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Many state-of-the-art studies. have been criticised
because of thelr narrow definition of the subject covered. In an
attempt to évoid this, coordinate Indeilng In this study has been
defined to Include 21) systems In which the logical operation of inter-
section, unlon and negatlon are brought Into play in the manipulation
of index terms. This therefore covers nearly every mechanized system.
It includes both term-on-item and item-on-term systems, It excludes
only those systems which are precoordinated, |.e, nonmanipulative.
Among the many names glven to coordinate Indexing are correlative
indexIng, multiple aspect indexing, concept coordination, and "“Enriched
Co=ordinate Indexing."

Just as the definitlon of coordinate indexing was made as broad as
possible, so also were subsldlary definitions. For example, whether
systems use Uniterms, keywords, descriptors, unit concepts, or
structerms, they are inciuded In this study, A distinctlon Is made
between pure and constratned systems, but not so as to eliminate the
latter from the study,

The same broadness in definitlon Is allowed in the study on the
various constraints. For example, In the chapter on roles and links,

although there Is an attempt to distingulish among the varlous kinds of
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roles and links, none Is omitted because It does not fit a particular
definitlon.

in any state-of~the-art study, there is a danger of not having
glven full credit and not'havlng done justice to all existing workj to
say nothing of the inevitabllity of accidental exclusion, Doubtlessly
this study will suffer from all of these defects. It Is particularly
regretted that the study Is limited to the United States.

1.2 Arrangement of Repor{

There are unavoldable overlaps among the varlous sections of
this report, To maintaln completeness within each sectlon, a high
degree of redundancy has purposely been introduced and material from
other sections |s elther summarized, repeated, or referenced,

Each section has Its own reference-footnotes. However, at the end
of the report Is an annotated bibllography of the more significant
papers that were published between 1947 and 1960,

1.3 Acknowledgments

Documentat lon Incorporated Is pleased to report that It
recelved support, encouragement, and assistance |n%a|| r;spects.

Except for certaln proprietary Information wﬁlch was Justifiably
withheld, other data were generously made available., The Documentation
Incorporated study group was made welcome at all facilitles visited.

The fleld of documentation has too often been characterized by

close-mouthed secrecy. It Is hoped that the cooperation we have
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2, THI LITER

The mata?!a!s lsted in this survey ars selected from a much
larger literature which has dévaloped In this field In the past fifteen
years, The reader will rote certain omissions and will have a right to
inquire concerning the basls of selection, |

The primary basis for selection was whether or not the document
contributed to the state of the art of coordinate Indexing.

For example, this Is ﬁot a study of "machine llterature searching’.
There are many papers on the use of machines which make no contribution
to the logic of machine search, Because coordinate indexes are
manipulative and are predlcétedon loglcal operations, such papers are
not included in the bibliography (although many have been read during
the course of this study),

Since 1947 (the earliest paper in the bibllography) the number of
workers In the fleld and the number of papers have grown enormously,
From an odd and esoteric concern of a few people, the field of |. R. has
grown until It has even been noticed by Fortune, which says:

"A number of |. R, machines have already been devised and

bullt, There are also in use systems that have adapted
for 1. R, purposes conventional punched-card machines and
computers. |.,B.M, estimates that Industry Is now spending

about $2 ml1lion a year on systems of the latter sort, By
1965, ‘according to 1.B,M., the expenditure on 1, R, will
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Jump to over $100 million a year, and thereafter double
every three years," %

Any selectlion process Involves a value judgment and the reader,

if he wishes, can insist that such evaluations are subjactive, private,

~ and lack objective validity, There are, however, certain Internal

criteria which a good bibllography can use, especially In a fleld as
new and active as this one, As the field has grown, i1t has been
notorlous for the controversies it has engendered and for the large
number of self-proclaimed "experts' it contains. One basis of object~
lvely evaluating the literature in a field and the experts who produce
it I's by ascertaining how many of the experts read the works of the
other experts. In other words, If biblfography is significant, 1t must
be assumed that in general, a man who writes about any subject without
any knowledge of or reference to other writings on the subject is not
likely to be making a significant contribution to it. There are
always exceptions to such a conclusion. Any fleld has its small
percentage of meteoric personalities who may enter the fleld glowing
like a comet, Out of thelr own Internal genlus or knowledge they may
provide new Insights which are important and effective. But since

knowledge in general, and science .in particular, is cumulative,

* Fortune, September 1960, pp. 162-192,

e
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fn most cases It Is reasonably safe to disregard the "contribution'
which is made elther with complete unawareness or complete unconcern
for the literature In the fleld,

In another context, Etienne Glison described certain Innovators
as being "in that blessed state of Ignorance which makes It easy for
a clever man to be original,' It Is the cream of the jest that In this
fleld, basically concerned with the valus of Information and the means
of retrieving ft so that sclence In general can be an orderly,
cumulative process, there Is a high percentage of papers which appear
without footnotes and without reference to the works of others. The
elimination of many such papers from this bibliography Has a scientific

and objective basis,
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3. COORDINATE INDEXING AND CLASS|F ICATION THEORY -- THE DEVELOPMENT

OF COORDINATE INDEXING
3.1 General

In this historical account of coordinate indexing, as In accounts
of similar developments, the most difficult task Is erlvlng at some
statement of 'how it all began:” Most Intellectual movements do not
begin ab ovo but usually have roots which can be traced as far back as
anyoné has energy to trace them. But the account must begin somewhere,
and it will be helpful In determining this place If there Is first set
forth a definition of coordlnaté Indexing which wil) dlstingulsh<it
from other forms, namely, alphabetical indexing and systematic classi-
flcation, which go back almost to the beginning of intellectual history,
Even If coordinate lndexlnglis considered to be only a variant of these
two older forms, it remains necessary to trace the beginnings of this
variant, if only»to determine how It has developed from these be-
ginnings. Hence, the first task Is to define coordinate indexing in a
manner which dlstlngulshes it quite sharply from alphabetical indexing,
on one hand, and systematic hierarchical classification on the other.
3.2 Class Manipulation

One of the essentlial characteristics of coordinate indexing is
that It is manipulative, as opposed to fixed, For example, in a system
of alphabetical subject headings or In standard alphabetical indexing,

ea;h heading 1s fixed and complete. Any item In such systems may be
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Indexed by a ﬁlufality of headings; but It Is not necessary to "match",
"coordinate", or "intersect" headings in a search of the system, (The
logic of such intersection or matching will be discussed below.)

Quite early In the development of coordinat. Indexing It was
pointed out that subject headings, like ""liver - radiation injuries"
and ''gamma rays - pathological effects",! were each intended to be
complete and to provide a fixed and complete mode of access to the
item indexed. A system using such headings Is essentially based on the
assumpt fon that the headlngs can be as complete as required and that it
Is never necessary to Intersect headings or to use two or more headings
to retrieve any Indexed item, Similarly, with reference to classifl-
cation systems, with or without notations, any subclass Is defined by
all the classes of which It is a subclass; and classification systems
do not require, In any instance, that a search be made by looking for
Identical members of different subclasses, On the other hand, it |s
the essence of coordinate indexing that a search be made in & system of
coordinate indexing by performing operations on the classes deflned by
the headings In the system. It Is because of these operations that the
word "'manipuiative'' to characterize systems of coordinate Indexing Is
apt and descriptive. (The credit for this term should be glven to
Charles Bernier, formerly of Chemical Abstracts and now of ASTIA,)2

It is now fairly generally accepted that many different types of

....
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| machines can be used to perform the manipulations required in systems

of coordinate Indexing. On the other hand, In terms of the question of
| ’_h origins, does the use of machinery In coordinate Indexing Imply that
coordinate. Indexing Is traceable back to the flrst recorded descriptions
of the use of punched cards or edge-notched cards for indexing col~-
lectlons of data or Information? It may be thought that the answer to
this question does not maéter too much, One could say that coordinate

j indexing began when manipulative lndexlhg began, that is, when any

device was used, such as a sorting machine or a set of needles, to

| select Items from a file, However, this conclusion would hide the fact
that the meaning of''manipulative'is wider than the meaning of "coordinate
indexing". What is manipulated in a system of coordinate.indexing are
" classes in order to deliver certain intersections (or other iogical
functions) of classes, It is possible to manipulate a file for quite
.‘J ' other reasons. For example, one might use a sorting machine to organize

a file Into an alphabetical array; or one might use a set of needles to

vt selact froma file all items Indexed under any partlculér class desig-

§ 1 nation. In other words, although coordinate indexing implies the use of
some type of mechanism for manipulating classes, the use of a manipu-

H | lative mechanism does not Imply that a system using such a mechanism

Is a system of coordinate indexing.

