-
rently used by several other organizations, several
o which have prepared the catal ogs with tab equip-
ment.*®* Tab equipment has also been used to print
multiple copies d conventional catalog cards (see
Fig. 6-18), as well as weekly accessions bulletins.*®

Machine Posting for Coordinate Indexing Systems.
Thetask df posting new entriesto a filedf Uniterm

16 Alvord, D., "King County Public Library Does It with
IBM," Pacific Northwest Libraries Association Quarterly,
Vol. 16, No. 3, pp. 123-132 (April 1952).

17 MacQuarrie, C.,"I|BM Book Catalog," Library Journal,
Vol. 82, No. 5, pp. 630-634 (March 1, 1957).

18 Vertanes, C. A., "Automation Raps at the Door of the
Library Catalog," Special Libraries, Vol. 52, No. 5, pp.
237-242 (May-June 1961).

Griffin, M., " Printed Book Catalogs," Revue de la Docu-
mentation, Vol. 28, No. 1, pp. 8-17 (February 1961).

Dewey, H., " Punched Card Catalogs— Theory and Tech-
nique," American Documentation, Vol. 10, No. 1, pp. 36—
50 (January 1959).

» Durkin, R E., and H. S. White, " Simultaneous Prep-
aration of Library Catalogs for Manual and Machine Ap-
plications,” Special Libraries, Vol. 52, No. 5, pp. 231-237
(May-June 1961).
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HG 6-18 Library catalog cards prepared by punched card equipment.

cards accounts for a significant fraction of the
operating costs o a coordinate indexing system.
Many posting schemes have been tried (e.g., typing,
handwriting, numbering machines, and adhesive
stickers) but the majority d installations continue
to post with a typewriter.2® One method for using
tab equipment for Uniterm posting has been re-
ported which claims a production cost of 60 to 75
dollars per 100 documents, which may be lower
than the cost o doing it manually in many sys-
t e m ~ Their posting actually consistsd the print-
ing by the tab equipment of a new card for each
term card that has been assigned additional acces-
sion numbers since the last machine run. At the
end d a machine run, any card will show the cumu-
lative list of accession numbers assigned to it up
to that time. Machine posting has the additional
advantage of easily providing a few additional
copies o the Uniterm index. Machine posting ap-

20 Gull, C. D.,"Posting for the Uniterm System o Coordi-
nate Indexing,” American Documentation, Vol. 7, No. 1,
pp. 9-21 (January 1956).

21 Weinstein, S. J.,, and R. J. Drozda, "Adaptation o Co-
ordinate Indexing System to a General Literature and
Patent File: Machine Posting,” American Documentation,
Vol. 10, No. 2, pp. 122-129 (April 1959).

pears especialy attractive for organizations that
must maintain duplicate indexes by periodic re-
printing, by the use o copying equipment, or by
the separate and parallel posting and updating of
each index. The machine method does not make
it economical to post the new entries as soon as they
are received; entries must be accumulated or
batched for posting, in order to make the best use
of the machinetime. The timeliness of the printed
indexes will naturally depend upon how frequently
the batches are run.

Preparation o Printed Indexes. Permutation or
Key-Word-in-Context indexes, described in Chapt.
2, can be prepared by tab equipment, as demon-
strated by Ohlman, Citron, and Hart, and by Veil-
leux.?? In fact, preliminary studies seem to indicate
that it may be much less expensiveto use tab equip-

22 Citron, J, L. Hart, and H. Ohlman, A Permutation
Zndez to the" Preprints d the International Conference on
Scientific Information,” Report SP-44+of the System De-
velopment Corp., Santa Monica, California (November
1958).

Veilleux, M. P., "Permuted Title Word Indexing Pro-
cedures for a Man-Machine System," in Machine Indezing:
Progress and Problems, pp. 77-111 (American University,
Washington, D.C., 1961).




ment than computer equipment to prepare a Kwic
index.?® The index published by Ohlman et al. was
prepared with the use of five different types of tab
equipment: the key punch, verifier, sorter, repro-
ducing punch, and printer.

In addition to the library book catalogs men-
tioned earlier, author and subject indexes to selected
fields o technical literature have also been pre-
pared with tab card equipment (see Fig. 2-9).2
Some attention has also been given to the tab card
production o citation indexes for scientific litera-
ture.?®

Other Directories and Publications. In addition to
the preparation of library catalogs and indexes, tab
equipment has also been used in a few cases to pre-
pare entire reports or documents. Usually these
reports are in the form of tabulations such as parts
lists for a complex assembly, or a tabulation of the
technical characteristics of a collection of com-
ponent~.~However, under some circumstances, an
English text report (e.g., a collection of abstracts)
might even be prepared in this way.

There are also many applications of tab equip-
ment to the maintenance and printing o lists of
names for direct mailings. The cards may be coded
with descriptive information about the individual
addressee s0 that selected portions of a master file
may be extracted for special mailings. Some o
these tab card files for a company's own mailing

23 Qhlman, H., "Historica Development o Mechanical
Indexing," unpublished paper presented at the Annual Con-
vention o the American Documentation Institute, Berkeley,
Cdlifornia, October 1960.

24 Lipetz, B., "A Successful Application o Punched Cards
in Subject Indexing,"” American Documentation, Vol. 11,
No. 3, pp. 241-246 (July 1960).

Garfield, E., "The Preparation o Subject-Heading Lists
by Automatic Punched Card Techniques," Journal of Docu-
mentation, Vol. 10, No. 1, pp. 1-10 (March 1954).

Garfield, E., "The Preparation o Printed Indexes by
Automatic Punched Card Techniques,” American Docu-
mentation, Vol. 6, No. 2, pp. 68-76 (April 1955).

25 |ipetz, B., "Compilation of an Experimental Citation
Index from Scientific Literature,” American Documentation,
Vol. 13, No. 3, pp. 251-266 (July 1962).

Garfield, E., "Citation Indexes for Science" Science,
Vol. 122, No. 3159, pp. 108-111 (July 15, 1955).

26 Santarelli, P. F., and R. F. Cunningham, "Data Proc-
essing Techniques for Parts Cataloging,” paper presented
at the 6th Meeting of the Technical Writers Institute,
Rensselaer Polytechnic Institute, Troy, New York (June 11,
1958).
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list may hold as many as 600,000 names.?” The
firm of O. E. Mclntyre, Inc., which makes a busi-

ness of selling name lists, has tab card files for
36,000,000names,?8

Situations Where the Search of a Permanent File Is the
Major Objective

Tab card equipment has been used by a great
many people for file-searching applications. Most
d these applications had permanent files of cards
which were passed through sorting equipment when
a search was to be made. In most cases, each file
item was represented by a single card (i.e., a unit-
record) which contained a coded representation of
the subject analysis of that item. |n applications
such asthese, the usual practice isto pass the entire
file through the sorting equipment in order to select
the items of interest.?? This amounts to a serial
scan of theentire file. | nsomeinstancesit was pos-
sible to divide the file into sub-sections so that only
a portion of the entire file would have to be ex-
amined. This would have the advantage of requir-
ing less machine time.

A few systems use term cards instead of item
cards. That is, separate tab cards, or decks o tab
cards can be established for each descriptor or sub-
ject heading to record the serial numbers of the file
items that are indexed by those descriptors. Thisis
the tab card equivalent of the Uniterm terminal
digit card, and one or more tab cards (term cards)
are punched with the serial numbers o relevant file
items just as one or more sheets of paper (term
cards) may be typewritten with the serial numbers
of relevant fileitems asin Fig. 2-1. |nthe tab sys-

27 L ewis, B., and D. Taylor, "Captive Plant with Com-
petition,” The Reporter of Direct Mail Advertising, Sep-
tember 1961.

28 Anon., "Punched Cards Control the Huge ‘McIntyre’
Market,” Management and Business Automation, Vol. 2,
No. 5, pp. 16-19 (November 1959).

20 Kirschner, 8., "A Simple, Rapid System o Coding and
Abstracting Chemical Literature Using Machine-Sorted
Punched Cards," Journal of Chemical Education, Vol. 34,
No. 8, pp. 403-405 (August 1957).

Gelberg, A., et a., "A Program Retrieval of Organic
Structure Information Via Punched-Cards," Journal of
Chemical Documentation, Vol. 2, No. 1, pp. 7-11 (January
1962).

Starker, L. N., and J. A. Cardero, "The Cyanamid Or-
ganic Structure Code and Search System," Journal of Chemi-
cal Documentation, Vol. 2, No. 1, pp. 12-18 (January
1962).
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tem, as in the manual Uniterm system, pairs d
term decks are examined jointly to determine which
serial numbers exist on both decks. This joint ex-
amination for common numbers in two decks o tab
cards can be done relatively simply by a standard
collator (see Fig. 6-8). This term card approach
has the advantage of generally requiring less ma-
chine time than serial scanning since the search op-
eration now consists o the examination o a few
relatively small decksd cardsrather than theentire
card file.®®

For many types of file searching, especially those
applications with questions that are structured in a
relatively complex manner, the statistical sorter (see
Fig. 6-11) can be used more effectively than a col-
lator or single-column sorter.®* The statistical
sorter is also suited to the searching o tab cards
which utilize superimposed coding. Unfortunately,
thisunit is generally more expensive than the single-
column sorter or the collator, and less likely to be
found in a general tab card installation or service
bureau.

For file-searching purposes, a number o coding

8o \Whaley, F. R., "A Deep Index for Internal Technical
Reports," Chapt. 21 in Injormation Systemsin Documenta-
tion, J. H. Shera et al., editors (Interscience Publishers,
New York, 1957).

Whaley, F. R.," The Use of a Coallator in an Inverted File
Index," Special Libraries, Vol. 53, No. 2, pp. 65-73 (Febru-
ary 1962).

Whaley, F. R, " Operational Experience with Linde's In-
dexing and Retrieval System,” in General Injormation
Manual: Information Retrieval Systems Conference, Sep-
tember 21-23, 1969, Poughkeepsie, Brochure E20-8040 of the
IBM Corp.,, Data Proceasng Div., White Plains, New
York (1960).

81 Southern, W. A., "Mechanized Processing and Re-
trieval of Bio-Medical Information,” Methods of Informa-
tion in Medicine, Val. 1, No. 1, pp. 1622 (January 1962).

Schulze, E. L., "An Application of Automation in the
Library: Indexing Internal Reports” Special Libraries,
Vol. 52, No. 2, pp. 63-67 (February 1961).

Maierson, A. T., and W. W. Howell, " Application of
Standard Busineas Machine Punched-Card Equipment to
Metallurgical Literature References,” American Documenta-
tion, Vol. 4, No. |, pp. 3-13 (January 1953).

Garfidd, E.," Preliminary Report on the Mechanical Anal-
ysis of Information by Use of the 101 Statistical Punched
Card Machine," American Documentation, Vol. 5, No. 1,
pp. 7-12 (January 1954).

Rockwell, H. E., R. L. Hayne, and E. Garfield,"A Unique
System for Rapid Access to Large Volumes of Pharmacolog-
ical Data; Application to Published Literature on Chlor-
promazine" Federation Proceedings, Vol. 16, No. 3, pp.
726-731 (September 1957).

techniques may be used for putting the information
on a tab card. Direct coding is common, with an
item and its descriptors punched into the same card.
As mentioned earlier, in Chapt. 4, it is possible to
superimpose information into fixed fields of a tab
card. However, this process usually generates some
invalid punch combinations which cannot be inter-
preted meaningfully by most d the different models
d tab equipment. Consequently, many types o
tab equipment will not be of any use for the ma-
chine preparation or processing of tab cardsthat are
punched with superimposed coding.

In most situations the files to be searched are
relatively small, ssldom more than 20,000 cards. As
mentioned earlier, the equipment used for search-
ing variesfrom fileto file: the single-column sorters,
the multi-column statistical sorter, the comac, the
IBM Universal Card Scanner, and specialy modi-
fied or developed sorters such as the Patent Office
ILASs.  The single-column sorter is the most com-
monly used machine, probably because of its rela-
tively low cost and the possibility of using it part-
time at an existing facility.

In most applications the selected cards are used
to prepare (manually or mechanically) a very
simple bibliography, possibly only a list o docu-
ment numbers. | n a few cases, where an abstract is
typed or mimeographed onto the original cards,®
a more comprehensive result is obtained. This is
useful only if the cards can be copied conveniently
and cheaply (by some photocopy process perhaps),
or if the interested searcher is present when the
cards are selected. In either case, return of the
cards for further use is delayed by this extra han-
dling. Most o the file-searching applications are
characterized by low duty-cycles, so that the delay
is not a severe limitation. Since very few installa-
tions conduct more than 5 or 10 searches per day,
it is only seldom that anyone must wait to have a
search made. Several installations have been mech-
anized to a further degree by using a pre-punched
paper tape to generate abstracts of bibliographies
after the document number is specified.

The existing installations have been developed for
searching many different types o information,
typically filesdf chemica structures and properties,
technical reports, and patents.

82Spiro, H.,"IBM-Card Abstract-Indexon Shaped Charge
Research," pp.397-403 in Documentation in Action, J. Shera
et al., editors (Reinhold Publishing Corp., New York, 1956).




Application to Other Library Activities

A number of bookkeeping operations within a
library can be handled with tab card equipment.
Since 1936 many libraries have used tab equipment
for book-charging systems, to keep track o the
loaned items and to minimize the number of over-
due items.?® Tab equipment has also been used for
magazine circulation systems to address and route
the magazines to interested readers with a minimum
o delay and clerical effort.®* Thereis currently a
considerable amount o interest in the application
o data processing equipment to library activities.®®

REPRESENTATIVE COSTS

Basic card stock is relatively inexpensive, costing
1to 2 dollars per thousand cards, depending on the
size, type, and color o the card stock; special
features such as pre-scoring or special printing in-
crease thecost. The pre-scored Port-a-Punch cards
are dlightly more expensive, running approximately
3 dollars per thousand. Card setsvary in price, de-
pending upon the composition of the set, but they
will generally be between 4 and 10 dollars per
thousand.

The lease, purchase, and maintenance costs for
tab card equipment from various manufacturers are
described in Tables 6-1 and 6-2. Some equipment
is listed in these tables that was not described in
the text; however, their names are relatively de-
scriptive, and for the most part they are modifica-
tionsor extensions of the equipment described. The
maintenance service is usually provided at no ex-
tra cost with the leased equipment, but is not pro-

33 Anon.," Punched Cards Solve Book Control Problems,”
The Punched Card Annual,” 1955-56, The Punched Card
Publishing Co., Detroit, 1955, pp. 117-119.

Birnbaum, H., General Information Manual: 1BM Circu-
lation Control at Brooklyn College Library, Brochure E20-
OW2 of the IBM Corp., Data Processing Div., White Plains,
New York (1960).

Anon., General Information Manual: I1BM Tele-Process-
ing in Circulation Control at Public Libraries, Brochure
E20-0077 of the IBM Corp., Data Processing Div., White
Plains, New York (1960).

3¢ Richardson, W. H., " Circulation Control," Special Li-
braries, Vol. 51, No. 9, pp. 494-496 (November 1960).

Booser, R. J., "The Use of Data Processing Equipment
for the Control and Circulation of Magazines," Special
Libraries, Vol. 51, No. 6, pp. 297-300 (July-August 1960).

35 Schultheias, L. A., et al., Advanced Data Processing in
the University Library (Scarecrow Press, New York, 1962).
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TABLE 6-1

Approximate Lease, Purchase, and Maintenance
Costs for Some of the IBM Punched Card Equipment

Monthly Purchase Monthly
Item Rental Price Maintenance
010 Manual Card Punch $10 $ 600 $1
024 Card Punch (numeric) 35 2,150 13
024 Card Punch (alphanumeric) 40 2,350 13
026 Printing Card Punch (numeric) 55 3,625 12
026 Printing Card Punch (alphanu-
meric) 60 3,826 13
046 Tape-to-Card Punch 140 5,700 30
047 Tapeto-Card Print Punch 160 6,500 31
056 Card Verifier 50 2,725 16
082 Sorter (450 eards/min.) 40 2,575 10
082 Smter (650 cards/min.) 56 2,600 16
083 Sorter (1000 cards/min.) 110 7,500 20
084 Sorter (2000 ¢cards/min.) 250 10,000 33
087 Collator 215-270 11,400~14,000 23-40
101 Btatistical Sorter (450 cards/
min.) Mod. 1 500 24,000 63
101 Statistical Sorter (450 cards/ s
min,) Mod. 2 245 14,000 43
108 Card Proving Machine 350 17,500 46
402.403 Accounting Machine 195-500 17,690-23,080 26-64
407 Accounting Machine 400-920 30,200-56,350 40-140
409 Accounting Machine 1,365-1,485  79,300-86,500  188-210
514 Reproducing Punch 70-140 5,510-6,380 28-43
519 Document Originating Machine 85-150 5,350-6,945 2544
528 Accumulating Reproducer 210-440 15,000-17,800 32-87
557 Alphabetic Inter preter 130-305 8,200-15,340 32-67
9310 Universal Card Scanner - 25,000-30,000 -
8200 Special Index Analyszer — 27,000 —
— Port-A-Punch Kit — 8-15 -

Noles:

1 The exaet price will depend upon the number of accessories ar optional features
which ar e used.

2. Themaintenance figuresin the table ar e for equipment which in less than 3yearsold.

3. The rental and maintenancefiguresare for single-shift operation. Thereisan
additional chargefor multiple-shift operation.

vided with the purchased equipment. For pur-
chased equipment, the customer usualy has the
option of either performing his own maintenance or
contracting for it from the manufacturer at the rates
guoted in the tables. Approximately 80 percent of
all tab card equipment in use is leased equipment.
For nearly all the purchased equipment, the main-
tenance is obtained by a contract arrangement from
the manufacturer.

There may be many instances in which the lease
or purchase o tab card equipment solely for their
use as information systems cannot be economically
justified. In such cases, the prospective user may
be able, on a part-time basis, to use equipment
which is already installed in the accounting or data
processing departments of the user's organization.
Under some circumstances it may be advantageous
to use the equipment at a local service bureau or-
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TABLE 6-2

Lease, Purchase, and Maintenance Costs for Some of the
Remington Rand (RR) and Other Punched Card Equipment

Annual

Purchase Service

[tem Monthly ~ Price  Charges
Alphabetic Punch (RR) $40 %2430 398
Automatic Veifier (RR) 60 4,170 177
Interpreter (RR) 0 5,900 250
Reproducing Punch (RR) 125 7,640 324
Tag-to-Card Converter (RR) 185 12,600 535
Tape-&Card Converter (RR) 75 5,065 215
Electronic Sorter (RR) 85 5,600 280
DuplicateCard Detector (RR) 45 2,780 118
Collating Reproducer (RR) 170 12,155 516
High-speed Collator (RR) 125 10,000 500

Alphabetic Tabulator (RR) 285t0 20,160to 860 to

495 20200 1,240
VariTyper FoToList Mode 90 395 9,750 350
VariTyper rororisT Modd 270 700 17,850 500

Recordak wrisTomatic Madel

1-8 425 8,750 415
Recordak LisTomMaTIc MOdd 1 750 14,750 415
Recordak risromaTic Modd 3 70 22,500 415
Friden coMPoS-0-LINE 625 16,375 480
Benson-Lehner coMac Mark-2 N.AA.  25000to N.A.

35,000

Notes:

1. Theexact pricewill depend on the number d accessories
or optional features which are used.

2. The maintenancefiguresin the table are for equipment
which islessthan 3 years old.

3. The rental and maintenance figures are generaly for
single-shift operation. There may be an additional chargefor
multiple-shift operation.

ganization. The following rates are representative
of service bureau charges for the use of tab equip-
ment:

Equipment Hourly Charge
IBM 026 Key Punch $ 4.00
IBM 056 Key Verifier 4.00
IBM 083 Sorter 6.00
I1BM 087 Alphabetic Collator 7.00
IBM 407 Accounting Machine 16.00
IBM 519 Reproducing Punch 6.50
IBM 557 Interpreter 5.50
IBM 101 Statistical Sorter 14.00
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lishers, New York, 1957).
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THE EQUIPMENT

Computer equipment that used electronic rather
than mechanical assemblieswas first developed and
put into practical usein the early 1950's. After a
few years o successful application to scientific and
engineering calculations, computers began to be ap-
plied to problems d a commercia or business na-
ture. Even though the equipment wasinitialy de-
signed for complicated arithmetic tasks rather than
the handling of large volumesd alphanumeric data
it did perform well enough to indicate that it would
be feasible to use computers for tasks other than
scientific calculations. 1n the past few years, the
computer equipment field has become very compet-
itive, and the computers have continuously shown
great improvements in speed, flexibility, and suits-
bility for a number o application areas’ Over
250 different models of computers have been built
to date, and over 13,000 computers were in use in
1962 in the United States? There is every indica-

1Bourne, C.P.,and D. F. Ford, “The Historical Develop-
ment and Predicted State of the Art of the General Pur-
pose Digital Computer,” Proceedings d the 1960 Western
Joint Computer Conference (Institute of Radio Engineers,
New York).

2 Data Processing Equipment Encyclopedia: Electronic
Devices (Gille Associates, Detroit, Michigan, 1981).

Weik, M. H., A Third Survey d Domestic Electronic
Digital Computing Systems, Report 1115 o the Ballistic
Research Laboratoriesat Aberdeen Proving Ground, Mary-
land (March 1961), PB-171 265, AD-263 212.

% Anon., “JD gnd A Computer Census Results,” Auto-
matic Data Processing Service Newsletier, \/ol. 7, No. 17
(January 21, 1963).

Anon., «Computer Census as of January 1963,” Business
Automation, January 1963, pp. 42-43.

The Equipment

The Programing

Application to I nformation Processing and Retrieval
Representative Costs

tion that equipment performance will continue to
improve, and that new applications will become
practical, such as information retrieval and text
processing.

These computers are very complex pieces o elec-
tronic equipment. Fortunately, it is not necessary
to know how to build one in order to be able to
use one—jugt asit is not necessary to know how to
build an automobile in order to be able to drive one.
However, a rudimentary understanding o the basic
workings o the computer can provide a better ap-
preciation o it, and some insight into the types of
problems that might be appropriate for computer
application.

I n many ways, the computer can be considered to
be an extension d punched card equipment. It can
do all the things that tab equipment can do, such as
sorting, selecting, merging, and performing arithme-
tic operations. However, it can generdly do it at
much greater speeds, and with greater volumes of
data. In brief, computer equipment might be
thought o as grown-up tab equipment. The capa-
bilities and potential that werefirst displayed by tab
equipment many years ago are how seen in a more
fully developed form in computer equipment. For
example, the computer can do the same simple se-
riesd additions and multiplicatiops that were first
done on the tab equipment, but it can do them 1000
to 10,000 times faster. The computer also has a
much larger memory or information storage capa-
city than tab equipment. Similarly, the computer
is able to take in information and write out jn-
formation much taster. The sequence o machine
operations for each step of the job is still estab-
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FIG. 7-1 Computer block diagram.

lished initially by a human, athough the com-
puter does have the capability to change its given
list of instructions in a specified manner dur-
ing the execution o the program. The reader
o this book who is generally unfamiliar with
computers may find it useful to think of them as
high-speed tab card systems which are controlled
by written lists of sequential machine steps (*'pro-
grams™) rather than by plugboards, and which have
all the features of regular tab equipment, but in an
expanded and more powerful form. For a more com-
plete explanation of some o the terms used in this
chapter, the reader is referred to the American In-
stitute of Physics glossary.* In a strict pedantic
sense, a computer could be defined as a device for
manipulating numbers very rapidly; or a device
which can accept information, process it, and sup-
ply the results o the processing. The processing
generaly involves performing arithmetical and logi-
cal operations on the information. Actualy, the
computer field has grown so fast, and in so many di-
rections, that it has been difficult to get agreement on
a definition of a computer. When the word “com-
puter” is used in this book it will always refer to
digital computersrather than anal og computers; and
more specificaly, it will refer only to general-pur-
pose computers rather than special-purpose com-

¢ Fox, P., Glossary d Terms Frequently Used in Physics
and Computers (American Institute Of Physics, New York,
1962, 22 pp.).

puters which have been developed primarily for ap-
plication to a single and very specific problem. As
mentioned earlier, the term "digital” means that
all o the operations are carried out by using dis-
crete numbers, and all of the data are stored as dis-
crete numbers.

The exact size, shape, and characteristics of gen-
era-purpose digital computers vary widely, how-
ever most of the computers built to date have a
number of common features. Most computers have
the same general structure—an arithmetic or proc-
essing unit, a control unit, a storage or memory unit,
and input-output equipment for man-machine com-
munication. Figure 7-1 shows the functional rela-
tionship of these unitsin block diagram form. Each
o these blocks is described briefly in the following
paragraphs.

The computer control unit interprets the instruc-
tionsgiventoit by the operator, and then schedules
and directs the activities o all the other electrical
circuits and units of equipment in order to get the
job done. It acts as the foreman.

The arithmetic unit isthe mill or proaessor which,
under the leadership of the control unit, operates on
the information given to it and performs all of the
logical testing and processing required. It can per-
form arithmetic operations such as addition and
multiplication, as well as many logical operations
such as comparisons, and the extractions of sglected
portions of a string of numbers or characters.
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The memory or storage units retain the necessary
information (initial data, intermediate results, final
results, and the program) in a form that can be in-
terpreted by the control unit. The kind of storage
device most often used for the main computer
memory is the magnetic core since they can be op-
erated at much higher speedsthan many other types
o memory devices. A sample d an array o such
cores is shown in Fig. 7-2. It is these core planes
that store the information inside the computers, and
there may be several hundred such planesin a single
large computer. However, the fast core memories
are relatively expensive, and a compromise between
cost and speed is often obtained by augmenting the
main core memory with a slower but less expensive
auxiliary memory.

Most auxiliary memory devices such as magnetic
tape require a serial or sequential accessto the re-
corded information rather than a random access.
Reading information from a magnetic tape, for ex-
ample, requires that some tape be passed over be-
fore the desired information can be located. Con-
sequently, the time required to locate a particular
item depends upon where it is located on the tape,
and how much o the file material must be passed
over in order to reach it. For random interroga-
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FIG. 7-2 Portion of a magnetic core memory unit.

FIG. 7.3 Sperry Rand magnetic drum memory unit.

tions o the file, such serial access memory is rela-
tively inefficient. Any o severa types of random
access storage devices may be more efficient than
serial access devices for random interrogations.
These random access devices, such as the main core
memories and magnetic disc files, permit any item
in the memory to be read or written in about the
same amount of time, which is usually much shorter
than the average time required with a serial access
device such as magnetic tape. Examples o mag-
netic drum and disc files are shown in Figs. 7-3 and
7-4, respectively. A close-up o the discs and the
selection mechanism isshown in Fig. 7-5. Theterm
"random' does not refer to the way in which the
information is organized in the storage, nor does it
imply immediate access. Theterm means that any
memory location, chosen randomly, requires about
the same amount o access time as any other mem-
ory location. Many existing systems such as the
RAMAC disc, the tape bins, and some drum systems,
are compromises between serial and immediate ac-
cess memories. For permanent storage o large
amounts of information (e.g., personnel and inven-
tory records, documents lists) magnetic tape is a
convenient medium. The tapes containing the in-
formation can be removed and stored for later
processing, since the recorded information can be
played back into the computer. The main advan-
tages d magnetic tape are its very high storage
capacity (as much as 50 million digits per reel for
some computers) and its very high reading or writ-
ing rates (more than 100,000 digits per second for
some computers). An example of a representative



FIG. 7-4 IBM 1405 magnetic disc storage unit for the IBM 1401
data processing system.

FG. 75 Close-up of dual access arms on the disc memory unit
for the IBM RAMAC 305.
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magnetic tape unit for a computer is shown in
Fig. 7-6.

Means must be provided for the machine and the
user to communicatewith each other. |n most cases
this communication should be rapid enough to en-
sure that the computer does not have to wait for
data or instructions to be transferred in or out of
the machine. Information can be fed into the com-
puters at a relatively high rate of speed by any of
several devices, such as punched card readers, mag-
netic tape transports, paper tape readers, and char-

acter recognition equipment. Most o the input
equipment Is so designed that information recorded

FIG. 7-6 IBM 729-4 magnetic tape transport.
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at action points (cash registers, typing stations,
etc.) can later be read directly into the computer
without an additional transcription process.

Several types dof output device are used with com-
puters: line printers (150 lines per minute is com-
mon, but speeds go as high as 5000 lines per min-
ute), card punches, and paper tape punches are
most common.

Illustrations of some representative computer sys-
tems are given in Figs. 7-7 through 7-9. Some of
the units such as the magnetic tape units, line
printers, punched card readers, and operator con-

FIG. 7-7

soles are easily recognized in these illustrations.
Thelargeenclosed cabinets contain most of the elec-
tronic circuitry o the computer system, and may
house the control, arithmetic, and some memory
units, most o which have no recognizable physical
form as such. Operator and maintenance consoles
or displays are used on every computer to indicate
the status o various critical parts of the system,
and to permit some degree of manual control and
intervention as required.

THE PROGRAMING

A computer must be given detailed instructions
for every task that it is to perfform—just as a com-

plex piece of tab card equipment must be given a
specified sequence of machine steps by the plug-
board wiring. The computer isa very fast mechani-
cal moron that can perform only a limited number
of minor operations. Any credit for cleverness, in-
genuity, or sophistication in the computer's perform-
ance belongs to the man who prepared the list o
instructions (sequence o operations) for the com-
puter. Thewriting of these detailed lists o instruc-
tionsis called programing, and a computer's ability
to play chess or to search for documents is no bet-
ter than the programer's ability to write specific in-

IBM 1401 data processing system with Model 1418 optical character reader.

structions for these operations from a fixed reper-
toire of machine operations and to foresee all situa-
tions that the computer might have to consider.
The actual list of steps or machine operations is
called a program. This repertoire of standard in-
structions is different for every model o computer,
and the programs or results obtained by a pro-
gramer depend to a large measure on how well he
can describe the particular job and formulate the
machine's operations in terms o the programing
language.

For most computers, a program is a list of sepa-
rate instructions, each o which directs the machine
to perform some elemental task. The instruction
is usually a defined set o numbers or charac-



FIG. 7-8 General Electric Model 225 computer.

ters arranged in a certain manner, with each num-
ber having a predetermined meaning that has been
built into the control circuits of the computer.
For example, .for the IBM 7070, the instruction
45100219999 is interpreted by the computer as
meaning “Test tape/disc storage channel No. 2 to
seeif it is busy; if it is busy, get the next instruc-
tion from memory location 9999; if it is not busy,
execute the next instruction.” For the same com-
puter the instruction 48100551200 is interpreted as
meaning " Write, with zero suppression, on magnetic
tape transport No. 5 on channel No. 1, the records
whose locations are defined by the contents of mem-
ory location 1200.” Programs written in this very
basic notation (machine language) are easy for the
computer to interpret, but are difficult for the pro-
gramer to read and write. Specia programs (auto-
matic programing aids) are available for most com-
puters that will act as mechanical translation pro-
grams 1o translate simpler human statements into
more detailed machine language. These automatic
programing aids (“assemblers,” 'compilers,” "in-
terpreters") relieve the programer, but often require
additional computer time to generate or run the
program. The FORTRAN, ALGOL, FACT, and COBOL pro-
graming systems are representative of automatic
programing techniques for general applications.®

5 Acronymsfor FORmula TRANslator (FORTRAN), ALGO-
rithmic Language(ALa), Fully Automatic Compiling Tech-
nique (ract), and Common Business Oriented Language
(cosoL).
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These programing systems allow the programer to
write his programsin a much more natural language,
such asthe following examples o a portion of a pro-
gram whose statements were written in FacT, an
automatic compiling technique for the Honeywell
H-800 computer:

REPLACE NAME, STREET, CITY, STATE,
TELNO, AND RATE OF MASTER BY NAME,
STREET, CITY, STATE, TELNO, AND RATE OF
DETAIL.

SORT E ON G AND 7 WITHIN ¢ AND H ON
D AND | WITHIN A.

These statements, written by the programer, are
translated by the computer program into the long
sequence of detailed machine instructions required
to do these tasks. Although most of the automatic
programing techniques were designed to be used
with a particular computer, much work has been
done recently to develop problem-oriented lan-
guages that can be used by almost any computer.
Programs written in aLcoL, for example, can be
treated almost as universal programs in the sense
that they can be run on almost any large computer,
using special translating programs provided by each
manufacturer for his particular machine.

The writing of an extensive program is done in
about the same way that an extensive report iswrit-
ten; a crude and then perhaps a more detailed out-
line is made to show what is to be done, and then
the detailed writing is done to fit into the structure
of the outline. In a manner similar to inserting

AG 7-9

IBM 7090 data processing system.
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FIG. 7-10 Basic flow chart for a Key-Word-in-Context program.

standard paragraphsin a new report, some standard
programs (often called " sub-routines™) may be in-
serted into the skeleton or framework o the new
program. This approach iswell illustrated by Figs.
7-10 through 7-12, which show the general flow
charts (the coarse outline), the detailed flow

8 Turner, L. D., and J. H. Kennedy, Sysem of Auto-
matic Processing and Indexing of Reports, Report UCRL-
6510, University of California, Lawrence Radiation Labora-
tory, Livermore, California (July 1961).

charts (the detailed outline), and the instruction
list (the text) for a program written to perform
kwic indexing with an IBM 1401* computer.® The
flow charts provide a two-dimensional array or dis-
play, to better illustrate the operations and inter-
relationships of the different parts of the program

Giallanza, F. V., and J. H. Kennedy, Key-Word-In-Title
(xwit) Index for Reports, Report UCRL-6782 of the Uni-
versity of California, Lawrence Radiation Laboratory, Liv-
ermore, California (May 14, 1962).
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FIG. 7-11 Detailed flow chart for a portion of a Key-Word-in-Context program.
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CLEAR STORAGE 1
CLEAR STORAGE 2

+008015,022026,03003%,041,045,053,0570731026
LO72116,1101C6,1051178101/199,027A075029)02780010270802670991,001/001117100

BOOTSTRAP CARD ~008015~022029~0560631056029 20240671056
PG LIN CI LABEL P A OPERAND 8 OPERAND 0 LOC INSTRUCTION COMMENTS KMIC
1410 CTL 331

1 020 GRG 2500

1 030 ® KEY-WORD~IN~CONTEXT INDEX IBM 1401 DATA

1 040 PROCESSING PROGRAM BY LESTER 0. TURNER, 041061

1 050 T BEGIN SW 0001 0101 2500 » 001 101
1 060 7 SW 0201 0400 2507 » 201 400
1 070 7 Sw 1600 1900 2514 o, W00 100
1 0680 ] R 2521 1

10090 7 MCH  000% 0354 2522 K 00% 354
1100 7 MCH 0387 0276 2529 M 387 276
1110 2 cc 1 2536 F 1

1 120 | [} 2538 2

1130 & cSs 0299 2539 7 299

1 180 2 cc X 2583 F K

1150 7 MCW 0399 0257 2545 M 399 257
1 160 1 W 2552 2

1 165 & cs 0299 2553 1 299
1166 & Sk 0201 2557 » 201
1170 2 ccC L 2561 F L

1 180 8 START MCW tyl 0400 R 2563 M (U) 400 R
1181 5 8 TRERR L 2571 B P10 L
1182 & (4] TITBEG 2516 ) 198

1 184 Cu RECENO 2580 1197
1200 S 8 EOF K 2584 8 P78 K
2010 7 MCW 0354 0222 2589 M 354 222
2 020 1 [ ] 2596 2

2030 & cs 0299 2597 1 299
2080 7 TESTS mCM 0000 1 1900 2601 P 040 70O
2 050 & SAR  RESETI 2608 Q 189

2 060 N SBR XR3 2612 H 099

2 070 7 A CON10M 0100 2616 A M9S5S 100
2 075 8 8 LASREC 0000 3 2623 8 Q1T 040
2080 8§ GOI ] 602 0000 1 2631 8 025 0%0
2 090 -] BwZ G603 TITBEG 1 2639 V Q99 198 1)
2 100 7 MCM 0000 1 0219 2647 P 020 219
2 10 L} SBR XR3 2654 H 099

2 120 T L1d] 0337 0000 3 2658 M 337 0+0
2130 S PRINT & PGENO - 2665 8 A20

2 140 ) |} 2670 2

2150 & cS 0299 2671 1 299

2 160 8 BMNZ GCe RECENO 1 2675 V B63 197 1
2170 T ToVAB MCH 0189 XR1 2683 P 189 089
3 020 L} CcS 1999 2690 / Z99
3030 & SW 1900 2694 4 Z00

3 032 L} CcS 1999 2698 / 299

3 03y L] W 1900 2702 9 ZO

3 080 1 TESTS 2706 8 001

3 050 & TRERR SBR BAR]1 +003 2710 H Pa2
3060 7 MCw  CON9 CNTR9 2714 M 190 358

FIG. 7-12 Portion of a listing of the instructions of a Key-Word-in-Context program.

than would be obtained by the program listing,
which isa linear array. When documented to this
degree of detail, this program could be utilized di-
rectly by another organization with the same type
of computer or programing language.

