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ABSTRACT

> To advance the ABC system towari the automation of its
retrieval and analytical input operations, linguistic problems were
studied, and a prototype computerized retrieval test was conducted.
A vector-type organigation was imposed on the test collection.

An appropriate measuring tool was constructed and used (a) to
evaluate a variety of system parameters (ca 50 test runs were required)
and (b} to rate different systems that evolve from the basic ABC model,

The process of computerizing the standardization of ABC descrip-
tors as well as the production of a comprehensive thesaurus (presenting
terninology with associations and functions) are described and so
are the methods prepared for progressive automaetion of the analytical
effort in future test models, -
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A. INTRODUCTION

Two years ago we completed a manual retrieval test to identify
and assess the characteristics of the first-generation ABC system., A
mathematical (statistical) model? was used to calculate the standard
deviation for relevance and recall to a high level of confidence. In
general, it corroborated the conclusions of a preliminary report on
the test.® These results indicated hat a relevance ratio of 86-87
percent was characteristic of the system. under the experimental
conditions specified. However, an equally valid recall figure could
not be established on a sound statistical basis because of the
difficulty in specifying the total number of documents in the collec~
tion relevant to the query and because the volunteer retrieval opera-
tors typically stopped searching after withdrawing an average of only
two documents per retrieval run., With a mean of a pooled total of
eight unique titles responsive to egch query, the maximum recall
possible per individual was 25 percent; actual computations yielded
approximately 22 percent,

Another matter discussed was the nature of the interdependence of
relevance and recall and their validity =s measurements of retrieval
performance.

Our experience with the test and with day to day operations
confirms the often reported observation that the idea of relevance is
peculgar with each individual investigator.

Work on the second-generation ABC system ha: continued5 to
improve the system and to obtain the following broad objectives®:

1) streamliniug the syntactical structure of the ABC descriptor

27 achieving a high dagrec ~f consisteacy in the descriptors'
terminology of descriptors and sequence of concepts

3) iaproving the production of the ABC descriptor dictionary to
meet the actual requirements of subject specialists (in particular for
manual retrieval)

4) automation of the retrieval operation and

85) gradusl automation of all input (or proceasing) activities

The research within our organiszation was conducted to gain a
better understanding of semantic and syntactical properties of the

ABC descriptor, to design & method for their automated construction,
Lo automate tiie retrieval operations, to design objective testing and
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evaluation meihods appropriate to study the important elements of
information retrieval, and to compare different retrieval runs and
systems for use in developing and testing the second-generation system.
A contract was let to produce a much larger collection, and the most
important requisite computer programs were completed according to a
detailed and comprehensive systems analysis.®

This report will therefore deal with the following aspects:
1) the linguistic prublem of informution retrieval
2) the preparaticn of an automated prototype retrievali test

3) the model and the analysis of the automatic retrieval test,
and in particular, the development of an independent measuring tool

4) the current preparations for testing the growing new collec-
tion and the on-line (real-time) retrieval capability of the system
and

§) the feasibility of automating the operations and services of
an information office.

B, LINGUISTICS

a, The Linguistic Problem of Information Retrieval

For an identification of the role and place that language
research must occupy in tae development of modern retrieval systems
we can call attention to the conclusions of the "DOD user needs study,”
an inquiry based on a representative and detailed sample of reactions
from the scientific and technical communiiy. The investigators in
discussing one of their observations, namely the disregard of the
eastablished formal information system, offered among others the expla-~
nation that the formal system apparently does unot provide the features
desired by the user, particularly the features of convenience, respon-
siveness, and the ability to conduct a dialogue with the syatem,® The
convenience’ and the responsiveness scholars and scientists expect from
& modern retrieval aystem have been more precisely defined by Leimkuhler
and Neville i their statoment: "The task of the specialized libraries
and information services is not simply to amass all the research
material in thelr particular iield, but to organize and index it in
such & way thuat questions about ainute and precise topics can bLm
quickly answered.'™ By implicution the authors of both publicaticns
acknowledge thai the basic prohlem of adequate reference or infor-
mation services does not primarily depend on the development of new
hardware, betteér computers and improved communication equipment, but
on methods and procedures that will permit the "dialogue" becween the

R




investigator himself and the stored analytical informetion, Scholars
and sclentists want to find +heir own answers to particular problems
and they want to find them in the form, to the extent and within

the time frame, suitable to their current task,

One key difficulty facing the designer of a modern and
acceptable information system is a commuaication and therefore a
language problem. Flrst of all, complex subject matter must be
organized for multiple approaches, while materials easily identified by
one, tw> or three terms (or subject headings) can and should be
serviced by the conventional catalog as the most economical and
effective retrieval tool.

Second, whatever their vision concerning a-futire automated
retrieval system may be, most documentilists agree that the ideal
system should permit direct communications of the investigator with the
organized stored information.® The ideal procedure to follow will be
the same one used when locating intorration in a published bibliog-
raphy, or in a collection of Looks and journals, that is a form of
more or less syst.matic browsing and ¢ search increasing in momentum
and precision while one pursues his effor:. For providing an accurate
wiatement of his information requirements, the reader must be far
advanced in his study. In the initial phases of his investigation,
however, his approach, if not his objactives, will sometimes be hazy
because he frequently starts with hunches or doubts. During such
periods of uncertainty, pieces of relevant information are most
urgently needed and most sincerely appreciated, Therefore systems
organized to serve a scholarly community wmust provide the capability
for the investigator himscelf to perfcim screening or searching in
order that he may profit from the interplay of modern on-line
(real-time) communications. TFor the required interface, complex
information must be presented in cleir and commonly understandable
formulation,

Third, the designer of a syitem must solve a translation
problen, The infornation facility stores and processes hooks, journal
articles and reports reflescting the diversity of vocabuiary, syntax,
and style of their individual authora. Language acquired by social
processes, training, educati on, reading snd discussions differs not
only fro: growp tc group and from discipline to discipline because of
distinct historical, cultural or professional environsents, but also
from individusl to irdividual because of the countless ways uinilar
‘{deas and concepts can be expresued,

‘The language ol the users of the systom, probably the nost
important but sometimes most neglected group, entexs as formulation of
requiresents reflecting the users' ability, personal knowledge and
understanding of his problem ¢nd of the system. Nevertholess in each




instance thé user expects to auduire suitable answers and to
find those small subsets of the collection that contair the most -
apprqp;iate available answers, :

» "It is the task of the oraanlzexs, the indexers and analysts,
fto facilitate retrieval of papers and documents on specific and ¢losely -
‘related subjects despite the great variety in style and telmlnology
authors as well as users employ in their coumunications.

b. Coordinatellndex T&pe Systems

The importange of the llngulstlc problem has been generally
recognized, To enhance communications in the two-way channel connect-
“ing users and stored jinformation, the genezally applied, coordinate-
index systems are believed to require the pre-establishment of a
standard term dictionary with definitions and cross references to in-
"form the indexer as well as the retr1eva1 operator about the accepted
pe tiner: terminology.