L
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3.3 Class intersection

“In many of the early descriptions of edge-notched card systems

and punched card systems the advantages claimed for such devices were:

(1) They could eliminate the requirement of
maintaining the files in any organized array,

(2) They could eliminate the necessity of multi-
ple cards for items indexed under multiple
headings,

If systems are used In connection with machines for these purposes and

" these purposes alone, they cannot be considered systems of coordinate

indexing, For example, Mooers' careful delineation of descriptors and
his development of superimposed coding for multiple indexing in re~
stricted coding fields, while important contributions to the art of
informat fon retrieval, do not by themselves make Zatocoding into a
system of coordinate Indexing. Of course, if a Zatocoding system Is
desligned and set up for the purpose of making searches on the logical
functions of descriptors, then such a system would be a system of
coordinate Indexing. .

One of the earllest papers to recognize that mechanical devices
could be used to intersect classes was a paper presented by Dr. J. E.
Holmstrom at the Berne Conference of the International Federation for

Documentation in 1947 and reprinted as Paper No..33 in The Royal
Soclety Sclentific Cangrgncg.3 {n this paper Holmstrom specifically

............




15 | |
distinguishes machanical indexing from classification and alphabetical

indexing In the following terms:

"Punched card systems have been allotted a separate
place in our dlagram as they differ fundamentally
from any of the above, Requiring no regular filing
sequence at all, nor any cross references or multiple
entries, they offer,‘ln the following respect, an
outstanding advantage over any other system: the
poss|bility of sifting out from an accumulated mass

of records, at any, time, any desired confunctions
of informatfon,.."

Here we see the recognition that punched card equipment can eliminate |

the necessity for ordered files and the necessity for multiple cards;

but there Is also the recognition that such devices cen be used for the
"conjunction' of headings., Holmstrom, in this paper, also recognizes
that search by conjunction of headings was also recommended by Batten
In a 1947 paper, ""A Punched Card Syétem of Indexing to Meet Special

Raqulremants."s‘

Although [t Is clear that Holmstrom recognized that machines could

be used for a single search on a number of headings, he did not empha-

slze thls point because he believed that the relationships among terms

I were more Important than the terms themselves. Thus,.he Indicated that

punched cards could be used for handling material classified according

w to UDC numbers. Such numbers would preserve the relationships and the
relatlonship of classes to one another and sti1l make it possible to

L Index an item under a plurality of different class headings on one card.

Mo
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W
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3.4 Boolean Functions
‘At the Third Plenary Session of the Royal Soclety Conferencs,

Dr. Holmstrom, in his general remsrks, referred to the Berne paper and

relterated the possibility of searching for an item by the two terms,
man'' and ''dog", but he goes on to say that searching for "man" and

“dog" Is not as effective as searching for ''dog bites man'’ and he

- . emphas|zes that

M., It is precisely these relations between the
concepts, not the concepts themselves, which we

want to be able to select from the total mass of
literature. Unless we have some means of doing
that there is perhaps some danger of falling into
the misconception of Mark Twaln's over-sanguine
young Journallst (I think the story is Mark Twalin's)
who undertook to produce at short notice an article
on Chinese philosophy which happened to be urgently
required, and when asked how he proposed to do it
sald the task was quite simple: he would look up
'China' In the encyclopaedia and he would look up
'philosophy' [n the encyclopaedia, and then,he
would have merely to combine his~materlal."6

(The story is, in fact, Dickens'.)

It is falr to say that by thus emphasizing relations which may or
may not be Important in the Indexing problem, Holmstrom failed to
recognize the logic underlying the pure form of coordinate indexing.
Calvin Mooers has called to our attention the fact that the early
Hollerith patents of 1884 and 1889 and the Taylor patent of 1950
exhibited a recognition of the application of the logic of classes to

search and selection by multiple terms, although they did not use the
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| loglc of classes explicitly in describing the operation of their devices,

The earliest explicit recognition of the ldg[c of search which has been

found |s a paper by Falrthorne, 'The Mathematics of Classification.'
R The work of H.P. Luhn with indexing systems Qnd the Luhn Scanner
also begen in the late '40's. In a paper prepared in 1948 he concerned
himself with retrieval of material by any combination of terms coded on
a card and also with the development of free field coding for such terms. |

““““““ h In addition to this early work, he made a major contribution to coordinate R

indexing, namely,''KWIC' indexing, which is discussed in the conclusion of

this section.
| | The work of Documentation Incorporated in this area began in 1952,
but this work was in part based on an eariier paper, 'The Coordinate

‘ Indexing of Sclentific Fields," read by Mortimer Taube before the

Symposium on Mechan{ggl Aids to Chemical Documentation of the Division

» of Chemical Literature of the American Chemical Society, September L, 1951,
L and a technical report prepared by lrma Wachtel in 1951 for the Atomic
Energy Commission (le-469). The paper on 'The Coordinate Indexing of

‘ Sclentific Fields' was stimulated, In turn, by Gilbert King's paper,

"Application of Card Methods to Scientfic Computation,'" especially the

following passage:

"The capabilities of the machines could be learned by

examples, but it would be much more satisfactory |f the algebra
of the machines were worked out. The scientist in deciding

how to solve a problem and the detailed programming of number °
(1.e., cards, through the machines) is not ... interested in
the circuitry, and he would only be unnecessarily limited

by examples. He needs facts, namely, what can be fed into

the machine, what can happen to this information, and what

can come out. The machine carries out operations of symbolic




logic, and for proper coding and programming the scientist
“should know the basic algebra of the black boxes into
which he will put cards. At present, an installation of
punched-card machines requires a supervisor who is thoroughly
acquainted with what the machines can do and equally at home
with the science of the problem. It would be much more
efflcient if every scientist on the staff knew what the
machines can do. This can be accomplished now only by those
who learn by experience; this is a long process, and one
which requires continual practice to insure efficiency.

On the other hand, if the algebra or symbolic logic were
formulated, it could be rapidly learned and readily applied."

In the 1951 paper, 'The Coordinate Indexing of Scientific Flelds,"
the utillity of machines which can manipulate classes of items in order
to determine Boolean functions of such classes is made to rest upon a
hypothetical statement. This hypothesis was stated as follows:

"If any given scientific fleld can be analyzed into simple
terms or ldeas so that.all or most of the concepts of the
fleld can be expressed in these terms or In truth functions®
of them (I.e., logica) combinations) then mechanical aids
can make Important contributions to organizing and searching
for Information in such a field... In order to See more .
clearly why this is true, we can turn now to a more formal
presentation of the nature of coordinate indexing for
machines... In a field, Q, with terms a, b, ¢, ..., etc.,
coordinate indexing allows only the relations

a
not a
a and b

aorb." 3

* For further development of these Ideas, see the distinction between
logic and mechanics of retrieval in "Studies in Coordinate Indexing,"
Vol. I,
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"(In terms of machine searching, if we search for
'a or b' we will get everything that is 'a and not
 b', everything that Is both 'a and b', The search
will which are 'not a and

not b',)"10
The inltial Uniterm experiment, conducted by Documentation

{ncorporated for ASTIA, was an attempt to determine whether or not a

specific body of literature could be indexed by assigning to each

document In the collection a subset of & set of terms with the re-

striction that a search for any document could only Bo made by &
logical opsration on the terms of the subset. The hypothesis expressed
In the f95| paper was repeated In a series of lectures given at the
University of Chicago in the Spring of 1952.%*

Most of the early criticism of the pure system of coordinate In-
dexing was based on the fallure to recognize Iits experimental or hypo-
thetica) nature. |t was always recognized that the elimination of
syntax and the restriction of relations between terms to pure Boolean
functlons might lead to some degree of noise In the retrieval process,
The Initial experiments were designed to find out how much noise,

In considering the subsequent history of coordinate Indexing,

with Its introduction of various types of constraints, such as pre-

* S$ince the 195) paper was unpublished, Dr. Shera, with the knowledge
and approval of the author, presented the hypothesis in a paper given

at a symposium at Columbia University In 1953, It is Interesting to
note that In a paper by Jack Morris, published In Amerlcan Documen=
tation In 1954, which In general Is most critical of the Unfterm System,
the same hypothesls is stated with complete approval.ll




coordinations, roles, links, categorizaflon of terms, etc., it is

Importhnt to realize that in its Initial presentation, the theory was
Jresented in the pure form, that'is, with maximum freedom among the

terms., It was felt that’a system with this degree of freedom was necessary
to provide compatibility between the differently structured CADO system
and the TID system, which were to be combined in the then recently
established ASTIA. (Cf. Section 5.5.) The use of Boolean algebra to
describe the relationships among the terms in a pure system of coordinate
indexing is not accidental, nor even pedantic, as has been supposed by

12 It was used to emphasize the possibility of constructing

some critics,
an indexing system which would dispense with syntactical relationships

of any kind among terms and which would restrict Itself to the class
operations allowed in a Boolean algebra. For example, even the noncom-
mutat ive relationship of ordered pairs which can be handled in an extended
theory of classes was ruled out of pure coordinate indexing on the grounds
that such relationships are outside the domain of a restricted Boolean

algebra. Since the theory was presented in a pure form, it followed

that all subsequent innovations could not be in the direction of making

the system purer, i.e., freer, but in adding constraints of one kind of

another. (See Paragraph 3.7, on Luhn's keyword-in-context Indexing.)
Before going on to consider the history of attempts to reintroduce
various types of constraints into coordinate indexing, it Is important
to point out the relationship between certain conclusions in infor-
mation theory and coordinate indexing. It must be stated that although

these relationships were not immediately evident during the early days
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of the work in coordinate indexing, they were noted subsequently
and used to throw light on the advantages of pure coordinate Indexing.
3.5 Information Theory