As mentioned earlier, some automatic program-
ing techniques are available to simplify the pro-

7Banes, A. V., H. L. Engel, and D. R. Swanson, "An In-
struction Code for Language Processing,” Western Elec-
tronic News, November 1959, pp. 44-48.

Gelernter, H., et al., "A Fortran-Compiled List-Process-
ing Language" Journal of the Association for Computing
Machinery (ACM), Vol. 7, No. 2, pp. 87-101 (April 1960).

graming effort. However, many information re-
trieval or information processing tasks cannot con-
veniently usethese techniquesin their present form,
and many workers are developing automatic pro-
graming techniqueswhich are more suitable to these
problems.’ .

A considerable amount of intellectual effort is

Kehl, W. B., et al.,"An Information Retrieval Language
for Legal Studies" Communications of the ACM, Val. 4,
No. 9, pp. 380-389 (September 1961).

Hoffman, J., and A. Opler, "Use of moBL in Preparing

Retrieval Programs” Communications of the ACM, Vol.
4, No. 9, pp. 389-391 (September 1961).




required to write and check the programs for large
data processing systems. Many commercia data
processing programs have required dozens o man-
yearsd programing effort for completion. Military
data processing installations such asthe air defense
systems have taken as many as 100 man-years of
programing effort to develop certain operational
capabilities. In addition to thisinitial programing
effort, it is not uncommon for large computer fa-
cilities to maintain staffsof 10to 50 people to make
new programs and modify existing ones. A con-
siderable amount of effort is also required to do the
preliminary study and determination o data proc-
essing requirements. A recent book describes how
such a study was done for the University o Illinois
library.®

It takes time to produce a program that operates
correctly. Very rarely does a program work cor-
rectly the first time it is given to a computer. A
seriesdf test runson the computer is usually neces-
sary to locate the programing errors and ensure that
the program is operating satisfactorily. Once the
program is working correctly, it may be used again
at any time in the future, with assurance that it will
run without trouble. In theory, once the initia
programing investment has been made, the program
can be run again at any time in the future, with no

Saurmet, J. E., H. Ohlman, and H. G. Bohnert, “Dis-
cusson—The Pros and Cons o a Speciad m® Language”
Communications of the ACM, Vol. 5, No. 1, pp. 8-10
(January 1962).

Colilla, R. A, and B. H. Sams, "Information Structures
for Processing and Retrieving,"” Communications of the
ACM, Val. 5, No. 1, pp. 11-16 (January 1962).

Yngve, V. H., “comrr as an m® Language,"” Communica-
tions of the ACM, Vol. 5, No. 1, pp. 19-28 (January 1962).

Barnes, R. F., "Language Problems Posed by Heavily
Structured Data,"” Communicatwns of the ACM, Vol. 5,
No. 1, pp. 28-34 (January 1962).

Cheatham, T. E., J., and S. Warshall, "Translation of
Retrieval Requests Couched in a 'Semiformal' English-Like
Language,” Communications of the ACM, Val. 5, No. 1,
pp. 34-39 (January 1962).

Sable, J. D., "Use o Semantic Structure in Information
Systems," Communicatwns of the ACM, Val. 5, No. 1,
pp. 4043 (January 1962).

Grems, M., "A Survey o Languages and Systems for
Information Retrieval,”"” Communications of the ACM, Vol.
5, No. 1, pp. 43-46 (January 1962).

Kellog, C., "The Fact Compiler: A System for the Ex-
traction, Storage and Retrieval of Information,” Proceed-
ings of the 1960 Western Joint Computer Conference, pp.
73-82, Institute d Radio Engineers, New York.

8 Schultheiss, L. A, et ad., Advanced Data Processing in
the University Library (Scarecrow Press, New York, 1962).
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additional cost beyond the machine operating cost.
However, this is not always the case, since many
organizations are continually forced to modify fin-
ished programs because of such factors as changes
in procedures, policies, and data formats. Once a
program is running satisfactorily, it should be docu-
mented and distributed so that other users can bene-
fit from the work. Such cooperation (akin to the
cooperation that has long existed in regard to other
technical literature) will enable computer users to
build up libraries of programs or sub-routines that
can be used at any timein the future for a computer
d thesame model and equipment complement. The
programing language, internal machine language,
and repertoire d instructions are different for most
models o computer, so that programs written for
one computer generally cannot be used on a differ-
ent model or a computer from a different manufac-
turer. Table 7-1 lists some computer programs for
information retrieval that are available from some
d the equipment manufacturers and user groups.

APPLICATION TO INFORMATION PROCESSING AND
RETREVAL

A given problem can generally be handled by any
o severa different models of computers, and need
not be given to a specific computer type. A litera-
ture-searching system or wic index system, for ex-
ample, can be implemented with almost any model
of computer. The fact that most of the past and
current literature on these two applications de-
scribes an implementation in terms of one or two of
the present models of a single prominent manufac-
turer should not obscure the fact that almost any
other type of computer could also have been used.
As a matter o fact, literature searching systems
have been implemented with at least a dozen differ-
ent types o computers. The following sections dis-
cuss several basic types d information handling and
retrieval problems as implemented with several dif-
ferent types of computers.

The reader should be reminded again that the use
o a computer with an information retrieval system
will not necessarily enhanceor improve the efficiency
o retrieval —that is something that will depend
primarily upon the indexing and classification tech-
niques that are used. The presence of computer
equipment per se cannot provide better retrieval or
guarantee good performance although it might pro-
vide the answers in a shorter period o time, or at
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TABLE 7-1

Available Computer Programs for Information Retrieval
and Related Activities

1. “IBM 1401-KWIQKey Word in Context)." Card
version available from IBM, Los Angdes, Education
Center. Tape version under development for submis-
sion to 1401 Library.

2. "IBM 1401-SDI-3 (Selective Dissemination d In-
formation)." Developed by Advanced Systems De-
velopment Division (ASDD) and submitted to 1401
Library. ldentification (I1D) number 10.3.004.

3. “IBM 1401-INFORM." A complete information re-
trieval system developed jointly by IBM and North
American Aviation and submitted to the 1401 Li-
brary. 1D number not known yet.

4. "IBM 1401-swoor.” File search using superimposed
coding submitted to 1401 Library. 1D number not
known yet.

5. "IBM 1401-Inverted File Program." File look-up
with a card system, submitted to the 1401 Library.
I D number not known yet.

6. "IBM 7090-Permuted Title Index," dso known as
Be-PiP. Developed by Bell Telephone Laboratories
and availablefrom SHARE Library asSDA No. 1239.*

7. "IBM 7090-xwic.” Developed by IBM, Owego, and
submitted to the SHARE Library. 1D number not
known yet.

8. "IBM 7090-SDI-2.” Developed by IBM-ASDD and

submitted to the SHARE Library. 1D number not
yet known.
9. "IBM 7090-Literature Retrieval." Under develop-

ment by IBM, San Jose Research Laboratories.

10. "GE-225ElectronicSearch Program.” Availablefrom
Genera Electric Co.

11. "IBM 650-Information Retrieval System,” J. T.
Ahlin, in Generd Information Manual: Information Re-
trieval Systems Conferences, September 21-23, 1969,
Poughkeepste, Brochure E20-8040 d the IBM Corp.,
Data Processing Div., White Plains, New Y ork.

12. “Automatic Information Retrieval Program for the
IBM-650," No. 120.007 d the Program Information
Dept., IBM Corp., White Plains, New York. Thisis
asearch d a coordinateindex on punched card discs,
with 14 document numbers per card.

13. L. D. Turner and J. H. Kennedy, "System d Auto-
matic Processing and Indexing d Reports," Report
UCRL-6510, University  California, Lawrence Ra-
diation Laboratory, Livermore, Caifornia (July 1961).

*SHARE Distribution Agency, ¢/o IBM Corp., 590
Madison Avenue, New York 22, New Y ork.

less cost. As mentioned earlier, the retrieval per-
formance (i.e., relevancy and recall) will depend
primarily upon the intellectual organization o the
index, and not upon the method of implementation.

Analysis of Text Structure

Concordances. A considerable amount o effort has
been expended on the mechanization of the produc-
tion or assembly of information. The semi-auto-
matic preparation o indexes, abstracts, and con-
cordances isan outgrowth of thiseffort. The prepa-
ration of concordances is one writing task that has
almost gone over completely to preparation by com-
puters.

Concordances are printed alphabetical lists that
indicate the places in the text of a body of work
where particular words were used. They are very
useful in studies of language, vocabulary, and the
history of ideas in literature and philosophy, and
have been used primarily for that purpose (i.e.,
textual criticism). In addition to showing the loca-
tion where the word was used, the concordance may
also show a small amount o the text material that
precedes and follows the particular words at each
location. If the adjacent text material is not shown,
then the concordance simply amounts to a detailed
index to all of the words used in the text. If the
location of the word is not shown, then the con-
cordance simply amountsto a word list (i.e., a com-
pletelist of all the different words used in the text).
Such a concordance might be constructed to serve
as thefirst draft of a detailed index to a corpus o
text material. It might also be used to provide a
list of terms for the subsequent manual preparation
of athesaurus or dictionary.

The first concordance to the Bible was published
by John Marbeck in 1550, and no one knows how
many yearsit took to compile. An exhaustive con-
cordance, published by James Strong in 1894, re-
quired 30yearsof effort. 1 n 1955, a 2000-page con-
cordance of the Bible produced with a Univac com-
puter required approximately 150 hours of computer
time after several months of planning and prepara-
tion.? The entire Revised Btandard Version of the
Bible, more than 800,000 words, was put on 4 reels
of magnetic tape. With the exception of 132 com-

® McCulley, W. R., "Univac Compiles a Complete Bible

Concordance" Systems, Vol. 20, No. 2, pp. 2-23 (March-
April 1956).



mon words, the stored words were arranged alpha-
betically along with their context and location in
the Bible—book, chapter, and verse. The printed
concordance contained approximately 350,000 con-
texts on about 2000 pages.

Some other early work in mechanized concordance
preparation, initially with tabulating equipment but
later with computers, was done by a group o Italian
scholars and theologians who prepared a complete
concordance (1.6 million punched cards) to the
Summa Theologica by St. Thomas Aquinas.

In 1959, a 965-page concordance to the poems o
Matthew Arnold, prepared by data processing equip-
ment, required approximately 40 hoursd IBM 704
time* Thetotal body d Arnold's published poetry
consists d about 17,000 lines. The complete body
d the concordance was formated and printed by
the computer, and the pages were then photographed
and a book published by the photo-offset process.
No typesetting was required. The study group that
prepared the Matthew Arnold concordance states
that thisis the first of a series o concordances to
ke prepared with data processing equipment for pub-
lication by Cornell University Press. An example
from one of their concordances in preparation, A
Concordance to the Poem o W. B. Yeats, isshown
in Fig. 7-13. Another concordance being prepared
at Cornell is a concordance to The Anglo-Saxon
Poetic Records, a series published in 6 volumes
(about 168,000 words of text). This work is also
being done on IBM 704 equipment.*? Such a con-
cordance is often useful for textual critics who look
for small differences between subsequent printings
or different versions o the same work, and also
look to see how the author might repeat himself in
different works.

Other concordance applications include a study o
the Dead Sea Scrolls,*s a study o the language used

10 Tasman, P.," Literary Data Processing,” IBM Journal,
Vol. 1, No. 3, pp.249-256 (July 1957).

11 Painter, J. A.," Computer Preparation of a Poetry Con-
cordance” Communications of the Association for Com-
puting Machinery,Vol. 3, No. 2, pp.91-95 (February 1960).

Parris, S. M., editor, A Concordance to the Poems of
Matthew Arnold (Cornell University Press, Ithaca, N.Y.,
1959).

12 Bessinger, J. B., " Computer Techniques for an Old
English Concordance," American Documentation, Vol. 12,
No. 3, pp. 227-229 (July 1961).

13 Tasman, P., Indexring the Dead Sea Scrolls by Elec-
tronic Literary Data Processing Methods, an un-numbered
report of the IBM World Trade Corp. (November 1958).
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in legal statutes,** and studies of the derivation and
use of words in folk songs.*®* The use d computing
equipment for concordance construction *¢ has short-
ened the elapsed time required for such a task, and
has permitted scholars to devote more o their at-
tention to the analysis and interpretation functions,
and less to clerical chores. In that regard, it has
been a useful tool for linguistic and textual research.
The main problem, so far, is the practical one d
getting the text material into machine-readable
form. This problem is complex—but by no means
insurmountable.

Dictionaries and Thesauri. Any computer program
that does some processing o the file information
(e.g., file searching or computer preparation and
printing d xwric indexes, accession lists, or catalog
cards) isin a position to also provide some useful
by-product information such as a list of words used
in the file and their frequency of use or association
with other words in the file. One o the products
of the computer run for each issue of the xwic in-
dex to Biological Abstracts, for example, is an al-
phabetical list o the "junk™ words that the pro-
gram has been instructed to ignore, as well as a
count o the number of times that each o these
terms and the key words chosen were used in that
issue. Two particular by-products that might be
prepared with the assistance d computer programs
are a dictionary and a thesaurus.

The dictionary, as we normally consider it, is a
list & words and their associated word roots, as well
as a definition o that word group. In machine
translation work, the dictionary is usualy con-
structed as a table to show corresponding words or

14 Kehl, W. B., et al.,"An Information Retrieval Lan-
guage for Legal Studies," Communications of the Associa-
tion for Computing Machinery, Vol. 4, No. 9, pp. 380-389
(September 1961).

15 Sebeok, T. A.,and V. J. Zeps," Computer Research in
Psycholinguistics: Toward an Analysis of Poetic Language"
Behavioral Science, Vol. 6, No. 4, pp. 365-369 (October
1961).

18 Current Research and Development in Scientific Docu-
mentation, No. 9, Report NSF-61-76 of the National Sci-
ence Foundation, Washington, D.C. (November 1961).

Wisbey, R.," Concordance Making by Electronic Com-
puter: Some Experienceswith the'Wiener Genesis,' ” Mod-
ern Langauge Review, Vol. 57, No. 2, pp. 161-172 (April
1962).

Lamb, S. M., “The Digital Computer as an Aid in Lin-
guistics" Language, Vol. 37, No. 3, pp. 382412 (1961).



148 / Methods of information handling

PAGE
MAGL ({CONTINVED)
OF THE CROWNED MAGI3 AND THE HOUND OF CV e o & o 169
OF THE CROWNED MAGI1 AND THE KINGS WHOSE EYES o o o o o 169
ENE MAGI o o o o o o o ¢ o o o o o o o o o 31
WERE'T NOT THAT THERE IS MAGIC IN HIS MARP, e e o o 222
THAT THERE 1S MAGIC IN THAT MARP OF HISy o o o o o o 222
A MAGIC THAT CAN CALL A DEMON UPs ¢ o ¢ o o o o o o 238
1 WILL END ALL YOUR MAGIC ON THE INSTANTe o o o o o o 262
BY MAGIC STRINGSs I'LL MAKE THIS ANSWER TO ITe e & o o 203
MY MAGIC STRINGSe I'LL MAKE THIS ANSWER TO IT»s o o o o 243
IF YOU HAD TAKEN ME BY NAGIC SPELLSQ * o o o o o o o 243
WHAT MAGIC DRUM? « o e o o 359
THROUGH LIG“"‘OBLITE.AT[NG GA.DEN FOLIAGE WA? NA‘IC DRuM? 360
TAKEN IN MAGIC, IN THE CHURCH'S NAME o o . o o o 694
WITH PITILESS MAGIC HAS BOUND YOU=e , o o o o o o Tos
SO MEN IN LIFE AND I INMAGIC PLAYSE o o ¢ o o o o o T22
MAGICAL
CHAUNT IN HIS EAR DELUSIONS MAGICALY ¢« o ¢ o o o o o 11
GOs CAST ON HIM DELUSIONS MAGICAL» e o o o o o o o 111
THE MAGICAL POWERS TO AND FROe o o e o o o o o 0 138
MAGICAL SHAPES. 8Y THE HELP OF AN |NAGE * o s o o o 367
OBEDJENT TO SOME HIODEN MAGICAL BREATHe ¢ o o o o o o 382
MAGICAL UNICORNS BEAR LADIES ON THEIR BACKSe o o o o o 26
MAGICIAN
OBEYSe SOME FIERCE MAGICIAN FLIES OR WALKS e« o o o o T20
MAGNANIMITIES
THEIR MAGNANIMITIES OF SOUNDs o o o ¢ o o o o o o 404
MAGNANIMITY
THE STRENGTH THAT GIVES OUR BLOOD AND STATE MAGNANIMITY 481
e
AS THOUGH WITH MAGNANIMITY OF LIGHTs ¢« o ¢ o ¢ o o o 618
MAGNIFICENCE
MONUMENTS OF ITS OWN MAGNIFICENCESs e & o o o o o o 40T
LOWLY THE HEAD OF HIS MAGNIFICENCE e o o o o o s o 609
OQWN LOW THE HEAD OF HIS MAGNIFICENCE * s s e s a2 » 689
MAGNIFIED
MY MEMORIES HAD MAGNIFIED o o ¢ o o o o o ¢ o o 399
MAGNIFY
CONSIDER MOST TO MAGNIFYs OR TO BLESSs o ¢ o o o o o 418
MAGN]ITUOE
THAT MADE THE MAGNITUDE AND GLORY THERE « & o« « o o o 483
MAGNUS
OF MAGNUS ANNUS AT THE SPRINGs ¢ o o o ¢ o o o o o 437
MAHOGANY
LIT UP THE DARK MAHOGANY AND THE WINEs o o o o o o o 410
MAHRAJAS
OF RAJAS AND MAHRAJAS BEYOND NUMBERT o o o ¢ o o o o T24
MAID SEE WAITINGaMAID SERVING=MAID
AND NOW A MAIDy ON A SWIFT BROWN STEED o o 12
MAID NIAM FROM A LITTLE TRUMP s o« o o o 14
AND KNELT THEM, EVERY MAID AND MANs o o o 15
THEY HUSHED THEM» EVERY MAN AND MAID. « o 17
WITH ONE LONG GLANCE ON MAID AND BOY « o & 19
AROSE FROM EVERY MAID AND BOY» o o * o 20
HE SPAKE TO THE YOUNG MANy "Is THERE NO MAID 109

THEN CONCHUBAR SENT THAT SWEET=THROATED MAID»
THEN CONCOBAR SENT THAT SWEET THROATED MAID
AND LIFT YOUR TENDER EYELIOS» MAIDy o o

MAID QUIET e o e e o & e
WHERE HAS MAID QUIET GONE TO» o o
I NEVER HAVE SEEN MAID QUIET . .
NO WAITING MAID SHOULD EVER SPREAD
A SERVING MAID AND A SERVING MANy .«
AND EVERY MAN AND MAID AND BOY o
WHETHER TO MAID OR HAGY: o o« o o
"1 AM SORRYs" SAID THE MAID» . .
TWO MEN WHO LOVE ONE MAID HAVE AMPLE CAUSE .

FOR THIS THING F1GHT==WE LOVE ONE MAID? HER N
THE PLAINy A LITTLE FAIR=HAIRED MAID 1 LOVE.

THERE OWELLS A LITTLE FAIR=HAIRED MAID 1 LOVE.
MY LORDs YOU CALLED? NOT Ie THIS MAID IS OEADe o
THEN EACH WIFE AND MAID AND MOTHER CALLS BY NAME

SOME DROWNED ONE.

o> e 000 cs s 000000000

L R N A A N N A R R NI
e se 00 se 0 v s rs et 00
e s 0 e e s0 0 ss00sv 00000

DO NOT FEAR USy EARTHLY MAIDI o« o o o o o o o o
TEASING EVERY WILFUL MAIDs o o o o s o o o o o
MAIDEN
A MAIDENs ON A SLENDER STEEDy o o o o o o o o o
0 PLEASANT MAIDENI® ANSWERED FINNY o o o o o o o
NOWs PLEASANT MAIDENs TELL TO ME o e o o o o
OF THE YOUNGs "YOUNG MAIDENs WHAT HAV BRING « o o o
AND NOW A MAIDEN RODE LIKE THE HIND e 5 o o o o @
AND ONCE A MAIDEN BY MY SIDE . o o o o o
FULL MANY MORE, WHEN PEERED A HAIDEN SHEET « o o o o
A MAIDEN WITH SOFT EYES LIKE FUNERAL TAPERSs o o s o
OH MAIDEN.® ®ARE YE SPIRITS OF THE SEA» e o o o o
THAT MAIDEN FOUND A RING HUNG ON THE WALL® o« o o o o
AND AHs YOU PROUD MAIDENs YOU ARE NOT SO FAIR WHEN HIS OAR
PROUD MAIDENs YE ARE NOT SO FAIRs WHEN HIS OAR e o o
NO MAIDEN LOVES MEs» NO MAN SEEKS MY HELPs» o o o o o
MAIDENe COME FORTH4 THE WOODS KEEP WATCH FOR THEES « o

FIG. 7-13 Portion of the Concordance of the Poems of W. B,

equipment.

110
110
125

i
m

659
679

oo
-~~~
NN
-

esoesesvone
-
~

. 643

Yeats

TITLE

SECRET
SECRET
MHAGI

SHADOW
SHADOW
SHADOW
SHADOW
SHADOW
SHADOW
SHADOW
MAGIC DRUM
MAGIC DRUM
MOSADA 1
FAIRY PEDANT
WITCH VIVIEN

ROSE
ROSE

WATER
WATER
WATER
WATER
WATER

CUCHULAIN SEA
CUCHULAIN SEA
TO IRELAND

EGO DOMINUS
VISION ROBART
PHANTOM HATRED

<<

WITCH VIVIEN
FOR DAUGHTER
BLOOD AND MOON
BRONZE HEAD

SAIL BYZANTIUM
NETTLESHIP
NETTLESHIP

BREAK OF DAY
ANCEST HOUSES
VERONIC NAPKIN
SONGS PLAY 1
TOWER

KANVA ON SELF

OISIN
OISIN
OISIN
OISIN
OISIN
OISIN 1
CUCHULAIN SEA
CUCHULAIN SEA
CUCHULAIN SEA
GOES FERGUS
MAID QUIET
MAID QUIET
MAID QUIET
BAILE AILLINN
RUN PARADISE
TOM ORQUGHLEY
DANCING DAYS
COLONEL MARTIN
ISLE STAT 111
ISLE STAT I1 1
ISLE STAT 11 3
ISLE STAT II 3
MOSADA 3
PHANTOM SHIP

1
1
1
1
1

<c<<<<<

v

<<<

LOVERS QUARREL
LOVERS QUARREL

OISIN
OISIN
OISIN
OISIN
OISIN
OISIN
OISIN
O1SIN
OISIN
OISIN
OLD FISHERMAN o
OLD FISHERMAN V
FERGUS DRUID Vv
ISLE STAT 1 1

N RIS 0t 04 gt gt 8 P
CcCcLCcC<c<c<<c<C<c< <<

prepared by computer



word roots in some second language for every word
or word root used in the primary language. The
computer preparation of a dictionary is an opera-
tion similar to concordance construction. However,
for dictionary work, there is less emphasis on where
the words were used, and more emphasis on what
words and word roots were used. The computer
programs cannot do the entire task of preparing
the dictionaries, but they can compile an alpha-
betical list of all the words encountered to date, or
all the words that have not yet been entered into
the dictionary. This at least removes much of the
burden of clerical work in the preparation of the
dictionary. However, a considerable amount of
human effort is still necessary to provide the defini-
tions or secondary language equivalent.

Most of the dictionary compilation work with
computers has been done with the research programs
in machine tranpslation.’” In fact, every machine
translation programing system incorporates some
specific programs to generate and maintain a dic-
tionary, and to point out new words as they are
encountered for the first time. Such programs may
be helpful for the development of reference retrieval
tools.’® Several other studies have suggested the
use of computer techniques for the construction of
glossaries and similar works.'®

The main use of thesauri has already been dis-
cussed in Chapt. 2. However, it will be useful at
this point to describe again, what is meant by the
word “thesaurus.” A thesaurus is a collection of

17 The status of the machine translation work in mid-1960
is well described in the report, “Research on Machine Trans-
lation,” Hearings before the Special Investigating Subcom-
mittee, Committee on Science and Astronautics, U.S. House
of Representatives, 86th Congress, 2nd Session (US. Govt.
Printing Office, May 1960).

Oettinger, A. G., et al., “Linguistic and Machine Methods
for Compiling and Updating the Harvard Automatic Dic-
tionary,” Proceedings of the International Conference on Sci-
entific Information, Vol. 2, pp. 951-973 (National Academy
of Sciences, Washington, D.C., 1959).

18 Howerton, P. W., “The Application of Modern Lexico-
graphic Techniques to Machine Indexing,” pp. 326-330 in
Machine Indexing: Progress and Problems (American Uni-
versity, Washington, D.C., 1961).

19 Booth, A. D, and A. J. T. Colin, “On the Efficiency of
a New Method of Dictionary Construction,” Information
and Control, Vol. 3, No. 4, pp. 327-334 (December 1960).

Colin, A. J. T., “The Automatic Construction of a Glos-
sary,” Information and Control, Vol. 3, No. 3, pp. 211-230
(September 1960).

Levison, M., “The Application of the Ferranti-Mercury
Computer to Linguistic Problems,” Information and Con-
trol, Vol. 3, No. 3, pp. 231-247 (September 1960).
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words (e.g., synonyms) classified by concept or
broad clusters of meaning, rather than by an alpha-
betic or other characteristic. In documentation
work, it is sometimes used to designate a schedule
of authorized subject headings, arranged so that
like words are grouped together and appropriate
“see” and “see also” references are specified (see
Fig. 2-5). A considerable amount of effort is being
expended by such organizations as ASTIA, the
American Institute of Chemical Engineers, and the
Engineers Joint Counecil, to develop and maintain
thesauri for their subject fields of interest.

The thesaurus may be used as an authority list
for indexing or classification work in order to main-
tain a degree of control over the choice and use of in-
dexing terms.?* It may also be used to help suggest
terms to be used for search requests. Swanson, for
example, has compiled and used a thesaurus ag a
tool in some studies of computer indexing and search-
ing of natural text material. In these studies, the
thesaurus was compiled to perform the machine in-
dexing and to assist in the machine searching ex-
periments. Each entry in the thesaurus was
weighted to reflect the importance of that word for
retrieval purposes. The thesaurus was used to
automatically formulate a series of search instruc-
tions for a natural language question and to com-
pute the relevance scores for documents retrieved.

As with the dictionary compilation, the thesaurus
cannot be compiled entirely by the computer. How-
ever, the computer can be used to perform much of
the clerical work such as the initial sorting and
listing of all words that make reference to every
other word. The programs could also locate all the
dead end references—that is, a reference that is
made to a particular word, but not made back from

20 ASTTA, Automation of ASTIA—1960, pp. 4-9, AD-247
000, Armed Services Technical Information Agency, Arling-
ton, Virginia (December 1960).

ASTIA, Automation of ASTIA—1959. A Preliminary Re-
port, pp. 43-50, AD-227 000, Armed Services Technical In-
formation Agency, Arlington, Virginia (December 1959).

See also fn. 22 in Chapt. 2.

21 Swangon, D. R., “Interrogating a Computer in Natural
Language,” Information Processing 1962, pp. 288-293, C. M.
Popplewell, editor (North Holland Publishing Co., Am-
sterdam, 1963). .

Swanson, D. R., “Research Procedures for Automatic In-
dexing,” pp. 281-304 in Machine Indexing: Progress and
Problems (American University, Washington, D.C,, 1961).

Swanson, D. R., “Searching Natural Language Text by
Computer,” Science, Vol. 132, No. 3434, pp. 1099-1104 (Oc-
tober 21, 1960).

Swanson, D. R,, see previous reference in Chapt. 2, fn. 24,
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that word. This first draft assembly and checking
of terms by the computer can be a very helpful
start for the human effort which must follow to
arbitrate which terms should be placed where, and
what generic and coordinate relationship they
should have to the other terms in the thesaurus.

Text Schematics. Some interesting techniques have
been developed for analyzing legal statutes, busi-
ness contracts, and other complex text material by
breaking them down into schematic logic diagrams
to show their basic meaning.??> A very simple ex-
ample of this conceptual simplification is given by
the following fictitious statute:

below. The logic diagram could then serve as a
“check print” for the person who drafted the legis-
lation, to make sure that the text actually says
what the draftsman really intended to say (or, if
the legislator wasn’t quite sure what he had in
mind in the first place, the logic diagram might help
him pull his thoughts together). Once the thought
and the formulator of the thought were in agree-
ment, the diagram could accompany the text and
be published with the text so that anyone who had
occasion to read the statute would have it presented
in a very concise and unambiguous manner.,

It may well be that commercial publishers will

You are entitled to County unemployment benefits if: 23 ¢

START o (You are currently) _ED_ (Zguy:arfsogﬁjr

unemployed

AND You currently are
) —— | not receiving State | ——o FiNIsH
or Federal Aid

OR

It would seem unnecessary to employ machine tech-
niques to analyze a statute as simple as this ex-
ample. However, as everyone knows, there are
many statutes that are virtually incomprehensible,
often with single sentences that run for a page or
more. Kehl reported one instance of a Pennsyl-
vania statute with a sentence that was 692 words
long.?* Information processing techniques are cur-
rently available that might be able to make sense
of these incomprehensible statutes, without the help
of a lawyer. Consider a semi-automatic editing
system in which legal statutes drafted for legislative
bodies are first submitted to a machine editor to
generate logic diagrams of the form illustrated

22 Allen, L. E., “Toward a Procedure for Detecting and
Controlling Syntactic Ambiguity in Legal Discourse,” Chapt.
42 in Information Retrieval and Machine Translation, Part
2 (Interscience Publishers, New York, 1961).

28 If, that is, you can successfully pass through the net-
work. The statute in text form might read, “You are en-
titled to County unemployment benefits if you are cur-
rently unemployed and if, in addition, you are over 65
years old, or blind, or completely disabled, and if, in addi-
tion, you are not currently receiving State or Federal Aid.”

24 Kehl, article cited earlier in this chapter, fn. 7.

(Blind)

Completely )_
disabled

soon find it profitable to publish manuals of dia-
grams such as these to accompany the publication
of laws or discourses on active fields of legislation—
particularly tax legislation and the rulings of the
Federal regulatory commissions. Anyone who has
ever tried to penetrate the farther reaches of these
legal jungles ought to be happy to pay a fair amount
of money for a moderately good map.

It is unreasonable to expect complete coverage of
all of our statutes in the near future; the magnitude
of the task is staggering. It is estimated that, in
1960 alone, approximately 14,000,000 words of Fed-
eral statutes were published. However, machine
analysis of legal statutes seems to hold promise for
the future. And if machine analysis can simplify
ambiguous or needlessly complex legal documents,
it could also help with other Yypes of documents.

The same techniques, for example, may also be
applied to point out the ambiguities or flaws that
may exist in the business documents and messages
of any large business or government organizations.2

25 Allen, L. E., “Toward More Clarity in Business Com-
munications by Modern Logical Methods,” Management
Science, Vol. 5, No. 1, pp. 121-135 (October 1958).



Although these particular techniques have not been
tested to date with any computer programs, it seems
quite feasible to do so. The approach is similar to
the computer work that is currently being done on
syntax studies of English text material.

Preparation of Retrieval Tools

Indexing, Cataloging, and Classification. Chapter 2
has already introduced the subject-indexing prob-
lem and mentioned some of the progress made in a
number of areas of computer indexing. So far, the
major practical application of computers to index-
ing has been along the lines of the kwic index prep-
aration, with kwic publications such as conference
proceedings, special collections of literature, and
lists of their library’s serial or periodical holdings
prepared by at least 30 organizations. Several tech-
nical journals are also using machine techniques to
semi-automatically assemble and compose title
bulletins for publication.?® Various figures have
been quoted for the cost of preparing a xwic index
with computer equipment; ranging from 25 cents
to 1 dollar per bibliographic item to prepare the
master copy of the Kwic index. Examples of rep-
resentative Xwic indexes have been illustrated in
Figs. 2-2 and 2-3. Equipment parts catalogs have
also been prepared with computer equipment.?’

One recent example of the use of a computer to
prepare a subject index is the recently initiated
publication, Chemical-Biological Activities, a com-
puter-prepared index to the current literature on
the biological activity of organic compounds.?®
Relevant information is extracted from a number
of primary journals and prepared for input to an

26 Markus, J., “State of the Art of Published Indexes,”
American Documentation, Vol. 13, No. 1, pp. 15-30 (January
1962).

Kennedy, R. A,, “Library Applications of Permutation
Indexing,” Journal of Chemical Documentation, Vol. 2,
No. 3, pp. 181-185 (July 1962).