Despite large and still rapidly grow1ng investments in these
term and chtionary-based systems, one should not be afraid to pause
and take stock of the inherent: def1c1enc1es that are commonly known,

‘_but in general discounted .

If we assume that an appxopllate, comprehen51Vc balanced
d1c+ionary of consistent standard terms can be produced, updating the
dictionary will involve discussions, controversies and undesirable
time delays v

‘More critical still is another requirement stressed recently
by Cyril Cleverdon, the requirement of cross-referencing the terminol-
ogy in order to establish the hierarchical, whole-part broad-narrow
or other types of relatedness, From a term such as "insulation”
the thesaurus should refer to all materials used as iusulators as well
as to the different types of insulation, From "supersonic flow" it
should lead to the relateu subjects of shock waves and shock tubes,
and from "vibration" to elasticity" 10 Although these cross-
references are indubitably the prerequisites of satisfactory retrieval
operations, it is questionable whether any subject specialist or any

. group of subject specialists will be able to construct a complete
‘network of all known interdependencies or to predict all other

possible interconnections, the innumerable relations, notv only of
super- or subordination but of brother, sister, niece and nephew
associations that may parallel or link the different concepts presented
~in literature or speeches, Under these conditions it is not difficult
to find gaps and inconsistencies in modern thesauri. But how could it
be othexrwise? The difficulty of providing the cross references is a
basic deficlency of the coordinate-index type systems,

- : . sy - e i N ST F
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» Another premise on which these systems are based, the inter-
indexer. consistency, turns out to be falling short of the de51red
re11gb111ty It is discouraging that some analyses have shown inconsis=-.
tencies of over 80 pe cent when experienced indexers picked indexing
terminology for identical documents from one specific thesaurus,?!

Such discrepancies cannot be avoided whenever indexers must assemble
terms descriptive of the author's thesis and translate these assembled
_terms individually into "equivalent" expressions of the thesaurus.

. ‘ ' Various investigators point also to the critical number of
S ihdexing terms required for optimum retrieval operations,l® They
could refer to a retrieval run where the query expressed by one combi-
nation of indexing terms will also cause the withdrawal of all documents
indexed by losely related terms.

" Although greater indexing consistency can be expected .from
automatic processing, one must take into consideration that symbols
or words rarely represent one specific meaning, but as & rule project &
- " variety of meanings and stand for up to 60 and more different conno-
B tations according to the context of terms in phrases, sentences and
paragraphs. ’

As a writer or speaker can fill one symbol with a great : \'
variety of meanings, so can one and the same concept be expressed in
numerous different ways, 13 e.g.; as noun-noun, adjective-noun, prepo-
sitional noun phrases, as infinitive or participle constructions, or
as a subordinate or a main clause, Under these circumstances consis-
“tency cannot be accomplished by a simple look-up as much as we may
wish that it could be done.

In a period of rapid advances in science and technology,
the corresponding semantic changes should be more seriously considered
than they presently are,

Quite unsatisfactory appears to be the lack of syntax!4,
15 18yhen isolated terms and phrases must be combined to represent the
content of involved papers or queries,

These deficiencies are furthcy compounded when a documen- 0 3
talist must interpret the queries in preparation for the computer + 8
programs without having the investigator enter the process before he
receives the rapers withdrawn from the collection for his use and
evaluation,

As a rule an operating system of this type permits the
investigator to determine the non-desired materials he has obtained,
but preventc him from adequately estimating the numbevr of pertine.c
documents the system has falled to recall in a particular run and at
a given cut-off,




All these and ocher deficiencies lumped together presumably
rebult in the linear inverse relationship -of the common%; used per-
formance measures, the so-calied 1elevance (or pertinence) and recall
ratios. The fatalistic attitude with which unsatisfactory systems
were accepted has probably hampered the develonment of adequate

. testing methods and procedures which can only te refined in connection
with progressively perfected systems, On the other hand it has im~
< - -pelled th¢ move activistic documentalists to urge for greater improve-

s ments of coordinate index systems or to replace them with entirely
different ones,

¢. The ABC Method

Although our investigations imply that the introduction of
sophisticated but practical processes could make coordinate-
tvpe indexing acceptable to the community of scholars and scientists,
the proof can be offered only by future practical unbiased tests,
The understanding of the characteristics of a useful and economical
information retrieval system was gained tbrough our conceptual
approach to the problem. In the approach by concept (ABC method)_
system, syntactical units were introduced. The content of the
sentence was objectivized and brought to a stand-still by trans-
forming ‘the verb into the governing noun; and a KWIC-type computer
" program: improved to display 450-character long structures in a more
readable format (See Appendix II p, 73) provided for an econonic and
comprehensive system of cross-references {55 far as the accepted
standardized terminology is concerned) .

» 'fhe manual test (the results briefly mentioned above)
yilelded a relatively high and consistent relevance ratio, but was not
conclusive with respect to recall,

-When we resumed our dovelopment program after the test, we
laced the following difficult linguistic problems:

. 1. to prevent the KWIC-typs ABC-Dictionary of complex
dglcriptions from growing into unmanageable proportions;

2, to apply gyntagmas (appar‘ntly one-timo tormulations, .
see p, 53¢ below)and, nevertheless, organize information ocononically.

3. to standardise syntax, a task we failed to solve through
standerd operating procedures and human editors;

4. to identify all possible dependuncies and correlations
beyond the relatively intricute system of cross refecrences the KWIC
computer program produces;

\




5. to aulomate not only the generation- of ABC deaériptors
and of the editorial efioxt, but also, gradually the entire analjtical.
etfort. -

d. General Considerations

Any information retrieval system that operates with natural
language either in form ol combinations of index terms or in form of
syntactical self-explanatory structures must be based on underlying
principles that govern the relationship between meaning and language,
or thinking and speaking, and that link linguistic symbols denoting
related subject matter into a great variety of stronger or weaker
‘associations. Only if we succeed in this effort can we expect to
break the barrier formed by the unending wealth of our language, and
provide the scholar and the scientist with the opportunity to browse
and the complete freedom to choose.