Calvin Mooers and others had noted that certaln conclusions of
information theory were relevant to coding problems, especially
problems of superimposed coding, Formulas can be used to determine
the opt imum depth of superimposed indexing in limited coding fields on
cards which are analogous to formulas used in calculating the amount
of information which can be transmitted through limited channels. The
relationship between information theory and coordinate indexing noted
by Documentation Incorporated was not this relationship between channel
capacity and coding, but between questions of maximizing information
and the free form of coordinate indexing. In other words, the hypo-
thesis that an -Indexing system could be based upon Boolean relations
of classes Is not ad hoc. Rather, it arises from the fact that such a
system is in principle the simplest and most economic, providing only
that it does not lead to too much noise. An example can Il]ug}rate
what is meant here: Suppose a coordinate indexing system to consist
of a vocabulary of 2,000 terms, and let It be supposed that in using
such a system for lnde#ing and searching, It Is always discovered that
the amount of noise delivered by any search is negligible. It would
obviously be redundant to set up In such a system additional terms

which consisted of pre-coordinations of terms selected from the basic
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vocabulary, It must be noted, however, that as In Information theory,
if any constraint is definitely predictable, such a constraint can be
used In the design of a coordinate Indexing system and will lead to a
more efficlent system without Increasing costs. ' For éﬁample. if in
i any system there were 5,000 documents on gulded missiles and no docu~
» ments on unguided missiles and nﬁ documents on guidance of anything
other than missiles, It would certainly be silly to set up a term for
""guided''and a term for "missiles”.This conclusion has: been expressed
symbollically in a discussion of what terms should be free and what
terms not free In a pure system of coordinate lndexing.'3
Aslde from this relationship to the fheoretlcal conclusions from
Information theory and concluslions derived from the simple elegance of
Boolean algebra, undoubtedly one of the motivating factorg behind the
hypothesis was the recognitlion that in ordinary English the order of
i words is more often redundant than not, It was recognized that in
ordinary discourse, dispensing with word order and prepositions would
certainly lead to inelegances and difficultlies in the transfer of
meaning. On the other hand, it was supposed that for retrieving in-
formation from a file, o}der and prepositional or syntactical relations
could be dispensed with at considerable saving without appreciably
Increasing the noise in the system,

3.6 Introduction of Constralnts

Varlous subsequent innovations In the system of pure coordinate
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varlously named and described:

| L (l) Cateqorization

The categorization of terms in a vocabulary involves

23
H indexing In effect represent various types of constraints, Some of

these constraints were the subject of experimentation by Documentation

\ "

o

\hﬂ Incorporated, Similar and additlonal constraints have been suggested
r

‘

1W] by other organizations and have been described In the literature which
has appeared on this subject. It Is this literature which Is set forth

in the appended annotated bibliography., The constraints have been

. the division of a vocabulary under a number of generic

headings. These generic headings cen be thought of

| - as supplying a grid or a set of questions put to any
document in order to insure complete and uniform
description of each document. Documentation Incorporated,

| as a result of Its research, concluded that such categories

were only useful in limited and carefully defined flelds
of Information or in data processing, as distinct from

[ information handling, systems. In its own experience

it has successfully used categorization in three projects:

The Nucllide Index, Project ECHO for the Air Force Office

of Scientific Research, and the Cancer Chemotherapy data

e processing system for the National Institutes of Health,

.......




Other descriptions of categorization are also included
in the bibllography.

Pre~Coordination

The particular distribution of documents in any collection
might indicate that certain terms initlally treated as
separate terms should be pre-coordinated in order to cut
down the time requirements for searching. This device of

pre-coordination has been alluded to above in discussing

the use of the term "guided missiles', rather than the

terms ''guidance' and ”mlssiles”.‘ This technlque can be
followed as far as experience warrants. A pre-coordination
essentlally creates a more specific term than the terms which
make It up. Being more specific, it has the effect of adding
another term to the vocabulary and cutting down, by so doing,
the average number of postings oﬁ eaéh term In the vocabu-
lary. At the opposite end of the spectrum, experience may
disclose a number of highly specific terms with a very low
incldence of posting. Periodic examination of such terms
may Indicate several possibilities:

(A) The terms may represent synonyms for other

terms In the system and can be eliminated in

favor of cross-references. Duplicate posting

on synonyms may also be employed.

(B) The terms may be important terms which
Just happen to be relevant to only a few documents
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in the system, If so they must be retained,
even though they represent an increase in the.
vocabulary size.
(¢) Finally, lightly posted terms may represent

gblligue synonyms which create a problem for the
systems designer, He must determine whether .

they are useful enough to be retained or whether

they can be eliminated in favor of combining

thelr postings with the postings on other, more

heavily used terms In the system,
It should be apparent that in a system of coordinate Indexing
the danger points are the two extremes, namely, terms with a
great many poétlngs, and terms with too few postings, It can
be assumed that in the middle of the spectrum,the terms which
have been used frequently by the indexer will also be those
terms used frequently by the searcher, since In both cases
they represent terms used frequently In the literature, The
systems designer must, then, continually attend to the

extremes as his system grows.

The Assoclatlon of ldeas and Thesaur

Quite early In fts work Documentation Incorporated realized
that a free vocabulary might present certaln problems to the
searcher unfamiliar with the vocabulary. This problem can
be handled, in part, In any system which employs categories
because each category can be displayed to the searcher, |If
categories are not employed, the searcher faces the problem

of knowing what terms to ask for. For example, a searcher




approaching the system with any particular term In mind

may not know what terms to coordlnatg with tt, that is,

what terms in generallhave been used with any given term

in analyzing items in a collection. As an examp le of how

this problem might be solved, a device known as “EDIAC!

(Electronic Display of Indexing Association and Content)

was created. This device consisted of an electrified panel

having a vocabulary and a set of numbers. If any word in

the vocabulary was selected as the Beginnlng of a search,

.there would also be displayed on the panel the logical sum

of all othefwword§‘used in indexing any document indexed by

the word first entered into the device. fhis display would

enable the searcher to select an additional word to coordinate

with the first word. He could do this with assurance that the

system contained at least one document indexed by both terms.
This display of the vocabulary and its connectlons has

some relationship to the process of redirecting a search

as a result of browsing In a manual catalog. An initlal

search in a manual catalog might disclose not only a

number of items but also give information to the searcher

concerning what- other terms he should use in further steps
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In his search, The display of vocabulary on the EDIAC

does exactly this, At least two thesauri which have

been compiled are intended to provide Information about

the relationships of terms In an indexing system,

These are the ASTIA and A,1,Ch,E, thesauri, Closely
related to thesaurl are semantic or generic codes, WRU
uses the former and the U.S. Patent Office has studied
the latter. These, as well as the thesaur! mentloned
above, are described In greater detal) in Paragraph 5,2
of this report.

The Use of Roles and Links

Quite early In the development of free forms of coordinate

indexing which utilized only the logical functions of Inter-

section, union, and negatlon as connectlons among terms,
It was realized that the search of such systems would
deliver a certain amount of noise or false answers,
Consider, for example, a document containing information
on ''lead as a coating” and another document on 'coatings
for lead", |If the system has terms for only |.'"lead“ and

coating', the system will dellver noise. It Is to avold

problems of this kind that there have been advanced in the

past years the devices known as role indicators and links




as a means of supplying syntactical correctives in

addition to logical correctives in an Indexing system,
Roles and [inks are described in greater detall In
Sectlon 6 of this report,
‘ 3.7 Concluslons
| The development of a discipline sometimes resembles an ascending
| spiral, rather than a straight line, and In this development of

constralnts in coordinate Indexing, there has been In some sense a

return to the beginning.

H.P. Luhn has suggested a method of extracting keywords from
a document and displaying them in an Index In a context of other
terms.' The context, In this case, constitutes a constraint, that
Is, a method of narrowing the significance of the keyword and making
it more specific, At the same time, it must be recognized that the
selection of keywords by machine matching, as opposed to the use of
Uniterms, descriptors, etc., by an indexer, may be considered an

advance In the direction of freedom. The original form of coordinate

indexing certainly envisioned that the terms are selected not by a
pure matching process or on the basis of any statistical counts,

but by trained indexers who use thelr own background and understanding
of the meaning of the document as determinants of the terms selected,

To substitute for this ratlonal process a process of machine matching
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based upon statistical counts or other considerations relevant to
information theory which can be programmed into a machine is to go
beyo;d the original form of coordinate Indexing in the direction of
''digitalizing' Information. In other words, the original form of
coordinate Indexing depends upon formal considerations only for the
matching of terms and relies on intuitive consliderations for thelr
selection or creation. Keyword-in-context indexing relles on mechanical
means for selecting the terms themselves from titles, (It should be
noted here that the KWIC technique is presently more useful as a quick
and convenient announcement technique for relatively small numbers of
accessioned documents than as an accumulative index useful es a tool
for detailed Information retrieval, However, as suthors recognize the
need for and construct more informative titles, the KWIC technique
might have broader capabilities.) Nevertheless, by showing how the
context of terms can fulfill the same role as other more artificial
syntactical constraints, Luhn moves coordinate indexing back in the
direction of freedom -~ the direction In which Information theory
indicates It should go.