Qeneral Information Manual: Key-Word-in-Context
(gwic) Indezing, Brochure E20-2091 of IBM Corp., Data
Processing Div., White Plains, New York (1962).

Giallanza, F. V., and J. H. Kennedy, Key-Word-in-Title
(xw1r) Index for Reports, Report UCRL-6782 of the Uni-
versity of California, Lawrence Radiation Laboratory, Liv-
ermore, California (May 14, 1962).

27 Cunningham, R. F., and P. F. Santarelli, “Computer
Techniques for Parts Cataloging,” Proceedings of the 7th
Annual Convention of the Society of Technical Writers and
Editors, Chicago, Illinois (April 1960).

28 Chemical-Biological Activities, sample issue prepared
by the Chemical Abstracts Service and published by the
American Chemical Society (September 1962).
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IBM 1401 computer. The computer processes the
information to prepare six different indexes to that
particular collection of information. A good illus-
tration of the types of indexes that are prepared is
shown in Fig. 7-14. For this particular printout,
the IBM 1403 printer has been modified to provide
both uppercase and lowercase letters, as well as
some special symbols.

Another good example of computer assistance in
the production of an index is the work currently
being done by the Institute for Scientific Informa-
tion to prepare the Index Chemicus, a periodical
listing of new chemical compounds along with the
pertinent references to show where they were cited
in the current literature. The current Index
Chemicus and its cumulative index (Encyclopaedia
Chimica Internationalis) are prepared with IBM
7090 and 1401 computers and consist of 4 special
indexes: a molecular formula index, a permuted
formula (RotaForm) index, an author index, and a
journal index. The first 6 volumes and 4500 pages
of this encyclopaedia covered over 17,000 articles
and approximately 180,000 chemical compounds.
The rotated formula index of this encyclopaedia is
a permuted index which forms all possible written
sequences of elements for a given compound, and
lists each compound under each of the several pos-
sible formulas that might be used to describe it.

Figure 7-15 shows a portion of the computer
printout for a citation index of the type currently
being developed by the Institute for Secientific In-
formation. It is expected that the data base for
this experimental index will eventually include some
3,000,000 citations from about 500 scientific journals,
primarily for the field of geneties, and will show
the citation linkages of these articles. In the par-
ticular example shown, references are listed in al-
phabetic order by author. Each of these source
citations is followed by the citation for the paper
that did the citing. This index then points to con-
tinuations of, or use made of, the original work in
other studies. The first draft of this index con-
sisted of approximately 8000 pages of computer
printout in a form similar to the sample page
shown.2® )

29 Garfield, E., and I. H. Sher, “New Factors in the
Evaluation of Scientific Literature Through Citation In-
dexing” American Documentation, Vol. 14, No. 3 (July
1963).

Garfield, E., “Generic Searching by Use of Rotated For-
mula Indexes,” J. Chemical Documentation, Vol. 3, No. 2,
pp. 97-103 (April 1963).
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FIG. 7-14 Examples of computer-prepared indexes for Chemical-Biological Activities.
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BORN LK 56 AM DOC T 167
BORN M-—=—=ee——e ~—8518RESTL UNIV-————- a 161
HORRIS Jc 54 AM DOC 5 117
51-RESTL UN1V-———==———n 162
MORR1S JC 5S4 AM DOC 5 117
51-RESTL UNIV-———=—==——n 282
MORRIS JC 54 AM DOC 5 117
BORNSTEIN HA-=-=———s61#AM DOC 12 254
REES AM 62 AM DOC 13 93
BOROS G-—-—m—m==———- 8558807 WOERT—==—==—~ o
OATFIELD H 58 AM DOC 9 238
BOSE A-———=——=————8568MASS INST T REPT 309m
ZADEH LA 61 IRE T INF T IT7 139
59-IRE T CIRC THEQRY-— (CT6 30
ZADEH LA 61 IRE T INF T ITT 139
59-T 1959 INT SYMP CIRCo
ZADEH LA 61 IRE T INF T ITT 139
BOSE AG——————=——- & sMIT TECHN REP 309~——n
BRICK DB 62 IRE T INF T IT8 S35
56-MIT RES LAB TR 309--m i
ORMSBY JF 61 J ACM 8 440
56~TECHN REP 309 RES LAn
KATZENEL. J 62 INF CONTR 108
59—IRE T INF THEQRY—=-—- lT5 30
BRICK DB 62 IRE T INF T IT8 S35
SWERLING P 61 IRE T INF T IT7 131
BOSE RC——————=——=—#4TaSANKHYA 8 107
BOSE RC 60 INF CONTR 3 68
52-J AM STAT ASS==———— 47 151
NEUMANN PG 62 INF CONTR 5 12
59-INF CONTR-=———=—o— 2 183
GREY LD 62 IRE T INF T IT8 200
NEUMANN PG 62 INF CONTR 5 T2
60-INF CONTR~——————eee 3 68
BANERJI RB 61 INF CONTR 4 1
BARTEE TC 62 IRE T INF T 1T8  S17
BOSE RC 60 INF CONTR 3 2719
CALINGAE. P 61 J ACM 8 186
ELIAS ¢ 61 IRE T INF T ITT 128
GORENSTE. D 60 INF CONTR 3 291
MANN HB 62 INF CONTR 5 153
MEGGITT JE 61 IRE T INF T ITr 234
SELLERS FF 61 IRE T INF T ITT 276
STONE JJ 61 INF CONTR 4 324
ZETTERBE. L 62 IRE T INF T 178 13
60—INF CONTR——==——=—m=— 3 279
ELIAS P 61 IRE T INF T IT?7 128
MANN HB 62 INF CONTR 5 153
STONE JJ 61 INF CONTR 4 324
BOTTENBRUCH H-——-—-861#0RNL REP 3148----—-n
BOTTENBR. H 62 J ACM g 161
BOULDING K—==————8568GEN SYST——————= -——0a 11
SCHULTZ L 62 AM DOC 13 288
56—-IMAGE o 166
BUCHANAN B 58 AM DOC 9 114
BOURGEQIS P—————-—8 @sUNSPECIFIED———————-nO
BONN GS 58 ICSI 2 1441 .
32-TERM DOC——=—==—wu— -0 101
WAGNER FS 60 AM DOC 11 102
BOURNE CP-~——— ——2588MAG DAT--——weee— — 6
BONN GS 62 AM DOC 13 301
61-INF CONTR———————=emm 4 48
BOURNE CP 61 J ACM 8 538

FIG. 7-15 Sample of a citation index prepared with computer equipment.
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Another example of the use of computers to pre-
pare an index is the Tabledex Index, described pre-
viously in Chapt. 2.2¢

80 Ledley, R. 8., et al,, Selected Bibliography of the In-
ternatiodal Geophysical Year: An Ezample of Tabledex
Formats, National Biomedical Research Foundation Report
No. 62071/18100 (1962).

Ledley, R. S., Programming and Utilizing Digital Com-
puters (McGraw-Hill Book Co., New York, 1962), pp. 502-
503, 505-506.

IBM 7090 COMPUTER

Flow chart for a portion of Lockheed’s Technical Information Center mechanization program.

One particularly comprehensive computer index-
ing and cataloging system (shdwn in flow chart form
in Fig. 7-16) is in operation at Lockheed Missile
and Space Company in Palo Alto, California. This
mechanized system for the reporting of incoming
documents (approximately 2500 titles per month)
produces a xwic index of incoming technical re-
ports, alphabetical author and source indexes for
these reports, and from 60,000 to 75,000 catalog



cards each month for filing at several locations. In
addition, a magnetic tape is generated for file-
searching programs, and a selective dissemination
program is planned. Representative samples of the
catalog cards printed by the computer in this sys-
tem are shown in Fig. 7-17. The catalog cards are
printed on pre-perforated stock that can easily be
separated. Other organizations have also started
preparing 3-by-5-inch catalog cards with computer
equipment. The information for these catalog cards
was initially keypunched and read into the com-
puter, which then sorted and assembled the infor-
mation to prepare and print the cards in proper fil-
ing sequence.

If multiple copies are required, then the printed
copy from a computer’s high-speed printer may be
used directly as a reproduction copy for subsequent
printing operations. However, the computer print-
ers have four major drawbacks: the printing is all
in capital letters, the characters are printed with a
relatively few number of characters per line, the
number of different characters available for print-
ing is very limited, and only under very special
circumstances can the printer print in more than
one type font. One recent improvement is the IBM
1403 computer printer, which can be adapted to
print both uppercase and lowercase letters (see ex-
amples in Fig. 7-14).

In the examples of the preceding paragraphs, brief
descriptions were given of a few ways in which com-
puters were used to assist in the preparation of sub-
ject indexes. However, in all these examples, the
computer was used entirely for clerical tasks—it
sorted and put things in order, it arranged different
displays of material, and it printed information
onto pages in a specified manner. In no case did
the computer actually do any subject analysis of
the material being indexed. Work of this type has
been called “computer indexing” even though no
real subject analysis was done by the computer and
its program. It would be extremely useful if some
subject analysis and indexing could be done by com-
puters, and a considerable amount of research has
been done to develop and study techniques for true
“computer indexing.”

If a computer were to be used to perform some
real subject analysis. rather than some simple de-
scriptive cataloging, what limitations would be im-

81 Edmundson, H. P, and R. E. Wyllys, “Automatic Ab-
stracting and Indexing—Survey and Recommendations,”
Communications of the Association for Compuling Ma-
chinery, Vol. 4, No. 5, pp. 226-234 (May 1961).
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posed by the equipment, and what type of computer
equipment would be necessary, rather than tab card
equipment? The basic technique might depend on
such things as a statistical analysis of the file item
to determine the frequency with which certain
words appear, or it might depend on the use of large
tables of allowable indexing words that might occur
in the text, or it might depend upon some linguistic
and logical analysis of the text material. In any
case the particular technique usually requires some
relatively powerful (i.e., high- speed large-memory)
computer equipment.

The basic computer capab111t1es that are exploited
in such an analysis are: (1) the performance of
some statistical analyses of the text material (word
frequency counts, ete.) ; (2) the performance of some
complex table look-up operations from large tables
stored in the computer memory; and (3) the per-
formance of logical operations (e.g., word compari-
son for correlation studies) between a large num-
ber of words.

The actual quality of the machine-produced in-
dex may depend upon the characteristics and the
features of the particular computer used—some
compromises may have to be made because of such
things as the limited amount of memory available.
Because of this, the type and quality of indexing
may depend upon the computer chosen, although
most of the medium and large computer systems
would provide comparable performance for this
task. The usual practice is to use whatever com-
puter is handy. Whereas Chapt. 2 discussed index-
ing independent of any manner of implementation,
we now see that the particular choice of equipment
may have an influence on the product of the com-
puter-prepared index.

To date, the different approaches to achieving
computer-derived indexes by examining the text
material in machine-readable form have been along
the following general lines:

1. Extract and alphabetize or otherwise group
words from the computer text that appear in a
master tape of allowable subject headings.

2. Choose index entries on the basis of a statisti-
cal study of the frequency of word*usage in the
computer text.

3. Choose index entries on the basis of a statisti-
cal study of word frequency, location, and correla-
tions.

Each of these general approaches is discussed in
more detail in the following paragraphs.
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One of the easiest ways, conceptually, to mech-
anize the indexing operation is to check each word
of the text against a previously compiled list or
thesaurus of possible subject words. The text words
that coincide with the table entries can then be ex-
tracted and used as indexing terms. This tech-
nique has been used by Doyle.®? It had also been
suggested earlier by Luhn, who used a table entry
for the additional function of providing generic or
notional indexing terms to replace the original word
of the text.3®* For a fixed collection of file items,
this table look-up operation may possibly provide
satisfactory results. However, the method is some-
what inflexible, and cannot easily handle collections
of items that do not have the specific or anticipated
indexing words embedded in the text, or subject
fields that do not have a well-developed vocabulary,
or collections that are multi-disciplinary. If a
simple table were used, the indexing product would
probably be a list of specific words from the text,
similar to the results achieved by other word-
oriented indexing schemes such as the Uniterm and
key word systems. If a thesaurus or more elaborate
table were used, then the indexing product might be
extended to provide larger notional or generic
groups for more general subject indexing.

One experimental study by Montgomery and
Swanson has indicated that for a large proportion
of the entries in selected portions of a classified
bibliography, the Index Medicus, a large fraction of
the titles contained words which were synonymous
with or identical to the words of the corresponding
subject heading. It was suggested that given a list
of titles, the Index Medicus subject heading list,
and a synonym list or thesaurus group for each
subject heading, a computer could be programed to
determine which subject heading should be as-
signed to each article, and that about 86 percent of
such assignments would be the same as assignments
made by human indexing.®* This still leaves 14
percent to be assigned by human indexers, and

32 Doyle, L., “Programmed Interpretation of Text as a
Basis for Information Retrieval Systems,” Proceedings of
the 1969 Western Joint Computer Conference, pp. 60-63
(Institute of Radio Engineers, New York, 1959).

33 Luhn, H. P., “A Statistical Approach to Mechanized
Encoding and Searching of Literary Information,” IBM
Journal, Vol. 1, No. 4, pp. 309-317 (October 1957).

3¢ Montgomery, C., and D. R. Swanson, “Machinelike
Indexing by People,” American Documentation, Vol. 13,
No. 4, pp. 359-366 (October 1962).
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thus precludes the possibility of having a completely
automatic indexing technique.

Luhn’s early work has received the most atten-
tion of all of the automatic indexing and abstract-
ing techniques and relies heavily on statistics of
frequency of word usage.’® The indexing method
makes two basic assumptions: (1) the more often a
word appears in a document, the more likely it is
that the word is representative of the subject matter
of that document; and (2) depending on their posi-
tions within a sentence, the representative words
can be considered to be related. The indexing pro-
cedure consists of counting the number of times that
all the words are used in the text and (with the ex~
ception of common or junk words) selecting the
most ‘“predominant” words, and then looking at the
relative sentence position of the predominant and
less predominant words to arrive at word patterns
which are unique to that document. It is assumed
that similar word patterns for two documents sug-
gest similar contents. After the word counts have
been completed, the remaining words or word roots
are sorted according to the number of times they
are used in the text. The words which are used
most often in the document are selected for further
analysis. That is, the 10, 20, or » most-used words
are extracted from the word list. The procedure
could be terminated at this point with a list of the
words that were used most often in the document;
and this list of terms might look very much like the
results achieved by word-oriented indexing schemes.
Some editing would probably be required to handle
synonyms and special cases, but the majority of the
indexing effort (i.e., a “first draft’” index) would
already have been done with very little human in-
tervention. Luhn then suggests the use of a
thesaurus in order to categorize the various words
which were selected. This would have the effect
of providing some post-editing since it would prob-
ably handle some of the synonym problems, and
would point out the words which had no previous
entry in the thesaurus. Luhn’s next step is to ex-
amine the position of each index word and its prox-
imity to other significant words in the sentence in
order to determine major and minor hotions. The
final result of the indexing operation is then a serial
notation which describes the various notions that

35 Luhn, H. P., Potentialities of Auto-Encoding of Scien-
tific Literature, Report RC-101, IBM Research Center,
Yorktown Heights, New York (May 1959).
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were suggested by the document, as well as the pat-
tern of linkage between the various notions.?¢

Baxendale’s method of indexing is similar in
many respects to some of Luhn’s techniques, and
also makes the basic assumption that the more often
a word appears in a document, the more it becomes
representative of the contents of the doeument.®?
However, Baxendale obtains her word frequency
distributions from selected portions of the text in-
stead of using the entire text, and with the excep-
tion of developing groups of coordinated index
words, her indexing procedure is not carried beyond
the point of obtaining a list of the most-used words.
Three different techniques were suggested for seleet-
ing portions of the text in order to reduce the vol-
ume of text which is to be analyzed, and all take
advantage of certain grammatical or syntactical
characteristics of the English language. They may
be characterized as:

1. Exploitation of topic sentences
2. Deletion of non-discriminating index words
3. Selection of prepositional phrases

The first technique takes advantage of an indexing
or abstracting feature built in by the author of the
document. In general, students have traditionally
been taught that, for technical writing, the best em-
phasis can be achieved if they put the prime thought
of a paragraph in either the first or last sentence.
Preliminary investigations of sample text material
indicated that, 85 percent of the time, the topic sen-
tence actually appeared as the first sentence; and
7 percent of the time, the topic sentence appeared
as the last sentence. The exploitation of this par-
ticular writing habit provides a technique by which
some very essential parts of a document, possibly a
good distillation of the document, may be selected
on a semi-automatic basis. This technique is not

8¢ Luhn, H. P., Auto-Encoding of Documents for Informa-
tion Retrieval Systems,” in Modern Trends in Documenta-
tion, M. Boaz, editor, pp. 45-58 (Pergamon Press, New York,
1959).

Luhn, H. P., A Serial Notation for Describing the Top-
ology of Multidimenstonal Branched Structures (Nodal In-
dex for Branched Structures), Report RC-27, IBM Research
Center, Yorktown Heights, New York (December 1955).

37 Baxendale, P. B, “Machine-Made Index for Technical
Literature—An Experiment,” IBM Journal of Research and
Development, Vol. 2, No. 4, pp. 354-361 (October 1958).

Baxendale, P. B., “An Empirical Model for Machine In-
dexing,” in Machine Indexing: Progress and Problems, pp.
207-218 (American University, Washington, D.C., 1961).

appropriate for documents with unusual styles or
formats, and would probably overlook descriptive
terms (such as names or proper nouns) appearing in
places other than the topic sentences. The second
technique is used to remove the common or non-
descriptive words, and experiments showed that on
the average, over 50 percent of the text material
could be removed by this screening operation. The
screening process used a table of approximately 150
words (including all pronouns, articles, conjunc-
tions, conjunctive adverbs, copulas, and auxiliary
verbs, as well as quantitative adjectives) which had
very little discriminating power for indexing pur-
poses. Word frequency distributions were de-
veloped from the words that remained after screen-
ing. The third technique considers that in addition
to the topic sentence, there are other meaningful
syntactical units within the text. In particular, it
is argued that prepositional phrases may be the
most central features of the text, and that the phrase
is likely to reflect the content of an article more
closely than any other simple construction. If the
selection of the phrases is to be made automatically,
then some syntactic characteristic must be found
which will permit this. In the case of the preposi-
tional phrase, the preposition itself can be used as
the indicator to initiate the selection of the phrases.
There are less than 50 common prepositions, so that
a simple table look-up operation on the words of the
text will uncover the starting points of the phrases.
This extraction of phrases also reduces the volume
of words which would subsequently be used to con-
struct a word frequency distribution. This third
method has the added advantage of easily produc-
ing lists of coordinated index terms (bound descrip-
tors) and some key words in context as they ap-
peared in the phrases. These three methods all pro-
vide a list of index terms as the final product. Pre-
sumably, any of these techniques could be extended
to do such things as check the selected index words
against a thesaurus or dictionary in order to con-
solidate words with similar root stems, or consoli-
date synonyms, or redescribe the words as part of
some generic family.

Another possible method for automatically select-
ing index words has been suggested by Doyle, which
utilizes some probability features, and requires a
statistical analysis of the text material in the total
collection.®® Doyle’s basic assumption is that a

38 Doyle, L., fn. 32,




good subject word should have certain other words
which coexist with it, with a frequency much greater
than pure chance. He also suggests that the natural
characterization and organization of information
can come from analysis of frequencies and distribu-
tions of words in libraries.?®* In order to test or use
this hypothesis, a statistical study must be made
to determine the probabilities of occurrence of each
of the known indexing words. These probabilities
will be influenced by the habitual word patterns of
the individual authors, and by the number of dif-
ferent disciplines which are represented by the col-
lections. Furthermore, automatic indexing cannot
begin until a large collection of documents has been
assembled and statistically analyzed. To date, this
method or hypothesis has not been rigorously tested,
and has only been suggested as an avenue for
further study.

As a result of one empirical study, Vickery has
suggested that a frequency count of words oceurring
in a text can, in some cases, and to a first approxi-
mation, select words significant for retrieval, pro-
vided that an extensive list of common or junk
words is excluded.*® He notes that in the computer-
derived Kwic index to Chemical Titles, at least 960
common words are excluded. Some preliminary
tests have been made by Maron, who suggests that
statistics on kind, frequency, location, and order of
selected clue words are adequate to make reason-
ably good predictions about the subject matter of
documents containing those words.#t Thus, on the
basis of the occurrence of selected clue words, a
computer might be able to decide to which of many
subject categories the document in question belongs.

Borko has demonstrated an empirical technique
by which a crude classification of material can be
derived semi-automatically from a study of the
text of abstracts of documents.*? From a list of

39 Doyle, L. B., “Semantic Road Maps for Literature
Searchers,” Journal of the Association for Computing Ma-
chinery, Vol. 8, No. 4, pp. 553-578 (October 1961).

Doyle, L. B., “Indexing and Abstracting by Association,”
American Documentation, Vol. 13, No. 4, pp. 378-390 (Oc-
tober 1962).

40 Vickery, B. C., “Statistical Methods in Indexing,’ Re-
vue de la Documentation, Vol. 28, No. 2, pp. 56-62 (May
1961).

41 Maron, M. E., “Automatic Indexing: An Experimental
Inquiry,” Journal of the Association for Computing Ma-
chinery, Vol. 8, No. 3, pp. 404417 (July 1961).

42 Borko, H., “The Construction of an Empirically Based
Mathematically Derived Classification System,” Proceed-
ings of the 1962 Spring Joint Computer Conference, pp.
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significant words that occurred in the text material
20 or more times, 90 words were selected for use as
index terms. A correlation study was made to de-
termine relationship of each of these index terms
to every other index term. A factor analysis and
study of this correlation matrix yielded 10 meaning-
ful classification categories. After Borko assigned
the labels, these experimentally derived categories
were shown to be compatible but not identical to one
of the standard classification schemes already in
use for this body of material.

As a concluding comment on this question of com-
puter-derived indexes, it should be noted that there
are some indications based on empirical studies of
the relationship between word frequency and waqrd
rank (Zipf’s law), that the frequency of occurrence
of single words or word pairs does not provide
enough distinet steps for adequate discrimination.
This same lack of discrimination exists in measures
of word lengths, even though the words are gen-
erally more specific and informative as the word
length is increased. A syntactical approach may
be useful here to augment the machine indexing or
abstracting approaches that utilize semantic or sta-
tistical techniques. Initial studies have indicated a
strong correlation between the sentence structure
and the information represented by the sentence.**

Data processing equipment can select certain
words from the text which satisfy certain statistical
properties. However, it is unlikely that in the near
future, any machine indexing will approach the
quality obtained by manual indexing. We can look
forward to seeing continuing empirical studies being
made along these lines as it becomes easier to obtain
large volumes of text material in machine-readable
form. The difficulty of obtaining large volumes of
text material in machine language may eventually

279289 (The Institute of Radio Engineers, New York,
1962).

43 Ohlman, H., “Historical Development of Mechanical
Indexing,” paper presented at the Annual Convention of
the American Documentation Institute, Berkeley, California,
October 1960. ¢

Zipf, G. K., The Psychobtology of Language (Houghton
Mifflin Co., Boston, Massachusetts, 1935).

Zipf, G. K., Human Behavior and the Principal of Least
Effort (Addison-Wesley Publishing Co., Cambridge, Massa-
chusetts, 1949).

44 Climenson, W, D., N, H. Hardwick, and S. N. Jacob-
son, “Automatic Syntax Analysis in Machine Indexing and
Abstracting,” American Documentation, Vol. 12, No. 3, pp.
178-183 (July 1961).
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be reduced somewhat by the availability of auto-
matic page-reading equipment.*s

Abstracting. Most of the research work reported to
date on abstracting by computer, has followed the
initial lead of Luhn.*®* The basic approach sug-
gested for computer abstracting is very similar to
the techniques Luhn proposed for computer index-
ing. The assumption that the frequency with which
a word is used furnishes a useful measure of the im-
portance of that word is basic to this abstracting
technique as it was to the indexing technique. It
is also assumed that the relative position within a
sentence of words with a given level of significance
furnishes a measure of importance of the sentence.
The significance factor of a sentence is based on a
combination of these two measures. The text ma-
terial is scanned to obtain the word frequency dis-
tributions. As in the indexing technique, the com-
mon words are screened out and are not included
in the frequency distributions. Also, the words with
similar root stems are consolidated together as one
entry.

The program then essentially looks for the sen-
tence in which the most frequently occurring words
were found closest to each other. For each sentence
in the text, a number is computed which reflects the
number of occurrences of significant words within
that sentence as well as their closeness together
within the sentence. All the sentences are ranked
according to this significant factor, and a chosen

48 Cornelius, M. E., “Machine Input Problems for Ma-
chine Indexing: Alternatives and Practicalities,” pp. 41-49
in Machine Indexing: Progress and Problems (American
University, Washington, D.C., 1961),

46 Luhn, H. P., “The Automatic Creation of Literature
Abstracts,” Proceedings of the 1968 Institute of Radio Engi-
neers National Convention, New York. Reprinted in the
IBM Journal, Vol. 2, No. 2, pp. 159-165 (April 1958).

Luhn, H. P. An Ezperiment in Auto-Abstracting, an un-
numbered report of the IBM Research Center, Yorktown
Heights, New York (November 1958).

Savage, T. R., The Preparation of Auto-Abstracts on the
IBM 704 Data Processing System, an un-numbered report
of the IBM Research Center, Yorktown Heights, New York
(November 1958).

Resnick, A., and T. R. Savage, A Re-Evaluation of Ma-
chine Generated Abstracts, Research Report RC-230, IBM
Research Center, Yorktown Heights, New York (March 1,
1960).

Rath, G. J.,, A. Resnick, and T. R. Savage, “Comparisons
of Four Types of Lexical Indicators of Content,” American
Documentation, Vol. 12, No. 2, pp. 126-130 (April 1961).

Rath, G. J,, A. Resnick, and T. R. Savage, “The Forma-
tion of Abstracts by the Selection of Sentences,” American
Documentation, Vol. 12, No. 2, pp. 139-143 (April 1961).

number of the highest-ranking sentences are selected
to be assembled together as the abstract. Thus the
abstract actually consists of extracts of the article,
and .consists only of the author’s original words,
with no combination or summarization.

A modification to this basic auto-indexing, auto-
abstracting, or auto-condensation method has been
proposed by Bar-Hillel.#* He suggests that instead
of ranking the selected words according to their fre-
quency of occurrence within the text, they should be
ranked according to the difference between their
actual frequency in the document and the average
frequency with which they might occur in the en-
tire library of documents. And as with the earlier
schemes, a chosen segment of this ranking would
be used for indexing or abstracting purposes. This
suggestion has received additional attehtion by Ed-
mundson and Wyllys.*®

There are strong arguments that an abstract
should be a re-write instead of an extraction of se-
lected sentences from the text. And in contrast to
the critics who reject the mechanization of indexing
and abstracting as impractical for the foreseeable
future, there are also great numbers of people who
are convinced that such techniques must be used
and improved, regardless of their limitations, in
order to supplement the increasing amount of in-
tellectual effort which is currently required and will
be required in the future. Several studies have been
conducted recently to determine what constitutes a
good abstract and what specific instructions might
be followed in order to produce an acceptable ab-
stract.*® Preliminary studies indicate that the cur-
rent cost of obtaining an abstract by computer tech-
niques is on the order of 48 dollars per abstract for
a 4400-word document, which is considerably higher
than the cost of doing it manually.%®

47 Bar-Hillel, Y., “The Mechanization of Literature Search-
ing,” Proceedings of a Symposium on the Mechanization of
Thought Processes, held at the National Physical Labora-
tory, Teddington, Middlesex, England, in November 1958
(Her Majesty’s Stationery Office, 1959).

48 Edmundson, H. P., and R. E. Wyllys, fn. 31.

4% De Lucia, A., “Index-Abstract Evaluation and Design,”
paper presented at the annual convention of the American
Documentation Institute, December 13, 1962, Hollywood-by-
the-Sea, Florida.

Borko, H., Criteria for Acceptable Abstracts: A Survey of
Abstractors’ Instructions, Report TM-759 of the System De-
velopment Corp., Santa Monica, California (November 1,
1962).

50 Hensley, C. B, “A Note on Changing Economics of
Auto-Abstracting,” paper presented at the annual convention

of the American Documentation Institute, December 14,
1962, Hollywood-by-the-Sea, Florida.



File Searching

The earliest use of computers for searching an
index to a collection of technical publications ap-
pears to have been made in 1954.5* A coordinate
indexing system was used for a collection of about
25,000 documents, each of which was indexed by
about 8 descriptors from a dictionary of about 9600
descriptors. At that time, about 16 searches per
week were performed using the computer 3 times
per week. A total of about 12 minutes of machine
time were required for posting all the new entries
to the file and performing the 16 searches. The
entire index was stored on approximately one-third
of a reel of magnetic tape. As many as 75 searches
could be conducted simultaneously. The result of
a search was a list of combinations of search terms
and associated document numbers that satisfied the
search criteria. This pioneer installation was the
first to experiment with such a system, and quickly
demonstrated some shortcomings, such as the fact
that it might not be able to provide the answers in
as short a time as the manual system, it was ex-
pensive, and it did not economically permit brows-
ing by the user.5?

A recent review of this system indicated that
after 8 years of operation, & coordinate indexing
system was still being used, but now on an IBM
7090 and with a collection of 90,000 reports.*® The
intellectual problems of subject indexing were still
there; and maybe amplified—but some clerical op-
erations were minimized. It was felt that the new
system is providing better service than the old ma-
chine system did, although it is still more convenient
in many cases to use the manual system. The main
problem with the new machine system is the fact
that the user cannot browse through the index, and
the degree of success of searching is unknown until

51 Bracken, R. H., and H. E. Tillitt, “Information Search-
ing with the 701 Calculator,” Journal of the Association for
Computing Machinery, Vol. 4, No. 2, pp. 131-136 (April
1957).

Tillitt, H., “An Application of an Electronic Computer
to Information Retrieval,” pp. 67-69 in Modern Trends in
Documentation, M. Boaz, editor (Pergamon Press, New
York, 1959).

52 Bloomfield, M., “Evaluation of Coordinate Indexing
at the Naval Ordnance Test Station,” American Documenta-
tion, Vol. 8, No. 1, pp. 22-25 (January 1957).

53 Kruse, C. J., “The Use of Electronic Computers for
Information Retrieval at the Naval Ordnance Test Sta-
tion,” paper presented at the annual convention of the
Special Libraries Association, Washington, D.C., May 1962.
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the computer search has been finished. The search
program is run once each week, and the search re-
quests for the week are all batched together for
this one run, since many users are willing to wait
up to a week to get their search results. The actual
cost to the user depends upon the amount of com-
puter time used and the number of other users in
the batch who will share the cost of that run. Since
the actual machine time depends upon several fac-
tors such as the file size and the number of items to
be printed, it is very difficult to establish any fixed
estimate of the cost of running this program. How-
ever, current experience shows, for example, that a
search with 21 questions requires approximately $250
worth of machine time. The costs seem to range
from 8 to 25 cents per bibliographic file item pro-
duced by the search. The initial programing and
file preparation costs for this new system was in ex-
cess of $20,000.

At about this same time, a similar line of work
was being pursued in the development of programs
for the IBM 701 and IBM 704 to retrieve codes rep-
resenting chemical structures from a large file of
encoded chemical structures.’* These programs
searched the files at a rate of 10,000 compounds per
minute per search question and provided chemical
names as the search product. Computer output
equipment is currently available that will permit
the direct display and printout of representations of
the chemical structures, in addition to the chemical
names.® These programs were subsequently in-
corporated as part of a larger program for the IBM
704 to find undiscovered uses for commercially
available chemicals.®®

5¢ Opler, A, and T. R. Norton, “New Speed to Structural
Searches,” Chemical and Engineering News, Vol. 34, No. 23,
pp. 2812-2816 (June 4, 1956).

Opler, A., “Dow Refines Structural Searching,” Chemical
and Engineering News, Vol. 35, No. 33, pp. 92-96 (August
19, 1957).

55 Opler, A., and N. Baird, “Display of Chemical Struc-
tural Formulas as Digital Computer Output,” American
Documentation, Vol. 10, No. 1, pp. 5963 (January 1959).

Waldo, W. H,, and M. DeBacker, “Printing Chemical
Structures Electronically: Encoded Compound Searched
Generically with IBM-702,” Proceedings of the International
Conference on Scientific Information, Vol. 1, pp. 711-730
(National Academy of Sciences, Washington, D.C., 1959).

Waldo, W. H., R. 8. Gordon, and J. D. Porter, “Routine
Report Writing by Computer,” American Documentation,
Vol. 9, No. 1, pp. 28-31 (January 1958).

56 Findley, L. D., et al., A Card Controlled Routine for
Searching Chemical Compound Data with an IBM 704, an
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Prime-number coding, described earlier, in Chapt.
3, was used for coding a collection of organic chemi-
cals for searching with the Pegasus computer. A
collection of some 25,000 organic chemicals, together
with a file of relevant physical, chemical, biological,
and other properties were indexed by approximately
250 different structural features (e.g., ring systems,
amines, chlorides). The first 208 prime numbers
were allocated to 208 of the structural features, with
the smaller primes allocated to the more frequently
occurring features, Since a given chemical could
be indexed by as many as 17 different features, the
largest compound indexing number that could pos-
sibly occur would be something less than the 208th
prime used 17 times, which is about 6 X 1052, How-
ever, the largest compound number found in prac-
tice was about 10?2, considerably less than the maxi-
mum possible. In this particular case, prime num-
ber coding provided some definite advantages by
reducing the amount of storage required and speed-
ing up the search.’”

The U.S. Patent Office has had a considerable
amount of interest in chemical compound searching
because of the potential value in its application to
patent searching. Members of the Patent Office
and the National Bureau of Standards have worked
together for several years on experimental programs
for chemical compound searching, and the Na-
tional Bureau of Standards has recently published a
survey of computer programs that have been de-

un-numbered report from the Midwest Research Institute,
Kansas City, Missouri (November 1958).
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tish), Vol. 3, No. 1, pp. 21-22 (April 1960).
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International Conference on Scientific Information, Vol. 2,
pp. 1143-1179 (National Academy of Sciences, Washington,
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proach to Patent Searching Procedures on Standard’s Elec-
tronic Automatic Computer (sgac),” American Documenta-
tion, Vol. 10, No. 1, pp. 20-26 (January 1959).

Ray, L. C, and R. A. Kirsch, “Finding Chemical Rec-
ords by Digital Computers,” Science, Vol. 126, No. 3278,
pp. 814-819 (October 25, 1957).

Andrews, D. D., “Storing Numerical Values in an In-
verted File for Mechanized Information Retrieval,” Journal
of the Franklin Institute, Vol. 270, No. 1, pp. 3441 (July
1960).

veloped for this purpose.®® Studies on the applica-
tion of computers to chemical compound searching
and the processing or manipulation of chemical
structures have been pursued by a number of other
organizations.®

Computers have been used in several instances to
search files of equipment reliability or performance
data. Also, one large aircraft company has put the
detailed personnel records of its professional and
technical staff on computer magnetic tape in order
to search for individuals with particular skills. The
detailed data for each employee represent a profile
and cataloging of his skills and interests. The file
includes details of work experience, educational
background, special achievements, professional af-
filiations, and technical specialties.