Because the problem of storage and retrieval systems is a
problem of organizing messages it i% proper to identify linguistic
semantic and syntactical theories that can be readily adapted by both -
the analyst (indexer) and the us ser. A sound structure can result when
‘we build a system on assumptions tnoroughly tested for adaptability
an. for reliability. In our current and future studies and tests, we
therefore must seek answers to a aumber of fundamental questions:

What combinations of words, terms or phrases, and strings of phrases
will communicate meaningful concepts that are unlikely to be mis-
understood9 : \

Can we construct logical or hierarchical schemes for the
efficient, continuous, comprehensive, unambiguous organization of
literature? 1Is there a positive relationship between the frequency of
occurrence of individual words or co~-occurrence of wrrds in descrip-
tors and the content they represent? Are services performed at a low
cost ' truly cheap if they do not adequatel: neet the fundamental
requirements of the customer for whom they uave been designed and if
‘they are not capable of leading toward automation of the retrieval and
the analytical input operations? In other words vhat is the cost
effectiveness of the wmodels? Can we . uild a prartical system if we
omit provisions for continuous checks, controls, iad adjustments of
the "index" language? Can we design . system that can organically
evolve in response to advances in knowledge and scie.nce, a system
easily adaptable to the changes we muat expect? Finally can we arrive
at practical approaches and solutions to automate the insut operationa?

As in othor studies published in this series we do not dcll
with computer logic and computer language.




: Only the problems of. design1ng, inproving and automating a
) modern retrieval system are treated and this as far as they are of a
semantic and think1ng psychological'* nature.- : :

-~ We mubt also emphd:ize that the following discussions will D
;bu 1imited to a few general observations and in particular to some b
R remarks that may supplement the excellent survey of ‘Eric de Grolierl”
" who has assembled and described a very comprehensive quy of informa-
tion.concerning the basic problews such as the difference between
machine translations and information retrieval, and the particular
~ relations to philosophy (logic) and philology; and furthermore, has
subjected the: commonly known theories ana- systems to c¢ritical and
~most convincing evaluations.!® :

IR e. Definitions
‘ ; ' -1, Tbrminology used to Describe the Natural Language
' " Approaches of the ABC Storagb and Retrieval System

Words or terms are language symbols that as a rule do
express a number of meanings depending on the context in which they.
are placed

Phrases are modified terms, or combinations of words
used to identify one specific object or entity and therefore to form
particular concepts,. The combination may be noun-noun, adjective~
noun, or preposition-noun, :

One string of phrases, an ABC descriptor, circumscribes
ohe problem or one task having one sjecific obJective.

Usually, 3 to 5 ABC descriptors logically arranged will
ropresont the content of one study, one research effort, one report
or one publication; they form a summary of the different specific
aspeacts treatod in one bibliographic unit,

Categories sre general subject croupings devclopod tor
the organimation of seis of ABC descriptor: oy component phrases

thereof ., _ ~ ; » ' -

'Tre catsgories currently used have been the result of
long~time observations and therefore reflect (a) HDL fields of interests .
(discipline-orientation), (b) HDL tssks or activities (mission-
orientation) including characteristics, properties, or parameters, and
{c) particular types or purposes and usys of ‘pertinent:publications .
with reapect to form, level ot difficulty, work phases described, etc.

[

*This term coined by Hoenigswald will be dufined later.
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‘clagsification and retrieval.

N .. Any detailed analysis implies the imposition of 2
ratlonale of class'fication. However, the never ending task of the
documentalist is to redefine the rationale of categories and groups of
é&tegories to meet not only the changing requirements of his clientele,
but also to organize the advances and progressive specialization of

" the disciplines represented in his collection. The categories used in .

the HDL system are more specific than in other systems and intentiivnally’
overlapplng for several reasons: (1) to permit the coverage of margi-
nal fields in more than one of ‘the ABC category dictionaries and word
lists produced for- subJect specialists, (2) to automate the organiza—

" tion of vectors for one particular retrieval method; and (3) to

explore ddditional computer applications to clumping and similar

. processes the practicability of which must be explored.

The following explanations may also assist in clarifying
our present position which will be subjected to stringent tests. (1)

"It is not possible to design categories which are completely,exclusive'
-of each other, (2) As we experienced in our prototype test which we’

are about to describe, an increase in the numbers- of substantial cate-
gories assigned to the average document in the test collection im-
proves the retrieval- cpacity of the system. If we use broader,
overlapping categories, we have a greater chance of applying the average
categoyy more frequently and of obtaining a larger number of méasure-
able components for the documents organized by a vector-type retrieval
method. A larger overlap of categories appears to assure greater
precision ol identifying or locating the analyzed documents in a
multidimensional space. However, an adequate balance must be estab-
lished between two extremes, the categories so specific that they .can
be rarely applied and the categories so hroad that they can be
assigned to a majority of documents and therefore become useless for .

Clusters in the ABC dictionary dencte groups of ABC:
descriptors having one content-bearing term (keyword) in common,
Arranged-alphebetically, clusters define the keyword by providing the
context of the different assembled descriptors., Guides to a keyword
are the category term dictionaries or the content-bearing terms
encountered in any of the other clusters or descriptors,

The structured abstract is a computer product, a
mechanical transformation and printout of the subjecc analysis per-
formed by the subject specialist. The specialist using a standard
worksheet (ChartD.) identifies the pertinent, valuable information of
the document, and organiges the content of a paper under such broad
classes as: hardware, disciplines, production methods, functions and

-operations, influences, environmental factors, etc., The worksheet
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also assists the linguistic editor in deJclop ing and applying consis-
tent, unambiguous descriptor terminologv, and moreover will in combi-
nation with a computer program improve the question—answering capa-
bility of the system.