Unfortunately, it Is now fashionable in the field of information
retrieval to deny the relevance of information theory because its
application is limited to engineering and operating problems in the
L.R. field, The bulk of present research In the information retrieval
field seems to be concentrated in the domains of linguistics and

semantics, even though no less an authority than Quine has warned
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that the search for the meaning of meaning carries an Investigator

beyond positive sclence Into the arcane fleld of metaphysics¥

*Quine, Willard Van Orman, From a Logical Point of View, Cambridge,
Harvard University Press, 1953, 'Lexicography is concerned, or
seems to be concerned with Identification of meanings, and the ’
Investigation of semantic change Is concerned with change of | |
meaning. Pending a satisfactory explanation of the notlon of '
meaning, linguists in semantic flelds are In the situation of
not knowing what they are talking about."
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L, VOCABULARY GENERAT ION

h,1 General

The vocabularies of retrieval terms employed by various
operators of coordinate indexing systems have evolved in several
ways., When the Initial development of these vocabularies Is considered,
however, the modl operand| are found to fall into only a few broad
classes, and the seomlng.varlathns in developmental techniques
within the few broad classes are seen to be mefely matters of degree, "
These variations In degree have resulted from different environmental
and capabllity factors with which the system developers have had to
contend, For example, adequate funding and development time permit
much more vocabulary refinement and "editing' to be undertaken than
do Inadequate funding and timing. Similarly, personnel experienced
in coordinate techniques will (given Ehe same time and money) develop
more reflnea vocabularies thaé willllnexperlenced personnel, Thus,
in many (probably most) Instances of vocabulary development, the
degree of refinement initially achleved depended only indirectly
upon a knowledgeable desire for adequate refinement (1.e., upon

rationally chosen qoals)but more often upon comparatively unrelated

environmental factors. This statement, of course, is almost

impossible to prove; system operators are understandably loath to

admit fully the effects of the exigencies of their situations during
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the embryonic stages of system devel opment.

“As noted above, coordinate vocabularies have been developed via
only a few basic routes: (1) empirically, (2) from treatment of
exlisting subject heading Vists, or (3) from treatment of existing
classification schemes, These three methods, and some variations,
are described below,

4.2 Empirical Development of Vocabularies
The empirical development of vocabularies is typically based
upon the technlique of "free indexing'. By "free Indexing'" is meant

the assignment as Index terms (for a given document) of words or

phrases chosen by the Indexer (based on judgment of relative importance)

from the set of words or phrases conceived by the indexer to be appro~

priate indexing terms even though they may not have been employed
in the document by the author, |.e., words or phrases expressing
what the Indexer considers to be the true meaning of the ideas
expressed in the report.

The set of terms resulting directly from 'free indexing'" a
collection of documents can be considered as the most rudlmentgry
form of a coordinate index vocabulary; such a set of terms has
usually been conslidered as preliminary in that a.certain amount of
ref inement effort has nearly always been expended upon the "raw'

vocabulary. For example, attempts (varying in their ordertiness
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and effectiveness) have usually been made to detect synonyms and to
create ''see" rafereﬁces or their equivalent,

The inltial development of the du Pont Engineering Department
vocabulary Is typical (perhaps~s|lghtly "better' than typléai) of
initial vocabulary development efforts. This project was well
documented shortly after the work had been completed.'

The report on the du Pont development Implies several Important
environmental considerations, First, funding was adequate for
the mounting of a major, concerted effort. Second, the time permitted

for completion of the work was limited, Third, the personnel Involved

in the effort were largely Inexperienced in coordinate techniques,
although they did engage the advice of a firm in the documentation

field. Briefly, the development proceeded as described below,

A complete subcollection of 2,100 reports was chosen for test
because of both breadth of technological coverage and Importance of
the reports -- the particular subcollection having had codes
assigned to Its members indicating such relative Importance. Indexing
L. was carried out mostly from the report summaries (two to flve pages
i in Yength) but in a few Instances from abstracts only. The report
‘ | states that when a phrase was chosen as an indexing term, each
word of the phrase was also used as an entry (e.g., ""shielded arc

welding', ""arc welding ', 'welding'') although examination of tracing
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sheets indicates that all indexers may not have followed this rule
consistently.

Thus far, the du Pont devglopment was typlcaf of the empirical
method. Thé next step, however, employed dgtq processing equipment
not available to many system developers. Accordingly, many system
developers were resigned at this point to posting on Uniterm cards
manually from the original tracings, to post each entry on each
tracing on the appropridte Uniterm card, and then to examine the
regult for synonyms. At du Pont, however, the tracings were key-
punched, one card being made for each entry on the tracing, The
28,000 resulting cards were then sorted alphabetically and numerically
by machine. They were listed alphabetically by Index term and by
report number within index term, It was found that 9,400 ' unique "
Index terms had béen employed by the Indexers,

The Visting was then examined to permit combination of terms
which should have been identical except for misspellings and Incon-
sistent assignment of singular and plural forms, etc, After this,
each term In the listing was transferred manually to a 5" X 8"
Uniterm card; the vocabulary was thus reduced to about 4,000 ter@s.

The index was then edited. ''See'' and ''see.also'" references
were created, When the word components of phrases could be coordin-

ated conveniently and apparently without '"nolse', the multiword
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terms (i.e., phrases) were deleted and their postings transferred to
the appropriate single-word term cards. Certain of the original terms
were removed altogether (e.g, terms with very broad meanings) .
Hierarchical (or generic) posting from one term to a broader, more
inclusive term was not consclﬁusly emp loyed,

The final result was a vocabulary of 2,667 terms and ''see"
references. The number of '"'see'' references or terms alone was not
reported,

The effort represented, insofar as can be determined, a somewhat
better than typical initial effort and one which is helpful in
illustrating the initial generation, via empirical means, of a
vocabulary for use in further coordinate indexing efforts,

4.3 Development of Vocabularies from Subject Headings

A number of coordinate vocabularies have been developed from pre-
existing subject heading lists, Ignoring the reasons for instituting
coordinate indexing systems at all, at least two factors-appear
operative: (1) a relatively large document collection exists which
has already been subject cataloged, but which would have to be
re-indexed at considerable cost should the empirical method be employed,
and/or (2) the system developers have a familiarity with and con-
fidence In the subject heading list, as well as a natural desire to

preserve (ts advantages,
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Whatever the reasons for cholce of the "converted subject heading

approach', however, the method seems to have much to commend it from

a vocabulary-building viewpoint, The terminology Is 1lkely to reflect

not only thé technological scope of the collection to a fair degree
but also a certain amount of standardization. Semantically imprecise
terms (e.g., "columns') are likely already to have been detected and
treated In some fashlon, either implicitly or explicitly, A careful,
thoughtful conversion process can retain these advantages as well as
avoid the re-indexing of any pre-existing collection (although it Is
probable that the converted index will be less effective for the
pre-existing collection than for new accessions) .

One of the earliest studies In converting subject headings to
Uniterms is described in a paper by Thomas and Gull.2 In the
experiment, the subject headings in the List of Subject Headings
of the Technical Information Division (TID) of the Library of
Congress and the Subject Heading List of the Document Service Center
(DSC) of the U.S. Armed Services Technical Information Agency were
converted to Uniterms. (Since their merger in March 1953,
these activities have been under the general direction of ASTIA,)

The DSC Subject Heading List contained about 10,380 headings

listed alphabetically by the inverted method in contrast to the TID

11st of more universal headings. This difference was the most serlous

.....
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impediment to a merger of DSC and TID catalogs by subject headings
since such a merger would have required changing one set of headings

to conform to the other. The TID List of Subject Headings contained

approximately 25,000 subject headings and 24,000 cross references In |

one alphabet. Subject headings contalined one or more words and were |
followed by singlée or multiple subdivisions. The cross references
provided for various relationships between words and phrases.
When the conversion of the DSC and TID 1ists had been completed,
the terms and cross references comprised the following files:
1. One alphabet of 3607 unit terms converted from
the TID 1ist; 2287 terms were common to both
lists and 1320 were derived from the TID list only,

2. One alphabet of 3275 unit terms converted from
the DSC Vlst only,

3. Approximately 720 synonymous references from
the TID list,

b, Approximatély 100 references from the TID 1ist
considered unnecessary..