As mentioned earlier, the first real application of
computers to literature searching began in 1954.
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PB-161 586.

60 Opler, A., “A Topological Application of Computing
Machines,” Proceedings of the 1966 Western Joint Com-
puter Conference, Institute of Radio Engineers, New York.

Opler, A.,, and N. Baird, “On the Automatic Manipula-
tion of Representations of Chemical Structures,” American
Documentation, Vol. 10, No. 2, pp. 130-134 (April 1959).

Stokolova, N. A., “A System of Recording and Searching
Classes of Chemical Compounds,” Foreign Developments
in Machine Translation and Information Processing, No. 21,
JPRS: 8479, distributed by Office of Technical Services,
U.S. Department of Commerce, Washington, D.C. (June
22, 1961).

Seyfer, A. L., and V. 8. Shteyn, “Information Problems
in the Field of Physical-Chemical Analysis and Their Solu-
tion by Means of Electronic Digital Computers,” Foreign
Developments in Machine Translation and Information
Processing, No. 31, JPRS: 8479, distributed by Office of
Technical Services, U. S. Department of Commerce, Wash-
ington, D.C. (June 22, 1961).

Lakhuti, D. G., and N. A. Stokolova, “The Problem of
Searching Chemical Abstracts by Title,” Foreign Develop-
ments in Machine Translation and Information Processing,
No. 31, JPRS: 8479, distributed by Office of Technical Serv-
ices, US. Department of Commerce, Washington, D.C.
(June 22, 1961). .

Anon., “The ‘Filter’ System for Searching Chemical Com-
pounds According to Structural Characteristics,” transla-
tion of a Russian-language brochure. English translation in
Foreign Developments in - Machine Translation and In-
formation Processing: USSR, No. 41, JPRS: 8991, available
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TO FPD TECHNICAL INFORMATION CENTER

BUILDING 100

D F BERG
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FIG. 7-18 Sample computer search printout showing selected document numbers.

Since that time, a large number of organizations
have established and operated their own literature
systems using a wide variety of computers. The
IBM Research Laboratory in San Jose, California,
established an experimental searching system in
1958, first with an IBM 305 ramac data process-
ing system, and then later with an IBM 704 for a
completely operational system. The raMAC system
stored an index to 5000 documents, and had the
capacity to store an index to 25,000 documents. A
normal search of the index produced a result in less
than one minute.®

81 Firth, F. E., “An Experiment in Literature Searching
with the IBM 305 ramac,” Proceedings of the 1968 Western
Joint Computer Conference, Los Angeles (The Institute of
Radio Engineers, New York).

Nolan, J. J., “Information Storage and Retrieval Using
a Large Scale Random Access Memory,” American Docu-
mentation, Vol. 10, No. 1, pp. 27-35 (January 1959).

In late 1958 the Flight Propulsion Division of
the General Electric Company implemented a co-
ordinate index searching system with an IBM 704.
In 1961 the system was transferred to an IBM 7090
such as the one shown in Fig. 7-9. The coordinate
index for over 65,000 documents is maintained on
magnetic tape and searched at periodic intervals
or upon demand. New file entries are posted at the
same time that the searches are performed. The
present program will accommodate pp to 1300
searches at the same time, although the system has
only been utilized to the extent of about one ma-
chine search per day. The search products are: (1)
a preliminary list of the search terms and the num-
bers of the selected documents, printed in such a
manner that the actual printout can be used as a
document request form (see Fig. 7-18); and (2) an
abstract of each selected document, printed one per
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FIG. 7-19 Sample computer search printout showing abstract of selected document.

page to facilitate screening and filing (see Fig. 7-
19). The abstracts are stored on magnetic tape in
numerical order, with 10,000 abstracts per tape.
Each of the printout sheets is pre-addressed to
simplify mailing within the company. The search
results are checked by an information specialist,
who then groups the abstracts into some order ac-
cording to their probable relevance. The requester
can then review the abstracts, and use a printed
list of document numbers as an order form to re-
quest the original documents from the library. The
present cost to perform retrospective searching with
this system ranges from $22 to $115 per customer,
depending upon the number of questions that are

to be run concurrently. To estimate the document
input processing costs, the following figures were
presented: indexing and abstracting time averaged
16.5 minutes per document; clerical processing time
averaged 7.5 minutes per document; the keypunch-
ing was done with one card required for each key
word and each accession numbgr used for searching
or posting, and 5 to 6 cards per document were re-
quired for the abstracts and bibliographic data.
After several years of experience with this system,
its operators have become increasingly convinced
that the major application for their system is for
the selective dissemination of information, with ret-
rospective searching as a by-product. They are cur-




rently providing a current-awareness service within
their own organization for a charge of $25 per
month for semi-monthly searches of incoming
material. The present program can now search
against the complex interest profiles of 20 or more
users for less than $80 per machine run. Other by-
products of this computer searching system are a
manual version of the computer index that is printed
and updated by the computer, a program to assist
in the preparation and printing of the thesaurus
for this file, a weekly accession list printed by the
computer in either a subject category or xwic for-
mat, a machine-printed alphabetical listing of the
indexing vocabulary that shows the frequency of
indexing use of each term, and a deseriptor correla-
tion report that shows for any given term all other
terms that have been used with it (and the number
of times that this joint usage has occurred). An al-
phabetic listing of the key word dictionary is made
periodically that shows the density of posting for
each word. These tools permit the user to plan his
search strategy to obtain a more selective search
product, and provides useful information for the
improvement and maintenance of the indexing vo-
cabulary.%?

Another IBM 704 literature-searching system is
in operation at the Allison Division of General Mo-
tors Corporation. This system uses a coordinate in-
dexing system and furnishes complete bibliographic
data and a brief abstract as a search product. For

62 Dennis, B. K., “High-Speed Literature Searching on an
IBM 704, in General Information Manual: Information
Retrieval Systems Conference, September 21-23, 1959,
Poughkeepsie, Brochure E20-8040 of the IBM Corp., Data
Processing Div., White Plains, New York.

Barton, A. R., V. L. Schatz, and L. N. Caplan, “Informa-
tion Retrieval on a High-Speed Computer,” Proceedings
of the 1969 Western Joint Computer Conference, p. 77 (In-
stitute of Radio Engineers, New York).

Dennis, B. K., “Rapid Retrieval of Information,” Com-
puters and Automation, Vol. 7, No. 10, pp. 89 (October
1958).

Dennis, B. K., J. J. Brady, and J. A. Dovel, Jr., “Five
Operational Years of Inverted Index Manipulation and Ab-
stract Retrieval by an Electronic Computer,” Journal of
Chemical Documentation, Vol. 2, No. 4, pp. 234242 (Oc-
tober 1962).

Dennis, B. K., “Financing a Technical Information Cen-
ter,” pp. 61-75 in Information Retrieval Management, L. H.
Hattery and E. McCormick, editors (American Data Proc-
essing, Ine., Detroit, 1962).

Dennis, B. K., “General Electric’s Automatic Retrieval
System,” paper presented at the Special Libraries Associa-
tion meeting, Columbus, Ohio, April 1961.
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searching, the key words used to desecribe the in-
quiry are punched into cards along with an identi-
fication card that contains the requester’s name, de-
partment number, and date of request. Other
search constraints such as allowable ranges of dates,
or specific authors, may also be punched and en-
tered as part of the search preseription. The key
words are punched into the cards in an equation
form that will produce a combination of specified
logical operations.®®

Relatively small computers, such as the Bendix
(G-15, have also been used for literature searching.
One such system at the duPont Company in Wil-
mington, Delaware, has used such a machine since
early 1959 for searching an index to some 14,000
technical reports. An index file is stored on mag-
netic tape, with all of the subject codes (up to 1Q0)
for a single report stored together with the report
identification. Up to 16 questions may be asked
during one pass through the tape, and each ques-
tion may involve up to 16 subject codes. The
search product is a list of selected document num-
bers. The search requires approximately 3 hours
of machine time for each group of 16 questions.
Preliminary data for 501 questions suggest a cost
of about 10 dollars to answer the average question,
about one-fourth of this going for machine rental,
and the rest for the time of the information spe-
cialist, %

Some programing research studies by Horty and
others at the University of Pittsburgh have led to
the development of a comprehensive programing
system for the analysis and processing of legal text
material.®* Programs have been developed for file
construction, searching, concordance construction,
kwic indexing, and statistical studies using an IBM
7070 and 1401 computer. The searching program
currently operates on a file of the complete text of
the Pennsylvania statutes. The New Jersey court
rules, rules of evidence and constitution, were placed
on tape under contract from the New Jersey Su-
preme Court. Searches run on these materials will

83 Milligan, J. L., “Information Retrieval for a Technical
Library,” paper presented at the 15th National Conference
of the Association for Computing Machinery, Milwaukee,
Wisconsin (August 1960).

8¢ Grandine, J. D., E. M. Starr, and R. E. Putscher,
“Report Index Searching on the Bendix G-15D Computer,”
paper presented at the September 1959 American Chemical
Society Meeting at Atlantic City.

85 Kehl, W. B,, et al,, article cited earlier in this chapter,
fn. 7.
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be used to aid the court in revising the court rules
as well as for finding the various other rules. The
search prescription includes single words, groups of
synonyms, or collections of either of these, with
specified inter-relationships. Thus the words house,
houses, building, buildings, edifice, and edifices
might be included in the prescription as a synonym
group. The words and synonyms are taken from a
vocabulary list, prepared as a part of the file prepa-
ration process, which shows the words that have
been encountered to date in the file material as well
as the frequency of occurrence of each word. The
search product is a printout (see Fig. 7-20) of the
terms used, the relevant statute citations, and the
actual text of the selected citations. The problem
posed in Fig. 7-20 was to find those rules which re-
lated to the dismissal of appeals for want of prose-
cution. The search produced 11 documents, of
which the first two are shown. The actual text
material (6.2 million words) was initially punched
onto 635,000 cards, and later copies onto 4 reels of
computer magnetic tape. Other preliminary experi-
ments have been made in the searching of natural
language text material.®®

Since January 1960, the Center for Communica-
tion and Documentation Research at Western Re-
serve University, under the joint sponsorship of the
National Science Foundation and the American So-
ciety for Metals, has operated an experimental ma-
chine literature-searching service utilizing, since
mid-1961, a GE-225 computer.®” The file of this
system consists of a collection of over 85,000 coded
“telegraphic” abstracts of technical documents pri-

86 Swanson, D. R., “Searching Natural Language Text by
Computer,” Sctence, Vol. 132, No. 3434, pp. 1099-1104 (Octo-
ber 21, 1960).

Yngve, V. H., “The Feasibility of Machine Searching of
English Texts,” Proceedings of the International Confer-
ence on Scientific Information, Vol. 2, pp. 975-995 (Na-
tional Academy of Sciences, Washington, D.C., 1959).

87 Hyslop, M. R., “Machine Literature Searching—From
Experiment to Experience,” American Documentation, Vol.
12, No. 1, pp. 49-52 (January 1961).

Hyslop, M. R., “Metallurgical Documentation from Re-
search to Practice,” Journal of the Franklin Institute, Vol.
270, No. 1, pp. 27-33 (July 1960).

Kent, A., “Exploitation of Recorded Information: I,
Development of an Operational Machine Searching Serv-
ice for the Literature of Metallurgy and Allied Subjects,”
American Documentation, Vol. 11, No. 2, pp. 173-188 (April
1960).

Perry, J. W., and A. Kent, Tools for Machine Literature
Searching (Interscience Publishers, New York, 1958).

marily in the field of metallurgy, and is growing at a
rate of several thousand abstracts per month. For a
fee, this Metals Documentation Service provides
both retrospective searching of the entire file and
current-awareness searching of the incoming file
material. The search program examines a magnetic
tape file (about 17 reels of tape for the present file)
for as many as 100 simultaneous searches, each of
which may vary in indexing depth up to a limit of
28 levels of logic. The runs to date have seldom
searched for more than 25 questions simultaneously
for selective dissemination programs and 5 ques-
tions simultaneously for retrospective searching. A
search of the entire file would take approximately
8 hours of computer time. The user directs his
question to a search specialist at the Center skilled
in the subject field and the file coding system, who
translates it into the appropriate codes and logical
symbolization. Each file item is indexed by an
average of about 40 concepts or access points. The
search program for each user is given a trial run on
a single representative reel of tape. The search
product is a list of relevant abstract numbers. This
list is then used to manually pull copies of the ab-
stracts from a manual file system to be photocopied
and delivered to the inquirer. The abstracts are
those published in the American Society of Metals
Review of Metal Literature, or are written in that
form if not published. The charge for this serv-
ice is 50 dollars per month for current-awareness
searching, and 200 dollars per year covered for
retrospective searches.

A coordinate indexing search program for the
IBM 704 has been written and used by the U.S.
Naval Ordnance Laboratory in White Oak, Mary-
land, since late 1960. This particular program uses
superimposed coding of the descriptors to reduce
the search time and the amount of tape storage re-
quired. A search is initiated by reading request
cards and the program into the computer. The re-
quest cards include such information as the date,
the name of the requester, any limitations on dates
of interest of the file material, security classifica-
tion, and no more than 7 search descriptors. The
documents are located by serially,scanning the mag-
netic tape files, examining each file item to see if it
satisfies the search request. In this system, an
average of 11 computer words of 36 bits each is re-
quired to describe each document. This descrip-
tion includes the accession number, the originating
agency, the date, the security classification, and the
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# HEALTH LAW CENTER
# UNIVERSITY OF PITTSBURGH
# INQUIRY NO. 20603-1
# QUESTION FRAMED BY SCHAFER
# QUESTION.# RULES RELATING TO THE DISMISSAL OF
- APPEALS FOR WANT OF PROSECUTION
s 1/22/63
»
GROUP 1 OR PROSECUTION
WORD -2 WANT
OR DEFAULT
3
GROUP 2 OR FAIL
OR FAILED
OR FAILING
OR FAILURE
OR NOT
SENTENCE PROCEED
SENTENCE PROSECUTE
SENTENCE PROSECUTED
SENTENCE PROSECUTING
OR GROUP 1
DOCUMENT APPEAL
DOCUMENT APPEALED
DOCUMENT APPEALS
3
GROUP 3 OR DISMISS
OR DISMISSAL
OR DISMISSED
OR DISMISSING
DOCUMENT GROUP 2
PRINT
* END
N. Jo. COURT RULE RR 1.#2-10 21

RR 1.#2-10. DEPOSIT FOR COSTS

IN ALL CIVIL APPEALS THE APPELLANT SHALL WITHIN 30 DAYS AFTER FILING
NOTICE OF APPEAL, OEPOSIT WITH THE CLERK OF THE APPELLATE COURT $100
TO ANSWER THE COSTS OF THE APPEAL, AND IN DEFAULT OF MAKING SUCH DEPOSIT
ON APPLICATION OF THE RESPONDENT THE APPEAL MAY BE DISMISSED BY THE
APPELLATE COURT WITH COSTS.y EXCEPT THAT NO DEPOSIT FOR COSTS SHALL BE
REQUIRED WHERE AN APPEAL IS TAKEN BY THE STATE OR ANY POLITICAL
SUBDIVISION THEREOF OR AN OFFICER OR AGENCY OF THE STATE OR ANY POLITICAL
SUBDIVISION THEREOF OR BY DIRECTION OF ANY OF THE PRINCIPAL DEPARTMENTS
OF THE STATE, OR WHERE THE APPELLANT PURSUANT TO RULE 1.%4-8 HAS FILED
A SUPERSEDEAS BOND OR MADE A DEPOSIT IN COURT IN LIEU THEREOF.
NOTE.# FORMERLY RULE 1.#2-15., APPLIES TO SUPREME COURT CERTIFICATION.
APPLIES TO ALL APPELLATE COURTS.
HOW APPEALS ARE TAKEN

Ne Jeo COURT RULE RR l.#4-1 27
RR 1.#4-1, SUPERVISION OF APPEALS IN ALL COURTS

THE SUPERVISION AND CONTROL OF THE PROCEEDINGS ON APPEAL SHALL BE IN
THE APPELLATE COURT FROM THE TIME THE APPEAL IS TAKEN, EXCEPT AS OTHERMWISE
PROVIDED IN THESE RULES. SUBJECT TO THE PROVISIONS OF RULE 1.#4-2 IN
CRIMINAL CASES, THE FAILURE OF A PARTY TO PROSECUTE HIS APPEAL SHALL
NOT AFFECT THE VALIDITY OF THE APPEAL, BUT SHALL BE GROUND ONLY FOR
SUCH ACTION AS THE APPELLATE COURT MAY DEEM APPROPRIATE, WHICH MAY
INCLUDE DISMISSAL OF THE APPEAL. THE APPELLATE COURT MAY AT ANY TIME
ENTERTAIN A MOTION TO DISMISS THE APPEALy OR FOR DIRECTIONS TO THE COURT
OR COURTS BELOW, OR TO MODIFY OR VACATE ANY ORDER MADE BY THE COURT .
OR COURTS BELOW, OR BY ANY JUDGE, IN RELATION TO THE PROSECUTION OF

FIG. 7-20 Sample search printout from a legal text searching program.
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superimposed code pattern. Since a standard 2400-
foot reel of IBM 704 magnetic tape can store ap-
proximately 900,000 of these computer words, it is
possible to store the index to approximately 80,000
documents on a single reel of tape. A coarse screen-
ing is first performed by checking to see if the quiz
pattern is included in the superimposed index pat-
tern of the document. This is a relatively rapid
test, and rejects most of the documents. The docu-
ments that pass the initial screening may be rele-
vant, and so are subjected to a finer sereening op-
eration which checks each specific search descriptor
against the document'’s list of specific descriptors.
The search product is a list of selected document
numbers. A typical request load of 20 queries of a
file of 50,000 items would require approximately 1
minute of searching time and about 4 minutes of
auxiliary time for such functions as reading the
queries and program into the machine. It has been
suggested that disregarding the initial programing
cost, this would result in a cost of about $1.25 per
query for an exhaustive search of this file. The
file updating is done at the same time as the search-
ing. The actual program for file updating and
searching contained nearly 3000 instructions and
required about a year for its preparation and test-
ing.6®

The Armed Services Technical Information
Agency (ASTIA) in Arlington, Virginia, is one of
the largest technical information centers in the
world. This organization, established to provide a
central service within the U.S. Department of De-
fense for the efficient interchange of scientific and
technical information, collects and disseminates
copies of technical reports and other documents pre-
pared as a result of Department of Defense research
and development contracts. Approximately 250,000
reports are indexed in the file collection of about
650,000 reports, and new reports are being received
at a rate of about 30,000 titles per year. Approxi-
mately 700,000 reports are furnished to requesters
each year, and approximately 5000 requests are re-
ceived each year for bibliographic searches, A Uni-
vac Solid-State 90 computer system was installed
in early 1960 to assist in the file-searching opera-
tion and to perform other functions. The Uniterm
system of coordinate indexing is used to describe the

68 Pioneertng tn Machine Literature Searching and Re-
trieval, NAVWEPS Report 7388, Proceedings of the Sixth
Meeting of the Council of Librarians of the East Coast
Navy Laboratories, AD-255 291 (April 1961).

subject matter of the reports with an average of 8
Uniterms per document. A comprehensive techni-
cal thesaurus was developed to assist in the control
and use of the indexing terms. The development
of the first thesaurus preceded the actual punching
of the cards for entry into the machine system,
which was accomplished in late 1960. With the
magnetic tape system it was possible to file 470,400
document numbers under Uniterm headings on a
single 2400-foot reel of magnetic tape. Conse-
quently it was possible to put the entire document
index to approximately 250,000 ASTIA documents
on 4 reels of tape. The actual search program han-
dles as many as 10 searches simultaneously, with a
maximum of 4 retrieval term coordinations for any
search. The search program reads in punched cards
to describe the search preseription, and then searches
the master tape file for pertinent document numbers.
The selected document numbers are then punched
out, one to each card. In current practice, about 8
hours of computer time are required to run 10
average searches employing a total of 120 to 130
different Uniterms.s®

One other large computer searching system, uti-
lizing a Honeywell H-800 computer, is currently
under development at the National Library of Medi-
cine and is expected to become fully operational in
1964. The system will be used to perform retro-
spective searching of medical literature as well as
assist in the preparation of Index Medicus, the
world’s largest index journal,

For manual or machine searching systems, some
thought has been given to the idea that an index
term should have a range or degree of application
to a document, rather than being so used that the
index term either applies or does not apply.” That

8% Armed Services Technical Information Agency, Arling-
ton, Virginia, Automation of ASTIA-—1960, AD-247 000 (De-
cember 1960).

Hammond, W., Evolution of the ASTIA Automated
Search and Retrieval System, AD-252 000 (January 1961).

Barden, W., W. Hammond, and J. Heald, Automation of
ASTIA—A Preliminary Report, AD-227 000 (December
1959).

Controlling Literature by Automation, AD-243 000 (Octo-
ber 5-7, 1960), Proceedings of the Fourth Annual Military
Librarian’s Workshop. .

70 Maron, M. E,, J. L. Kuhns, and L. C. Ray, Probabil-
istic Indexing—A Statistical Technique for Document
Identification and Retrieval, June 1959 Technical Memo
No. 3, Data Systems Project Office, Ramo-Wooldridge, Los
Angeles, California.

Maron, M. E, and J. L. Kuhns, “On Relevance, Probabil-
istic Indexing and Information Retrieval,” Journal of the



is, for a given document, give each assigned index
term a weight or value between 0 and 1, instead of
assuming that each index term is equally descrip-
tive of the document contents. Since index terms
can only approximate the contents of the document
or the intents of a searcher, weighing each index
term will allow the approximation made (by the in-
dexer and the searcher) to be closer to the content
of a document. Conventional searching systems
usually perform an exact match of the specific
search criteria against the indexes of the documents
in the collections, to produce a list of file documents
which satisfy the search criteria. No indication is
usually given as to which of the selected documents
are more relevant to the search than others. How-
ever, probabilistic indexing as proposed here, would
—for a given query—weigh the index terms that are
assigned to documents and use these weights to
compute a number (called a “relevance number”)
for each document, thus providing a measure of
the probability that the document will satisfy the
search request. The result of a search is an ordered
list of documents that satisfy the request, ranked
according to their probable relevance. This tech-
nique can be implemented rather easily by a com-
puter searching system, whereas it would be very
cumbersome to do it with manual methods. Addi-
tional features of this technique are the ability of
the computer to automatically modify the search
strategy or to elaborate on the request in the most
probable direction in order to increase the probabil-
ity of selecting relevant documents. Some experi-
ments which compared searching with weighted in-
dex terms of values between 0 and 1 to searching
with a conventional system that used weights of
only 0 and 1 showed that the searches with weighted
index terms generally disclosed as many relevant,
and fewer irrelevant documents, than the conven-
tional system. Some work has been done along this
line by Stiles, in which a coordinate indexing sys-
tem was used with an IBM 705 to find documents
related to a request even though they might not
be indexed by the exact terms of the request.™ The

Association for Computing Machinery, Vol. 7, No. 3, pp.
216-244 (July 1960).

71 Stiles, H. E., “Machine Retrieval Using the Association
Factor,” in Machine Indexing: Progress and Problems, pp.
192-206 (American University, Washington, D.C., 1961).

Stiles, H. E., “The Association Factor in Information Re-
trieval,” Journal of the Association for Computing Ma-
chinery, Vol. 8, No. 2, pp. 271-279 (April 1961). See also
the references to Swanson in this chapter, fn. 21, fn. 66.
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computer presents the user with a list of documents
ranked in the order of their relevance to the re-
quest. Stiles’ method determines the degree of as-
sociation between pairs of index terms in such a
way that a vocabulary of words (an extended list
of request terms) closely related to any given term
or group of terms can be derived. A comparison is
made of the amount of agreement between this ex-
tended list of request terms and the terms used to
index a document, and the measure of this agree-
ment is used as a measure of the document’s rele-
vance to the search request.

In looking back over the described applications
and additional references, we find that file-search-
ing operations have been programed for nearly all
of the larger general-purpose computers, and with
a number of different indexing systems, although
most systems used some form of coordinate index-
ing. Several of the reported installations were ex-
perimental, but many systems are operating on a
regular production basis. In most cases, the ma-
chines used were already available within the or-
ganization—few organizations obtained computers
solely for information retrieval. With the excep-
tion of a few IBM graMAc systems, the retrieval
systems employed computers that used magnetic
tape. A recent survey by the National Science
Foundation reported 10 different systems in opera-
tion for storing and searching files of references
with a computer.”

Because of the comparatively high cost of pro-
graming and operation, computers are most profit-
able in the following situations: (1) when there is
a need for a completely exhaustive search of a large
file; (2) when there is a requirement for a relatively
rapid response to an inquiry and the computer can
be made available on demand; (3) when there is
a particularly complex question or file of complex
material, such as chemical structures or patents;
(4) when a relatively large number of searches must
be conducted; and (5) when the field covered is
lacking in good bibliographical control in conven-
tional form and does not lend itself readily to such
control. With the indexing information now in ma-
chine language, the user enjoys the additional ad-
vantage of being able to easily obtain statistical
data on the use of the file material or classification
system, in order to provide corrective action.

72 Nonconventional Technical Information Systems in
Current Use, No. 3, Report NSF-62-34¢ of the National
Science Foundation, Washington, D.C. (October 1962).
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Nearly all of the file-searching systems have been
concerned with technical literature such as engi-
neering documents and reports, scientific journal
articles, and patents. Searching was performed in
“batch” operations, that is, the search requests were
allowed to accumulate, and once per day, once per
week, or once per other period, the search program
was run to answer all the requests at the same
time. File maintenance was also done in “batches.”
This batching operation is necessary to minimize
the computer set-up time (and hence the additional
charges) required when the computer is changed
from one job to another. As much as 5 minutes
may be required to get the computer ready for the
file search program, regardless of the number of
searches to be conducted. Since a batch mode is
used, the user may have to wait a day or two for
the next run in order to get the answers to his ques-
tion, even though the computer can search the files
at speeds of 10,000 or more items per minute.

Generally, only the indexing information is stored
in the computer, and the result of a search is a list
of document numbers or titles. In a few systems an
abstract is printed out, although the cost in money,
memory space, and computer time has usually dis-
couraged the storage of much descriptive informa-
tion in machine language.

As mentioned previously, a considerable amount
of time and money must be spent to develop a pro-
gram and data base for computer searching. Even
if the program is obtained at no cost, and little or
no computer time is required for searches, there will
still be the continued cost of converting new in-
formation into machine language for file updating.
This might require the expenditure of something
on the order of 50 cents per file item.

With their current configuration and operating
cost, it is impractical to use computers for casual
browsing of the file, In addition, they are limited
to storing information in digital form in a restricted
set of characters. There is currently no convenient
way to print or store symbolic information such as
equations, chemical structures, and special nota-
tions. A feature lacking in most of the programing
gystems is the capability for searching while auto-
matically considering all possible synonyms, to as-
gure greater completeness. Moreover, very little
progress has been made in mechanizing an associa-
tive or “see also” search.

In many of the earlier literature-searching com-
puter systems reported, the original manual system

could probably have performed as well or better,
and at less cost. The computer systems may have
contributed speed, accuracy, additional printout,
and growth potential, but it is highly probable that
the decision to try a computer system was in-
fluenced in large measure by curiosity and its nov-
elty, and not by its economics. In few instances
is it clear that the computer system did anything
more than mechanize a manual or punched card
system. The computer file parameters, such as the
number of descriptors per document, and the num-
ber of descriptors in the dictionary, were generally
the same as in a manual system. The details of
the programing logic and the organization of data
in the machine and on the tapes differed from those
in the manual systems, but these details were usu-
ally dictated by the characteristics of the machine
being used. In most cases, the computer system op-
erated in addition to a manual system, instead of
replacing it, which is probably the way it should be
operated. The inaccessibility of the computer for
quick inquiries and the need for a browsing capabil-
ity demands that an additional manual file be main-
tained. Under these circumstances, a computer
system can be expected to add to the library’s op-
erating costs, instead of reducing them—although
there may be an improvement in service. Costs
ranging from 1 to 100 dollars per question for ma-
chine searching have been mentioned, but this figure
is subject to great variation, depending upon the
particular computer, the size of the file, and the
basis for figuring the costs.

In addition to literature searching, the searching
of chemical compounds and structures was the sub-
ject of much of the early work in computer search-
ing. Whereas the mechanized literature-searching
systems resembled contemporary manual systems,
new and original work was done to mechanize chem-
ical searching. Special coding techniques made it
possible to describe the composition and topography
of the compounds in language adapted to the com-
puters. Several codes were evolved for this pur-
pose, and programs and sophisticated input-output
procedures were developed for several different
computers. In chemical-structpre searching it is
decidedly more convenient to use a computer in-
stead of a manual system. The search operation
is so complex, the data base so large, and the avail-
able manual reference tools so inadequate that
computer searching is the only really satisfactory
method.




Automatic Dissemination and Routing of Information

Many information officers or librarians in many
organizations have provided a manual dissemina-
tion and sorting system for many years, keeping
track of their clients’ interests, and sending them
material that they feel is pertinent. In those cases
where a requester’s interests can be represented in
the notation used to describe documents or other
items of information, it is possible to mechanically
match the interests to the documents. This is no
different from stating a person’s interests as a
search question, and then continuously searching
all the new information as it is entered into the file
system. One of the earliest experiments along these
lines was an effort by Luhn to selectively and auto-
matically disseminate information about new docu-
ments and library acquisitions to research workers
who had a potential interest in these materials.”
The interests of the workers were characterized by
an “interest profile,” consisting of a list of weighted
key words or descriptors (normally from 2 to 26
key words). The descriptors of incoming docu-
ments were compared with those in groups of in-
terest profiles to find out who might be interested.
A notification card with an abstract of the docu-
ment (see Fig. 7-21) was then sent to potentially
interested persons. The portion of the card that
contained an abstract of the document could be
kept by the recipient for a manual card file and the
remaining portion of the card could be sent in as re-
quest for a copy of the document.

No dissemination system can operate properly
unless there is provision for a feedback of informa-
tion from the user to provide guidance to the sys-
tem. Luhn built feedback into his system by noting
whether or not the user returned the stub from the
notification card. This stub was used as a basis for
the following actions: (1) if the document was of

78 Luhn, H. P., “Business Intelligence System,” IBM
Journal, Vol. 2, No. 4, pp. 314-319 (October 1958).

Luhn, H. P., Selective Dissemination of New Scientific
Information with the Aid of Electronic Processing Equip-
ment, an un-numbered report of the IBM Advanced Sys-
tems Development Div., Yorktown Heights, New York
(November 1959).

Luhn, H. P, “Selective Dissemination of New Scientific
Information with the Aid of Electronic Processing Equip-
ment,” American Documentation, Vol. 12, No. 2, pp. 131-
138 (April 1961).

General Information Manual: Selective Dissemination of
Information, Brochure E20-8092 of IBM Corp., Data Proc-
essing Div., White Plains, New York (1962).
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interest (i.e., if the stub was returned), the entire
list of key words for that document was added to
the interest profile of that individual, thus con-
firming or reinforeing old interests and introducing
possible new interests; (2) if the document was
not of interest (i.e., if the stub was not returned),
the entire list of key words for that document was
subtracted from the individual’s interest profile.

The pilot system, SDI-1, was tested with an IBM
650 in 1959. SDI-2 has recently reached fully op-
erational status at the IBM Advanced Systems
Development Division in New York, to serve ap-
proximately 500 users. The computer programs for
the SDI-1 system are available for the IBM 650
on any data processing system that can use a pro-
gram written in roRTRAN II language. The SDI-2
system can be run on an IBM Tape 650, 704,. 709,
7090, and 7094. The SDI-3 system can be run on
the IBM Tape 1401.7* During the first year of op-
eration at IBM, approximately 21,000 documents
were processed. Close to 13,000 notices were sent
out in a recent 6-month period, with a positive ac-
ceptance of 8000 cases, and a resultant 4500 re-
quests for the original documents. Preliminary
studies suggest that a Selective Dissemination of In-
formation (SDI) system for about 1000 users with
an input of about 500 documents per month would
cost from 25 to 50 dollars per user per year.

Copy Editing

The writing functions will see increasing automa-
tion of their abstracting and indexing operations.
This will include the compilation of bibliographies,
the composition of title and abstract journals, and
the production of other lists and directories. Auto-
mation techniques will be used to prepare indexes
for manuseripts prior to publication. And in addi-
tion, concordances—which have been used to date
primarily by academicians—will start being used
in abbreviated form for such purposes as guides to
textbooks, instruction and procedures manuals, tax
guides, and legal literature. Some work has even

74 Brandenberg, W., et al., Selecttve ‘Dissemination of
Information SDI-2 System, Report 17-031 of the IBM
Corporation, Advanced Systems Development Div., York-
town Heights, New York (April 1961).

Hensley, C. B, et al, “Selective Dissemination of In-
formation—A New Approach to Effective Communication,”
Institute of Radio Engineers Transactions on Engineering
Management, Vol. EM-9, No. 2, pp. 5565 (June 1962).
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Selective Dissemination of Information #2950
SDI 2 System

W. Brandenberg, H. C. Fallon, C. B. Hensley
T. R. Savage, A. J. Sowarby 17-031 4/18/61
IBM ASDD Mohansic Lab., Yorktown Hgts., N. Y.

To more effectively utilize newly published infor-
mation, IBM has developed the SDI 2 System to
selectively disseminate new items of information

to only those users who are in need of such infor-
mation. This report describes the present SDI 2
System at the IBM ASDD Mohansic Laboratory which
serves over 500 users. Operating procedures are
illustrated in detail for those who desire to establish
their own SDI System. 97 pages
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been reported recently on computer programs to
systematically generate lists of pronounceable three-
and four-letter words.”

There is a very real possibility of initiating some
mechanization of the editing funetion. It is possible
to perform many copy-editing functions by a table
look-up operation (e.g., standard forms for abbre-
viations and journal citations, correct spelling, ap-
proved terminology). Consequently, some of these
functions could be mechanized. It should also be
possible to do some editing (for form, not content)
with data processing equipment in much the same
manner as that employed in machine translation,
using rules of grammer and word dictionaries.
Some computer programs have been written to per-
form some editing and composing of text material,
along with a subsequent conversion into a code suit-
able for a photocomposing machine.’®

Several research projects have investigated the
possibility of performing some of the copy-editing
functions with computers, by doing such things as
automatically extrapolating and filling in missing
words in text material, correcting misspelled words,
and automatically inserting spaces where words had
been run together.”” In one instance, 4200 words of
text material that had been squeezed together were
expanded automatically back into text form with a

75 Leiner, A. L., and W. W. Youden, “A System for Gen-
erating ‘Pronounceable’ Names Using a Computer,” Journal
of the Association for Computing Machinery, Vol. 8, No. 1,
pp. 97-103 (January 1961).