‘ 2. Document versusiInformation Retrieval

As a research establishment responsible tor the support. . ’ %
of current programs and projects, the information office has to oper- ] i
ate not only within certain time limitations but also according to’ i ; . N L

T particular quality standards .  Seldom does there arise a requirement ‘
“for . a'bibliographic‘compildtion covering entire subject areas, because : : 1
“as a rule no.one has time for long searches and intensive studies. B

The engineers as well as the scientists seek lumediate answers to

" ‘problems with which they are confrontcd The objective is most often .
‘well defined, the operational environnent of a required device or v o o
system is also generally known but the approaches that could be tried X

~ or the methods that should be applied must be determined. Difficulties

: office in a research installation o locate and withdraw a very B

’ 1
may arise when seeking -the pertinent, and 'f possible the most useful ‘ _.-A__§
| i

' information because the terminology used Ly the investigator in

stating his problem may not be appropria1e when the materials or ; :
components ‘he is -seeking or the method hest suited to meet his - T
requirement may have.been previously studied or used in connection i . .4
with an entirely different task, ‘ -

Moreover it is the reﬂponsibility of an information

t
1imited number of documents or papars containing the specific infor- ) _ 2
mation and to assist the investigator in answering specific and often , i >
very complex questions 19 . ' : . i

~ The ABC system differs from other storage and retrieval g
systems in that it has not beeh designed to operate from a structured i
input. However, in one of its later versions the syster. will exhibit , i
a capability of answering questioas about particular methods used g i
“under precisely stated conditions, about devices, sub-systems or ) }
systems possessing particular properties and characteristics and 4
about principles and des’gns studied or tested for particular’ §
application—-in short information in which a chemist, a physicist, i
an electronics engineer or an operations analyst might have a common - i
interest despite their different approaches. In brief, the system "
is designed to identify the very few documents that contain the most .
appropriate answers. 8

£. Semantic Theory o f » ' .

The German semanticist Jost Trier?° added a new dimension to
our understanding ot the relationship of language and meaning when he

18




concentrated his studies upon large cross sections of particular
conceptual entities at different Sequential periods and thereby intro-
duced the concepts 'word field" and”dynamic force'into semantic re-
search, With every word used in our communications, Trier poiats
out, we bring to our wind and to the listener's or reader's attention
a number of meanirgs and words having relationships of varying distance
from the terms we have chosen to use. All these related words and
terwms have a common ground; they form one well-structured. organization,
composed of layers of linguistic symbols called "word fields.”

The words in one field are ﬁhtually dependent and receive
their particular meaning or their conceptual content from the complete
field in which they exist.

According to Trier, no a priori clearly definéd concept ‘is
assigned to a particular word.. On the contrary, the words-assembled
in one field receive their individual share of meaning by continuous

"mutual re-delineations and re-adjustments that itake place within their
field. The thinking human’being throws a net of words over what is
~mere intuition, subconscious perception or guess, in order to "catch"

a concept by comprehension and translate it into defined terminology.
Language does not necessarily mirror reality, but creates intellectual

.symbols to facilitate the understanding of realities..

Trier illustrates his theory with his historic approach; that
is by comparing closely related word fields from different periods,.

‘Because each word is meaningful only as a member of a given field, and

in its relation to or distinction from all other members, any addition,
substraction, or any shifts of word characteristics must cause
disturbances and vacillations that will continue until the symbols
again are adjusted to each other in the re~established conceptual
complex. As the words are quasi-stable and are defined merely within
the temporary configurastion of a given field, so are the word fields
themselves subject to readjustments at any time when one of the
neighboring fields is given even a slightly different meaning.

In this steadily changing structure the individual plays
an important role because only in him and through him does ltnguage
find ita realization. However, his role is limited in so far =22 i,
depends upon his reaction to a set of very strong, cuiturally and
socially bound traditions.

With Trier's concepts of a living end dynamic language we can
recognize one important element of our communication problem, In a
period of extensive research and of ateadily advancing and increasing
knowledge new thoughts and new concepts will arise that demand either
new symbols or the re-allocation of meaning within the existing "word




fields." Through the incessant influx and the continuing adjustments
necessitated by the growth of ideas and knowledge, certain fields must
be greatly disturbed and will seldom maintain a long-time balance,

Under the influence of progressive individuslism, language
as & tool of concept realization must yield to numerous demands of
groups and individuals in modern society, and accept changes at a
steadily accelerated speed.

Trier places his emphasis on semantics or words and their
changing meanings within given fields, and on the comparison of
historical cross-sections. Only in passing does he mention the
"syntactical fields" which like "word fields" form a system, apparently
a separate one and find their realization also in thinking and
communicating individuals.2!

Trier's limitation can be traced to practical considerations.
The comprehension of the semantic role of syntax was provided more
readily by the entirely analytical approach of a philosopher.

g. The American Psycholqg}cal Approach

Quillian's®2 memory model and word assocliations grouped in
diffevent planes could be considered a transformation of Jost Trier's
semantic fields('word fields")to permit automation. Each of Quillian's
planes contains one "type node" surrounded by all the terms (or "token
nodes") that contribute to its meaning. A multidimensional network
is eatablished in that wmost token nodes are also type nodes in planes
of their own where they are defined by their respective token nodes.
Indeed, Quillian’s model of a semantic memory in whlch "every word is
the patriarch of its own separute hierarchy,” with the different
planes related variously to each other without an absolute hierarchy,
is descriptive of the ABC dictionary particularly in the first
generation focrwat., The alphabetization introduced to construct the
clusters ot ABC descriptors may generate grounings of inferior quality
when compared with those formed by the free uassociations around the
type nodes., This deterioration is to some extent compensated by the
variety of keywords which are encountered in the different deacriptors
of the cluster and should be used as guideas to other related subject
matter. which in turn should lead to additional information so that
the entire subject matter is made available in & number of seguential
saps. Since the surrogate of each document that was selected for
its quality and pertinence is presented in standard terminology (and
in time also in standard sequence of notions and in standard syntax),
the co-occurrence of terms in descriptors and clusters cénnot be
regarded as a matter of chince but must indicate a relatedness of
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information. Thus wheén egn investigator follows relevant terms and
examines their respective clusters he is able, in 5 to 10 minutes,

to retrieve the related literature., Often this will include subjects
he may have forgotten or failed to consider when he started his
investigation, - - ' v ' -

The retrieval with the ABC dictionaries turns out to be a
search process more similar to one based on word fields or planes than
may be apparent at the first glance. The completely cross-referenced

.listings of the ABC dictionaries are prepared and updated by an
integrated computer opsaration.*

h, Syntax and Semantics, The Thinking-Psychological Approach

For the most provocative ideas concerning the mutual relations
of logic and 1anguage, thought and expression, word and sentence, we
are deeply indebted to the work of Richard Hoenigswald.®® His analyses
and definitions offer an understanding of the mental processes leading
scholars to the formulation and confirmation of truth, His work pro-
vides an insight into the thinking operations and into what makes
an activity productive or creative, and by implication, into the
principles of storage and retrieval systems that meet the basic and
the functional requirements for the support of creative research.

The thinking process is an intentional effort of an indivi-
dual to establish a personal relationship to "something." He may
start with knowing something that he is not fully conscious of and
something that remains uncertain and vague until it is adequately
defined, so that it can be expressed in terms of language,

Language thus has in an inextricable asseciation with
perception and cegnition. Sense or meaning is basically verbal, and
can be manifest only in worded form, .