5. Approximately B0O references from the DSC Vist,
not separated as 3 and 4 above,

The five files isted above were completely edited before their
merger into one alphabet of Uniterm headings. The final product of

conversion was:

1. One alphabet of 6582 Uniterm headings, of which
1320 were derived from the TID tist, 2975 were
derived from the DSC list, and 2287 were common
to both,




2. One alphabet of 549 synonymous cross references
(single words, abbreviations, and notations).

3. One alphabet of 2106 cross references considered
unnecessary (showing specificity, generalizatlon,
and synonymity In phrases). |
Another vocabulary development utllizing the "converted subject
heading approach'' s that of ASTIA's Project Mars.?  The principal
headings were divorced from their subdivisions and, In one move, the
list was reduced from 70,000 to about 8300 main headfngs. The
850 subdivisions were reduced to about 700 by the removal of words
such as "application'' that were no longer useful, These first
steps resulted In a tentative vocabulary of some 9000 terms.
-The tentative vocabulary was then edited In a fashion similar
to that described above in the du Pont example, Synonyms were
detected and appropriate 'use" ().e., ""see'") references were created,
Also, certain only slightly used terms were included In other
closely related terms via the 'use'" reference route (e.g., ''miticides
use acaricides"). These actions reduced the number of terms to less
than 7000,
In addition, ASTIA provided "also see" (i.e., "see also")
references among terms. Finally, terms were assigned to groups
which were somewhat artificially designed according to the organiza-

tional arrangement of ASTIA; the group name was also displayed
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parenthetically with the term itself in the resulting authoritative
publlcatlon.9 The cross references noted above were also displayed,

Following the initial vocabulary development and as a foundat ion

II ;
|
mml for the institution of a mechanized retrieval system at ASTIA, the
subject heading index was simultaneously converted both to the new
M coordinate vocabulary and to a machine-readable medium,
f Hmm “““ Despite apparent shortcomings in time permitted and funding,
the ASTIA conversion represents a landmark. As contrasted with the
‘ HW . experimental conversion of the ASTIA vocabularies by Documentation .
L incorporated, this conversion was actually used. The thesaurus was

known to be incomplete at the time of publication, was intended only

for internal use at ASTIA, and has been undergoing continuous review

| by the ASTIA staff. (Section 5.2 contains a brief review of the
' ASTIA Thesaurus revision effort.)
It should be noted that, according to ASTIA, the Uniterms

h i - developed during the contract with Documentation Incorporated were

r . employed as alds in defining the descriptors, although in some cases
| 5

1 they became descriptors.

L. Development of Vocabularies from Class|fication Systems

Although In the original experimentation by Documentation

Incorporated a certain number of classes were converted In order to
demonstrate the method,6'7 the conversion of classified indexes to

coordinate indexes appears to have occurred only infrequently. This
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is probably because the operators of hierarchically classifled

systems may have had 1ittle to galn by converting their Indexes. The
coordinate indewihlch would result would require more effort In
retrieval (1.e., manipulation during retrieval) than would the original
tool and (unless the subclassification structure of the original tool
were much more detailed than is usually the case) any resulting
coordinate index (barring re-indexing of the collectlon) would be
Inadequate because the individual documents would originally have

been '"forced" into classes and the fine detail of information retrieval
thereby lost at the outset. Another reason for the paucity of such
conversions may be that very few progressive retrieval systems based
principally on hierarchical classification actually exist.

The picture is somewhat different, however, with respect to
faceted classification systems; few of these exist (at least in the
U.5.A.). Faceted classification systems are likely to have captured
at the outset much of the fine detall of Information contalned in
accessioned documents, but at the expense of convenience in notatlon
and file arrangement. Hence, they can be converted advantageously to
coordinate systems because the manipulative characteristics of ;he
latter can be employed to overcome the disadvantages of long complex

notatlons and complex rules for file arrangement,
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One conversion from a faceted classification to a coordinate
8
index has been described by Wadington, Wadington noted that the

desire for extremely detalled Indexing resulted In 1949 in the

| rejactton of both hierarchical classifications and subject headings

as candidates for retrieval tools in the reported system, Rather,

a faceted classification derived from Ranganathan's colon system

was tried and adopted. He reports that "although the component parts
of the {classificatlon) code were simple, the finished codes for
informatlon were long and complex, Manual filing by complete code
was ruled out because i1t was too complicated and subject to too many
errors."

"Extensive use of cross referencing was next considered, A
card would be made out for each part of the code. While this would
simplify the filing, 1t would greatly Increase the number of cards
to be processed." (This is assuming about elight cross-index cards
per document.)

" Punched-card techniques were then considered, assuming one
punched card per document; It was found that,k sorting time would
run as high as 16 hours to make sure that all the information on an
average question was retrieved."

Finally a coordinate indexing system was chosen and installed In

1954, Wadington reports that excessive ncise resulted, This




difficulty was remedied by converting the previously developed

faceted classification to a coordinate system. Apparently each
facet or code‘component was converted to a subject term and the
appropriate document numbers posted thereon.

Wadington noted that generic terms were consciously (and easily)
generated from the original classificatlon and that 'development of
these generlc relationships would have been virtually impossible or
at best exceedingly difficult" otherwise,

4.5 Conclusions |

It can be concluded that effective coordinate vocabularies can

be developed by any of the three above techniques. The empirical

technique Is based first upon "free indexing', and the results are

modified (according to need) to provide adequate control; thus, the cost

of vocabulary development is normally spread over a greater or lesser
period of time, perhaps at the expense of achleving truly satisfactory
retrieval of the first documents entering the system., The conversion
of a subject heading list, on the other hand, can be made at moderate
initia} cost with the assurance that retrieval effectiveness will be

no worse than that provided by the orlginal tool; in this instance

at least part of the cost of development of the subject heading list

is recovered. The same is true of conversion of classifications,

particularly faceted classifications, with the added advantage of
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5,  CONTROL, MODIFICATION AND GROWTH OF VOCABULARIES
5.1 GENERAL |

The effort needed for coptrolling vocabularies (once they
have been developed) and for modifying and adding to them, would seem
to be equivalent for all systems, except (as noted above) that conver-
sion of a classlficatlon appears to provide somewhat better control of
generic relationships from the outset.

Control of a coordlnate vocabulary, once it has been devel-
oped, can be sald to consist of two facets: (1) the proper use of
the established vocabulary throughout the system, and‘(z) the modifi-
catlon of the vocabulary to conform to changing characteristlcs of
inquirles and of accessloned documents. Both of these forms of control
are discussed below.

An Increasing number of operators of coordinate systems are
coming to rely upon some form of authority for controlling the use of
an established vocabulary. Typically, those systems which achieved
the greater degree of refinement of their inltlal vocabularies are also
those which exercise the greater degree of vocabulary control during
use of their vocabularles. This is understandable because ""'vocabulary
refinement" and 'vocabulary contro!' are closely related and those

environmental factors which affect the“exerclse of one of these two
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functions will also affect the exercise of the other,

Thus the control during use of coordinate vocabularlies
varies from essentlally "no control" (i.e,, Indexers continue to
‘choose terms from the llterature wlthout regard to those previously
chosen =~ and little if any contro! of synonyms or even word forms
is exercised during posting of the traclngs'to the index) to rather
complete control, i.e., where an authority is employed elther by in=-
dexers or by editors to keep the terminology used consistent with the
established vocabulary. (The consensus seems to reflect the knowledge
that the best indexing |s performed by competent personnel, having
both a subject specialty and some famillarity with the preparation of
Indexes, When such a combination of talents exIsts in the same person,
the need for extensive edlting becomes less imperative.)

Such control can, of course, vary In its degree of rigidity.
It may, at a minlmum, consist of Instructing indexers to employ the
word forms previously accepted and established by a simple authority
list of terms, ''see" references and ''see also' references (e.g.,
"sulphuric acid" see "sulfuric acld" or "distil1ing" see "distillatlion'},
New terminology, when encountered by an indexer, can be ''flagged" for
review at least to insure that synonymous relationships with the

established vocabulary are not Involved, In addition, new ''see also"
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faferencas may be established both to and from any accepted new terms.
And, in practice, these actions constitute the limit of exercisable
control using a simple authority list.

Whether or not structure, i.e., vocabulary control, should

be introduced into asystem at the input level has not been determined.

An argument in favor of at least minimum constralints at the Input [s

represented in the following statement by H. P. Luhn.

"Excessive editing obviously Increases the
likelihood of blas due to current interest, ex-
periences, and points of view. In consequence
the usefulness of a system will be reduced as
emphasis and Interest change. It would therefore
appear that the less information Is classified
and contracted at the input, the more it will
lend itself to dynamic interpretation at the out-
put phase.'!

5.2 THESAURI, AUTHORITY LISTS, AND GENERIC CODES

An increasing degree of interest and activity In using
thesauri {or their equivalents) as authorities Is apparent, The Index

to Current Research and Development in Scientiflc Documentatlon, No. 9,

lists elght references to organizations working with or developing
thesaurt. There may be others, since there is no reference in the index
to the work on thesauri now going on at ASTIA,

There are other aids to indexers that are employed internally In

the working systems we have encountered. Most of these are rather
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Informal and are not avallable for dlstribution,

The existence of a thesaurus provides an opportunity for
the operators of a system to exercise control and consistent use of the
vocabulary at any or all phases of system operation: Indexing, posting,
or inqulry processing., Synonyms are indlicated In a suitable thesaurus,
as are '"'up and down' generic relationships and other relatlonshlps of
unspecified, indeterminate or varlable type (i.e., "see also's"). Thus
a thesaurus may serve as the means of bringing to the attention of the
Indexer those vocabulary terms which might be employed in making a
search for the document at hand and/or to the attention of the searcher
those vocabulary terms which might have been employed by the indexer
in describing documents pertinent to the question at hand. The result
Is greatly improved retrieval effectiveness.