76 Barnett, M. P., et al., “Computer Preparation of Photo-
composing Control T'apes. Part 1. Preparation of Flexo-
writer Source Material,” American Documentation, Vol. 13,
No. 1, pp. 58-65 (January 1962).

Yasaki, E., “The Computer and Newsprint,” Datamation,
Vol. 9, No. 3, pp. 27-31 (March 1963).

77 Blair, C. R. “A Program for Correcting Spelling
Errors,” Information and Conirel, Vol. 3, No. 1, pp. 60-67
(March 1960).

Miller, G. A, and E. A. Friedman, “The Reconstruction
of Mutilated English Texts,” Information and Control,
Vol. 1, No. 1, pp. 38-55 (September 1957).

Chapanis, A., “The Reconstruction of Abbreviated Printed
Messages,” Journal of Experimental Psychology, Vol. 48,
No. 6, pp. 496-510 (December 1954).

Evans, M. W, et al., Machine Correction of Garbled Eng-
lish Text, Report 54G-0022 of the Massachusetts Institute
of Technology, Lincoln Laboratory (June 1960), AD-237 700.

Glantz, H. T., “On the Recognition of Information with
a Digital Computer,” Journal of the Association for Comput-
ing Machinery, Vol. 4, No. 2, pp. 178-188 (April 1957).
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correction rate of 99.7 percent.”® Andifyoustopto-
thinkaboutitthisisaprettydarngoodrate.

Drafting and Related Functions

A tremendous number of drafting and engineer-
ing man-hours are spent annually throughout the
country in the manual preparation of engineering
drawings, blueprints, schematic diagrams, flow
charts, and similar documents. A few innovations
have been used to augment but not replace the
manual process—special templates, pre-printed dia-
grams of common components, simplified drawing
methods, and so on. Computer programs have been
used in a few isolated instances to perform some of
these drafting tasks.

For organizations that write a large number of
complex computer programs, considerable draft-
ing work must be done to draw the flow charts that
describe the operations of these programs. One flow
chart may run to scores of pages for a single pro-
gram, and can be extremely complicated. Several
successful computer programs have been written to
produce flow charts or block diagrams automati-
cally from a given list of program instructions.”
The programs even go so far as to label each box
to show in summary fashion what variables were in-
volved, what computations were performed, and
what input-output equipment was used.

In industries where numerically controlled ma-
chine tools are used, the deseription of a particular
part design may take the form of some equations
and geometrical statements. Computer programs
are available to take this deseriptive information
and generate the sequence of commands for the
machine tool. In addition, programs are also avail-
able to take these geometrical or mathematical
statements and generate an actual image or en-
gineering drawing on a cathode ray tube display

78 Evans, M. W, et al,, “Degarble,” a portion (p. 35) of
the report, Information Processing. Quarterly Progress Re-
port of Division §, Massachusetts Institute of Technology,
Lincoln Laboratory (June 15, 1960).

7 Haibt, L. M., “A Program to Draw, Multilevel Flow
Charts,” Proceedings of the 1969 Western Joint Computer
Conference, pp. 131-137 (The Institute of Radio Engineers,
New York).

Scott, A. E., “Automatic Preparation of Flow Chart List-
ings,” Journal of the Association for Computing Machinery,
Vol. 5, No. 1, pp. 57-66 (January 1958).
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device for subsequent photographing and printing.

An extensive amount of work has been done in
the computer industry to completely automate the
major portions of the engineering documentation
functions that accompany the design and develop-
ment of a digital computer.2* The decision to auto-
mate seems to stem from the fact that a large-scale
computer is simply too complex to document and
control with manual methods, and that manual
methods are too slow to be tolerated in an industry
where the products are so subject to technical ob-
solescence.

Design automation procedures in the computer
industry incorporate the following types of semi-
automatic functions that are concerned with project
documentation and associated clerical tasks:

Assign all wiring points, component locations, and
other fabrication information to the schematic drawings.

Prepare lists of parts locations and wiring information
in such a form that an assembler can use this list instead
of a drawing.

Prepare system block diagrams from the logical equa-
tions.

Route the wiring and prepare a wiring chart and cable
listing in such a way as to minimize lead length, while
at the same time considering loading and noise effects.

Accommodate engineering changes to make updated
lists and diagrams.

Generate bills of materials for electrical components
from the logic equations.

Print logic block diagrams from the design information
stores on magnetic tape.

80 Anon., “Automatic Drafting Moves Closer,” Control
Engineering, Vol. 8, No. 2, pp. 31-32 (February 1961).

81 Kloomok, M., et al, “The Recording, Checking, and
Printing of Logic Diagrams,” Proceedings of the 1968
Eastern Joint Computer Conference, pp. 108-118 (Institute
of Radio Engineers, New York, 1958).

Rocket, F. A., “A Systematic Method for Computer Sim-
plification of Logic Diagrams,” 1961 IRE National Con-
vention Record (Institute of Radio Engineers, New York,
1961).

Cray, S. R, and R. N. Kisch, “A Progress Report on
Computer Applications in Computer Design,” Proceedings
of the 1966 Western Joint Computer Conference, pp. 82-85
(Institute of Radio Engineers, New York, 1956).

Milbrain, J. P., and A. V. Banes, “Automated Computer
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Prepare location charts for the placement of circuit
cards.

Check some types of design errors.

Use the design information to generate cards or tapes
for direct input into automated fabrication equipment.

All of these tasks are performed semi-automatically
by the computer programs. However, this design
automation process is costly; some complete sys-
tems require as many as 120,000 program instrue-
tions. Nevertheless, many of the technical draft-
ing, writing, and editing chores involved have been
automated to the apparent satisfaction of the man-
ufacturers.

As mentioned earlier in this chapter, the auto-
matic generation, display, and printing of diagrams
of chemical structures has also been accomplished
with data processing equipment. Computer: pro-
grams have also been written to provide the neces-
sary spacing and justification of the symbols in an
equation or chemical structure diagram so that a
paper tape can be punched for a high-quality-type
composing machine,??

REPRESENTATIVE COSTS

Computer equipment, whether bought or rented,
is so expensive that only a few organizations (e.g.,
ASTIA and the National Library of Medicine) have
been able to justify installing it for the primary
purpose of handling storage and retrieval problems.
The majority of firms using computers for informa-
tion retrieval have used machines at service bu-
reaus, or shared ecompany machines that were pur-
chased primarily for some other purpose. Com-
puter time may be purchased on medium and large
computers at rates of around 50 to 550 dollars per
hour. The purchase price or rent of a particular
system depends upon the system configuration, e.g.,
the memory size, the number of tape transports,
and the number of special features. Figure 7-22
illustrates the range of equipment costs for many
of the available large and medium-size computer
systems.

For any data processing system, the cost of the
computer is only a fraction of the total cost to the
user. The cost of installing and running a computer

82 Feldman, A, and H. L. Manceaux, “An Improvement
in the Printing of Chemical Structures, Which Results in
Their Complete Computer Codes,” paper presented at the

annual convention of the American Documentation In-
stitute, December 14, 1962, Hollywood-by-the-Sea, Florida.
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Note:

1. These figures represent some
of the newer U.S. computer
systems which have magnetic
tape and punched card equipment.

2. The asterisks represent the
cost of an average system.

Manufacturer  Model

Control Data Corp. 160A
Honeywell 400
RCA 301
iBM 1401
Sperry Rand 80,90
NCR 315
GE 225
IBM 1410
Bendix G-20
Burroughs B-5000
GE 210
Honeywell 800
IBM 7070
Sperry Rand Univac 3
Control Data Corp. 1604
RCA 501
NCR 304
Sperry Rand 490
IBM 7074
Philco 2000
RCA 601
Sperry Rand Univac 1107
IBM 7080
IBM 7090

0 1.0

20 30 10

Total equipment cost (millions of dollars)

FIG. 7-22 Approximate price ranges of representative computer equipment.

seems to range from two to five times the cost of
the equipment, regardless of the computer model,
the type of use, and whether the equipment is pur-
chased or leased. Relatively large fixed costs (site
preparation and installation, training, initial pro-
graming file conversion, etc.) and recurring costs
(operating costs, programing, and maintenance, fa-
cilities) face any computer installation. The writ-
ing and de-bugging of computer programs are both
expensive and time-consuming. These large pro-
graming costs are part of the motivation for docu-
menting and exchanging programs with other users.
A few information retrieval programs are available
from various computer manufacturers and coopera-
tive user groups. Some of these were listed earlier,
in Table 7-1. As mentioned previously in this
chapter, a survey of available programs specifically
for chemical information searching has recently
been made by the National Bureau of Standards.®®

88 Marden, E. C., and H. R. Koller, fn. 59.
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Paper Tape Equipment
Magnetic Media Equipment

Other paper tape and magnetic media equipment

PAPER TAPE EQUIPMENT

Punched paper tape is cominginto more common
use for temporary information storage, for point-of-
action data acquisition recording, and as an input
medium for information processing equipment. Its
popularity is due in large measure tO the fact that
the punching and reading equipment is relatively
simple and inexpensive and provides a permanent
storage medium. The tape is most commonly used
in conjunction with special €lectric typewriters,
either to actuate the typewriter or t0 record the
operator's typing. Most o the equipment and ap-
plications that are relevant t0 this book make use
d the tape in this manner. That is, data are
punched in paper tape at the point o origin as a
by-product o writing a document, and the tape is
subsequently used at some later date tO furnish the
original data in a machine language. The specific
techniques for coding the tape were described in
Chapt. 4.

One o the limitations t0 the use o paper tape
with electric typewriters is the difficulty of correct-
ing errors or making changes in the tapes. For
example, a typing error on a conventional type-
writer can, in most cases, be corrected eimply by
striking over the character or backspacing to type
a character in a spot that was left as a space or
blank. These methods cannot be used with paper
tape equipment. Usually the erroneous punches are
noted as soon as they happen and are immediately
over-punched by the operator with an "ignore' or
"delete” pattern, which causes that particular pat-
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tern to be ignored by the equipment during subse-
guent readings. If an error is later discovered to
be in the middle  a typed sequence, a new tape
must usually be prepared. The common procedure
in this case is to duplicate (automatically) a new
tape up to the point o the error, type in the correct
character, and then copy the data that followed the
error. The copy or duplicate operations are per-
formed automatically on most of the paper tape
typewriter units.

The paper tape units usually type a hard copy
at the same time that the tape is being punched.
This provides a visual check on the information
being punched. A check for accuracy can be made
by running the tape back through the machine to
generate another hard copy printout for compari-
son with the origina hard copy. The typewriter
types a character or performs a function (e.g., car-
riage return) to correspondto each of the characters
punched on the tape.

For small amounts of punching, information can
usually be entered in paper tape form quicker than
in punched card form. However, for longer jobs
(e.g., severa hours or days) that require consid-
erable accuracy, the paper tape operation tends to
be dower than the transcription into punched cards,
primarily because more time is required to correct
mistakes on paper tape than on punched cards.

The Equipment

Basic Typewriter Equipment. The Friden Flexo-
writer (Fig. 8-1) and the Remington Synchro-Tape
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FIG. 8-1 Friden Programatic Flexowriter.

Typewriter (Fig.8-2) are thetwo most common pa-
per-tape-reading-and-punching typewriters. Both
o these units have the basic ability to

1. Typein the same manner as any other electric
typewriter

2. Punch a corresponding paper tape while a
document is being typed

3. Read a paper tape and actuate the typewriter
and/or the punch in accordance with the informa-
tion on the tape. (The tapes can be duplicated in
this manner.)

Both o the units read and write paper tape at the
rate of about 10 characters per second. The Flexo-
writer has been adapted so that punches on the
edge of a document (seeFig. 8-1) can also be read
if they follow the coding and format of the regular
tape. That is, the punched edge o the document
must look (to the machine) the same as a paper
tape. The ability to read edge punching provides
extra flexibility because information can be typed
or printed on the body o the card to identify the
punching or to provide auxiliary information about
the punching, or the punching can represent some
o the essential information written on the form or
document.

Other Equipment. Other paper tape equipment is
available to perform such tasks as: reading paper
tape, punching paper tape, merging two tapes to
generate a third tape, justifying lines of typing for
page composing, and recording data from cash reg-

FIG. 8-2 Remington Synchro-Tape Typewriter.

isters and other devices. One particular unit, the
Friden Selectdata, permits files o paper tape to be
searched for records with particular codes.
Another type of equipment such as the Robotyper
and the Auto-Typist (Fig. 8-3), using a large selec-
tion o numbered records on punched tape, types
the records corresponding to the button numbers
pushed by the typist. This type of device is ex-
tremely useful for typing personal (i.e., "individ-
ua') letters consisting o standard paragraphs.

FIG. 8-3 Model 5600 Auto-Typist.



The typist pushes the button numbers correspond-
ing to standard paragraph numbers tO have the
letter typed automatically (after manually entering
the address). This technique is used by insurance
companies and other organizations that receive a
great many inquiries that can be answered by a
group o stock paragraphs. The letters are typed
at the rate o 135 words per minute, and 1 clerk or
typist can keep 4 machines running at essentially
full speed.

Representative Costs

The costs of several models o paper tape equip-
ment are given in Table 8-1. The costs of the paper
tape and card stock will vary a great deal, depend-
ing upon the type of material and printing required.
Some representative costs are given in Table 8-2.

TABLE 8-1

Representative Costs of Paper Tape Equipment

Approximate  Approximate

Monthly Purchase
Item Lease Cost Price
Remington Rand Synchro-

Tape Typewriter $150 $3500
Friden Flexowriter 90 to 170 2600 to 3100
Friden Selectdata 65 2000
Friden Tape Reader 20 620
Friden Tape Punch 20 610
Friden Justowriter Set 180 5500
Friden Code Converter 110 3325
Robotyper Co. Robotyper 100 1340
Robotyper Co. Tape

Perforator 35 365
American Automatic Type-

writer Co. Auto-Typist

(standard modd) — 950

(push button modd) — 1375
Royd McBee Royaltyper 100 1950
IBM Modd 46 Tape-to-

Cad Punch 155 6680
IBM Modd 47 Tape-to-

Card Printing Punch 180 7630
IBM Modd 63 Card-Con-

trolled Tape Punch 110 5350

Note: The exact price ill depend upon the number d
accesories o optional featureswhich are used.

Other paper tape and magnetic media equipment /179
TABLE 8-2
Representative Costs of Paper Tape Supplies
Item Approximate Purchase Price

$ 30 for 30 1000-foct rolls
100 for 30 1000-foot rolls

Standard paper tape
Heavyduty paper tape

Fan-fold paper tape 2 pa package of 950 feet
(84-inch folds)
Fan-fold card stock 20 for 2000 cads (3 by 7
inches each)
Applications

Utilization for Duplicate Copies. Paper tape equip-
ment is often used to make duplicates of an original
document. Thisis done by typing the origina doc-
ument and producing a punched paper tape ds a
by-product. The paper tape is then run through
the machine at any later time to produce another
origina document. One (first copy) document is
produced for every pass of the tape. There are
more efficient ways t0 make additional copies (e.g.,
carbon paper and other office copying equipment),
but the paper tape method makes each copy look
like an original personaly typed document. This
method is often used to send a large number of
identical "personal” form letters (e.g., question-
naires, invitations, direct mail advertisements) at a
relatively small cost. A typist is heeded to type the
address and salutation, while the remainder of the
letter is produced by the punched paper tape. As
mentioned earlier, a collection of standard para-
graphs for letter writing can also be maintained on
tape for use in composing and typing correspond-
ence.

Multiple copies of library cards or file cards can
be prepared simply with paper tape. Many or-
ganizations currently do this by typing each card
separately or by preparing a duplicating master.
Paper tape equipment can be used for this operation
by generating a tape during the typing o the first
card, then using the tape, with the ends connected
to form a loop, to produce as many additional copies
as desired.* The card stock can be a continuous
fan-fold paper form which is separated after typing.
This eliminates the card insertion time and pre-

1t Turner, L. D.,and J. H. Kennedy, System of Automatic
Processing and Indexing of Reports, Report UCRL-6510 of
the Universty o Cdifornia Lavrence Radiation Labora-
tory, Livermore, Cdifornia, pp. 46 (July 1961).
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vents the top line of the card from being smeared
during typing. As a by-product, the tapes used to
prepare the cards can also be used to prepare the
duplicating masters for the accession list or bulle-
tin d new acquisitions. The tapes could also be
filed for later use in making bibliographical lists
and additional catalog cards. The paper tape can
be filed on spools, in small cardboard cartons, or
fan-folded in envelopes or card files.

Utilization for Subsequent Printing. For an order-
invoicing operation in a business that has fairly
permanent customers, pre-punched and filed paper
tape can be used to record such things as the cus-
tomer's full name, address, discount rate, terms o
payment, salesman number, salesterritory, and pre-
ferred method of shipment. This fixed information,
which must be written on an invoice every time a
customer re-orders, can be put there by reading the
paper tape into the typewriter. Thisis an example
d a situation in which a block o semi-permanent
information must be added at many different times
to a particular type d document. Some economy
may be achieved by using a pre-punched paper
tape from a file o customer tapes to prepare the
fixed portion d theinvoice. The variable data such
as the date and the details of the order can be
entered manually. If there is a standard product
line and product price, this information may also
be entered on the invoice from a file of product
tapes. For library work, references or abstracts
could be punched into paper tape, for the subse-
quent preparation o bibliographic lists of selected
items in response to an inquirer's request.

Paper tape can be used to advantage when a
number o similar documents or duplicating masters
must be typed every day (e.g., menus, production
schedules, or library routing lists). A tape is gen-
erated for the information that is to be repeated
on each mat (e.g., the form title, column headings,
and other fixed data). The tape is read into the
typewriter to automatically type the fixed data,
stopping automatically to permit the typist to enter
the variable data.

Journal citations, part descriptions, hames, chem-
ical compounds, or other data on paper tape strips
could be assembled and organized for typing to
simplify editing and composing for publication.
Unit-records in paper tape form can be used to
compose material for publication in much the same
manner as punched tab cards were used with tabu-

lating and photocomposing equipment. The Armed
Services Technical Information Agency (ASTIA)
presently uses Synchro-Tape Typewriters to pre-
pare separate tapes for each document entry in their
Technical Abstract Bulletin (TAB). These tapes
are then assembled and sequenced to print the final
reproduction copy for each periodic TAB issue.
These same tapes are then used as input to the
computer equipment to add the new accessions and
their indexing information to the master file for
literature searches.?

Utilization for Input to Other Machine-Languaye
Systems. When a teletype message is to be sent
from one place to another, the message is often
typed initially on a standard form and given to the
teletype operator, who then keys the message on
the teletype machine keyboard (duplicatfng the
keystrokes o the origina typist). Thus the
message is keyboarded twice. This second key-
boarding operation and its attendant error possibili-
ties may be eliminated by generating a paper tape
when the message is first typed, then using a paper
tape reader for mechanical input to the teletype
machine. This removes the necessity for the sec-
ond manual keyboarding, reduces the possibility o
error, and increases the productivity o the tele-
type machine and operator. In this example, the
paper tape, produced as a by-product d an earlier
operation, can be utilized for later input to a ma-
chine system. ASTIA provides another good ex-
ample d such use in preparing paper tapes at the
time that the Technical Abstract Bulletin copy is
being typed and using these tapes to read this in-
formation into the computer for subsequent file-
searching operations.

Paper tape punches are often used for point-of-
action transaction recording, such as the recording
o the details of each transaction at the cash regis-
tersin storesand markets. |nthistyped operation,
the tapes accumulate the transaction data, and are
collected at periodic intervals (e.g., daily) to beread
directly into a data processing system for sales anal -
ysis and inventory control. Tapes which are gen-
erated while typing new or revised insurance policy

2 Dunlop, W. W., Automation of ASTZA—1960, Armed
Services Technical Information Agency, Arlington, Virginia,
AD-247 000 (December 1960).

Hammond, W., Evolution of the ASTIA Automated
Search and Retrieval System, Armed Services Technical In-
formation Agency, Arlington, Virginia, AD-252 000 (Janu-
ary 1961).




statements can also be used as input to data proc-
essing systems for the updating o the policy rec-
ords. The equipment might be used in a similar
manner in libraries for order and cataloging opera-
tions.

Punched paper tape can be used as an input or
storage media for computer systems if the computer
equipment has the necessary paper tape equipment
and a compatible code and format. Some computer
equipment cannot read paper tape at all, and most
computer systems will have difficulty reading the
paper tape prepared for another manufacturer's
computer.

Utilization for File Searching. In a few instances,
paper tape has been used as the storage medium for
an information-searching system, as in the Western
Reserve University Searching Selector (seeFig. 8-4).
Despite the mentioned limitations of paper tape
searching equipment, the WRU Searching Selector
was relatively successful in its operating lifetime,
primarily because it was fundamentally a research
and teaching tool, with some utilization as a low-
volume production searching device. Much use-
ful information was obtained from the development
and application o thisunit, and it is mentioned here
primarily because of its historical value.

Coded document abstracts were punched into
paper tape to form a machine-language index to a
collection of documents. The index actually con-
sisted then o rolls o punched paper tape. File
searching was accomplished by scanning or reading
the entire collection of tape under the control of a
central logic control unit which was programed
with specific search criteria.®

Paper tape devices are generally unsuitable for
practical searching applications for five main rea-
sons: (1) the reading or scanning rate is usually
very sow (nominally 10 characters per second for

3 Perry, J. W., "The Western Reserve University Search-
ing Selector,” Chapt. 18 in Tools for Machine Literature
Searching, J. W. Perry and A. Kent, editors (Interscience
Publishers, New York, 1958).

Melton, J. L., "Searching the Metallurgical Literature for
ASM.—Programming the WRU Searching Selector,”
Chapt. 24 in Information Systemsin Documentation, J. H.
Shera et al,, editors (Interscience Publishers, New York,
1957).

Kent, A., J. Melton, and C. Flagg, " Abstracting, Coding,
and Searching the Metallurgical Literature for A.S.M.—
the WRU Searching Selector,” Chapt. 23 in Information
Systems in Documentation, J. H. Shera et al., editors (In-
terscience Publishers, New York, 1957).
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FIG. 8-4 Western Reserve University Searching Selector.

most machines, and very seldom higher than 2000
characters per second); (2) the paper tape wears
out and must frequently be recopied, especialy for
high-speed handling; (3) it is awkward to make
changes or revisions in the tape; (4) for many op-
erations, the serial tape is not as convenient as unit-
record media like tabulating cards; (5) the entire
portion o the file selected for detailed searching
must be scanned in serial fashion with no possibility
o reading any of the information in parallel to
speed up the process. The paper tape systems do
have the distinct advantage that the input-output
equipment (i.e., the punch and reader) is much
less expensive than the input-output equipment
associated with any other storage medium.

MAGNETIC MEDIA EQUIPMENT
The Equipment

All o the magnetic tape and magnetic card sys-
tems store information in some form on a magnetic
material. A mechanical transport system is used
to provide some relative maotion between the mag-
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netic material and the reading and writing heads.
Electronic circuitry is also required to read, write,
and interpret the signal, perform the control op-
erations, and power the tape-handling mechanisms.
The details o the recording and coding of magnetic
tape were given in Chapt. 4 and tape transport
equipment was shown in Chapt. 7.

The principal advantages o magnetic tape are
three: (1) a very large amount of information can
be stored in a relatively small volume; (2) a rather
rapid information transfer rate to or from the tape
can be maintained; (3) the storage is permanent so
that the tape can be used many times before there
isa possibility of theintroduction of an error. The
principal disadvantages of magnetic tape are two:
(1) the information is usually recorded in a con-
tinuous stream in such a way that it is awkward
or difficult to insert new information; (2) except
for very specia cases, the information on tape
cannot be seen or read directly by humans—conse-
quently, electronic equipment is necessary for the
inspection d any information on the tape.

All of the magnetic media searching systems have
common features, and might be described by the
general block diagram shown below.

Tape transport

\\\
y N
__ Comparators
Buffer memory ~ [——%- and contro!
y e
e

Input-Output
devices

The tape transport or its equivalent is common to
all systems, and can be any o the commercially
available digital transports. Some mechanism, such
as an electric typewriter, paper tape reader, or
punched card reader, is usually used to record in-
formation on the tape, although the tapes could be
generated by computer equipment. Some mech-
anism, possibly a plugboard or any input device,
is used to present the questions to the system. An
output device, such as an electric typewriter, paper
tape punch, card punch, or high-speed printer, is
usually used to record the search results. Some
central electronic control and buffering system must
also be used to coordinate the equipment and per-

form the required logical operations. The capabili-
ties of the tape searchers differ from those of com-
puters primarily in the fact that the tape systems
cannot perform any arithmetic operations and are
usually not controlled by a stored program.

Any arbitrary tape format could be used. How-
ever, if the machine could work with formats which
were the same as that used with a large number of
computers, then it would be possible to search tapes
initially prepared on these computers. This would
provide some very definite advantages such as the
possibility of distributing tapes to a number o
searching systems from a central computer system.
In this way, a central information center could
continuously distribute up-to-date listings or in-
dexes to many satellite or auxiliary information
centers. Theused acentral facility to prepare dis-
tribution tapes might also reduce the local searcher
eguipment complexity by eliminating the néed for
a capability to continuously maintain the tape file
and keep it up to date. The local searching equip-
ment may require the capability to augment its as-
signed file with information o interest primarily
to the loca system. Some information services
have already started a "periodic publication™ o
magnetic tapes in this manner.

Most o the jobs that can be done on a tape
searcher can also be done with a computer, and the
computer can also do many other jobs besides.
For this reason, the tape searchers can hardly be
justified if they are more expensive to use than the
available computer equipment. Most d the com-
puter equipment is too expensive to use solely for
this task. However, several of the smaller com-
puter systems commercially available would appear
to be competitive in both performance and cost with
some o the tape searchers so-far developed. As
with any o the mechanized retrieval systems, tape
searchers are effective only when the information
they handle can be indexed or described in a rather
exact manner. And as with computer equipment,
the tape searchers can be used to advantage when
a large number o searches must be performed in a
relatively short amount o time, or when the
searches are too complex to be conveniently handled
manually, or when the file is too large for effective
manual operation. *

One problem that facesthe user of a tape searcher
is the initial generation and subsequent mainte-
nance o the magnetic tape file. The file and in-
dexing information must first be put into machine-
readable form, with some control or editing to en-




FIG. 85 CCC Index Searcher.

sure the validity of the transcribed information.
After the master tape has been generated, there will
probably be a continuing need to correct or delete
items on the tape, as well as to add new informa-
tion. Unless an additional tape transport is avail-
able, file additions will probably have to be placed
at the end of the file instead o being inserted in
order in the middle o the file. If the file does not
require any particular sequencing (e.g., files with
superimposed coding), then this does not become a
problem. The following sections provide a brief
description of the characteristics o several o the
magnetic media searching systems developed to
date.

The CCClndex Searcher. The CCC Index Searcher
(see Fig. 8-5) was the first high-speed magnetic
tape searching system developed primarily for doc-
ument index searching. Sponsored by the U.S. Air
Force as part of a coordinated research program in
machine aids for information retrieval, it was built
in 1958 by Computer Control Co., and designated
asthe Document Data Index Set AN/GSQ-26.*
The Index Searcher uses 1-inch magnetic tape in
2400-foot reels, so packed that the indexing data
for approximately 70,000 documents can be stored
on 1reel. The source information is loaded on the
magnetic tape from punched paper tape. The
search words (total o 140 characters) are entered

¢ Kessel, B., and A. De Lucia, "A Specidized Library In-
dex Search Computer,” Proceedings of the 1969 Western
Joint Computer Conference, pp. 57-59 (Institute d Radio
Engineers, New York).
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into the buffer memory from paper tape. The logi-
cal relationships between the search words are spec-
ified by plugboard wiring and there is enough flexi-
bility in the specification o the search logic that
several questions can be asked simultaneously. A
tape-editing mode is incorporated, permitting the
deletion o specific documents from the tape or the
printing o the entire contents of chosen documents.
A “regenerate” mode of operation is also available
to copy one magnetic tape onto another, for du-
plicate or updated files.

The entire collection of 70,000 documents can be
searched in approximately 4.5 minutes. If a docu-
ment satisfies the search question, the document
number and other identifying information, as well
as the question number, are printed out. The basic
system will (1) accept input data and write them
on magnetic tape, (2) copy one magnetic tape onto
another, (3) search the tape and print the selected
document number and two words o additional data
as well as the question number, (4) search the tape
and print the entire indexing entry for the selected
documents, and (5) delete specified index entries
from the tape.

General Electric GE-250 Information Searching
Selector. Thisunit (seeFig. 8-6) was developed by
the Computer Department of the General Electric

FIG. 86 General Electric GE-250 Information Searching Selector.
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Company.® The first unit was built and scheduled
for delivery in 1960 to Western Reserve University
for use with operational information services (e.g.,
to be used to conduct searches o the world's metal-
lurgical literature for interested members of the
American Society for Metals), as well as for use
as a research tool in general studies of information
systems. The equipment was removed from the
company's product line and no deliverieswere made;
it isd interest here because o its historical signifi-
cance. |t was supplanted by the GE-225 computer
with a special searching program.

The GE-250 logic reflected many o the tech-
niques used with the paper tape Searching Selector
at Western Reserve University. The system phi-
losophy followed the telegraphic abstracting and
coding system used at Western Reserve, although
it does appear that the user could apply other cod-
ing techniques. The magnetic tapes were compati-
ble with the low-speed IBM tapes so that they
could be generated or maintained with most of the
IBM computers. The basic file record consisted o
300 al phanumeric characters, which might typically
be divided into a document number, bibliographic
data, and an abstract. A 2400- or 3600-foot reel of
tape was used, which provided storage for 4,000,000
or 6,000,000 characters, or approximately 13,000 or
19,000 documents, respectively. File searching was
done at the rate of 6000 characters per second. A
complete search o a single reel of tape would take
at least 16 or 24 minutes for 2400- and 3600-foot
reels, respectively. As many as 10 searches could
be conducted simultaneously.

A large variety o input-output and optiona
equipment was planned, such as high-speed printers,
additional tape transports, and high-speed card
readers, with the first system scheduled to use a
Flexowriter for input-output. The search question
was to be entered into the system by typing the
question statement with its logical connections and
brackets on an input Flexowriter or reading a pre-
punched paper tape on the Flexowriter. No plug-
boards were used in the system. The basic system
would (1) accept input data and write them on mag-
netic tape, (2) search the tape and print the search
number and the selected document number, (3)
search the tape and print the search number and

SGull, C. D.,and P. O. Dodge, "The GE-250 Informa-
tion Searching Selector,” Chapt. 21 in Information Retrieval
and Machine Translation, Part 1, A. Kent, editor (Inter-
science Publishers, New York, 1960).

selected bibliographic data, (4) search the tape and
print out the complete record, (5) print out the
search question.

The use o a punched paper tape for entering the
search question provides a very cheap and con-
venient form o storage for questions which must be
repeated at frequent intervals. This is exactly the
situation that would arise with a machine which
was used for "' current awareness” or **press clipping'
services to periodicaly interrogate the file input
with standing questions. In addition, paper tape
can be prepared at a time and location which do not
interfere with the operation of the machine. It
would even be possible to prepare, and mail or tele-
graph the search tapes from many remote sites di-
rectly to a central search facility.

General Electric Search Comparator. The GE
Search Comparator, developed in 1961, is a smaller
version o the GE-250 described earlier. This unit
also uses computer compatible magnetic tape, and
makes provision for a number o optional input-
output devices such as an electric typewriter,
punched paper tape, and punched cards. The basic
file item normally consists o an alphanumeric rec-
ord such as an English abstract or citation. Exten-
sive logical capabilities are available for the file-
searching or statistical analysis operations, and the
search result may be a listing of selected item num-
bers or an expanded alphanumeric description such
asacitation. The file can be searched with severa
guestions simultaneously, and the tape may be
searched while it is running forward or backward —
thus eliminating the tape rewind time. The search
d 900,000 words on a single reel o tape can be
made in less than 5 minutes.

Heatwole H-44. The H-44 is a relatively simple
and inexpensive magnetic tape searching system de-
veloped by Heatwole Associates (see Fig. 8-7).
This equipment records in its own unique format
on conventional audio recording tape, and uses rela-
tively simple keyboard devices, switches, and visual
tube displays for input-output. The basic fileitem
on tape consists o a document number represented
by zero to eight digits, and any desired number of
subject headings represented by’ three-digit, four-
digit, or five-digit codes. Using five-digit document
numbers, and with an average o 4 four-digit codes
per document, about 37,500 documents can be rep-
resented on a single reel of tape.

Search prescriptions are entered into the machine




by setting various selector switches on the console.
The search is restricted to 4 subject codes at a time
in all desired combinations of the four (logica
sums, logical products, combinations of sums and
products, and negation). All codes that are to be
searched at the same time must have the same
number of digits. For this single-search prescrip-
tion o 4 descriptors, the file will be searched at the
rate of approximately 1000 documents per minute.
Since a serial scan is made o the entire tape, the
order or sequence of the documents on the tape is
not critical. New material can continually be added
to the end of the existing tape.

The result of a search can be either a list o the
selected document numbers or a count o the num-
ber of selected documents. The counting feature
permits the equipment to be used for statistical
analysis o the file contents.

Magnavox Magnacard. The Magnavox Company,
with financial support from the U.S. Air Force, has
developed equipment and techniques for high-speed
handling of magnetic cards (hence the name Mag-
nacard) to perform such functions as sorting, col-
lating, and file searching. This system has the in-
herent flexibility o the unit-record systems, while
also providing the high transfer rates and storage
capacity associated with the magnetic recording
techniques.®

8 Hayes, R. M., "Magnavox Activities in Data Process-
ing," a section in Modern Trends in Documentation, M.
Boaz, editor, pp. 74-81 (Pergamon Press, New York, 1959).

Hayes, R. M., " The Magnacard System," Chapt. 19 in In-
formation Retrieval and Machine Translation, Part 1, A.
Kent, editor (Interscience Publishers, New York, 1960).

Hayes, R. M., and J. Wiener, "Magnacard—A New Con-
cept in Data Handling," 1957 |RE WESCON Convention
Record, Part 4, pp. 206-209.

Nelson, A. M., H. M. Stern, and L. R. Wilson, “Magna-
card— Mechanical Handling Techniques,”" 1957 |RE WES-
CON Convention Record, Part 4, pp. 210-213.

Burkig, J., and L. E. Justice, ""Magnacard— Magnetic Re-
cording Studies,” 1957 | RE WESCON Convention Record,
Part 4, pp. 214-217.

Nelson, A. M., The Research and Development of the
Magnacard System, Wright Air Development Center Tech-
nica Report 58-421, ASTIA Document No. AD-211 6%
(September 1958).