Language raises & personal act of perception to the level of
knowledge, possible truth, and truth, and in this respect, has a
functional character. It is a producer of thoughts as well as an
equivalent of thinking;®¢ and in so far as one learns the structure
and use of a language, it is a product of society and civilimation,

A thinking process in its wost primitive form is present
«able as "I have something” or, as we mentioned above, the smallest
thinking event represe::7 s relationship botween an individual and a
"something ." It is, therofore, wvident that the linguistic equivalent
of this relationship is the sentence, and although the shortest

*Ses Appendix I.
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'klingﬁiétic unit capable of expressing or transmitting a thought may
- sometimes lack the grammatical fcrm of a sentence, it will always
be representative of and understandable as a sentence,

J‘ Especially.in modern languages;kwords carry a great variéty
~of meanings. 'A'specific function, a connotation, a value is assigned
‘to them by their position in 2 given sentence and sometimes by their

“ :_ context in a paragraph or a longer exposition. Syntax and semantics

are inseparable for the philosopher becaugse the meaning.of words and
" their syntactical formations are as closely interrelated as logic -
. and language. : . . L

Iu this highly condensed review of a philosopher's deep
”Aand conplex analysis we will profit from following him a step further.
'The something of perception caunot exist in isolation. It is per-

" celved as ‘being related and if 80 observed as a complexity. The
_“individual who perceives the "something" and the "complex" related

. thersto could not . parceive the something without percelving the

g conplex.‘ : O |

N

Whenever a thought relates to two or more aonethings
which in turn can be related to other somethings, more and more complex
thinking events occur, These more complex thoughts ropresentable
by sentences must nevertheless he capable of being expressed within
another sentence, With sentences belonging to a higher logical level
because they characterize broader and still broader sectors of
‘research and knowledge, we arrive at the essence of knovledge where
everything is one and one is everything., Hoenigawald's analysis
of the thinking process, based merely on theoretical, logical cou-
slderations, is also a viewpoint oi reality. Rognrdinz thiz he
introduced his concept "pr¥senz," the capability of the human
being to have present in his conlcioul nind a multiplicity of thoughts
or thinking events at nne brief ' prolont wosent. This rouwpression
of previous thinking events into one thought incident en:bles wman
to compare, analyze and judge. It makes the human being a produc=
tive, lonotinno a ercative factor in life,

E If we search for a physiological explanation of this
phenomeion that obviously does not operate with the physical time

. concept of past-present-future, we gain more insight from the model
of the brain and its function that biochemists such as Holger Hyden
have proposed., According to thim theory, informction is stored and
retrieved through biochemical processes that modify proteins and
ribonucleia acid molecules within the synapses--the 4-10,000 Junotionl
that tie the 10'%sutrons of the human brain into one complex neural
network and react to wessage imwpulses by enission of requested stored

_ substance information,®® “hesn experiments and investigations have
not been completed. ‘ ‘

ac




An obvious conclusion of these discussions is that one
cannot generate meaningful and active communications merely on the
basis of a standardized vocabulary, however valusble and necessary that
may be. Information can hope 16 be unadibiguously identified for
efficient retrieval operations only in c¢ontext or within syntactical
structures or sentences.®6 While the standardization of terminology
-and phrases may well lie within current =achine and programming
capabilities, the production of a standardized syntax could,
according to various documentalists such as Kasher,27 turn out to be
one of the enterprises that are impossible of execution. :

i. The Thinking Machine

In the Western worlid the ideal of a thinking machine and of
conversations between a scholar and a computer have remained subjects
of serious discussion.* On the other hand a number of Marxist
scientists have accepted the doctrines of the Neo—Kantian Philosopher
Hoenigswald.=?8

¥For p Physicist as Dean E. Wooldridge [_Thehachinery of
the brain, 1963 the brain resembles an advanced coaputer system,
Although he agrees that most complex processer are required to .
sustain intellectual activities he describes the generating machinery
of human thoughts as a complex neuronal network with storage areas, .
input and output couplers , filters, control, switching and feedback
‘mechanisms, -

when the continuously received impressions are directed
to still vucant storage arers, an 'automatic-pattern~interconnection
principle” produces interconisctious b~ .ween the varioua aensory
patterns and activates one memory patt rn. Where patternl containing -
similur sensory contont" are stored, the threshold of the particular
areas is lowered, while "an inhibiting mchanim...nlton only one
chain of recollections at a time out of the memory store,"”

Explanations of this type do not solve a number of
baffling problems. The wachine of today cannot duplicate the peculiar
thinking phenomena because computer operationa take plsce in physical
time, they are sequential, they process, arrange, or match one object
after another; they cannot procduce as one thinking event, the aware-
nese of an eantirc pegment of knowledge, or of wany segments belonging
to different disciplinet. Computers of today and of the near future
can at bést process, select and organize ianforwmation for utilization,
evaluaiior und creative synthesis hg human boincs.

The question must slso bo rajned huw und to which utont
the suggested electronic and mechanical opwrations can convincingly



_ They allege that the position of Marxist philosophy and
psychology is consistent with the argument that thinking is the -
cognitive reflection of the surrounding world in the human brain, and
that it is manifest in the form of concepts, judgments and inferences.
"Thinking is inseparably linked to consciousness and lnnguage...,The
machine computer has no concepts, including the concept I"..,

_and without the concept "I" the distinction between subject and object
"

"* of reflection 1s not possible...machines do not think...,". Machines

may be useful to "model various psychic processes, including thinking,"
but not "to uncover the qualitative specific character of these
different phenomena.'

However, the USSR scientists concede that the creation of
brain matter” or of an artificial creature" ‘should not be- considered
an insoluble problem. Such developments would be completely different
from "devising a thinking machine.," :

o J. Discussion

The iniormation office in a research establishment is’
responsible for supporting current programs and projects with

information according to particular quality standards. These standards‘

" have apparently not yet been met according to the interviews by the
Auerbach Corporation of the DOD. professional community3® and .
according to the linguistic analysis we have presented on the: preceding

pages.,

Fxcluding the quality and pertinence of acquired information
and the determination of such characteristics by qualified analysts,
the mismatch of query and. index languages appears 0 be the most
-formidable obstacle to a satisfactory solution of the problem of
infornation retrieval

explain the brain's associative power, its capability of bringing
“about combinetiong of “terms in form of wordfields and concepts,
facilitating comparisons, definitions, classifications and ihrough
organizational and sifting processes which lead to evaluations, that is,
to productive and creative efforts and finally to sets of entirely
‘original information, It _is not merely the number of the memory
cells, nor the types and number of circuits and components but the
_non-linearity, the quality of operation, especially the seemingly
‘unernding capability of the conscious mind to comprehend large amounts
of most complex information i one single extremely brief thinking
procesa, that characterizes the operation of a productive human brain,