The WRU Semantic Code and the U, $, Patent Office Generic
Codes fall into the class of thesauri because they have Incorporated,
in some way, all of the three characterlstics mentioned above. They
differ from more conventional thesauri In that they are designed to
be brought into play during mechanized posting or search ratherlthan
by a searcher during his formulation of a query or by a human editor,

The creation of a thesaurus for information retrieval purposes
is, however, an enormously expenslive task -- although this cost may for

a given system be reduced markedly by referring to thesaur| created
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earlier by others with technological Interests sufficiently similar
to that of the system In questlion such that much of the earlier work
may be utilized intact,

There [s currently a great deal of time and energy being
expended In the general area of thesaurus preparation, Although there
Is far from universal agreement on the necessity or desirablllity for
such thesaurl, many installations would probably utitize such an
authority If its coverage were extenslive enough,

Agreement Is also lacking on the point of maximal utlllity of
the thesaurus: Is Its prime function to assist the Indexer o; the
searcher?

Described below are the ASTIA and A.l.Ch.E, thesauri. Other
thesaur! exist or are being developed, but these represent the best
efforts to date. Also described below are Western Reserve's Semantlic
Code and the Patent Office's Generic Code.*

5.2.1 THESAURUS OF ASTIA DESCRIPTORS
The Thesaurus of ASTIA Descriptors (First Edition), ASTIA,

1960, entangled Its technical vocabulary (which is extensive, although

oriented largely to military terminology) in multiword terms too much
to permit It to be truly useful to others working with different col~-
lections, Further, its "also see" references are limited, and it does
not exhiblt generlc relationships. However, It 1s understood that these

shortcomings will be at least alleviated in the second edition now being

*For information on expense, see '""Cost of Generlc Coding,'" by
Mortimer Taube, in Studies in Coordinate Indexing, Vol. |11, pp. 34-57.
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prepared, The preparation of the flrst edition was described by

J. Heston Heald in Sectlon |Il of the previously cited ASTIA report
AD-227000, This description serves not only to report on one method of
thesaurus development but also on how to build a thesaurus upon an
earlier subject heading list,

5.2.2 CHEMICAL ENGINEERING THESAURUS

The Chemical Enqineering Thesaurus, 1961, by the Amerlcan

Institute of Chemical Engineers, covers an extenslve technical vocabu-
lary (albelt somewhat more attentive to engineering terminology) and
provides extensive synonymous, generic, and "'related term' (I .,e., "'see
also") cross-referencing, Because 1t was designed to be used In con-
Junction with a system having syntactical controls, however, it lacks
definition of terminology sufficlient to permit its use by others with-
out some effort. For example, terms standing for materials (e.g.,
"water'') do not have indicated their roles played In the system --
e.g., ''water" used for 'cooling' or "water' being "cooled'"; the editors
of this work Intended that the indexers add an appropriate role indi=-
cator to such terms.

Nevertheless, the Chemical Engineering Thesaurus seems to
be, to date, the nearest approach to a trﬁe and generally useful iInfore
mation retrieval thesaurus, It was first developed as an Internal
work by du Pont and the development has been described in detall by

B. E. Holm and L. E. Rasmussen.2 This description Is accompanied by

a valuable review of other work with (or related to) technical thesauri

and by an exceptionally complete list of references to the work of others,
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5.2.3 WRU_SEMANT|C CODE™

The terms used by an Indexer are converted to semantic codes
automatically If the terms are already In the system, but If the terms
are new, editors create new codes,

The purpose of the semantic code Is to automatically bring
Into play all applicable aspects of a term. That is, It attempts to
cover both higher and lower generic levels of terms as well as to en-
compass semantlically related concepts.

An example s the word '"dlamond" coded as CERBACWRSAPYPRE1028,
which may be Interpreted as "a crystalline form composed of carbon and
characterlized by hardness.'" (The codes have been arbitrarily limlted
to four factors.) Any one of the factors may be searched, That Is,
the Items Indexed by ''diamond" would be retrieved whether the question
called for that specifically or for '"'things composed of carbon','hard
things", or'crystalline forms",

Actually, CERBECWRSEPYPRE1028 is not the complete code for
diamond, since under the principles of the semantic code this would be
true not only of diamonds but of any other, say, hard crystals of
carbon. To specify that diamonds and only diamonds are wanted, a

further element == the numerical suffix -- must be given; This Is a

*American Documentation will publish 'A Note on the Evaluation of the
WRU Semantic Code as an Example of Generic Codling," by Mortimer Taube,
Documentation Incorporated, in the April 1962 lssue.
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four-digit figure, the first numeral of which is that of the number of

factors In the term. The other three are those pecullar to the particu- |
lar concept, In this Instance the numerical suffix might be 3001. Note

that one of the factors, PYPR, is followed by the numerical infix 1028, ”" !
This 1028 Is the ldentifying numerical suffix for that particular 1
physical property (P-PR), "hardness'. Its use as a numerical Inflx |
here shows that the particular physical property characterizing (Y)
dlamonds 1s hardness. Only numerlcal suffixes beginning with 1 can be o
used for Infixes. Since 2's, 3's, and 4's Indicate that the code for ” j

the concept has more than one factor, thelr use as infixes would make

it Impossible to particularize specific concepts within the generlc ”

framework of a code, ”"

This is further explained by the definlitions glveh below,

|
|
Semantic factor. By thls term [s meant the separate .
units of a code, expressed by three consonants. In RAMLERWHT ATOMS 1002 o
3679, the semantic factors are R-ML, R-HT, and T-MS, Each semantic
factor represents one of a number of highly generlc concepts. Together :
they form, as It were, the building blocksof the code. It should be |
noted that within a code composed of more than one semantic factor,
the separate semantic factors are arranged alphabetically ignoring the
Infixes., ‘ 1 |

Infix. By this term is meant certain symbols used with
the semantic factors in a code. In RAMLARWHT£TQMSY100243679, the infixes :
are A, W, Q, and 1002, |

Alphabetic infix. By this term Is meant the inflxes
represented by alphabetic symbols. They show the analytic relationships

of the semantic factors in which they appear to the concept represented
by the code.
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Numerical infixes. By this term is meant the Infixes
represented by numerals following the symbol &, They show, where used,
a degree of particularfzation In the semantic factor to which they are
affixed. Actually every semantic factor may be thought of as possessing
a numerical Infix; however, only in certain instances are they expliclt,
that ls,they actually appear in the code. In the majority of Instances,
they are Implicit, that 1s, they represent a numerical Infix ''1001"
which Is not actually printed out.

Numerical suffix. By this term Is meant the particular-
izing number assigned each individual code to distinguish it from all
other codes which, though they represent different concepts, contain
the same semantic factors,

The semantic code, then, attempts to eliminate the manual or
machine "see also" or ''see' references. Furthermore, it attempts to
Include generic levels and general characterlstics,

The code, of course; varies according to the system require~
ments. For example, in some systems the following code for diamond may
be more valuable: CERBACWRS#GUMMZMANR; this may be interpreted as a
"mineral in crystalline form composed of carbon and used as a gem'.

For comparison, the A.1.Ch.E. thesaurus entry for '‘diamond"
1s shown below.

DIAMOND

PO Carbon
RT  Abrasives
RT  Crystal

PO = Post (also) on, and RT = Related term
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It Is obvious that it is not necessary to Include all possible

meanings, relations, or generic levels, For example, diamond in the
seﬁQ; of ;WL;sebgil diamond would certainly be superfluous In a metal-
lurgical system. However, whether or not WRU's four factors are suffl-
clent and whether or not the factors chosen best suit the users' needs

are both open to debate.

5.2, U, S, PATENT OFFICE GENERIC CODING

Many organizations, notably the Patent 0ffice, have proposed
that a coordinate Indexing system Include certaln generic relationships
among terms In the system, such generic relationships to be provided by
codes which exhibit such relationships, From one point of view, a
total code can be considered as a term, and a search can be made for
the members of the classes defined as logical functions of such codes.
From another point of view, a code can be considered as a class number,
so that different parts of the number can provide for generlic searches
on different levels. For example, in one system proposed by the Patent
O0fflce, the established generic relatlonships of chemical names are

replaced by é“system of generic codes, as follows:

Heterocyclic Compounds 1313
Para=N-benzene Sulfoxy 1313-1512
Azoles 1313-2512

.......
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Thiazoles 1313-2512-1423
 Oxazoles 1313-2512-1523
It is possible, of course, to provide for generic searches by indexlngm
and posting on several levels without employlng numerical codes. On
the other hand, the numerical code is presumed to provide automatlic

generic indexing whenever the speciflc term is Indexed.