Wilson, L. R., Integrated Card Handling and File Unit,
Magnavox Research Lab. Report R-332, Rome Air Develop-
ment Center Report No. RADC-TR-60-167, AD-243 065
(May 1960).

Westgard, R. E., "The Magnacard System,” Datamation,
Vol. 7, No. 7, pp. 42-43 (July 1961).
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FIG. 87 Heatwole H-44.

A laminated 1-by-3-inch card is used, with a
Mylar base, an iron oxide coating for the recording
material, and a Mylar overlay to protect the oxide
coat during card handling. Each of these cards has
a capacity o 756 alphanumeric characters, which
is a great deal more than the punched card unit-
record. With improved techniques, it should not
be too difficult to increase this storage capacity even
further. The cards have an estimated operating
life of 20,000 cycles through the operating equip-
ment. The cards are stored in drawers or maga-
zines, each of which can hold 3000 cards. The
drawers can be automatically moved by program
control to and from the card-handling equipment,
and the cards loaded or unloaded from them. Ten
or more drawers may be assembled together to
form a file block: A 10-drawer file can store a
maximum o 30,000 cards.

The system philosophy is to perform the sorting,
selecting, and merging functions by physically mov-
ing the record instead of reading it and copying the
information onto a record to be stored at a different
location. The card transport mechanisms are pri-
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FIG. 8-8 Magnavox Magnacard equipment.

marily pneumatic devices. vacuum transport drums,
card-feeding and card-stacking stations, drum-to-
drum transfer devices, and card-holding devices.
An illustration of a complex o Magnacard equip-
ment is shown in Fig. 8-8. The cards are picked
out of the trays and transported on the drums at a
peripheral surface speed of 300 inches per second.
By appropriate plugboard and pneumatic controls,
the cards are transported to the selected receiving
drawer. It is possible to pass the cards from one
drawer to another at rates of up to 90 cards per
second.

Although the Magnacard system can be used in
a serial manner in the same way as other tape
searchers, its real benefit comeswhen the user takes
advantage o its unit-record characteristics. In
this way, information can be added to or deleted
from the file without rewriting the file contents. In
addition it should be possible to develop an entire
family of equipment similar to the tab equipment,
so that the Magnacard can be used as an extension
o the conventional punched card techniques. One
o thereal advantages of unit-record systems which
might be further developed here is their ability to
be produced or created at many points, and later as-
sembled and processed.

One other potential use o the Magnacard con-
cept is for an image storage and retrieval system,
thatis, to store an imageinstead of completely digi-
tal data on the card. The image could be a video
image as in television recording systems, but it
would more likely be a conventional film image
with an accompanying magnetic coating to carry

the descriptive information in digital form. This
latter approach has been studied for possible appli-
cations to image storage and display systems.”

RCA Video File. RCA has proposed an image re-
trieval system based on the storage and retrieval
of video images on 2-inch-wide reels of magnetic
tape in much the same manner as television video
signals are recorded. Original documents would be
filmed with a TV-type camera and stored on tape
in the same manner as recorded TV programs.
Additional indexing information or document num-
bers would accompany the image in digital coding,
so that the file contents could be searched digitally
in much the same manner aswith the tape searchers
mentioned previously. The results of a search (i.e.,
the selected images) would be displayed on re-
mote TV monitors for viewing or photographing, or
printed on equipment such as the A. B. Dick Co.
Videograph which could provide page-size reproduc-
tions o the images at a rate o about 1 to 2 pages
per second. The storage density would be rather
high, with copies of approximately 36,000 page-
size documents stored on a single 7200-foot roll of
tape. A high-speed search would pass over this
roll in about 5 minutes. The original documents
could be scanned and recorded on tape at a rate of
about 100 sheets per minute.

Some o the general problems facing the user of
video storage equipment are: (1) the recording sys-
tem will probably not provide high-quality images;
(2) theimages are stored in an analog manner, and
are subject to some degradation during every copy
or regeneration process; (3) the performance of
video or TV tape recorders is currently such that
atape can only be used a few thousand times (may-
be as high as 20,000 in some cases) before it be-
comes too scratched and worn for decent service.
The combination o these last two considerations
suggests that there is no such thing as permanent
or archival storage of the image. The origina re-
cording can only be searched a few thousand times
before a new tape has t0O be regenerated. But the
regeneration process degrades the image, so that in
time, the image has been degraded to a point where
it is no longer o use. These two problems also
make it difficult to modify or update the master

7 Gelb, J., Utilization of Magnacard as a Display Device,
Magnavox Research Laboratories Report R-357, Rome Air
Development Center Report RADC-TR-61-1, AD-251 271
(February 1961).



file. 1t would appear that this type o system will
find its best application in situations which concern
themselves with relatively short-term document
lives instead of situations that require permanent
or semi-permanent storage.

Representative Costs

Most of the systems described in this chapter have
been essentially ** one-of-a-kind"* developments, and
their manufacturers would probably be willing to
modify any future equipment t0 suit the needs o
a particular user. Since there are no fixed product
specifications, exact prices cannot be quoted for all
o these systems. However, some rough estimates
can be made of the costs of most of these basic
systems, and these are given in the following table:

ApproximatePurchase
System Codt (dollars)

RCA Video File 14 to 134 million
Magnavox Magnacard over 100,000

CCC Index Searcher 100,000

GE-250 100,000

GE Search Comparator 40,000

Heatwole H-44 10,000
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In comparison with the capital equipment cost, the
remaining variable costs (supplies, maintenance,
power, etc.) are relatively minor. For example,
digital magnetic tape may be obtained for 70 to
100 dollars per reel, magnetic cards for 30 to 100
dollars per thousand, and video tape for about 425
dollars per roll. At thistime, not enough operating
experience has been obtained with these systems to
accurately describe the relative cost factors.

Applications

To date, theuse o all of this equipment has been
restricted to experimental situations. None o this
equipment has been used in a regular production
application.

Additional References .

James, P,, "A Photo-Magnetic System for Document and
Information Retrieval," American Documentation, Vol.
10, No. 4, pp. 286-295 (October 1959).

Mooers, C., "The Tape Typewriter Plan,’ A Method for
Cooperdion in Documentation,” Asociation of Special
Libraries and Information Bureaux Procesdings, Vol. 12,
No. 8, pp. 277-291, August 1960.
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Basic Microforms

Mechanized Micro-Image Systems
Applications

Costs

Microfilm and image handling equipment

Microphotographic techniques were first devel-
oped around 1839, and have been in use since that
time.r However, until a few years ago, microfilm
was used primarily for storage purposes—for reduc-
ing the volume o filing space required for the stor-
age o inactive documents, or providing a security
copy in case the original was destroyed. Microfilm
techniques, for example, were used during World
War II to reduce the tonnage o letter mail shipped
overseas. |In business it is often necessary to save
many original documents--or copies of original
document —for long periods o time, because o
legal or accounting requirements. In order to re-
duce the bulk of thisvolume of records, many com-
panies have instituted the practice of making photo-
graphic reductions of the original documents, and
then destroying the original documents. Often, mi-
crofilm copies of all the records have been made and
then stored at a location Separate from the originals

as a precaution against the loss of the original
documents by fire or gther circumstance. In nearly
all such cases, the film copies were essentially inac-
tive files that required very infrequent access, and
the microfilm systems and procedures were there-
fore rarely organized for quick and convenient
searching.

The early microfilm work gave little considera-
tion to the use or development d high-resolution
camera and film systems although some of the first
work by Dancer in 1839 produced a microphoto-
graph at a reduction ratio of 160:1. Film copies

1 Luther, F., Microfilm: A History, 1839-1900 (National
Microfilm Association, Annapolis, Maryland, 1959).
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were poorer than the copies that can be made now.
This is probably due in large part to the fact that
the filming of business records and legal documents
did not require the same degree o detail asthe film-
ing o engineering drawings and maps currently re-
quires.

Some organizations do their own microfilming,
especialy if they have a large volume of work or
if the work does not have to be done with great
precision. Relatively few, however, develop or proc-
ess their own film. Many microfilm users prefer to
contract the work to microfilm service bureaus,
which specialize in microfilming operations. Ar-
rangements are often made for a microfilm crew
from a service bureau to set up their camera equip-

ment on location in a client's office and convert a
firm’s records to microfilm form in a very short
time. However, as more easily operated equip-

ment becomes available, more organizations will

find it economical to do their own microfilming.
Currently available equipment that s easy to use
and inexpensive is adequate for the filming of busi-
ness records. However, the recording o very de-
tailed material, such as maps and engineering draw-
ings, will continue to require skilled operators and
an extensive amount of equipmertt.

Film sizes (referring to the film width) of 8mm
(8 millimeters), 16mm, 35mm, 70mm, and 105mm

» the
Thee P85
copying and would be difficult to use for work re-
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FIG. 9-1 16mm roll microfilm.

effort for high-quality microfilm systems incorpo-
rates 35mm film.

Some film equipment utilizes reduction ratios up
to 200:1 from the original material.> That is, an
original document with a 10-inch length will be re-
corded with a length o %, inch on the film. A
reduction o the edge length by 200:1 will also
bring a corresponding area reduction o 40,000:1.
When the reduction goes beyond 20:1, such things
as basic film resolution, proper film exposure and
processing, freedom from camera vibration, and
avoidance o dust and scratches become increas-
ingly critical. 1n addition, the optical systems be-
come increasingly complex and expensive as the re-
duction ratios get larger. Reduction ratios o more
than 30:1 are easily achieved while recording from
the original under laboratory conditions, but under
the environment o a regular production situation,
the reduction ratio is usually held to about 20:1 for
each recording operation. The 70mm and 105mm
films have been used to minimize the need for large
reduction ratios. In addition, the larger film sizes
can easily be used as unit-records, and handled
separately from each other, without requiring an
extensive amount of effort for film cutting and
mounting into individual film cards or jackets.

2Tauber, A.S., and W. C. Myers, " Photochromic Micro-
Images: A Key to Practical Microdocument Storage and
Dissemination,” American Documentation, Vol. 13, No. 4,
pp. 403-409 (October 1962).

Carlson, C. O., et a., "The Photochromic Microimage
Memory," in Large-Capacity Memory Techniques for Com-
puting Systems, M. C. Yovits, editor (Macmillan Co., New
York, 1962).
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M ost mechanized micro-image systems utilize 35mm
film in one form or another.

For microfilm or any image storage system, one
important performance measure is its ability to
faithfully reproduce or play back the original image
to full size after it has been recorded in microform
(i.e., to produce a sharp image from the recording).
This is somewhat analogous to the "fidelity" of a
record player or tape recorder. Since there is some
expense involved in achieving high fidelity —in op-
tical as well as audio systems— compromises are
usually made between cost and system performance.
The unaided human eye can resolve or distinguish
between parallel lines which are packed together at
a density o approximately 16 lines per millimeter
(mm).* This density is the normal limit to which

3 The separability o paralel lines is one criterion of res-
olution. Another common criterion is the ability to sense
the direction o lines which may be displayed on test charts
at right angles to each other. See F. E. Washer and I. C.
Gardner, Method for Determining the Resolving Power of
Photographic Lenses, National Bureau of Standards Circu-
lar 533 (US. Government Printing Office, Washington,
D.C., May 20, 1953).

FIG. 9-2 35mm roll microfilm.
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FIG. 9-3 Micro-Master Planetary camera (Keuffel & Esser Co.).

the unaided eye can separate the individual lines.
Packing densities higher than this appear to be only
a blurred or continuous smear. Therefore, 16 lines
per mm is the greatest detail that the human eye
can make use of, and could be used as the ultimate
design goa for image storage systems. However,
in practice, many microform equipment designers
aim at blowing back from microform to a full-size
resolution of about 4.5 lines per mm, which is con-
siderably lessthan the limit o what the human eye
would see if it were viewing the original full-size
image. Thisend goa of 4.5 lines per mm resolution
in the final image blown back from some microform
determines in large part the performance charac-
teristics required of the basic film stock and opti-
cal system. For example, to achieve this end reso-
lution with a microfilm system operating at 10:1
reduction would require a film and optical system
with a net resolution of 45 lines per mm (in order
to blow the image back to 4.5 lines per mm), and a
system operating at a 100:1 reduction would re-
quire a film and optical system with a net resolu-
tion of 450 lines per mm. Consequently, higher-
performande film and optical systems are required
if the system is to operate with high reduction
ratios.

Most of the commercially available camera sys-

tems for high-quality microfilming guarantee reso-
lutions of 120 lines per mm over the required field
of view with reduction ratios of about 20:1. These
high-quality cameras often achieve 150 lines per
mm in the center, and decreasing resolution down
to 120 lines per mm in the corners. Thisis because
the resolving power of any camera is usually great-
est at the center o the image and decreases along
any radius. Such performance is adequate for the
filming of most line drawings, and essentially all
business record filming. The 16mm cameras for
general business records normally have resolutions
o about 60 to 80 lines per mm for reduction ratios
o about 20:1.

The microfilm cameras are generaly o two
types: flatbed cameras and flow cameras. The flat-
bed cameras require the original document to be
secured rigidly on a plane surface (horizontally or
vertically) while the pictureis being taken (see Fig.
9-3). The flow cameras operate with the docu-
ments placed on a continuously moving conveyor
belt (see Fig. 9-4). The flow camera alows a
faster production rate for the filming operation, but
the movement o the document must be synchro-
nized with the camera exposure. Some efforts have
been made to improve the production rate of both
these types of camera by providing devices such
as automatic exposure meters and controls, but the
filming is still limited primarily by document-han-
dling speeds. The flow camera shown in Fig. 9-4

HG 9-4 Recordak Reliant 500 microfilmer.



is useful for filming business documents and other
single-sheet material that doesnot require especially
high-quality work. This particular 16mm camera
can microfilm up to 500 check-size items or up to
185 page-size items per minute.

Film Technology

There are two principal types o commercia sil-
ver halide microfilm emulsions. (1) a general-pur-
pose type that gives good results for most work, in-
cluding engineering drawings; and (2) a type de-
signed for recording business documents on 16mm
film, where resolution can be sacrificed for higher
recording speed.* With regard tO resolution, ordi-
nary home camera film may record about 70 lines
per mm, commercial microfilm may record about
200 lines per mm, and the highest photographic
resolution is obtained with Lippman emulsions or
spectrographic films, which record about 1000 lines
per mm.®

The Diazo process takes advantage of the char-
acteristics o certain chemicals that respond to
ultra-violet light by losing color or by being de-
stroyed, and that also react with ammonia to form
dyes. In operation, an ultra-violet light shines
through the original subject material onto a paper
or film stock coated with these chemicals. The
sensitized paper beneath the dark spots on the sub-
ject document is protected from the bleaching ef-
fects o the light, but the coating beneath the clear
areas of the document is destroyed. The copy stock
(paper or film) is then exposed to ammonia vapors
which form a permanent dye with the chemica
coating that has not been bleached or destroyed.
The ammonia compound can actually be used in
two different forms, and these two techniques are
usually referred to as a “dry” process and a "wet"
process. Thedry process (thefamiliar Ozalid proc-
€ss) uses ammonia vapors from ammonia water to
form the dyes. The wet process actually wets the
copy stock with a light coating o a special solu-
tion. The wet process does not release as many
objectionable fumes as the dry process, but it is

4 Burris, W. A, "Characteristics d Silver Halide Micro-
film" Proceedings of the Tenth Annual Convention d the
National Microfilm Association, pp. 194-199 (April 1961).

8 Camras, M., "Information Storage Density o Magnetic
Recording and Other Systems,” Institute d Radio Engineers
Transactions on Audio, Vol. AU-9, No. 5, pp. 174-179 (Sep-
tember 1961).
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dower because the copy stock must dry. The final
print for the Diazo process can be on almost any
kind o stock, such as paper or Mylar, whether
opaque or transparent.

The resolution of Diazo film is limited primarily
by the uniformity o the surface into which the
light-sensitive materials are impregnated. The fin-
est silver-film grain size averages about 3000 Ang-
strom-~gscompared to approximately 15 Angstroms
for a Diazo molecule, the equivalent image particle.
And whereas each generation o printing of silver
halide film resultsin alossd about 10 to 20 percent
in resolution, there are claims that the Diazo film
suffers a loss of only about 5 percent. Conse-
quently, for a tolerable limit o resolution degrada-
tion, it would seem that several more generations of
useful Diazo prints could be made than could be
produced with silver film. The Diazo films, un}ike
silver films, are insensitive to radioactivity, both
before and after processing. The Diazo image is
impregnated in the film base, rather than in a sur-
face emulsion as on silver film. Consequently, the
image also suffers less than silver films from prob-
lems of scratching and finger marks.? The Diazo
film does not burn and resists destruction by micro-
organisms. Its print lifeis estimated to be at least
25 years, and could perhaps be several centuries
under proper storage conditions.®

The Kalfax process uses an emulsion d photo-
sensitive compounds on a plastic or Mylar film
stock.? When exposed to ultra-violet light, these
compounds decompose and the fragments of the de-
composition set up internal stresses on the plastic.
When the plastic is heated, the stresses are removed
and permanent bubbles or light-scattering centers
are produced. The number o light-scattering cen-

¢ One Angstrom unit o length is equal to 0.00000001 centi-
meter.

7Kolb, F. J., J., and E. M. Weigel, "Protective Treat-
mentsfor Microfilm," Proceedings d the Tenth Annual Con-
vention of the National Microfilm Association, pp. 270-284
(April 1961).

8 Rubin, H. E., " Sensitometry of New Diazo Films as Re-
lated to Specific Microfilm Application,” Proceedings d
the Tenth Annual Convention d the National Microfilm
Association, pp. 202-225 (April 1961).

9 Niset, R. T.,"The Basis o the Kalvar System of Pho-
tography,” Proceedings of the Tenth Annual Convention
of the National Microfilm Association, pp. 177-191 (Na-
tional Microfilm Association, Annapolis, Md., 1961).

Scott, P., "The Miraculous Bubble: A Look at Kalfax
Microfilm," Library Resources and Technical Services, Vol.
3, No. 1, pp. 4046 (Winter 1959).
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FIG. 9-5 Kalfax roll film printer-processor.

ters produced is proportional to the quantity of
light absorbed. The important feature of this proc-
ess is that the image is produced by exposure to
light, and developed by exposureto heat. The copy-
ing process is completely dry and requires the aid
o no additional chemicals. The developed and
fixed film is extremely stable, and essentially un-
affected by water, light, and most solvents. As
with the Diazo process, no darkroom is required at
any stage of the process, although the film must
be developed almost immediately to save the latent
image. Kalfax film, unlike the regular silver hal-
ide film compounds, is sensitive only to ultra-violet
radiation and is not seriously affected by visible
light or such ionizing radiations as nuclear radia-
tion or X-rays. This insensitivity greatly simpli-
fiesthe daylight handling of the film, and gives the
film an exceptionally long shelf life. Kalfax film
can be provided with resolutions of 80 to 120 lines
per mm, which are adequate for most microfilming.
Resolutions of 500 lines per mm have been obtained
under controlled conditions. Image entries can be
posted onto a basic Kalfax film stock record in such
a manner that the basic film record or sheet can
periodically have new images added to it. This
feature could be used for, say, adding or updating

engineering change orders to a film image of an
engineering drawing, or updating public legal rec-
ords such as tax records or land titles.

The Diazo technique is primarily used in micro-
film form to make contact prints (transparencies)
from roll microfilm. It is also used in some other
forms such as Actifilm and cim-cards, which are
discussed later in this chapter. Kalfax film is use-
ful primarily for making film copies from the origi-
nal photographic film negative. 1t too can be used
to make contact prints (transparencies) of roll mi-
crofilm.  Both Kalfax and Diazo equipment are
available to produce contact prints o roll and aper-
ture card (unit-record) material, and to do this by
a quick and dry process. One example of a Kalfax
roll film duplicator is shown in Fig. 9-5.

Means for Viewing the Film. Most o the early
microfilm systemsincluded some provision for view-
ing the film—usually by projecting the image onto
a surface where it could be observed. Some years
later, as the viewers were improved for easier view-
ing, they also became equipped with provisions for
making page-size copies of selected film frames.
The user could simply push a button on the viewer
and obtain a page-size copy o the frame in view.
Figures 9-6 and 9-7 show representative viewer-
printers in different sizes. Equipment is still avail-
able for viewing purposes only, using film in roll or

FIG. 9-6 MMM Filmac 100 microfilm viewer-printer.




cartridgeform (seeFig. 9-8), but a good fraction of
the viewers being purchased today are combination
viewer-reproducer devices which allow a page-size
copy to be made quickly and with a minimum of
effort by the user. The viewing screens are avail-
ablein large sizesif necessary, and the reproducing
equipment for several viewers will handle aperture
cards as well asroll film. Most of the newer equip-
ment is designed for a 35mm film size.

Means for Copying the Film

Early microfilm users obtained duplicate copies
of the microfilm negatives by conventional silver
halide film and darkroom techniques. However, the
Diazo and Kalfax films are now being employed to
provide duplicate microfilm copies. A number of
methods for obtaining duplicate microfilm rolls or
aperture cards are shown later, in Fig. 9-42, start-
ing with a silver negative film and ending with
negative aperture cards. It should be noted that
(1) Diazo film creates a negative from a negative;
(2) silver film creates a positive from a negative,
and vice versa; (3) Kalfax creates a positive from
a negative, and vice versa. The term "negative"”
means that the tone values o the image have been
reversed. That is, black letters now appear as
white, and white backgrounds now appear as black
fields. With silver film, copies of the origina film
negative are often made (from intermediate film
positives) for use as the master, reproducible for all

FIG. 97 MMM Filmac 200 microfilm viewer-printer.
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FIG. 9-8 Recordak Lodestar microfilm reader.

the necessary copy work. The original negative is
thus spared the handling and rough treatment of
the reproduction process while copies show rela-
tively little loss o quality. This second roll of
negative film is often cut up into separate frames
and mounted in individual aperture cards to be used
as the reproduction, reference, and distribution
decks. The original negative is usually retained in
roll form in security storage. 1t is common practice
to send sets of drawings or other images to inter-
ested partiesin the form of second- or third-genera-
tion films,

Means for Making Hard Copy from the Film

Until a few years ago, the most common method
o producing enlargements or contact prints from
microfilm was to project an image onto a silver
emulsion paper and process the paper in a dark-
room. This produced a quality print but was ex-
pensive and slow. In the past few years, much
work has been spent on devising dry copying proc-
esses such as Diazo, Kalfax, and electrostatic print-
ing. The aim has been to eliminate the time and
expense of developing, fixing, washing, and drying
the film, as well as maintaining and operating a
darkroom. These dry print techniques with their
advantages of speed and dry processing have been
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developed to the point where the quality is adequate
for many applications.

Silver halide techniques are still used where qual-
ity is a prime consideration. The resolution and
density contrasts are greater for silver halide ma-
terials than for the other processes, and the result-
ant image copy usually has a greater degree of per-
manence than Diazo copies. The primary disad-
vantages are the relatively high material costs, the
necessity of using a darkroom, and the require-
ment for the wet processing o the resultant copy.
The Diazo techniques are useful, but relatively
slow. The electrostatic techniques, all using es-
sentially dry processes will probably account for
most o the volume printing work for some time.
All o the high-speed and high-volume microfilm
printing equipment utilizes some form o the three
following electrostatic processes (described by their
commercial names): the Electrofax, Haloid-Xerox,
and A. B. Dick Videograph processes. One Electro-
fax machine in use today reproduces 15 engineering
drawings (17 by 22 inches) per minute from a 35mm
microfilm positive roll or aperture cards. Electro-
fax printers in development have a planned print-

A =~

FIG. 99 Haloid Xerox Copyflo 24 continuous printer.

HG 9-10 Haloid Xerox Copyflo 1824 printer.

ing speed o 120 sheets (8% by 11 inches) per
minute.

The Haloid Company's Copyflo Xerox equip-
ment (see Figs. 9-9 and 9-10) can reproduce copy
from microfilm intermediates such as aperture cards
or roll microfilm. The final prints emerge dry and
ready for use on plain unsensitized paper, vellum,
or offset masters. Equipment is available that will
print from microfilm at a rate o 20 linear feet per
minute on 24-inch-wide paper.t® Several microfilm
service bureaus use this type of equipment to re-
print, on demand, single copies o out-of-print
books from roll microfilm for a charge of about 4.5
cents per page. The A. B. Dick Videograph system
utilizes a special cathode ray tube to transfer the
image to paper in contact with the'tube face. This
process has only recently become commercially
available and is potentially capable o very high

10 Hawken, W. R., " Developments in Xerography: Copy-
flo, Electrostatic Prints, and O-P Books,” College and Re-
search Libraries, Vol. 20, No. 2, pp. 111-117 (March 1959).



printing speeds. It is presently being used to print
mailing labels for several large publishers. With
the exception of the silver halide techniques, none
of the previously described reproduction techniques
can produce anything but a black-and-white print
on today's commercially available egquipment.
However, development work is under way in sev-
eral laboratories to develop multi-color electrostatic
printing equipment.

BASIC MICROFORMS

Microfilm records are used in a variety of sizes,
formats, fabrication, and indexing arrangements.
There are several fundamental differences between
each dof the record types described in this section.
For example: there are unit-records and reel records;
there are records with coding for machine search-
ing and records without specific coding; and in addi-
tion to microfilm transparencies there are also some
opague forms of micro-storage.

Microfilm Roll Storage

Conventional Systems. For the many applications
which do not require frequent file reference, the
bulk storage of simple roll microfilm is the least
expensive of all the micro-storage methods. As a
rule, very little indexing or classification of such
files is necessary. Examples o this bulk storage
are the microfilming of newspaper collections, cus-
tomers' faces and checks at check cashing stations,
old files of business documents, laboratory note-
books, and some technical documents or theses.
The indexing may be accomplished by assigning a
different reel number to each reel and keeping a
rough record of the contents of each reel (e.g., the
1946 correspondence with Jones Lumber Company,
or the November issues o the San Francisco
Chronicle). To facilitate rapid search o a reel
and locate a particular sub-section of that reel,
unique block separator (or "target") symbols are
often filmed after each major sub-division of
images on the reel. These locator symbols are
easily recognized when the frames are moving past
the viewing screen at high speed. As an added aid
to the viewer, the first image of the reel often con-
tains a title and brief index to the contents of that
reel. For microfilm publication in general, full
bibliographic information should be included in one
of the first frames to show such things as the au-
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thor's name and title, date, table of contents, and
index. Themicrofilming program should follow the
general principle that the time to start the biblio-
graphic control of the microform is when it's made.
Representative equipment for viewing such film
was shown earlier in Figs. 9-6 through 9-8.

Special Systems— The Addition of Coding for Ma-
chine Searching. Special equipment is available
for the high-speed machine searching or selection
o files of roll film. Some o these units such as
the Rapid Selector, the Benson-Lehner FLip, and the
FMA Filesearch are described later in this chapter.
Theroll microfilm used in these systems differs from
conventional roll microfilm in that a code pattern
is recorded on the film to provide a machine-
language representation of the indexing informa-
tion for an image or series of images.

Microfilm Unit-Record Storage

Aperture Cards. The aperture card (see Figs. 9-11
and 9-12) consists of a file card with one or more
frames of microfilm mounted in a window on the
card. Thiscard has been a popular record medium
for many applicationsin which each image or small
group of images represents a separate file item to
be filed, retrieved, and handled as a unit (i.e., a
unit-record system). The microfilm may be of any
type—silver, Diazo, or Kalfax. The card stock is

FIG. 9-11

Filmsort Model 086 aperture card copier.



196 / Methods of information handling

FIG. 9-12 Filmsort Model 041 automatic aperture card-to-card

printer.

available in many shapes and thicknesses and with
different window sizes for different film sizes. The
forms may be pre-printed if desired, and some are
available for edge-punched coding. However, the
most popular size has the same dimensions and
uses the same stock as the conventional tab card,
with a single aperture for a frame o 35mm film.
Three-by-five-inch card stock is also popular. The
use o tab card stock allows the aperture card to
be handled on conventional tabulating equipment,
providing some degree o mechanization for the file
system. Relatively simple manual equipment is
available to cut single 35mm frames from a film
roll and mount them in the aperture card. This
mounting equipment may also be provided with
projection and viewing facilities so that the opera-
tor mounting the cards can see whether or not his
work is correct. Most o the microfilm viewing
equipment can handle the aperture card as well as
roll microfilm. Equipment is also available to
easily reproduce the image from one aperture card
onto the film o another aperture card (see Figs.
9-11 and 9-12). This card-to-card copying equip-
ment usually copies the image onto Diazo or Kalfax
film stock in the copy card. Equipment is also
available for making hard copy prints (page size or
engineering drawing size) from aperture cards (see
Figs. 9-9 and 9-10). The aperture cards are used
in many applications, athough the greatest num-
ber o them are used for engineering drawing sys-
tems. They are limited to a certain record size.

When the record size starts to exceed 8 pages in
length, or additional data must be added at a later
date, other methods such as film jackets or micro-
tape may become preferable.

Acetate Jackets. Transparent acetate sleeves or
pockets are available that will hold one or more
framesd microfilminarelatively dust-free manner.
The film can be viewed without removing it from
the sleeve, and only simple manual equipment is
required to mount the film in the jacket. The
jackets are useful when film frames must periodi-
cally be added to some master file, such as a hospi-
tal patient's records. The jackets can also be used
to store all o the images of a thesis or report by
snipping the original roll film into appropriate-
length strips. Some jackets hold as many as 120
frames o roll microfilm. Others are attached to
heavy paper stock on which descriptive informa-
tion can be typed or printed. The paper stock could
also be used for edge-punched coding o the jackets.
Jackets are available in many film and card sizes.
In their present form these records cannot be ma-
nipulated by mechanical equipment in the same
manner as aperture cards. The jackets are useful
as long as you need records only in one location. It
becomes rather awkward and expensive to develop
and maintain duplicate jacket files.

Actifilm (cim-Card). Actifilm is a specia Mylar
or acetate film sheet that has been dye-impregnated
with a Diazo compound, which is sensitive to the
ultra-violet spectrum and can be developed with
ammonia vapor.** The original system design and
exploitation o this process was carried out by
Douglas Aircraft Company, who coined the name
Continuous-Image Microfilm Card (cim-Card) to
describe the basic working medium. The film
stock and equipment were developed by the Ozalid
Division o General Aniline and Film Corporation.
The primary advantage o Actifilm is that the en-
tire area o the card, which comes in many sizes,
can be used for the storage of an image; the image
is a part o the card stock, and will withstand ex-
tensive use without scratching.

11 Jones, R. E., "Actifilm in Action,”” dmerican Docu-
mentation, Vol. 12, No. 3, pp. 22-223 (July 1961).

Nivens, F. A.," Actifilmand the ctm Card,” paper presented
at the Los Angeles Chapter of the American Documentation
Institute Symposium on Information Processing, Los
Angeles, California (September 1961).

Nivens, I*. A, ~cim Card Cuts Service Office Piling Jam,"
Industrial Photography, March 1959, p. 104.



The aircraft industry is representative of the in-
dustries that have many drawings too large to be
conveniently contained in one frame of microfilm,
or mounted on one aperture card. Douglas Aircraft
Company was frequently faced with the problem
of microfilming original aircraft loft drawings from
10 feet long to, sometimes, 100 feet long. It is
more convenient and more efficient if the entire
drawing is seen as a continuous, rather than a seg-
mented, image.

In addition to providing long continuous images
such as large engineering drawings (see Fig. 9-13),
several frame sequences, or unusually long frames
d microfilm can be transferred to a single film card
instead o being segmented on several different
cards. Figure 9-14 shows a single 5-by-8-inch Acti-
film sheet with 224 images o the California Ap-
pellate Reports transferred from 16mm roll film.

Actifilm stock is also available in the same di-
mensions as punched tabulating cards for IBM or
Remington Rand machines, and can be used in the
viewing and copying equipment in the same manner
asthe aperture card. The basic Actifilm card stock
has a higher storage capacity than the aperture
card. For example, a 3-by-5-inch sheet could easily
contain 30 documents, and a sheet o punched card
dimensions could easily contain 16 to 70 page
images, depending on the reduction ratio. |n actual
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practice, it may prove advantageous to use a portion
o the card to hold the indexing information or
auxiliary information. The ability to arrange the
images (and pertinent information) in several ways
on the card stock offers a great deal o flexibility.
For example, a convenient arrangement in practice
isto put an engineering drawing on one part of the
card, and al o the pertinent engineering change
orders or revision notices on the other. For the
card user, this provides a very concise grouping of
the drawing with its related change orders or other
documents.

At present, one of the main drawbacks to the
use o Actifilm is the comparatively high cost of
the Actifilm stock. However, there may be many
applicationsin which the special features and char-
acteristics of this system outweigh the cost disad-
vantage.

Mcrofil mSheets. One method o providing unit-
record microfilm copies is to place one or more
microfilm images on transparent film stock o the
same dimensions and stiffness as filing card stock.
Such microcopies can be filed away as a unit-record
in much the same manner as a catalog card. The
card could contain provisions for manual or machine
searching, and could probably be used with stand-
ard viewing or reproducing equipment.

o 340-9487362

FIG. 9-13 Sample Actifilm sheet in tab card size (slightly smaller than actual size).
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FIG. 9-14 Sample 5-by-8-inch Actifilm card.

One example of thistype of card isthat developed
by the Petroleum Research Corporation (shown in
Fig. 5-38) which puts an 18:1 reduction of a journal
article onto a 5-by-8-inch card. These particular
cards are furnished by Petroleum Research Corpo-
ration as part o a subscription library service for
people who are interested in automatically receiving
file copies of significant articles in particular sub-
ject fields. In this case, part of the card was ar-
ranged for interior needle sorting, but there was
room enough on the remainder o the card to hold
up to 56 pages of text. For convenience, the title
o the article on the card is made large enough to
read without viewing equipment.

Opague Microcopies. Two main forms of opaque
microcopy are Microcards and Microtape.t? In
both cases, the storage medium is a positive photo-
graphic print, made from film negatives, that will
remain clearly legible for archival purposes, and
will neither smudge nor rub off. The master film

12 Haas, W. de, " The Microfiche,” American Documenta-
lion, Vol. 9, No. 2, pp. 9-106 (April 1958).

negative can be used to generate as many copies
as required. The storage medium is opaque, and
must be viewed by reflected instead of transmitted
light.

Microcards are currently available as 3-by-5-inch
cards, which can easily hold 70 page images on
each side (see Fig. 9-15). The reduction of the
original image on the card is usually between 17:1
and 23:1. Cardswith images on one side only can
be shelved at about 85 cards to the inch, and cards
with images on both sides (containing up to 140
pages) can be shelved at about 65to theinch. They
can be stored in regular card files, and there are no
specia environmental restrictions.