Let us briefly recall first, Trier's word fields and their
continuous changes not only within, but also in relation to each
other, espcciallv during a period when scientific special areas double’
in intervals of 8 to 10 vears; second, the fields as modified by
Quillian, where the type node is described by 2ll the token nodes
lying in the same plan, and cach token node converted into a type

- node commsnds a field of its own with all the corresponding token
_nodes and. third a pocsible combination of both types that would
. represent a system‘of continuously changing Quillian-style fields,

As @ minimum requirement an "ideal" thesaurus must reflect
such & sophisticated, fiexible system as to permit tdentification and
correlstion of all pertaining terms in and across the different fields .
an which they may be located. Whether this can be accomplished is

'_still an open question. The ABC method shows certain similarities

to the ideal ‘in its clusters, its ABC descriptors, and its entire

- complexity in ‘that the. cluster-forming keyword is identified or
defined by its ABC descriptors and their constituent terms and
phrases, which in turn assemble their own clusters and in this
A_,constellation gain snbstance, meaning and precision.- ) T

[N

S ~ When we accept Hoenigswald's and Chomsky'sae theses that
the senteunce forms the basis of all meaningful comnunications the-
. ABC method will have an apparent edge over its competitors nnless
P entences axe incorporated or terminology and phrases are encoded to S ST
o reccastruct sentence-like combinations, s possibility we: will discuas o , T
below in a different context. ’ BN T

Our survey of linguistic theories convinced us that'

. . A1 " The- conventiunal coordinate‘index approach cannot

'_satisfactorily solve the information retrieval problem and- that ;;

2, The first-generation ABC method £alls also -short of R
coping with the comp]exities of congtructing. the desirable nulti- . IR
dimensional interlinknge of terms, phrases and subject areas, of - .

-gtandardizing the semantics and syntax of the lengthy descriptors, - T

 and in particular, of producing the golid. foundation on wbich to R
~7develop the progressive automation of all input operations.;

\

; Numerous methods ‘have- been introduced to; inprove both types
- of IR systems. In the thosauri of coordinate’ indexing systems cross .

references in limited numbers have been recorded .and indices appended

' that .organize the’ doscriptors by classes or groups.-~~ :

-~ . 4

. In the first generation ABC dictionary co-occurring terms
-and phrases, serve the user as guide posts to other clusters and p

thereby greatly support the retrieval offort. :Additional measuzes ~ ~~ . ff“f.“r



were taken in the ‘second-generation model, not only to simulate more
complex language and thinking phenomena, but also to initiate a
program for the progressive automation of the analytical input
operstions. -

o These techniques have already been subjected to preliminary
tests and partly used as standard practice by our analysts and will be .
GXplained in more detail subsequently,

k. Focalization Upon Specific Requirements

: 1f an information office is to support the research efforts
of scientists and engineers adequately, it must introduce a filter
8ystem into its recall mechanism for the sake of effectiveness,
economy and utility and must be able to anticipate the particular
'objectives or operations of its clientele,

In HDL, for example these objectives comprise the
development of sub-systems, devices, components and materials, their
properties affecting the performance of the developed herdware, of
scientific principles upon which the design of modern equipment can

_be based, and applicable production and testing methods. Information

~.acquired for HDL must therefore be processed on the basis of
_relatedness to these particular tasks, missions, and interests. The
determination of factual and anticipated relatedness to HDL research
and- development migsions is a major analytical effort within the

" gecond-generation ABC development program.

Any new document entered into its information system must
not only be identified for its value and overall usefulness but also
‘for the classes and categories to which it should be assigned.

. C. THE PROTOTYPE AUTOMATED ABC RETRIEVAL SYSTEM

The results of the mnnual test performed with the first-genera=-
tion ABC/model had given rise to a number of questions, In particular,
~ the low retrieval effort of our volunteer operators was & weak spot
and independent observers were entitled to ask what would happen it
‘the retrieval effort were intensified, when will the law of diminishing
returns set in, and at which plase of a steadily continuing retrieval
run will the "inverse relationship of relevance and recall" destroy
~ the usefulness and economy of the output,

We acknowledged also the requirement of a new yaid stick that
" would permit fast and valid comparisons of ditferont retrieval runs
and different methods,
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Neither problem could find a practical solulion until the
retrieval operation was extended up to a 100 percent recall and the
human retrieval operator entirely eliminated and replaced by a
completely automated process.

The following paragraphs describe the design, the performance,
and the results.of such an automated test with particular emphasis on
the factors that must affect the already-initiated experiment with an
adequately large (second-generation) test collection.

a. Test Collection

The collection for the automated test covers particular
espects of solid state physics and solid state devices and was derived
from the materials we had prepared for the experiment of the first-
generation ABC model. There were 300 documents selected at random
from a total of 3600 (Chart A) as were 50 of a totaul of 139 related.
questions.* In this way, we could operate with questions derived
from the body of the documents as well as from the general knowledge
of the contents of the collection.

b. Processing for Automation

. In order to autonate the retrieval operations, the descriptors
from documents as well as queries were progessed by a vector-type
method similar to those used by Assario®®,3 and Salton,33,33

*0f the 50 questions used, thirty-five (Q201 to Q235) had been
originally derived from the content of documents in the test collection.
The remaining fifteen questions (Q236 to Q250) were formulated with
respect to problems of solid state physics and electronics and without
inspection of the test set, -

Because we utilized two different types of jqueries, we had to o
determine the bias possibly introduced by the second group of the L
specially prepared queries, ;

The test revealed that they were responsible for a higher defi-
caency (D=5.00 percent) than those formulated on the basis of a true
requirement (with a D of 4,33 percent), We must, however, take into
consideration that with the reduction of the ssmples (to 38 and 18
queriea) the contidence level was lowered, and that with the two
gtandard deviations of 0.8 and 1.3 percent overlapping each other,

& definitive judemer* -~-npt be made at this time




Because the amount of information was relatively small the psychometric
approach had to be used, The descriptors and queries, each as a

complete entity, were related to 59 catggories and the degree of

. relatedness expressed by a scale using the integers 0 through 9,

The categories at this time had been pre-established (Chart B) based

. on missions, subject specialties, and hardware. ' They were inten-
tionally overlapping because this procedure introduced a certain
degree of redundancy which in turn may have been responsible for the
matching results that were less dependent upon attitudes and work
intensity of the individual evaluators. It is recognized that this
subject may require more study and possible changes after the results
have been fully anuzlyzed.