5.3 EDITING, DURING INDEXING, POSTING, ANO/OR RETRIEVAL

Vocabulary contro! (as distinct from vocabulary modification)
cén thus be exercised with the ald of some device such as an authority
1ist or preferably a thesaurus; the types and degree of possible control
have been described above. This sectlon of the report will deal with
where in the system the control can be exercised and note the reasons
why different systems are reported to exerclse control at different
points. The control can be imposed by the indexer, by an editor, or by the
searcher; thesauri or authority lists might be used in the process.

A, Vocabulary Control During Indexing

Control of the vocabulary during Indexing places the burden
of use of the authority (list or thesaurus) upon the indexer., In short,
the Indexer Is expected to analyze the document at hand, to develop a
tentative list of retrieval terms therefor, and then to refer to the

authority for the following purposes:
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(1) To determine If each tentatlively-chosen term s in the
vocabulary; |f so, to proceed to step (2) below; If
not, to take the appropriate one of the three actions
listed Immedlately below:

-- choose an accepted synonym (or sufficliently near-
synonym) for the tentatively-chosen term

-= choose an accepted spelling (or word form) for
the tentatively-chosen term

-« decide whether the tentatively-chosen term justifies
being noted for consideration as an additlon to
the vocabulary; If not, delete the term from the
tracing for the document.

(2) To examine the specified generic relationships with
other terms In the vocabulary and:

-- to add to the tracing generically-higher terms if
the chosen term is of sufficient Importance to the
Information involved to Justify such action, and

-- to add to the tracing appropriate generically-lower
terms if such specificity Is appropriate, con=-
sidering the speciflcity of the Information involved.

(3) To replace the tentatively-chosen term with two or more

accepted terms.
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(4) To add to the tracing appropriate additional terms
chosen from the 1ist of terms “5&&6 also'" from the
chosen term,

Vocabulary control at this point Is obviously costly In
indexer time, yet it insures the best possible indexing., It does,
however, tend to develop such ''deep'’ indexing that the use of syntacti-
cal controls (e.g., role Indicators and 1inks) may be required to
prevent excesstyg noise during retrieval; the use of syntactical con-
trols adds further to the cost of indexing. In spite of this, if the
ratlo of accessions to inquirles is low, and if the need for speed and
ease of answering inquiries Is great, vocabulary control during In-
dexing may well prove to be most economical of time and money.

B. Vocabulary Control During Indexing and Posting

This method places a lesser burden upon the Indexer. In
short, the indexer might only exercise functions (1), (3) and (4) as
described in the above pafagraph, Function (2), the addition of generic
relationships, then is automatically performed (either clerically or by
machine) at the time the Individual postings are made to the index.
However,only generically-higher relationships can be added automatically
(the proper addition of generically-lower relationships belng impossible

to perform at this step) and such generically-higher relationships must
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be added blindly, Irrespective of the Importance to a glven document
of the term upon which they are based. The advantage of thls method
is that It does save a certain amount of costly indexer effort,

€. Vocabulary Control During Posting Only

This method relies upon competent nonprofessional personnel

or upon sophisticated machine programs (or upon both) to carry out the
four functlons described in paragraph (A) above. The function of
"normalizing" tentatively-chosen terms into accepted terms may be quite
well performed at this point, The function of the addition of generic
relationships is performed just as in paragraph (B) above. However,
the function of replacing the tentatively-chosen terms with two or
more accepted terms and of the function of adding terms implied by the
Information in a given document Is difficult,if not impossible,to per-
form at this point.

The advantage of this method is that 1t saves a large amount
of costly Indexer effort,

p. Vocabulary Control During Indexing and Inquiry

This method requires that the indexer perform only function
(), "normalizing' tentatively-chosen terms into accepted terms, and
relies upon inquiry-processing operations to compensate for the non-
performance at an earliecr tlme of functions (2), (3) and (4). That Is,

rather than phrasing inquiries as simple logical Intersections of terms
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;MM {e.g., all Information on A and B and C, etc,), the phrasing will take |
m - the form of Intersections of term unions (e.g., all Information on A
!i ﬂlm and/or Z and/or Y, etc. intersected with -~ and == all information on J
d W“ B and/or X and/or ¥, etc.). The terms chosen to constitute these |
£ unions are based upon the Initial terms of the Inquiry and are developed
‘ mm from the generic relationships (particularly lower generic relationships)

] .. and "see also" relationships exhibited in the authority for the initlal

+ MW terms of the inquiry.

m m ‘‘‘‘‘ This method is practicable only when suitable retrieval machines |

j 8 are available; without such machines the inquiry becomes excessively

| W" laborious and complex. This fact explains why operators of mechanized

| systems usually report that their inquiries involve unions of terms3

{ mmi whereas numerous operators of manual retrieval systems have reported

H . that their inquiries are usually expressed merely as intersections of |
= terms. E
Tl The advantages of this method are that the indexer effort is
- reduced markedly and that choice of additional terms during retrieval

| j” is based upon a '‘real-world' situation (as Qefined by one inquiry)

E % ‘ versus choice of additional terms during indexing having to be based

é‘ @Wi upon hypothetical situations (as implied by all possible inquiries).

ot Furthermore, the actual bulk of the index is decreased. On the

other hand, the time and cost of processing inquiries is increased,

F;

L.
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g. Vocabulary Control During Posting and Retrieval

This method is essentlally the same as that described In

the preceding paragraph except that function (1) «= 'normallzation’ -=
Is performed by competent nonprofessional personnel rather than by the
Indexer, It reduces somewhat the indexing work load, but all other
advantages and disadvantages remaln as described above,

Glven the possession of sulftable retrleval machines, and
assuming the usual (high) ratio of accessions to Inquiries, it would
seem that this method of vocabulary control offers the most advanta-
geous éhoice for most retrieval systems.

An edltor or anyone else concerned In the contrel and im-
provement of a vocabulary must rely on ''feedback. If the user or
searcher reports effectiveness of terms or coordlnatlons of terms, the
vocabulary can be controlled accordingly.

5.4 MODIFYING THE VOCABULARY

It 1s generally récognlzed that system vocabularies cannot
remaln static but must change to accommodate the changing technology
reported In new accessions to collections. Basically, of course, there
exist two forms of modification: additlon of new terms and deletion
of terms found to be of little value, However, the means of achleving
these two forms of modification vary.

Under any clrcumstances, a route must be provided for adding new
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terms to the vocabulary. For example, one can well imagine the diff!-
culties and unnecessary work which would be created had the now-heavily-
used acronym '‘radar’’ ‘been excluded Inltially from the ASTIA vocabulary
vith the Inslsteﬁce that all documents dealing with radar be posted
Instead on ''radlo", ”detectlon” and ''rangling".

One (and a principal) means of addition to a vocabulary was
noted above: 1,e., the 'flagging' of newly-encountered termlnolbgy
during Indexing (or posting) for consideration for addition to the
vocabulary., ldeally, such new terminology should not be accorded status
as retrieval terms until at least a moderate degree of usefulness has
been proven; hence, accurate records of proposed new terminology and
of 1ts frequency of use must be kept, Furtﬁer. If the proposed new
terms are held aside in a subsidiary index until thelr usefulness has
been proven, It will be easy to transfer them (together with thelr
postings of document numbers) to the main Index when thelr utility has
been proven or to merely delete them (with their postings) from the
subsidiary index when thelr utility has been conclusively denied.
ASTIA follows these techniques to a large degree by maintaining ' its
"Identifler Llstlng”.5

A second means of adding to vocabularies Is that of pre-
coordination of existing terms. When It is found that two terms may

be combined to create a third term, the two original terms are retained,

A R DM
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Delet fon of vocabulary terms may be merely that, the actlon
being based upon low usage during Indexing and/or retrieval. More use-
fully, however, terms should be deleted by transferring thelr poét}ngs
to elther a generically-higher term (or terms) or to a sufficiently
near-synonym. Such deletI;ns should have the term replaced by appro-
priate "gee't references.

Whatever the form taken by vocabulary modification, the
authority for the vocabulary must reflect the change, New terms must
have exhibited thelr generic and other related references -- and the
pre-existing terms must similarly be referred appropriately to the new
terms. When terms are deleted, all references to them In the authority
(except an appropriate ''seen from' reference) must algo be deleted.

Little has been reported in the !iterature on formal mddl-
ficatlon of vocabularies, Perhaps this is because relatively few
vocabularies are yet truly well controlled. ASTIA is now preparing

the second edition of its Thesaurus, and thls operation Is being well

documented in a continuing series of publications.6'7'8

ASTIA has stated the following.