Microtape consists of rolls of 16mm or 35mm
positive microcopy with a pressurg-sensitive ad-
hesive coating on the back (see Fig. 9-16). In-
dividual frames may be cut at desired intervals
from this roll and pasted onto other papers or rec-
ords in much the same manner as adhesive labels.
A 3-by-5 filing card for example, can easily hold
40 page images. Viewing equipment is available
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540.5 Chemistry—Periodicals. OD1
Annalen der Chemie. [v. 366, 1909—-Card 5 (of 10—p. 180-2251

FIG. 9-15 Representative Microcard.

FIG. 9-16 Microtape.
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FIG. 9-17 Microcard reader (Model Mark VII).

(see Fig. 9-17) as well as equipment to produce
page-size hard copy from Microcards or Micro-
tape (see Fig. 9-18). The cost & a 100 foot roll
o this tape (excluding the cost o the origina
microfilming) is about $9.50.

MECHANIZED MICRO-IMAGE SYSTEMS

A good share of the equipment development effort
for information retrieval problems has been di-
rected toward the design and development of com-
plete systems for the storage and retrieval o in-
formation in micro-image form, whether copies of
photographs, drawings, or documents. However,
only a small amount of equipment isin operation—
primarily for use in government installations.

Inall o these systems, the fileitem usually takes
one o two general forms: (1) an image with asso-
ciated indexing information used for machine
searching (in unit-record or continuous-record
form); and (2) an image at a specific address or
location without any indexing information physi-
cally associated with the image (indexing informa-
tion exists, but in a manual or mechanized system
separate from the image storage). The unit-
records can be mechanically and logically inde-
pendent, with both indexing and graphic informa-
tion stored on each film chip or card. The unit-

records can also be logically independent, but me-
chanically constrained in serial order with both in-
dexing and graphic information stored on each film
frame, such as with indexed roll microfilm.

Most of the mechanized image systems operate
with reductions of approximately 30:1, although
some use much greater reductions {e.g., the Mini-
card equipment with 60:1, the Verac equipment
with 70:1 or 140:1, and the photochromic micro-
image equipment with 200:1), and the technology
is available to reduce images to a much greater de-
gree, say 1000:1.*3 In nearly all cases, the image
is stored on some type of film emulsion (e.g., silver,
Kalfax, Diazo). In a few cases, theimage is stored
on magnetic tape by television recording techniques.

13 Heilprin, L. B.," Communication Engineering Approach
to Microforms," American Documentation, Vol. 12, No. 3,
pp. 213-218 (July 1961) and Proceedings of the Tenth An-
nual Convention of the National Microfilm Association, pp.
80-92 (April 1961).

FIG. 9-18 Microcard copier (Model 1).



Images Accompanied by Indexing Information
Microfilm Roll Systems

THE RaPID SELECTOR. The Rapid Selector was one
o the earliest microfilm viewer-searchers.* It was
developed in 1949 by Engineering Research Asso-
ciates under the sponsorship o the Office & Techni-
cal Services o the U.S. Department of Commerce.
The Rapid Selector used 2000-foot rollsd microfilm
with theindexing data closeto thefilmimage. Each
film frame normally stored the reduced image of
a single page. The system had the capability of
storing 72,000 frames on a single reel, with 216
positions o binary coding for each frame. Search-
ing was done at the rate of 500 feet per minute (330
frames per second). Frames that satisfied the
search criteria were copied on another roll of micro-
film by a high-speed intermittent camera, so that
the immediate result o the search was a roll o
exposed microfilm.  No convenient facilities were
available to project or view the selected frames,
making it impractical to browse in the files or to
modify a search already under way. Several cod-
ing systems were proposed for this device by Wise,
Perry, and Mooers, and their comments*® are gen-
erally applicable to current or proposed viewer-
searchers.

Yale University later redesigned this machine to
meet their special requirements for document
searching. Shortly thereafter, in 1959, the U.S.
Patent Office and the U.S. Navy Bureau o Ships
asked the National Bureau o Standards to study
the original machine to see if it could be modified
and updated to meet their needs. Asaresult o this
study, a new Rapid Selector was developed by the

14 Shaw, R., " The Rapid Selector," Journal of Documenta-
tion, Vol. 5, No. 3, pp. 164-171 (December 1949).

Shaw, R., "High Speed Intermittent Camera,” American
Documentation, Vol. 1, No. 4, pp. 194-196 (October 1950).

Green, J., "The Rapid Selector, An Automatic Library,"
Reviews of Documentation, Vol. 17, p. 66 (1950). (Re-
printed from the September 1949 Military Engineer.)

Anon., "Photoelectric Librarian,” Electronics, Vol. 22,
No. 9, p. 122 (September 1949).

15 Mooers, C., "Coding, Information Retrieval, and the
Rapid Selector,” American Documentation, Vol. 1, No. 4,
pp. 225-229 (October 1950).

Wise, C., and J. Perry, "Multiple Coding and the Rapid
Selector,” American Documentation, Vol. 1, No. 2, pp. 76—
83 (April 1950).

Wisg, C., and J. Perry, "Multiple Word Coding vs. Ran-
dom Coding for the Rapid Selector,” American Documenta-
tion, Vol. 3, No. 4, pp. 223-225 (October 1952).
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FIG. 9-19 Bureau of Ships Rapid Selector.

Bureau of Standards under Bureau o Ships spon-
sorship.?®* The new unit (see Fig. 9-19) searches
the 35mm film at a rate of 6000 pages per minute.
There are 240 binary indexing positions for each
frame (see space for 240 dots between frames in
Fig. 9-20), with 40,000 pages per reel, at an 8:1
reduction. Binary notation and superimposed cod-
ing are used extensively. The coding information
includes the usual bibliographic information, and
major and secondary subject-matter designations.
Selected frames are photographed on a strip o re-
copy film, and a number of consecutive frames can
be copied without slowing or stopping the master

16 McMurray, J. P., " The Bureau o Ships Rapid Selector
System,” American Documentation, Vol. 13, No. 1, pp. 66-68
(January 1962).

Bagg, T., and J. Pike, "The Rapid Sklector and Other
National Bureau of Standards Document Retrieval Sys-
tems,” Proceedings of the 71¢h Annual Convention o the
National Microfilm Association, pp. 213-228 (National Mi-
crofilm Association, Annapolis, Maryland, 1962).

National Bureau d Standards, Washington, D.C., The
Rapid Selector — An Automatic Document Retrieval Device,
Summary Technical Report, STR-2388 (September 1959).
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FIG. 9-20 Sample film and coding used with the Bureau of Ships
Rapid Selector.

FIG. 9-21 FMA Filesearch retrieval unit.

film. A predictive search, in which copies are not
made, is used to evaluate the question. The im-
mediate result of a search is the re-copy film, as
in the original Rapid Selector. The average time
for a complete search is 12 minutes, and the present
system is currently performing an average o 150
searches per month.

FMA FuesearcH SvsteM. This equipment (see
Fig. 9-21) is an up-to-date commercial version of
the Rapid Selector, and has some interesting system
features. The file medium is a 1000-foot roll of
35mm film, with a maximum o 32,000 document
pages per reel. The pages are recorded at a reduc-
tion of 25:1, and optically encoded indexing in-
formation accompanies each film frame. With this
reduction ratio, 32 legal-size pages can be recorded
on each foot of film. It is estimated that a single
camera operator can photograph about 4000 pages
a day.'” Space is provided on the film for a total
o 56 alphabetic or 84 decimal characters of index-
ing data on each frame, plus some marks for ma-
chine checking (see Fig. 9-22). The indexing data
can take any general alphabetic or numerical form.

The system consists primarily of a recording unit
and a search unit. The recording unit uses a 35mm
planetary camerato record both the document page
and the indexing data on the same frame at the
same time. To speed up the generation of the in-
dexing code pattern for filming, the indexing data

17 Condon, R. A, "The FMA Filesearch System," paper
presented at a Symposium on Information Processing, Los
Angeles Chapter o the American Documentation Institute,
Los Angeles, California (September 1961).



are first put in punched card form, so the cards
can subsequently be used to set up the patterns
quickly and automatically during the filming op-
eration.

The search operation consists o typing a search
descriptor or index number in a punched card, then
using the card to set up the search pattern in the
machine. The system is capable of simultaneous
handling of up to 6 regquests having a moderate de-
gree d logic complexity. Thefileis searched at the
rate o 6400 pages (200 feet) per minute, and at the
user's option, the selected frames are either dis-
played on a viewing screen, printed as full-size hard
copies, or copied on another reel of microfilm. Five
minutes or more would be required to search the
entire 32,000-page file. One o these units is cur-
rently in operation with Central Records Section of
the Bureau o Ships.

FIG. 9-22 Sample film and coding used with the FMA Filesearch
retrieval unit.
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FIG. 9-23 Benson-Lehner FLIP.

BensoN-LEHNER FLIP. The Benson-Lehner rrip
(Film Library Instantaneous Projection) equipment
currently operates as an automatic selector for
viewing purposes (see Fig. 9-23) .** Each frame o
16mm microfilm contains a single image and 32 bits
o binary coded indexing information to describe the
contents of that frame. A 1200-foot roll with 72,000
images issearched at arate of 300 to 600 frames per
second. The minimum scan speed is 60 inches per
second. The equipment for the operator consists
essentially o a keyboard interrogation device, and
alarge display screen. Thekeyboard positions cor-
respond to the coding positions on the film so that
the inquiry can be keyed into the system via the
keyboard. After the inquiry has been entered, the
film is transported at a high rate d speed until a
frame is located which satisfies the search cri-
teria. The film is then stopped and positioned so
that the chosen frame is displayed on the viewing

18 Wordey, P. K., "Data Retrieval with Especia Applica-
tion to Use o Film Library Instantaneous Presentation
(FLIP) in Literature Searching,"” a section o the book
Modern Trends in Documentation, M. Boas, editor, pp.
70-73 (Pergamon Press, New York, 1959).
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FIG. 9-24 Minicard document camera.

screen. No provisions have been made for repro-
ducing the selected frame, and no general-purpose
equipment is currently available to prepare the
original film record with the coded indexing infor-
mation.

Microfilm Unit-Record Systems

THE EastmMany Kopax MiINicarD SysTEM. The
Minicard system (see Figs. 9-24 through 9-28) was
developed by Eastman Kodak with U.S. Air Force
support for application to specific military informa-
tion problems rather than for application to docu-
mentation problems in general.** It comprises one

18 Tyler, A. W.,, W. L. Myers, and J. W. Kuipers, "The
Application o the Kodak Minicard System to Problems of
Documentation,” American Documentation, Vol. 6, No. 1,
pp. 18-30 (January 1955).

Kuipers, J. W., A. W. Tyler, and W. L. Myers, "A Mini-
cad System for Documentary Information,"” American
Documentation, Vol. 8, No. 4, pp. 246-268 (October 1957).
This is aso published as Chapt. 27 in Information Systems
in Documentation, J. H. Shera et al., editors (Interscience
Publishers, New Y ork, 1957).

Anon., "More Instant Literature” (Minicard description),
Chemical and Engineering News, June 29, 1959, pp. 82-83.

Myers, W. L., and G. L. Loomis, “The Minicard Film Rec-
ord as a Common-Language Medium,” Chapt. 20 in In-
formation Retrieval and Machine Translation, Part 1, A.
Kent, editor (Interscience Publishers, New Y ork, 1960).

Effros, A. L., " The Minicard System for Storage and Re-
trieval o Documentary Information,” paper presented at a
Symposium on Information Processing, Los Angeles Chap-
ter d the American Documentation Institute, Los Angeles,
California (September 1961).

d the largest and most expensive collections of
equipment ever developed specifically for informa-
tion storage and retrieval. Primarily because of its
cost, its use has been restricted to a few special gov-
ernment file problems. The first complete system
went into operation late in 1958.

In this system, the unit-record or film chip is a
16mm-by-32mm piece o film which normally in-
cludes one or more images and their associated
indexing data (see Fig. 9-29). Images are stored
at a reduction of up to 60;1 and up to 12 legal-size
pages can be recorded on a single chip. Single maps
up to 18 by 22 inches can be recorded at a 38:1
reduction, and single photographs up to 9 by 9
inches can be recorded at a 20:1 reduction. The
amount o indexing data on each chip may range
from 252 to 2730 bits, roughly corresponding to 42
to 455 alphanumeric characters. Because of their
small size, it has been found convenient to carry
the chips on a skewer in groups of 2000 or less when
manual handling is necessary.

The system includes a camera that photographs
the origina documents on 16mm film and inserts
the coding information on the same frame as the
related image, using data provided on punched
paper tape. Approximately 500 pages o graphic
material can be recorded in an hour, assuming an
average d 6 pages and 210 characters of code on
each film chip. A 200-foot-film magazine will re-
cord approximately 1800 film records. After the
film is processed (about 30 minutes per magazine)
and checked for image quality, it is chopped into
individual chips by a film cutter that can cut an
entire film magazine into about 2000 chips in less
than 4 minutes. These original film negatives are
used to produce second-generation positives for the
working file. The original negatives are then put
away for security storage and are not used for any
file searching operations. The second-generation
positive chips are produced in an automatic duplica-
tor, one for each input document, and one for every
subject heading or file category to be used. They
are then inserted into the file under the respective
categories. This procedure serves to partition the
file so that searches can be confined to scanning
selected portions o the file, instead of requiring a
scan of the complete contents. The input chips are
automatically routed to their respective magazines
at the rate o 1000 chips per minute by a sorting
machine.
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FIG. 9-25 Minicard computerduplicator.

FIG. 9-26 Minicard document enlarger.
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FIG. 9-27 Minicard selector-sorter.

File searching is done by an automatic selector
at the rate o 1200 chips per minute. The question
statements are supplied on paper tape and the ques-
tion logic is stated with plugboard wiring. The
records that satisfy the search criteria are copied
on third-generation negatives and delivered to the
inquirer. Equipment is available for viewing, or
for producing hard copy at the rate of 540 prints
per hour. The film chips cannot be conveniently
handled, viewed, or reproduced by any equipment
except the equipment developed for the Minicard
System.

THE FiuMorex SysTEM. The Filmorex system
is a photographic unit-record system which has
been under development since 1952 by Dr. Samain
in Paris, France.*®* Over 20 o these systems have

20 Samain, J., "Documentation by the Filmorex Tech-
nique," Chapt. 26 in Information Systems in Documenta-

been delivered to European users. One repre-
sentative operating installation is shown in Fig.
9-30. The unit-record (see Fig. 9-31) is a film
chip (60mm lengths of 35mm film) with half
binary coding and half text, similar to the for-
mat used in the Minicard system. Specia equip-
ment is available to search, view, or produce hard
copy photolistings o the cards. Documents up to
30 by 45 centimeters (approximately 12 by 18
inches) can be photographed on one haf o the
microfilm card. The coding half of the card will
hold a binary pattern for up to 25 gjx-digit numbers
that can be used to index or describe the contents
o that card.

The original microfilming is done by photograph-
ing “coordinate cards" with a special camera unit

tion, J. H. Shera et a., editors (Interscience Publishers, New
York, 1957).
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FIG. 9-28 Operating Minicard installation.
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HG 9-29 Representative Minicard film record (enlarged).
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(see Fig. 9-32). The coordinate cards are cards for
each indexing term which have the appropriately
coded pattern printed on the edge. Because of this,
the digital coding for a document could be displayed
for photographing by shingling the appropriate co-
ordinate cards next to the document. This is a
very simple method for inserting the coding terms
on a document, and could certainly be applied to
other microfilm systems. The searching is per-
formed by a selector unit which reads the cards at
a rate of 600 cards per minute (see Fig. 9-33).
When the selector recognizes a coding combination
that it has been instructed to watch for, the card
containing this code is shunted into a separate
pocket. A hard copy listing of the selected cards
may be obtained by running the cards through the
photolister unit (see Fig. 9-34).

Video Storage. An image storage system designed
by RCA, and referred to as the Video File stores

graphic images such as documents, maps, or dgraw.
ings °0 video magnetic tape in much the same

manner as a yideo tape recording system. Kach

frame or image on the tape is accompanied by
digital data giving the file number or address of
the image. With a resolution four times greater
than commercial television, this system can store a
page-size document on about 3 square inches dof

video tape surface. A 7200-foot reel of tape could
store up to 36,000 pages. The documents are ini-
tially recorded on tape by a scanning TV camera
which, with automatic page-feeding equipment, can
operate at about 120 documents per minute. The
file tape can be searched at the rate of 300 inches
per second, and selected images can be displayed
on a monitoring screen or printed out by an Electro-
fax printer. This equipment has been proposed but
not used yet for any operational information system.

Images with Addresses

Several pieces of equipment have been developed
to store images and recall them, given specific ad-
dresses or file numbers. The search for appropriate
document numbers is done beforehand by any sort
o manual or machine method and the only job
for the storage machine is to provide a display or
copy of the document requested py number. Such
a machine works with any type of indexing or
classification system, and any type of search mech-
anism can be used to obtain the relevant document

numbers.

Recordak Lodestar with Counting Accessory. The
regular Recordalc microfilm viewer can be aug-
mented with a special accessory that counts the

FIG. 9-30 Operating Filmorex installation.
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FIG. 9-31 Representative Filmorex film record and coordinate card.

number of frames since the beginning o the redl.
If the location or sequence number of a document
on a roll o film is known, the number can be en-
tered on a keyboard, and the drive motor set to
unwind the film automatically until it arrives at
or near the desired address. The operator need not
monitor the viewing screen during this scanning op-
eration, so is free 10 concentrate on other tasks.
This file look-up device is admittedly crude, but it
is relatively inexpensive.

Ferranti-Paclcard Rapid Access Look-Up System.
The Ferranti-Packard equipment (see Fig. 9-35)
scans a continuous loop of 16mm film at moderate
speed (over 40 inches per second) to achieve a mod-
erate random access time. One installation has a

single loop o 440 film frames, giving an average
frame selection time of 1.5 seconds. Larger loops
are possible with consequent increase in time; for
example, a 5000-frame loop would give an average
access time of about 18 seconds. Each film frame
contains space for a small amount of indexing data,
arranged in much the same manner as in the Rapid
Selector. The search criterion is a single number,
such as a page number, and is entered on a key-
board device. The selected frame is displayed on
a viewing screen. Equipment is being developed to
print full-size copy from the selected frames.
One d the earliest uses of this equipment was by
a wholesale drug company's sales clerks who re-
ceived and wrote up telephone orders. A stock
number and unit price had to be looked up for each
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FIG. 9-32 Filmorex camera.

FIG. 9-33 Filmorex selector.

FIG. 9-34 Filmorex photolister.

item ordered, which had previously been done with
a conventional tub file. With the microfilm equip-
ment the clerks needed only to enter a number in
a keyboard to cause the stock number, unit price,
and other data to be displayed on a screen, much
faster than they could be obtained from the tub file.

CRIS. The cris (Command Retrieval Information
System), developed in 1962 by a subsidiary of In-
formation for Industry, is an outgrowth of some
earlier work done by Avakian in 1956.** This sys-
tem stores images photographically on a scroll o
microfilm 400 feet long by 17 inches wide; each
scroll contains over 500,000 page-size images or
over 28,000 large drawings. A keyboard device is

21 Avakian, E., and E. Garfield, “amris—The Automatic
Microfilm Information System," Special Libraries, Vol. 48,
No. 4, pp. 145-148, April 1957.

Larson, P. W., “cris (Command Retrieval Information
System),” Proceedings of the 11th Annual Convention of
the National Microfilm Association, pp. 41-50 (National
Microfilm Association, Annapolis, Maryland, 1962).



FIG. 935 Ferranti-Packard rapid access look-up system.

used to enter a cris address, and the image at that
address is displayed to the operator or is provided
in aperture card form (see Fig. 9-36). The aver-
age time to retrieve any desired image is under 20
seconds, and theretrieval time for sequential images
is even faster. An aperture card copy o the dis-
played frame can be made in about 20 seconds.
The scroll material is a Mylar base with a Kalfax
emulsion and is usually prepared by contact print-
ing from strips of microfilm that were obtained by
conventional procedures.

Magnavox MEDIA. The mepia (Magnavox Elec-
tronic Data Image Apparatus) system was first
demonstrated by Magnavox in 1961.22 This photo-

22 Jenkins, D. D., "Magnetic Indexing, Microfilm Stor-
age and Information Retrieval," in Proceedings o the 11th
Annual Convention of the National Microfilm Association,
pp. 205-212 (National Microfilm Association, Annapolis,
Maryland, 1962).

Laurent, R. L., “Magnacard—Magnavue—MEDIA,” paper
presented at a special conference o the Los Angeles Chap-
ter d the American Documentation Institute (Los Angeles,
September 1961).

Microfilm and image handling equipment / 211

graphic unit-record storage system uses a com-
bination of manual and machine search techniques.
The basic film chip is a 16mm-by-32mm card that
contains up to two 9-by-15-inch page images or
three 8%-by-11-inch page images at a reduction o
30:1, and an information field of up to 17 encoded
and human-readable digits to identify the image.
These digits usually give the document number as
well assome other codes. The documents are photo-
graphed on 100-foot rolls of microfilm using a spe-
cia camera unit (seeFig. 9-37), processed, and cut
into cards at therate o 240 per minute. The cards
are kept in capsules or cartridges containing up to
200 cards. These capsules are stored in regular file
cabinets and are handled and selected manually
(see Fig. 9-38). The chips are usually not stored
in order within a capsule but the contents of each
capsule may be run through a sorting device (see
Fig. 9-39) to extract specific chips. To retrieve a
specific file item (e.g., document No. 1234598) a
clerk selects capsule number 12345 from the file
cabinet, mounts it in the selector unit, and keys in
thelast two digits (98). The cardsare then scanned
at the rate o 600 cards per minute to select the
desired one. This unit can provide a page-size
blowback of the card image if desired. A browsing
unit is also available; with this, the user can view
the cards in a capsule one at a time in a regular
microfilm viewer-printer, and can transfer selected
copies to hard copy form.

FIG. 9-36 CRIS (Command Retrieval Information System).
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FIG. 9-37 Magnavox MEDIA camera coder.

FIG. 9-38 Sample MEDIA capsule, showing a coded MEDIA card.
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FIG. 9-39 Magnavox MEDIA selector-reproducer.

The Magnavox Magnacard, described earlier, in
Chapt. 8, may also be used as an image storage sys-
tem by utilizing one portion o the card to hold a
microfilm image and another portion to hold the
indexing data recorded in digital form on the mag-
netic tape part o the card.?®

AVCO Corporation VERAC 903. The AVCO Man-
ufacturing Corporation developed a single prototype
model d a mechanized photographic storage system
in 1959 with support from the Council on Library
Resources.?* This system, the verac 903, has not
been operated yet in a real library environment.
The equipment was designed to alleviate some o
the storage problems of conventional library sys-
tems. Three main pieces of equipment have been
developed: (1) a microphotographic memory, (2)
a camera system to generate micro-images from the
input documents, and (3) an output system 1o dis-
play and reproduce selected portions o the micro-
image file. The photographic storage element was
designed for a capacity of 1,000,000 reduced page
images, with an access time between 0.3 and 2.0
seconds to any page in the memory. The images
are stored at relatively high reduction ratios, 70:1

23 Laurent, R. L., cited previously, th. 22.

Gelb, J., Utilization d Magnacard as a Display Device,
Report R357 o the Magnavox Research Laboratories, Tor-
rance, Cdifornia (February 1961); AD-251 271

24 Bowker, K., et a., Technical Investigation o Elements
of a Mechanized Library System. Final Report EW-6680
d the AVCO Corp., Crosley Div., Electronics Research
Laboratory, Boston, Massachusetts (January 1960).
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FIG. 9-40 WALNUT image file (IBM Model 9603 image file).

or 140:1. The output consists o a cathode ray
tube display or a microfilm reproduction of the
images selected from specific addresses or page
numbers.

IBM WALNUT. wALNUT is a code name for a
complex, mechanized, micro-image storage and re-
trieval system (IBM 9603 Image File) developed
for a federal agency by the IBM Corporation.®
The system consists primarily o afile o microfilm
strips stored in bins and a mechanical selection de-
vicethat can quickly go to a specified bin, mechani-
cally select a strip of microfilm, and copy images
from that strip onto aperture cards. The basic

25 Porter, R. W., "A Large-Capacity Document Storage
and Retrieval System," in Large-Capacity Memory Tech-
niques for Computing Systems, M. C. Yovits, editor, pp.
351-360 (Macmillan Co., New York, 1962).

Vogel, N. A., “waLnut Document Storage and Retrieval
System," Proceedings of the 11th Annual Convention of the
National Microfilm. Association, pp. 27-39 (National Micro-
film Association, Annapolis, Maryland, 1962).

Bradshaw, P. D.," The waLNuT System: A Large Capacity
Document Storage and Retrieval System,” American Docu-
mentation, Vol. 13, No. 3, pp. 270-275 (July 1962).

Veyette, J. H., Jr., "Photo-Image Storage: Its Role in
Modern Business" (includes a description d the I1BM
WALNUT System), Business Automation, Vol. 6, No. 4, pp.
1621 (October 1961).
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image file unit, shown in Fig. 9-40, contains a total
o 990,000 page-size images (200 plastic cells of
50 strips each, with 99 images on each strip) stored
at a 35:1 reduction. This is equivalent to about
3000 books or the contents of about 100 filing cabi-
nets. Given an image number and page count, the
random-access selection equipment can locate the
desired image in less than 5 seconds and transfer it
to a blank frame of Kalfax film mounted in an aper-
turecard. TheKalfax filmisexposed with an ultra-
violet lamp and heat-developed by the basic file
unit. The aperture card has positions for four
images, reduced 27.2 times from the original docu-
ment. The equipment can provide images from
this file, on demand, at the rate of about 500 aper-
ture cards per hour. The aperture cards can be
viewed, or used to print copy on any of severa
models of commercialy available microfilm viewer-
printers. The original address o the imageis given
to the file in punched card form, and may be the
direct result of a computer file search of some
master index.

Another piece d equipment which accompanies
the basic file unit isthe IBM 9403 Image Converter
(see Fig. 9-41). This unit serves as the file input
device by transferring images from conventional
35mm sprocketed silver microfilm (at an original
reduction o 15.8:1) to the Kalfax file strips at a
further reduction o 2.2:1. The file strips utilize

FIG. 9-41 WALNUT film converter (IBM Model 9403 image con-
verter).
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Kalfax film that has an image resolution on the
order of 500 to 600 lines per mm. The Image Con-
verter operates at a maximum rate of 1500 frames
per hour, to transfer images to the file strips, assign
addresses, and punch these addresses into a tab
card.

A few o these WALNUT units have been developed,
but to date only the Central Intelligence Agency is
using them.

APPLICATIONS
General Considerations

System Studies. The microfilm equipment com-
plement for any particular problem should be de-
termined by a complete analysis of the system de-
mands, and the economics o the proposed equip-
ment. However, in many casesthe economic factors
will be obscured by the unavailability o accurate
cost figures, or by the difficulty of pricing such an
intangible factor as improved service. It may be
difficult to justify microfilm systems solely on a
basis o savings in personnel, material, or space
rental costs. Inall probability, one of the strongest
justifications will be the improvement o existing
services, or the ability to provide new services. On
the other hand, the feasibility study that precedes
the specification of equipment may reveal enough
other possible changes and improvements in the
present business system to make further mechaniza-
tion unnecessary.

There are many microfilm systems in operation,
however, and they are being used to solve a great
variety of problems. In many cases, these systems
have resulted in a savings in operating costs, or
have improved the quality of theservice. However,
no equipment or systems are yet on the market that
do an efficient job d filing and retrieving the film
records. Major changes in components, storage
and retrieval methods, systems design, material-
handling techniques, and reproduction processes
must be made before a collection of equipment can
be proposed that is suitable for an integrated in-
formation-handling system. With the exception of
the Minicard system, which istoo expensive for all
but a few applications, the most nearly mechanized
system is the collection of equipment using the
35mm aperture card. However, it should also be
noted that most organizations that use aperture
cards do not exploit the characteristics of the tab-

ulating card medium, and actually resort to manual
file operations for fear of damaging the film image.

Although the applications discussed in this chap-
ter do not represent integrated machine systems, it
can be expected that within 5 or 10 years, such
systems will become available, and will even be-
come economically feasible for a great many ap-
plications. The development of microfilm systems,
like that of information systems in general, will
probably follow a cycle similar to the development
cycle o electronic data processing egquipment.
Early data processing equipment was built t0 per-
form a very simple operation (compute), but was
later developed to provide better communication
facilities with the human users (high-speed printers,
automatic-programing techniques, card readers,
etc.), improved storage capacities (rapid-access
storage and slower magnetic-tape or drum storage),
and a capability for direct interrogation from re-
mote locations (inquiry consoles). Further develop-
mental effort and system studies provided means by
which the information for the system could be gen-
erated at the source (e.g., punched paper tapes from
cash registers) which could be used by equipment
throughout all phases of the system. A great deal
of effort was also expended in product planning,
application studies, and investigations of better
ways to use the equipment. A similar evolu-
tionary cycle will probably occur for the microfilm
systems. Early microfilm users only had a few
pieces o single-purpose equipment (cameras, view-
ers, reproducers). Later systems were able to com-
bine many of the functions into a single piece of
equipment (viewer-printers) or to provide a certain
degree of automatic operation (automatically print-
ing the desired number o copies), or to use a com-
mon record medium for each o the equipments in
the system (such as viewing, copying, or reproduc-
ing from aperture cards). Additional product plan-
ning, systems and component design, and applica-
tions studies will greatly improve the performance
and flexibility of microfilm systems in the years to
come.

Quality Control. Any comprehensive microfilm
system must include some provision for checking
the quality o thefina film product. For engineer-
ing drawing systemsit is usually necessary, prior tO
starting a microfilming program, to incorporate new
drawing standards for such things as lettering and
symbol sizes, and types of paper or inks. For li-




brary systems, standards will have to be followed
for proper bibliographic control. All but a few ap-
plications will require 100-percent checking of the
original microfilm, especially the systems that in-
volve the trouble and cost of preparing unit-records,
such as aperture or Actifilm cards. This is par-
ticularly true for systems that generate and dis-
tribute duplicate files for a large number o users.

Thequality of thesystem is a feature which must
initially be built into the sub-systems, and moni-
tored and maintained by interested personnel within
the system. Somed the checking can be concurrent
with the required operations. For example, equip-
ment is available that will permit a check o an
aperture card film image to be made at the same
time that the film is being mounted, or at the same
time that the identification is being keypunched
from dataon thefilmimage. The equipments' tech-
nical specifications will depend to a great deal upon
the nature and use o the original documents. For
example, the filming of bank checks or legal docu-
ments will not require as much precision of detail
as a system that must handle engineering drawings
or aerial photographs. For any image system, every
line, number, or notation on the original must be
completely legible and non-ambiguous to the fina
user. As mentioned earlier, the viewing and print-
ing specifications will usually dictate the filming
and storage specifications. | n particular, allowance
must be made for the loss of resolution during each
processing and reproduction step, and for the num-
ber of film generations that may be required. The
resolution losses are inherent in every transfer of
information from one medium to another, and will
be caused by the imperfect nature of each o the
parts of the processing chain such as the optics,
mechanical structures, and the reproduction me-
dium.

Publicationin Microform

At least 47 organizations now publish books, re-
ports, journals or other material in microfilm, Mi-
crocards, or some other microform. In many cases,
the microform is a copy of a regular serial publica-
tion, such as the New York times, Aviation Week,
Chemical Engineering, Time, Life, or Harvard Law
Review, or a copy of some collection or publication
that would be difficult for most libraries to acquire
(e.g., the 4500-pagetranscript of thetrial of Adolph
Eichmann, or the 100,000 pages o the Annals o
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the French Chamber o Deputies). There is at
least one periodical, Wildlife Diseases, that is pub-
lished exclusively in Microcard form (by the Ameri-
can Institute of Biological Sciences) with a separate
card for each article. Many non-periodical publica-
tions, such as patents, government reports, and dis-
sertations are available in microform. One or-
ganization, for example, has microfilmed over 7000
dissertations to date, and now regularly microfilms
the dissertations o more than 100 colleges and uni-
versities. The same organization has also made
arrangements with the publishers of approximately
1200 journals to provide microfilm copies of their
publication. It isestimated that 90 per cent of the
current U.S. newspapers are available in microfilm
form.?* The cost of material published in Micro-
card and roll microfilm form is about 0.5 and 0.25
cent per original page, respectively. Approximately
30,000 different titles are currently available in mi-
croform.2” Some o these works are over 10,000
pages long. One company has recently published a
collection of more than 60,000 pages of manufactur-
ers catalog data in microform for engineers and
other manufacturing personnel who are interested
in locating the venders of specific types of parts
or equipment. The catalog pages are reduced
and printed 72 pages to each 4-by-6-inch acetate
card. The pages are filed by company name and
cross-referenced with a manual index.

There seem to be four main situations where a
good case can be made for the use of microform
publication: (1) where the cost o microform is

26 Power, E., "Microfilm as a Library Tool," Special Li-
braries, Vol. 51, No. 2, pp. 62-64 (February 1960).

27 Diaz, A. J., editor, Subject Guide to Microforms in
Print, 1962-1963, Microcard Editions, Washington, D.C.
(October 1962}, 88 pp. Thisis a guide to the works of 47
publishers of information in microform.

Tilton, E. M., A Union List d Publications in Opaque
Microforms (Scarecrow Press, New York, 1959). Thisisa
list of some 3200 items of 23 publishers.

Power, E., " Microfim—The Versatile Academic Tool," a
section in Microtezts as Media for Publication, pp. 10-26
(Hertfordshire County Council, Hatfield, Herts, England,
1960).

Rice, S., " Publishing in the Microforms" Proceedings of
the 11th Annual Conventwn of the National Microfilm
Association, pp. 271-276 (National Microfilm Association,
Annapolis, Maryland, 1962).

Simonton, W., "Library Handling of Microfilm Publica-
tion," Proceedings of the 11th Annual Conventwn d the
National Microfilm Association, pp. 277-282 (National Mi-
crofilm Association, Annapolis, Maryland, 1962).
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much less than the binding and storage costs for
the original material, or where storage space is ex-
tremely scarce; (2) where the initial distribution is
small enough that microform is a less expensive
medium for primary publication; (3) where the
only available copy already exists in microform;
(4) where a compact file is desired for individual
and personal use. Each o these situations is dis-
cussed in more detail in the following paragraphs.

It is estimated that it costs a library about 25
cents a year to store each book and about 50 cents
a year to store each volume of bound periodicals,
plus about 5 dollars per volume to do the binding.
The cost of a microfilm copy may well be about
the same asthe cost of binding the periodicals.*® To
install microfilm copies without interrupting the
library service, and with the least inconvenience to
the users, libraries often subscribe to the original
paper issue of the journa as well as to the com-
plete microfilm volume of that journal. At the end
d the volume year, a microfilm record of the entire
year's issuesis received and filed, while the original
paper copies are retained only until their period of
greatest use is over, until they are worn out, or
until thereis no more space available. At that time,
the paper copies are thrown out and the microfilm
copies substituted. The microfilm dealers arrange-
ments with the original publishers are such that
microfilm sales are usually limited to subscribers
of the original paper edition. Microfilm duplicates
are especially useful for newspaper collections.