/ The cooperating evaluators, 29 scientists and engineers of
- the arganization consisted of 4 Ph.D, 6 Master, and 19 Bachelor degree
holders who were well acquainted with the subject matter, They had

the choice of selecting or rejecting the documents and queries to be
evaluated. They were instructed to express the degree of relatednese
~-to as many categories as possible (and not only to the important

ones) by comparing the content of each paper (or its descriptor)

with every single category and by using their best judgment., It was
" asgumed that these very general instructions would prevent the
introduction of bias.

o No one participating in the test saw the documents them- .
selves. The evaluation was entirely based on the prewiously estab-
- lighed ABC descriptors. In this way we eliminated the bias possibly

intro@ucéd by the producers of the descriptors (analysts),

: Document descriptors were distributed according to the
fields of interest and specialization to the scientists., Each
descriptor was evaluated by an average 4.2 scientists.

In the retrieval process the cumputer matched vector-like
numbers which represented raw averages over about 4 evaluations of
queries and documents, produced the correlation coefficients as a
™levance measure for any given query-document pair and generated a
printout of these values in descending order to reflect the respec-~
tive degree of relatedness.

c. The Measuring Tool and its Applications*

Because & large number of difterent retrieval runs had to be

*In the subsequent paragraphs (p., 36-3%) the methodology and the
resulta of the automated prototype tea. are described for the
toneral reader, The statistically trained documentalist is advised

to turn to p. 33,

.
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measured and compared with each other to determine the impact of
various parameters and methods and because at a later phase test
results from competing retrievil systems would have to be reconciled
for analyses and evaluation, we evidently required an independent, S - .
flexible, generally applicable and relatively sensitive measuring ’ - aE
tool that provided quantitative results from w"ich to draw valid :
conclusions at a high level of coafidence. - B

The ranked order output furnished the basis for developing . _
such a new tool for evaluation, The minimum number of permutations )
T necessary to bring a given output into an arrangement in which all
the relevant documents are placed at the top of the lists, was used
to express the degree of quality. In order to make this measurement
independent- of the size and the composition of the collection or the , 4
particular preferences of individual requostors we effected normal- o E ]
ization by dividing 1 by tae product of the number of corresponding R -8
relevant (r) and ponrelevant (s) documents. This normalized ‘ S
performance measure of a single retrieval run or'entire system is | I8 :
therefore represented hy the equation D (deficiency)=s ———
Because it indicates the system's power of placing or 51¥fusing
the desirable (pertineni) documents witkin the ranhed-order output,
particular parameters such as strength -and size of the collection or . ° o
filters adaptable to peculiar personal requirements (Chart H) must. o ‘ e
ond will be 1ntroduced to reflne the general one-digit performance SR
1ndex.

Through this normalization process, the statistical model
developed for the evaluation of entire systems as well as for partial
or limited retrieval runs has been reduced to five parameters: the
recall (p); the relevance (p); the cut-off ratio (7); the efficiency
or value of the entire collection () with regard to a given guestion
or to the average question of a completed test, and the deficiency (D)
as previously defined.

The usefulness of the model as an evaluation tool can be
explained also in the following manner,

The first four parameters are represented by the equations:*

RR

P RR + NR

RR + NR : -

rta ‘“EHLE“-

+

RR= number  of relevant items retrieved
RR + NR= number of items withdrawn
pt8= number of items in the collection
r = number of relevant documents in collection
8= number of non-relevant documents in the collection

a7

-




"ot

Because, p can be determined withoui appreciable expenditure and

the value of ri+s (size of the collection) is always known in every
well-administered library, there remain the parameters or parameter -
elements R= the number of relevant or responsive titles in the collec-
tion, and D= the deficiency which may be difficult to estimate.

The dependence of the relevance_recall curve (Fig. 4) on
the value 0K (that is on r and on D) indicates that without a pre-
determined r and without a D pre-established for the system we cannot
calculate the optimum cut-off for s manual system. For an automated
‘ system (with a ranked—order output), however, we turn the defect of
the interdependence of relevance and recall into a major advantage. -
by using the curves to predict on the basis of p and 7 the value of
-D and subsequently the number of relevant documents in the collection
and the limit of an efficient retrieval run **

Although D has its definition and its values derived from

the results of a ranked-order retrieval process, there are indications

that it might prove to be a useful evaluator applicable to all,

including manual, retrieval methods.¥** When we use this method for

an evaluation of the manual test of the first generation model

_happens to be 0.3 percent, an- apparently surprisingly low value that

can be easily explained, . People using the ABC dictionary for their own :
requirements can accurately determine those descriptors that immedi~ &8
ately- lead to documents. This advantage is, however, partly ‘offset

by their unwillingness ‘or disinclination to persevere in their efrort
to obtain an optimum recall. From the calculated D and the appro-
priate relevance recall curve of the model (Fig. 4 and 5), we can
estimate that if the operators had continued their manual search to
"retrieve an average of 9-10 documents per run, the recall would have
rigen to 75 percent, but the corresponding relevance ratio declined

to about 70 percent. We must therefore draw the following conclusions:

**The normalized relevance-recall curves form a family of hyper-
bolas which with increasing deficiency deteriorate into approximations
of straight linea, Provided the statistical level of confidence is
sufficently high, retrieval data permit evaluations of the strength
of the collection (with respect to the particular query) as well as
of the quality of the systom,- The constant inverse relevance-recall
relationship expressed by &n approximately straight ‘line, for
example, 1s generally an indication of a low efficiency (high D)
system.

*¥*For a derivation of K and therefore also of D from most
‘general coneiderations.‘ See helow p, 37-38,




{1) The law of diminishing returns prevails in every system if D0,
(2) The rapid deterioration of relevance along the curve is more pro-
nounced with increasig D. For a low deficiency (D) the relevance is
high and almost constant up to a high level recall ratio. For high
deficiencies the curve comes close to a straight line,

The widely differing D values for the automatically obtained
retrieval results anc for those of the manual (first-generation ABC
model) test warran{ some explanations.