"A major objective in revising the Thesaurus.of
ASTIA Descriptors !s to provide an improved ASTIA
indexing authority in a form most useful (1) to
assist analysts In making consistent and sufficiently
complete assignment of descriptors to accessioned
technical information and (2) to assist bibliogra-
phers in making a corresponding consistent use of

.........
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the descriptors during the formulation of Inquiries
for mechanized retrieval, "

A second major objective In revising the Thesaurus
1s to create a device which will be as useful as
possible to reference personnel in organizatlons
other than ASTIA, In this connectlon, ASTIA is
anxlous during revision of the Thesaurus to have the
cooperation and active participation of all indivi-
duals and organizations who can assist In ‘making the

Thesaurus more useful both to themselves and to ASTIA,M9

An Important factor in ASTIA's request for cooperation was
to Inject both user orientation and user feedback Into thq effort,

Although the Initial publicatlion has been ﬁontinually re-
viewed since It was Issued, revisions were kept to a minimum [n order
to Insure that the statlstics obtained during its use were meaningful,
(These statistics are currently being employed to determine the need
for coalescing closely related descriptors or reducing the number of
broad descriptors.)

The current revision program, initiated formally In mid-
1961 and continuing to date, represents a large cooperative effort,
and one of considerable magnitude. The new edition of the Thesaurus

is scheduled for distribution in the Autumn of 1962,
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5.5 Compatibility

No report would be complete without some reference to the many
efforts involved in trying to achieve compatibility among various
information systems. Several major endeavors in this area are,
accordingly, briefly described,

An Ad Hoc Interagency Study Group on Language Compatibllity in
Mechanized Storage and Retrieval Systems was organized in October
1961. Looking forward to the day when many agencies will have mechani zed
information systems, this group is directing Its attention to total
systems compatibility, rather than compatibility of thesauri,

In a 1950 paper,10 Mortimer Taube pointed out that the long-t ime
effort to secure uniformity of subject cataloging and subject control on
an international and national level had broken down, Even with reference
to our three national libraries, the Library of Congress, the National
Medical Library, and the Department of Agriculture Library, different
authority lists, different methods of indexing, and different methods
of classification are employed, reflecting differences in the collection
and types of service, It was suggested in that paper that the way
towards compatibility was in the direction of free indexing and
unstructured vocabularies. The initial work on coordinate indexing was
essentially a practical demonstration of this view. The authority

lists used by the Air Force and Navy sections of ASTIA were structured
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differently and, hence, incompatible. One of the speciflic tasks
carried out by Documentation Incorporated and reported to ASTIA was
the construction of a single, minimally structured list from the two

existing |ists,
In the current revision of the ASTIA Thesaurus, compatibility of
the vocabulsry was given prime consideration:

""Thus the vocabulary should be as compatible as
possible with other simllarly used vocabularies --
and the Thesaurys, as the principal means for
achieving such compatiblility, should make it possible
for other crganizations to 'translate' their vocabu-
larles to or from that of ASTIA -~ and for ASTIA to
do the same with other vocabularies. In this respect,
the assistance of or?anizations other than ASTIA will
prove invaluable." !

It has been pointed out, however, that the complexity of structure
as reflected in a thesaurus does not contribute to compatibility of
indexing systems. Undoubtedly on the basis of his own experience with
thesaurus construction, Paul Klingble! of ASTIA has said, for example:

"But the documentalist Is not at all concerned

with the possible meanings a term may have, He

Is concerned only with that variety of meanings

which occur In his collection. Moreover, he is
charged with the responsibility of storing and '
retrieving that segment of man's knowledge represented
by his library."12"  (italics Klingbiel's)

That Is not to say that a thesaurus or any similar highly
structured vocabulary may not be of great value as a description of the

vocabulary structure of a speclal collection and, hence, as an important
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tool for the searcher, but It does say that there can be no universal

thesaurus which has prescriptive significance for Indexers working

in different collections in different Information centers.

It is understood that the Engineers Joint Council Is becoming
Interested In a plan of abstracting and indexing journal articles at
the time of publication to render them more readily and promptly
suitable for effective storage and retrieval by the various systems
employed at point of use. This system has been instituted by the
American Institute of Chemical Engineers, and their three journals
now carry Index terms and abstracts for the separate articles.

The program has been well accepted by the A.l.Ch.E. membership and has
been adopted as a permanent part of their literature service. The
Chemical Engineering Thesaurus was a major tool in the implementation

of this program.|3"u
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6.  ROLES AND LINKS
6.1 Description and Definit!

Although they are called by several names and
implemented In meny forms (which will be described in the second part
of this section), roles and links can be defined quite simply:

Roles narrow the definition of the terms by designating
the role of a word In context; they are generally, but
not necessarily, symbols appended to terms or term

numbers.

Links are grouping devices; they are generally, but not
necessarily, symbols appended to item numbers,

Links show that terms are related. Roles In themselves do not
show how terms are related, because the role affixed to a term only
describes the use of that term In context; it Is only upon coordination
of terms which have roles that a relationship among terms Is established.

One of the most perplexing problems encountered in the study of
roles and links is In nomenclature. Roles are varfously called role
indicators, modifiers, and modulants; occasionally, scope notes are
called roles or role indicators., Terms with roles attached have been
called "structerms'',

Links are variously called interfixes, link letters, punctuaﬁion,

-and association,

Scope notes are erroneously called roles, because although scope

notes do "narrow the definition of terms" (as specified In the




$ | definition of roles) they do not "designate the role of a word In

i context"., Scope notes are used generally only to differentlate

homographs .

The nomenclature confusion has arisen for one main reason: when

one modifies a concept even ever $o slightly, he Indicates this fact by

glving 1t a new name. Sometimes it Is only a modification in scope;
sometimes 1t is a modification In form,

1 For.exampIe Western Reserve University's indexers indlcate group-
ing of terms into sentences or phrases by dots. They call this
"punctuat fon'" rather than links. (Their links have taken this form

because they use a term-on-ltem system rather than an Inverted system.

| For further detalls, see Section 9.4,) Because it Is possible to

symbolize a link either by a letter or a number, one group at du Pont
has called their links "link letters'’

There is at least one person who uses links and does not call

them 1inks == nor any of the other terms mentioned above. In a paper

presented at the Fourth Institute of Informat fon Storage and Retrieval,

at The American University, William B. Keh! described work in storage
and retrieval of legal materlal at the University of Pittsburgh.' In
this system, as in WRU's, the index is a term-on-item file; the text of
the document, including punctuation, is entered intact on computer tapes.

Prof. Keh) said that the computer program was such that it could accept

-----
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the instruction "retrieve this document |f ind only If this word is
within five words (or some other number of words) of that word", An
example he gave included the terms ''unable" and."péy” or ''payment",
This reduces (but does not completely eliminate the possibility of
retrieving documents which in fact have these two terms but not the
expression "unable to pay''. The computer can also accept the
instruction, '"'retrieve this document if and only If this word and
that word are in the same sentence'. These Iinstructions are Qrouping '
devices, hence, links.

Prof. Kehl's system also uses ''roles', although here again, he
did not so call them. The computer can accept the instruction,
"retrieve this document if and only if this word precedes that word'.
This will increase (though not guarantee) the chances of retrieving,
e.g., '"water for cooling' rather than ''cooling of water''. The
example he gave was ''district school" versus 'school district”.

Even descriptive catalogers use links when they analyze a
document in two or more separate parts, numbering the report 205la,
205th, etc. |

In the final analysis, it is possible to say that, except for

théir mode of implementation, roles, role indicators, modifiers, and
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modulaﬁts are synonomous; and that |inks, Interfixes, link letters,
punctuation, and association are synonomous.

Mortimer Taube of Documentation Incorporated has recently
published a significant paper on roles and Iinks.z In this paper
he shows that the use of links as syntactical devices may lead

to loss of information,

6.2 Operating Experience with Roles and Links

Very little operating experience with roles and links has

been reported. Certain opinions have been offered, informally, as

-

to the cost and/or efficiency of these devices, but they have not been

completely substantiated,

It is generally admitted that the addition of roles or links
will increase input costs; by how much, however, is not known.

Estimates range from 5 percent to 50 percent.

Whether or not roles and links truly improve system efficiency
has not been proven. Even those who insist that the system is more
effective do not indicate whether or not the percent of increase in

efficiency is equal to or in fair proportion to the increase in cost.
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In one informal disclosure to the Documentation Incorporated study

group It was sald that the proportion of false drops retrieved wilthout

roles and links to the false drops retrieved with these devices In

the system was 4.5 to 1. |t was admitted, however, that the test was

neither exhaustive nor conclusive; no cost comparison was made.
According to available information and material submitted to

NSF for Nonconventional Technical Information Systems in Current Use,

No, 3, which is in preparation, the following organizations are using

or sbout to use roles, but not necessarily links.

U.S. Patent Office, Research and Development Division
Central Intelligence Agency .
Western Reserve University, Center for Documentation
and Communication Research
Nationa! Lead Company, Titanium Division
Armour and Company, Patent Law Department
Philip Morris, Inc., Research Center
Linde Company, Research Laboratory
Eastman Kodak Company, Research Laboratories
€. !. du Pont de Nemours & Company:
Engineering Information Center
Polychemicals Information Center
Monsanto Chemical Company
Jonker Businress Machines, Inc,
General Electric Co., Defense Systems Department

WRU,3 du Pont,''5:6:7 and the Patent 0fficed have published on
their application of roles and links, These papers describe implemen-
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