For limited distributions, it may be far less ex-
pensive to publish and distribute in microform than
in standard book form. Whereas a minimum edi-
tion for a book publisher may be anywhere from 500
to 5000 copies, the minimum edition for books in
Microcard form is 15 copies. The journa Wildlife
Diseases, published initially for some 125 sub-
scribers, is an example of microform publication for
a limited audience.

Many books are published in limited editions,
and become unavailable when out o print. A copy
o an out-of-print book can be put into microfilm
form for distribution, and the microfilm used later
as a medium for xerographic printing equipment for

28 Power, E., "Microfilm as a Substitute for Binding,"
American Documentation, Vol. 2, No. 1, p. 36 (January
1951).

Medls, F. L., and W. T. Johnson, "We Chose Microfilm,"
College and Research Libraries, Vol. 21, No. 3, pp. 223-228,
May 1960.

on-demand printing, since it is less expensive to
make xerographic prints from microfilm than from
the origina book. Xerox copies of out-of-print
books o over 50 publishers can be obtained through
microfilm and xerographic printing techniques by
some of the microfilm publishers and service bu-
reau~ Single copies of these Xerox books are com-
mercialy available on regular book paper for 4%
cents per page, including binding. For a larger
number o reprints, paper master plates could be
prepared from the microfilm so that the final cost
would range from 1.5 to 2.5 cents per page for 100
to 50 copies. The use o microfilm techniques is
also being considered for the on-demand printing
printing problem of the U.S. Patent Office, which
now furnishes copies of 25,000 patents per day for
public sale and internal use.®° .

I n some cases, microform copies permit large files
to be made available for small offices or individual
users, and allow a large amount o data to be con-
veniently and neatly assembled in one location.
Microform copies of many law books and statutes
are currently available for the practicing attorney's
private office. The State of California Appellate
Court Reports, for example, have been distributed
in Actifilm form (see Fig. 9-14), with 224 pages on
each 5-by-8-inch Actifilm card. The sheets can be
duplicated and disseminated at a cost of about 14
cents each. As another example, the publication
of the meteorological data produced by the Inter-
national Geophysical Year is expected to provide
subscribers with 24 trays of 3-by-5-inch Micro-
cards, as opposed to some 750 feet of shelving that
would be necessary if this information were pub-
lished in conventional letterpress form. The Micro-
card cost to each subscriber will be about $5000, as
contrasted with the $60,000 that would have been
required for conventional letterpress printing.®
Some experimental work is being done by the Bell
Laboratories to provide a microform copy of large
telephone directories for use by the telephone com-

panies "Information” operators. The New York

29 Power, E., “O-P Books: A Library Breakthrough,"
American Documentation, Vol. 9, No.4, pp. 273-276 (Octo-
ber 1958).

30 Urbach, P.,"A Future Microsystem for the U.S. Patent
Office" Proceedings of the 11tk Annual Convention of the
National Microfilm Association, pp. 153-164 (National Mi-
crofilm Association, Annapolis, Maryland, 1962).

81 Clapp, V., "Journa Publication in Microform," Science,
Vol. 127, No. 3307, p. 1145 (May 16, 1958).




City operator, for example, has a working station
with an alphabetical and street-address directory of
some 4000 pages, which weighs about 25 pounds.
Some experiments were made to replace the bulky
file with a small deck of 6-by-8-inch micro-opagque
cards. The field trials tested formats for 28 di-
rectory pages per card, and for 60 directory pages
per card.s?

Another example of the use  microform for the
dissemination o technical information is the pub-
lication and distribution of technical reports in Mi-
crocard form by the U.S. Atomic Energy Commis-
sion. An average d 300 copies o each report are
produced and distributed to a regular mailing list.®®
As o January 1962, over 20,000,000 Microcards
have been distributed by the AEC.

General Business Records

The microfilm systems used for business records
are intended primarily to save storage space. The
emphasis is on a reduction in file size, rather than
on rapid searching o thefilesor high-volume repro-
duction of the file contents. Most businesses utilize
more roll microfilm than any other microform.
Roll microfilm is much cheaper than aperture cards
or the forms of other techniques, and the relatively
dow access time and the awkwardness of the repro-
duction facilities are not serious obstacles. If high-
speed roll film searching is required, such additional
hardware as the Benson-Lehner FLIP equipment
may be used. However, automatic file-searching
equipment requires some digital coding on the film,
and the manual indexing, along with the equipment
for putting the coding pattern on the film, will add
to the cost o the system. Some indexing is cur-
rently provided on manual roll systems by including
target frames or title and separator frames with
the other film images.

For the inactive storage of business or other rec-
ords, it may be cheaper to keep the original records
in some relatively inexpensive warehouse location
and locate the clerica records manually, rather
than microfilming the entire collection. Some con-
sulting firms suggest that where a savings in stor-
age cost is the only objective of microfilming, rec-

32 Osten-Sacken, |.C.," The'Information' Problem," Bell
Laboratories Record,Vol. 37, No.5, pp. 162168 (M ay 1959).

33 Diaz, A. J., "Micro-Opaque Publishing,” Proceedings
of the 9th Annual Convention of the National Microfilm
Association. DD. 218-226 (1960).
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ords to be retained 10 years or less should not be
microfilmed.?*

Some representative examples o the use o micro-
film for applications other than those mentioned in
the previous sections are described below.

Medical Records. Some hospitals have converted
their patient files to microfilm systems. For this
type o application, it must be relatively easy to
add a new entry into a patient's record. This may
easily be achieved with such techniques as film
jackets. One particular scheme which is applicable
to this type o file maintenance problem is opagque
Microtape, described earlier in this chapter.®* One
o the large teaching hospitals in this country has
filed its case histories in film jackets for use by the
doctors and interns. Nearly 500,000 jackets have
been prepared, and over 50 film viewers are used in
this installation.

Personnel Records. A large industrial organization
has replaced some 12,000 file folders of personnel
recordswith 16mm film jackets. Theuse of thefilm
jackets allows the individual records to be updated
with additional information by the insertion of new
frames of 16mm film into the film jacket.

Storagefor On-Demand Printing. The Armed Serv-
ices Technical Information Agency (ASTIA) has
oned thelargest collections of scientific and techni-
cal reports in the world. There are approximately
750,000 separate reports in the collection, received
from more than 10,000 different corporate authors.
ASTIA receives several hundred thousand new re-
ports annually and selects approximately 30,000 o
these for entry into the file system. For reproduc-
tion and distribution services, full-size Xerox copies
are generated from short microfilm strips or records
d the original document. There is a current col-
lection o 750,000 such strips, and the strips for

34 Retention and Preservation of Records (With Destruc-
tion Schedules), 6th ed., p. 9 (Record Controls, Inc., Chi-
cago, lllinois, 1961).

35 Besserer, R.T.," 1,500,000Medical Recordsin One Cabi-
net,” Systems, Vol. 20, No. 2, p. 5 (March 1956).

Whittaker, E. R.," The Application of the Microtape Sys-
tem to the Operation of a Prepaid Medical Care Plan (Blue
Shield)," Proceedings of the 9th Annual Convention of the
National Microfilm Association, pp. 179-181 (National Mi-
crofilm Association, Annapolis, Maryland, 1960).

Parche, M. C.," ThisWorks forUs ... Microcards in an
Edition of One," Special Libraries, Vol.50, No. 1, pp. 36-37
(January 1959).
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approximately 1200 different documents must be
assembled for printing every day.

Credit Reports. Dun & Bradstreet writes approxi-
mately 5,000,000 business credit reports each year.
Approximately half o these reports become in-
active, because the business has dissolved, or for
some other reason. For nearly 100 years, a carbon
copy o each inactive report was filed. This system
gradually grew too bulky and awkward to use, and
a changeover to microfilm technique was initiated.
The reports are currently reduced 40:1 on 16mm
roll film, and are used with reference viewers and
reproduction facilities. The officereceives approxi-
mately 200 calls per day*requesting information
from these files.

Legal Records. Births, marriages, deaths, and all
the vital records pertinent to the entire population
d onestate in the U.S. are mounted on 35mm aper-
ture cards.

All articles of incorporation filed in another state
have been microfilmed and filed in film jackets and
indexed for active use. Over 100,000 jackets have
already been used for filing the back records.

A New England county uses aperture cards and
film jackets for the filing, searching, and reproduc-
tion o all of itsland transaction records. Approxi-
mately 150,000 documents per year are filmed and
mounted.

The Survey, Titles, Records, and Drafting Branch
o the New Brunswick Department o Lands and
Mines has custody o approximately 10,000 original
grants, land plans, and associated correspondence
for the Province of New Brunswick. The docu-
ments date from the 1700's to the present, and must
be examined when land titles are being searched.
The documents have been put on rolls of 35mm film,
and viewers are now used for title searches.

A large Federal agency utilizes aperture cards for
the filing and reference o nearly 4,000,000 docu-
ments comprising the land grants, oil maps, and
mining maps that cover the United States.

Motor vehicle registration data for the entire
state of Connecticut are contained in afile d 16mm
aperture cards. Two sets o data cards and one
aperture card are generated for each title. The
three sets of cards (750,000 vehicles per set) are
contained in approximately 30 file cabinets. One
data card is filed alphabetically by vehicle owner,
the second data card is filed in order by vehicle

identification number, and the aperture card is filed
by title number. Microfilm printing equipment is
used to make 2000 to 3000 title certificates daily.

Library Operations. Microfilm has been used to
help keep track o articles charged out of a library.
"Overdue” notices are made by clerks who check a
transaction record on microfilm (photod book card
and borrower's library card). Each roll o film is
dated and numbered to agree with numbers on the
date-due cards placed in the book at the time of
circulation.’®

Microfilm copies (16mm) of the lists d holdings
d the larger Canadian libraries were used to help
compilea Union Catalogue for the National Library
o Canada.?”

One other possible application isthe use of micro-
film copies for interlibrary loan--either for direct
loan, or for preparation of photocopies.3® This
method may be too expensive for most loan ma-
terial, but it may be a convenient way to per-
mit the loan of unique and rare documents.

Engineering Drawing Systems

Basic Systems. The engineering drawing systems
warrant some discussion here because they cur-
rently appear to be one of the most active areas for
microfilm storage and retrieval systems. All but
a few of these systems use a unit-record concept,
and the storage medium in most cases is the aper-
ture card. Nearly al o the equipment developed
to use aperture cards has been aimed at the en-
gineering drawing application. These engineering
drawings are generally in standard sizes which are
multiples of 8% by 11, or 9 by 12 inches, up to a
usual limit of 36 by 48inches. Larger drawings are
used, but they are usually kept in roll form. The
drawings are generally in pencil or ink on tracing
cloth or transparent vellum. The full-size draw-
ings are usually kept in files of flat drawers. A file

8 Anon.," Library Scores with Motto of Better Service"
Systems Management, Vol. 2, No. 4, p. 18 (October 1961).

Kingery,R. E ," Copying Methods as Applied to Library
Operations," Library Trends, Vol. 8,' No. 3, pp. 407-413
(January 1960).

37 Patterson, F. E., “A New Reference Librarian Looks
at the National Library," Ontario Library Review, Vol. 42,
No. 1, pp. 35-39 (February 1958).

88 Giinther, A, "Microphotography in the Library,"
UNESCO Bulletin for Libraries, Vol. 16, No. 1, pp. 1-2
(January-February 1962).




cabinet with ten drawers can hold up to 1500 draw-
ings. Theoriginal drawing must be easily accessible
so that it can be altered to show the changes in the
design, tolerances, or materials. Changes are usu-
ally handled by erasing part of the original draw-
ing, redrawing the appropriate portion, and noting
in a space provided the change that was made.
Most drawings will have at least 2 or 3 changes on
them, and some may have as many as 20 or 30
changes. This circumstance, and the usua re-
guirement that all interested parties automatically
receive the newest prints, are common reguirements
o the storage and retrieval system.

An example o the magnitude of the drawing
problem is the fact that the Department of De-
fense's annual expenditure for drawings and re-
productionsis currently over $2,000,000,000.8° The
files of engineering drawings for the military serv-
ices contain some 50,000,000 drawings, with an in-
put rate of 6,000,000 new or revised drawings per
year. An estimated 1,000,000,000 prints are gen-
erated and distributed each year to government
agencies and contractors. Some individual plants
or centers produce as many as 3,000,000 prints per
year. It might be noted that over 28,000 drawings
are required to describe a new airframe for such a
plane as the B-47 jet bomber. This storage prob-
lem can be reduced somewhat if the drawings are
kept on film instead o full-size paper stock, and
because o this, some government agencies actually
require the contractor to furnish final prints in
microfilm form. An example o the space reduc-
tion possibleis given by the U S Army Signal Sup-
ply Agency, which converted the contents o 600
vertical files into aperture cards, which were then
stored in 9 mechanized card files containing ap-
proximately 250,000 aperture cards apiece.

Another example of a large drawing fileisin the
East Pittsburgh Westinghouse plant, where 400
draftsmen are actively engaged in creating new or
revised drawings.® More than 30,000new drawings
are created, and more than 54,000 drawings are

8% Dunn, J. J., "Control, Administer, Automate . .. Re-
production of Engineering Drawings in the Department of
Defense," Filmsort Facts, Vol. 2, No. 8 (December 1959).

40 New, T. H., "Making the Decision to Automate En-
gineering Drawings," Filmsort Facts, Vol. 1, No. 12 (No-
vember 1958).

McMahon, G. J.,, "The e of the Filmsort Card in In-
dustry. The American Documentation Institute Meeting
in Miniature," American Documentation, Vol. 12, No. 3,
pp. 219221 (July 1961).
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modified, each year. More than 3000 requests for
a total o about 16,000 prints are processed daily,
and this reproduction process consumes 20,000,000
square feet of paper each year.

I'n one other example, the Bell Telephone System
expects to save 10,000,000 dollars a year in distribu-
tion costs by sending microfilm copies of engineering
drawings in place of blueprints tO their operating
telephone companies, Western Electric offices, and
the Bell System Equipment Engineering Organiza-
tion~.~~

The Use of Aperture Cards. Much o the micro-
film production in this country is on 35mm film for
microfilming engineering drawing systems. A little
105mm film is also used. Recent Department of
Defense efforts to standardize the engineering docu-
mentation of the military and contractor establish-
ments working on defense contracts have resulted in
a system under which a great many manufacturers
will be required to submit 35mm microfilm copies
o their drawings rather than the original draw-
ing~.~This Department of Defense directive has
further stimulated many contractors to establish
their own microfilm systems. In many cases, sig-
nificant cost reductions can be achieved for the
manufacturer by the introduction o such a system.

The Department of Defense standards require a
minimum camera resolution o 120 lines per mm
throughout the optical field when installed and
ready for use. The standards also require a resolu-

41 Locke, W. J., and C. E. Nelson, "Ten Million Dollars
a Year in Savings," Industrial Photography, April 1962, pp.
36-39.

Locke, W. J., "Microfilm Pushes Drawings Aside," Prod-
uct Engineering, October 27, 1958, pp. 44-47.

42 Hutchinson, W. S., " Department of Defense Engineer-
ing Data Micro-Reproduction System," Proceedings of the
9th Annual Convention of the National Microfilm Associa-
tion, pp. 80-82 (National Microfilm Association, Annapoalis,
Maryland, 1960).

Wooley, O. W., "Development and Implementation of
Department of Defense Engineering Data Micro-Reproduc-
tion System, EDMS-0009,” Proceedings of the 9th Annual
Convention of the National Microfilm Association, pp. 84
87. .

Borden, F.R.," Proposed Military Standard and Specifica-
tions on Engineering Data Tabulating and Aperture Cards,"
Proceedings of the 9th Annual Convention of the National
Microfilm Association, pp. 89-91.

Anon., " Requirements for Microfilming Engineering Doc-
uments on 35-mm Film—A Proposed Military Specifica-
tion," The National Micro-News, No. 53, pp. 73-104 (August
1961).
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tion of 200 lines per mm for silver and Diazo film,
and 130 lines per mm for heat-developing film.*
These resolutions are beyond the capabilities of
most office microfilming systems.

Engineering organizations generally use micro-
film and aperture cards only to the extent of mount-
ing the master image or a copy o the master image
to simplify their storage and re-filing. In a few
instances, there are requirements for multiple sets
o microfilm drawings for distribution; these re-
quirements can sometimes be handled by using
cameras that automatically generate two original
rolls at the same time, or automatically produce
multiple images o a drawing on the samereel. Two
extensive drawing release systems have been de-
scribed: (1) the Navy issues a complete set of en-
gineering drawings for the Polaris missile system,
in aperture card form, to each Polaris-carrying sub-
marine; (2) the Chrysler Corporation Missile Di-
vision distributes 18 sets of aperture cards (i.e.,
18 copies) for each of several thousand engineering
drawings of the Redstone missile, and 22 sets of
aperture cards (i.e., 22 copies) for each o severa
thousand engineering drawings o the Jupiter
missile.

In most systems, the original engineering draw-
ings are retained in the plant so that they are
readily accessible for revisions and reproductions.
Thefirst-generation-negative camerafilms are often
sent to remote storage, primarily as security against
the lossor damage d the original papers. The main
use o the first-generation films is for security or
disaster files, and intermediate prints are generated
for distribution or aperture card mounting. In
most cases, sets of second- or third-generation nega-
tive images for distribution purposes are produced
in aperture card form. Figure 9-42 describes sev-
eral o the more common methods for preparing
negative image aperture cards from a master roll
film for distribution. Copies can also be made of
the distribution cards using Diazo or Kalfax tech-
niques, which will actually result in a third- or
fourth-generation image. At this stage in the sys-
tem, the original image has been degraded by this
chain of copy operations, and a good fourth-gen-
eration image will be possible only if the original

43 White, R. A., "Specifications for Raw Stock Film for
the EDMS-0009 Program," Proceedings of the 9th Annual
Convention d the National Microfilm Association, pp. 93-96
(National Microfilm Association, Annapolis, Maryland,
1960).

filming was done with precision. Thisis part of the
reason for insisting on high-quality filming. When-
ever the original drawing is modified, it must be
put through this filming and copying process again.
There are many variations to this basic microfilm
system, but the basic patterns are essentially the
same.

For microfilm engineering drawing systems, most
users prefer to retain the origina camera negative
inroll form. Theroll form is preferred to the unit-
ized form in order to retain complete file integrity
by removing the possibility of losing or misplacing
a single card. The original camera film (first-gen-
eration film) is preferred because the image is of
a higher quality than those of subsequent copies.

There are differences of opinion among users re-
garding preferences for positive or negative film.
The most common practice is to use a negative
image both for the master roll which isto prepare
multiple copies and for the distribution copies them-
selves. One reason for this preference is that view-
ing film records from a negative image is supposedly
much easier on the eyes than is viewing from a posi-
tive image. Installations with a large number o
viewers (e.g., the Socia Security Administration
with more than 100 viewing stations and operators)
report that considerable eyestrain results from the
background glare inherent with positive images,
and that positive images are unacceptable. An-
other reason for the negative image preference is
the claim that positive images produce poorer
prints when used with many o the microfilm viewer-
printers or xerographic printers.

No equipment yet on the market will -handle the
mechanized filing and retrieval of engineering draw-
ings. If the microfilm images are on roll microfilm,
there is no way to provide easy access to the par-
ticular frames o a roll without considerable wear
and tear on therolls.

Although most aperture card users mount images
on standard punched card stock, very few o them
exploit this feature by using tab card equipment
with the system. The aperture card is designed to
be used with any o the punched, card tabulating
equipment (sorters, reproducers, collators, printers),
but in nearly all cases, the user will not alow the
image cards to be passed through any equipment
after the film has been mounted. Thisis primarily
because o the possibility o scratching the film
image, or mangling the entire card during a card
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jam.** Some users have found ways to use the
cards in the punched card equipment before the
film is mounted, in order to perform such functions
as duplicating, sorting, listing, collating, and in-
terpreting. Another problem with machine han-
dling of the aperture cardsisthat each pass through
the machine, especially for high-speed equipment,
inflicts some wear on the card stock, and will even-
tually fray the card edges in such a manner that
the cards can no longer be handled by the card
equipment. For high-speed sorting or collating
equipment, a deck of aperture cards might be un-
acceptable to the machine after several hundred
passes. Slower machine speedswill increase the life
d the card, but not to any significant degree. Itis
hoped that card equipment will eventualy be de-
signed to eliminate wear, but until then, no exten-
sive or permanent information system should be
designed around the concept d manipulating the
aperture cards in punched card equipment.

One way to bypass some o these card-handling
problems is to generate a punched card copy d the
data on the aperture card, and manipulate this card
instead o the aperture card. Data cards can easily
be reproduced if the cards are mangled or damaged
by the machine. This would permit the use d tab
equipment to search the file contents, generate lists
or reports, insert new material into the appropriate
file location, and check the file sequence or order.
Data cards can also be used to reproduce some of
the indexing information on the aperture card be-
fore the film is mounted—thus labeling the top
edge o the aperture card without extensive manual
or clerical effort. However, other approaches have
been used.** Many companies keypunch directly
onto the aperture cards, and check the keypunching

44 Weigers, J., "The Use of IBM Equipment with the
Filmsort System," The National Micro-News, No. 53, pp.
5M 8 (August 1961).

Carroll, H. L., "Use of Microfilm Aperture Cards in
IBM Equipment,” Proceedings of the 9th Annual Conven-
tion of the National Microfilm Association, pp. 118-122 (Na-
tional Microfilm Association, Annapolis, Maryland, 1960).

4 Banar, P. D.,and C. E. Nelson, " Comparative Methods
of Providing Information for Keypunching Aperture
Cards," Proceedings of the 9th Annual Convention of the
National Microfilm Association, pp. 137-139 (National Mi-
crofilm Association, Annapolis, Maryland, 1960).

MecMahon, G. T., "Shortcuts to Automation,” Proceed-
ings of the 10th Annual Convention of the National Micro-
film Association, pp. 48-54 (National Microfilm Associa-
tion, Annapolis, Maryland, 1961).

by proofreading the card against a printed list. In
some cases the punching is done directly from the
origina or filmed drawing, and the card proofread
against the drawing. In many cases, a semi-auto-
matie optical mounter is used to permit an operator
to check the filmed drawing against the card title
before the film isinserted into the cards. A quality
control check on each film image can also be made
at this point. For convenience, the aperture cards
are usually printed with a format which defines
the fields on the card to suit the particular user,
and makesthe card labels easier to read. Different
colors o card stock can also be used to indicate the
film generation, source, or other characteristics.
Most drawing systems use similar identification or
indexing schemes, which normally include

Drawing number

Drawing title

Issue number or change letter
Security classification
Distribution code

Originating engineering section
Drawing size or reduction ratio
Date

Related drawing numbers
Material

Process

Machine searching of the master punched card
decks (not the aperture card decks) may allow
usersto find all the drawings related to one particu-
lar part or product, find all products made o a
particular material or by a particular process, or
list all drawings generated by a particular depart-
ment or on a particular date.*¢ Parts lists for the
associated drawings can be kept on punched cards.
It may often, for example, be desirable to know
how many o each vender's items were needed for
several related assemblies. |In situations where re-
liability, cost, or reproduction design studies indi-
cated that a particular component wasto be avoided,
it would be desirable to know which drawings or
units were affected.

The Use of 70mm and 106mm Film. Many or-
ganizations are convinced that 105mm film is the
best for engineering drawings. The primary argu-

+8 Anon., "Microfilm Speeds Data Distribution for Army
Signal Corps," ODR Reproductions Review, Vol. 10, No. 5,
p. 12 (May 1960).




ment is that the larger the negative, the less the
drawing has to be reduced and re-enlarged, and
thus the less risk there is of loss df detail and dis-
tortion. Systems with minor image reductions can
tolerate more variation in the production param-
eters and do not need as close control as a 35mm
system. An additional advantageisthat the 105mm
negative (approximately 4 by 6 inches) can usually
be hand-sorted, filed, and read in a fair amount of
detail without optical aids.

Many engineering organizations use this system.
The Atomic Energy Commission, for example, has
photographed over 15,000 drawings o nuclear proc-
essesand equipment, and makes 105mm prints avail-
able to interested schools and industries. The U.S.
Corps d Engineers distributes drawings to regional
officesin 105mm form. The 70mm systems are also
in common use. The Babcock & Wilcox Co. has
recently converted a 1,500,000-engineering-drawing
file to a 70mm system.*

The Use d Continuous Image Film. The cim-card
was developed to satisfy a particular problem o
the Customer Service Department o Douglas Air-
craft.#® This company had established service
offices in several cities in order to provide regional
information centers for their field representatives
and the airplane customers. Each office had to be
supplied with a complete set o prints for the DC-6
and the DC-7 airplane. This amounted to a total
o approximately 45,000 prints per office, which re-
quired 75 file cabinets for storage. The file size
was due to double when prints became available
for the DC-8. This situation initiated the de-
velopment d the cim-card and its associated equip-
ment. The 75 file cabinets were subsequently re-
placed by onefile cabinet of cim-cards and a viewer-
printer machine.

COSTS

Equipment Costs

There is a very wide range of equipment costs
for the image systems, depending primarily upon
the degree o mechanization and sophistication re-
quired. Representative costs o much o the micro-

47 Swarmer, K. E., “70mm Microfilm Program for 1,500,-
000 Engineering Drawings,” Industrial Photography, Vol. 5,
No. 8, pp. 24-25 (August 1956).

48 Anon., "'Jet Age Demands Miniaturization,” Industrial
Photography, Vol. 10, No. 1, p. 92 (January 1961).
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film and image-handling equipment are given in
Tables 9-1 and 9-2.

TABLE 9-1

Representative Costs for Common Microfilm Equipment

Approximate
Equipment Purchase Cost
Camerasfor general businessrecording $ 350to 2,700
Camerasfor precisionfilming 3,000to 8,000
Viewers 250 to 1,000
Viewer-printers 650 to 900
Contact printers (roll-to-roll) 1,800to 3,100
Aperture card copier (dow-speed) 750
Aperture card copier (high-speed) 25,000 B
Hard copy printer (high-speed print-
ing from aperture cards) 8,000 to 160,000
Aperture card mounter (manual) 700
Aperture card mounter (high-speed) 33,000
Microfilm storage cabinets (5-drawer) 200 to 260
Microfilm storage cabinets (10-drawer) 250 to 440

TABLE 9-2

Representative Costs for Mechanized Image Systems

Approximate

Equipment Purchase Cost
Benson-Lehner FLIP $ 40,000 to 50,000
FMA Filesearch 143,000 to 157,000

Ferranti-Packard Rapid Access

Look-Up System 17,000
Eastman Kodak Minicard over 1,000,000
Filmorex system 25,000
IBM WALNUT system 500,000 to 1,000,000
AVCO Corp. verac 903 over 100,000

Video tape system 500,000 to 1,500,000

Recordak Lodestar with counting

accessory 4,600
cris (Information for Industry) 33,500
cris scroll preparation unit 10,000
Magnavox mebiA Camera 8,500
Magnavox MeplA Film Cutter 1,500
Magnavox MEDIA Selector- .

Reproducer 25,500

Material Costs

The basic materials used in image systems are the
film stocks, paper, and jackets or mounting frames.
Representative costs are given in Table 9-3.
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TABLE 9-3
Representative Material Costs for Image Systems

Item Approximate Cost

Silver negative film (35mm)
Silver negativefilm (35mm) in-

$ 5.70 per 100-foot roll

cluding processng 6.50 per 100-foat roll
Siver negative film (16mm) 3.10 per 100-foot rall
Siver negative film (16mm) in-

cluding processng 4.90 per 109-foot roll
Silver negative film (extremey

highresolutionLippmanemul- 050 per 3-by-5-inch

son) sheet
Silver pogitivefilm (35mm) 360 per 100-foat rall
Kdfax film (35mm) 4,00 per 100-foot rall
Diazo microfilm (35mm) 1.60 per 100-foct rall
Blank aperture cards (35mm) 40.00 per thousand
Diazo aperture cards (35mm

Duplicards) 45.00 per thousand
Kdfax aperture cards (35mm

KalKards) 53.00 per thousand
Kdfax sheet film (tab card 5ze)  119.00 per thousand

Adiifilmsheet film (tab card size)
Aciifilmsheet film (5-by-8-inch)
Aciifilm sheet film (3-by-5-inch)

112.00 per thousand
182,00 per thousand
7100 per thousand

Copy paper and other expend- 0.05t0 0.12 per 9-
ablesfor viewer-printers by-12-inch page
up to 0.20 per 18-
by-24-inch
page
Copy paper and other expend- 0.05t00.02 per 9-by-
ables for high-speed xero- 12-inch page
graphic or electrostatic print-
es
Opague microstrips with adhe-
sive backing (16mm) 9.50 per 100-foot roll
Opague microstrips with adhe-
sive backing (35mm) 13.50 per 100-foot roll

Process Costs

The approximate costs that might be charged by
service bureaus for several of the more common
microfilm operations, such as film developing, film
copying, and aperture card preparation, are given
in Table 9-4. These are costs that commercia
microfilm bureaus might charge. For microfilming
operations that are to be done within an organiza-
tion, the operating speeds shown in Table 9-5 may
serve as useful rule-of-thumb guides to the amount
of equipment required. | n general, actual operating

or processing costs are relatively difficult to obtain.
However, a' few publications have made reference
to the cost considerations.*® A few cost estimates
are included here to aid in making an initial esti-
mate of the cost of a proposed microfilming pro-
gram. They should not be considered as standard
times or costs.

The following rules of thumb may also be useful
to obtain preliminary estimates of equipment re-
quirements:

1. Aperture cards may be filed with a packing
density of 105 cards per file inch. One standard tab
card file cabinet will hold 65,000 tab-size aperture
cards (3250 per drawer). A motorized tub file unit
may hold as many as 180,000 to 350,000 tab cards.

2, Three-by-five-inch  Microcards {one-sided)
can store up to 80 pages and be shelved 85 cardsto
the inch; two-sided Microcards can store up to 160
pages and be shelved 65 cards to the inch.

3. The filming of engineering drawings or other
large images with 35mm film will result in about
550 to 750 images per 100-foot roll. [If this film is
to be mounted in aperture cards, then a standard
film advance d 2 inches per image is used, resulting
in about 500 images per 100-foot roll.

4. The filming of page-size business records or
documents with 100-foot rolls of 16mm film will re-
sult in up to 1600 images per roll for a 16:1 re-
duction, about 2400 images per roll for a 20:1 re-
duction, and up to 7200 images per roll for a 34:1
reduction. Over 28,000 3-by-5-inch cards can be
stored on a single 100-foot roll of 16mm film with a
40:1 reduction.

5. One hundred rolls o 16mm film can be stored
in one drawer of a microfilm file cabinet.

6. Remington Rand Snap Jack aperture cards
may be filed 62 cards to the inch.

49 Heilprin, L. B., "The Economics of 'On Demand' Li-
brary Copying," Proceedings d the 11th Annual Convention
d the National Microfilm Association, pp. 311-339 (National
Microfilm Associdion, Annapolis, Maryland, 1962).

Luther, F., "The Economics of Microfilming: A Com-
parison Between Contracted Sarvices and a Do-It-Y oursdf
Program,” Proceedings d the 10th Anwual Convention of
the National Microfilm Association, pp. 3340 (196D.

Banar, P. D., and C. E. Ndson (footnote4s).

Forbes, E. J.,and D. P. Waite, Costs and Material Han-
dling Problems in Miniaturizing 100,000 Volumes of Bound
Periodicals, a report to the Council on Library Resources
(Forbes & Waite, Lexington, Massachusetts, August 1961).
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TABLE 9-4

Representative Microfilm Processing Costs

Operation

Approximate Cost

Totd Cogt (including labor and materials)

Microfilm books on 35mm film

Filming o library-type material for general referenceand
subsequent xerographic printing

High-quality filming o library-type material

Film engineering drawings, process and mount the film
in aperture cost

Filming d engineering drawings to exact Department o
Defense specifications (120-lines-per-mm  resolution,
etc.)

Photographing d the contents of one 4-drawer filing cab-
inet o business records

Copy rall film onto Kalfax aperture cards

Copy roall film onto sheet microfilm

Duplicate roll film (silver to Kafax)

Duplicate roll film (silver to Diazo)

Aperture card mounting

Duplicate aperture cards

314 to 4 cents per page

2 cents per page
710 10 cents per page

30 cents per drawing

24 cents per image for sheet drawings and

38 cents per image for roll drawings (A through E size)
to produceimageson rollsd silver negative film

If somed the specificationscan be relaxed, the cost will
go down to 15 and 25 cents per image for sheet and roll
film, respectively.

$ 90.00 to 110.00
100.00 per thousand cards
30.00 per thousand cards
7.50 per 100-foot roll
7.50 per 100-foot roll
0.03 per card
70.00 to 150.00 per thousand cards

Processing Cogt Only (excluding material costs)

Filming d engineering drawings
Processsilver film originals (35mm)
Duplicate roll film (silver to silver)
Duplicate rall film (Kalfax to silver)
Duplicate roll film (silver to Kalfax)
Duplicate roll film (Kafax to Kalfax)
Duplicate roll film (silverto Diazo)
Mount aperture cards

Make duplicate aperture cards

Copy roll film onto Kalfax sheet film (1 image per sheet)
Copy roll film onto Actifilm cards (1 image per card)
Copy roall film onto Kalfax aperture cards

Copy rall film onto Diazo aperture cards

7. Kard-a-Film acetate jackets may be filed 36
to 44 cards to the inch, depending on the type o
card used.

8. Approximately 12,000 pieces of 105mm sheet
film can be stored in a standard cabinet for 5-by-8
cards.

9. Finally, 384 boxed reels o 35mm film can be
stored in a standard 6-drawer microfilm filing cabi-

$ 70.00 to 150.00 per thousand drawings
1.90 per 100-foot roll
3.50 per 100-foot roll
350 per 100-foot roll
2.50 per 100-foot roll
250 per 100-foot roll
2.50 per 100-foot roll
63.00 per thousand cards
somesay 15.00 per thousand cards
some say 100.00 per thousand cards
36.00 per thousand cards
30.00 per thousand cards
30.00 per thousand cards
30.00 per thousand cards
30.00 per thousand cards

net, and 576 rolls of 35mm film can he stored in a
standard 9-drawer microfilm filing cabinet.
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TABLE 9-5

Representative Microfilm Processing Speeds

Operation Effective Rate

Preparation of correspondence-
type copy for filming (remov-
ing staples, etc.)

Filming o books or documents 2000 to 2500 pages per
without special attention or day

2 to 3 times the filming
labor

equipment
Filming of drawings or other 400 to 600 drawings per
large images 8-hour day
Hand mounting o aperturecards 175 t0200 cards per hour
Hand copying o aperture cards
(card-to-card) up t0 300 cards per hour
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