For the ve:tor test (he input had been processed by a
combined human effort, the psychometric method. To Lhe extent this
human effnrt; in addition to the one spent on the generation of the
ABC descriptors, has affected the quality of the organized collection,
it contributed to a lowering of the value D. If we could at this
time isolaté& this deteriorating element for example by automating -the
impul analyses,* the D derived from the vector test should turn out
to be better rather than worse, '

How much better, we hope to determine in one of our sub-
sequent test runs when a vector type organization will be produced
not by the psychometric approach but entirely by mechanical means.
It is for this purpcse that we require the larger test
collection. We shall use this collection also for an additional
purpose, the evaluation of the model's capacity of estimating the
optimum cut off for particular automated retrieval rums, . )

d, Statisticali Problems

The performance measure was also made to relate the results
of the mechanical rotrieval to the number of relevant documents in-
cluded in the colleetion,

Such a provision is obvious when all or none of the
collection's documents are pertinent to the query. In these extreme
cases the results do not measure the quality of the system. In
fact, no system can be evaluated without reference to the strength of
the holdings, 1.e. to the parameter (,

According to statistical principles the accuracy oi the
performance measure will improve with the increasing size of collection
and sanmples.

The average deviation of the observed D from average D (4.8
percend in the mechanized model) can be deie:mined by the formula
AD ~ r~¥Y®and the distribution of the iclevant documents among the
non-relavant ones according to their ranked position on the probability
*See Appendix III.
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curve (dashed line in Figure 2) rather than accordirg to interdepen-
dence (e.g. spaiial organization) of documents whereby the true
situation would only be complicated and obscured.

To demonstrate the validity of this assumption we pletted
the deficiencies {(D,) of all returns from one run vs. the corresponding
numbers of available documents relevant to the particular query.

This diagram (Fig. 8) corroborates the expected random distribution
in accordance with the standard deviation formula,

The size of the (300 title) collection and the number of
questions '(50) were the determining factors for s mean error that was
Just small enough to permit the evaluation of different retrieval
methods and to make estimates with an acceptable, high confidence
level. :

e. Elemenfs Tested

In different test runs we determined: (a) the best matching
formula out of four when we used 10-scale evaluations for the construce
tion of vectors; (b) the optimum method of reducing the 10-scale
- gvaluation to a 2-~value scale; (Figure 11); {c¢) the contributions
made by the individual categories; (d) the significance of the
number of categories, that is, of the.dimensions of the vector
spaces, and (e) the influence of number and quality (knowledge,
ability and experience) of evaluators we employed to determine the
vector components.

- £, Impact of the Number of Categories in a Given System

Thirteen test runs proved the deficlency D to be inversely
proportional to the number of categories in the system (Fig. 13),
Translated into practice it means that doubling the number of cate-
gories in a given system could compensate for a reduction of the 10-
value to a 3-value scale(See fig. 11); or a 180-category system
to be used for the entire HDL collection (this is tripling the number
of categories in the syastem of the prototype collection) end a simul-
taneous reduction of the 10-scale to the programmed 3-scale evaluation
may result in a better deficiency D than the one observed with the

prototype test.

The improvement would approximate 858 percent, if the impact
of the larger number of subjocts covored should turn out not to be
a deteriorating factor.

We had no intention of iwproving the organimation of the
small test collection although we were avare that improvesents of
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various elements could he obtained by statistical means. We were
awars that the collection was relatively small, and that any decrease
of the deficienry D wight reiat. only to this particular sample of

documents and would not necessarily apply to slother, larger collection,

even though it was organized by the same principle, We were mciely
guided by the requirement of establishing the processing methods for
the new and larger test collection when we tried different ways of
raising the quality of the model.

For assessing the contribution any one specific category
had made to the test results, we performed six tests by dropping each
time one particular category from the document and query vectors,
The results showed an impact ranging widely from an improvement of
104 per category down to a deterioration of .14 (Fig. 13). The
last-mentioned result is an indication that the system can be improved
if certain categories, especially those which are subject to a great
variety of interpretations, will be excluded.

Another approach consisted of calculations of "importance
values" for all categories, In the same process we determined also
the absence of obvious correlations between frequency of utilization
and "importance values" (Fig, 14). A low "importance value" may point
to the lack of an adequate representation in a particular category
or a deficient treatment of the subject area by some of the evaluators.
Nevertheless, we used the 1mportance values" as weight factors to
improve the results of the matching process. In this way the quality
of the system was slightly enhanced as demonstrated in particular
when the values calculated by way of dropping six individual
categories were inserted (Fig. 15),

If this method were extended to all of the 59 categories we
could expect an oberall gain of 25-30 per cent, In future tests
woight factors can also be obtained through user feedback that might
coincide with a requeated reaction to a service of disseminating
selected information,

The categories we used were overlapping. Those denoting
such general categories as design, development, were useless; some
worsened the results because they were checked sither too often or
interpreted differently by different evaluators. On the other hand,
categories representing clearly defined subjects e.g. disciplines or
hardware, cdntributed groatly to good retrieval pertornanco.

Although 180 categories will be initially applied to
organize the new and more complex test collection of the 2rd gonaration
ABC model, this number can probably be reduced by tactorination with-
out a dotorlor&tiun ol the resulta,
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Retrieval

g. On-Line

In a small experiment we demonstrated the capability of
the-system34 of having the individual scientist and engineer perform
his own retrieval operations directly from the laboratory.?® In
‘connection with this demonstration a small collection of 400 documents
,(proceseed‘according to ABC~standards) was programmed for on-line
retrieval. The information was stored on the drum memory of a
computer located in Los Angeles. From a terminal in HDL the
" experimenter requested the transmission of ABC descriptors by feeding
in the keywords which he selected for the importance to his query from
a prototype category term dictionary. The computer \responded by
_ transmitting: first, statistical information; second, the full

_ texts of the appropriate ABC'descriptors; and third, the full titles
with shelf numbers after the codes of the selected descriptors had
»been typed in by the requestor.(
o The advantage of displaying the ABC descriptora first is
" .two-fold. The’ investigator can identify and select.appropriate
.docume ts oo the basis of standardized descriptors prepared by
research analysts who are thoroughly. familiar with the installation's
missions and requirements; and le can continue his search by keying
in teims: and phrases that he encounters in the displayed deacriptions

. and in this way can exploit the entire collection without regard to
" the category he used to enter the systems. ‘The successful transmis-

sion gave ample proof.-that the systei is W@ll suited for retrieval of
ABC~processed information from a nearby computer system. It appears
that the COLEX?sprogram (developed for DIA) could be adapted to auto-
mate the ABC system for direct retrieval from our laboratories and

for permitting an immediate confrontation of the investigator with

"the organized collection. In case of a successful application cross
sections of up to 10 terms as well as personal or corporate author
names could initiate the retrieval of the corresponding ABC descriptors
and finally lead to the complete bibliographic information. There
would be no longer a need for printing the complete ABC dictionary.
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