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Computer systems can be effectively divided into three parts: information entrv,”
Information structuring, and [nformation retrieval. In a document surrogate retriaval
system, each document requires most of the following during entry: acquisition;
cataloging, abstractihg; indexing; generation of a2 machine-readable record; validaticn
and editing; and pireparation of records for retrieval. Information structuring, if
oresent, supports all users by reducing the cost of searching with the use of the
following: data compressions; reorganization of data for efficient access; and/or
maintenance of auxiliary files which assist retrieval and publications. For every
query, retrieval involves repeated steps which include: familiarization with user's
needs; entry of request to the compudter; access of the data base; and display of
docurment and/or surrogates to the user.

As noted, entry cost Is incurred for every document and retrieval cost Is incurred

for each query. Costs are divided between human and machine with entry and retrieval
being mainly human costs. Since computer costs are decreasing and personnel cosis

are increasing, the cost/effectiveness of work is shifting in favor of having the
machine accomplish more. Structuring costs are mainly computer costs with human costs
limited to programming and vocabulary mzintenance. Some structuring techniques have
resulted in substantial decreases in entry and retrieval costs.

Natural language techniques work quite satisfactorily for those systems which are

just concerned with information retrieval. For thcse systems that additionally require
printed indexes of subject terms or possible thesaurus controllad terms, natural
language indexing alone cannot accomplish the task. Satisfactory print terms of the
appropriate caliber and number can be generated in a prirarily automatic manner.

The NASA Scientific and Technical !nformation Facility is actively investigating methods
of selecting multi-word index terms (phrases) for wideiy distributed abstract journals
which will require minimal human effort to index each abstiract while taking maximum
-advantage of computer index selections. Several experiments are planned to investigate
the adequacy defined below relative to the present methed that is based on professicnal
indexers. The present computer algorithm generates index phrases frcm each abstract

by: deietion of mundane words, look uo of remaining word strings in the NASA Thesaurus
(contro'led) to determine the closest entry phrase, ranking the corresponding ''use''

phrase by the stored human assessment of the phrases usefulness, ''"boosting' that [

assessment by the assessi>nt of all lower ranked phrases with word stems in common |
with a given phrase, reranking, and finally, the selection of the appropriate number »
of important phrases. Should there Le too few adequately important terms, or tco

many of similar Importance, the surrogate can be marked for manual consideration,
resulting in modification of the thesaurus or of value which covern the print term
selaction. Lexicraraphic control of the thesaurus will maintain the system with

respect to new ternminology as well as typographic anomolies.
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1. Introduction OF POOR QUALITY

The NASA Automatlic Subject Analysis Technique for Extracting Retrievable Multi-terms
(NASA TERM) System Is a computer coordinated indexing approach for publications and
document surrogate retrieval systems from natural language abstracts. The NASA TERM
System is in its embryonic state of developmenc having recently completed its
feasibllity study phase. This paper will present some background information, the
description of the planned NASA TERM System, and the itemization of research and
development experiments.

2. Background

2,1 Parts of A Typical Document Retrieval System

There are two main types of information retrieval systems: data retrieval
systems and document retrieval systems. The response of a data retrieval
system has the pattern 'X is Y'; the response of a document retrieval system
has the pattern ''the item Z discusses topic X'. For example, a data retrieval
system Is built to answer questions like: 'What is the melting point of
titanium steel?"; whereas a document retrieval system is built to answer
questions like: '"Which documents discuss the melting points of titanium
steels?" This difference is quite significant in that a data retrieval

system must understand a user's requirement at a much deeper level and respond

with facts; a document retrieval system need only supply the bibliograghic
reference {accession number) of pertinent documents.

Most data retrieval systems are based on sophisticated data bases loaded

and searched by experts using highly structured queries. Document retrieval
systems need not be so sophisticated; in fact, they may perform better if
not overly complex. One pattern detected throughout an analysis of ongoing
document retrieval systems is that sophisticated techniques help some users
and hurt others; the problem is knowing which users will be helped and which
hurt.

Most computer systems, including document retrieval systems, can be effectively

divided Into three parts, as shown in Table 1-1: information entry, informa-
tion structuring, and information retrieval.

2.1.1 Information Entry

In a document retrieval system, each new document requires the performance
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Phases Found in Many Document Re.rieval Systems

STRUCTURING
For document or queries in general

RETRIFVAL

For each query ind!viduaIé

Analysis of new terms and phrases

ENTRY
For each document individually
Acquisition
Cataloging

Abstract review/preparation
Selection of Print Terms
Selection of Online Terms

Entry of information to
Computer

Verification of entered data

Creation/extension of inverted flle

Creation/extension of cluster

Centrolds

Conversion of entry text 3
to Internal form L
Display of terms related §
terms in original query ¢
Display of search statis-g3
tics; e.g., number of |
documents Isolated
Display of citation and
abstracts
Comparison o7 queries witt
centroids or documents
Concatenation and Intersed
tion of inversion lists{

Conversion to storage format

2.1.1

2.1.2

one operation per
' significant term ir
expanded query

Information Entry (cont'd)

of most of the following component steps during data entry: acquisition;
cataloging; abstracting; indexing; entry of cataloging, abstracting and
Indexing information to the computer; computer verification of the adequacy
of data about the document; conversion of entered data from entry standard
“"codes'', etc. to retrieval or display standards; and, finally, the prepara-
tion of the document record fcr retrieval.

!

Information Structuring |

Information structuring includes those steps applied to surrogates collec-
tively. In some systems, there is no stiucturing at all; the data records
produced by the information entry steps are read one after the other and
"compared’’ to a usar's request. Such a technique is exhorbitantly expensive
If there are very many documents or queries. Information structuring is a
"front money'' cost that Increases the base cost of a system. This investment
Is made In order to substantially decrease the cost of data searching and/or
Information entry; l.e., to decrease costs associated with every query and/or
every document.

Typical steps In laformation structuring may include: (1) data compression
such as the conversion of character strings to numbers to dectease the

L el A e g
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amount of storage required; (2) reorganization of data from entry order to
an order supportive of faster or less expensive searching; (3) generation

and maintenance of auxiliary files which assist retrieval; and (4) publica-
tion of tools to be used for many searches.

Information Retrieval

Retrieval involves all steps accomplished for each individual query. These
steps Include expert familiarizatiorn with user's needs, entry of a request
to the computer, access of the data base to locate names of documents which
will, hopefully, be pertinent, and display of document names (and often
surrogates) to the document retrieval specialist or to the user. The
process |Is repeated for each query.

Economic Tradeoffs

As noted above, the cost of data entry is incurred rfor every new document;
the cost of retrieval is incurred for every query. No structuring Is
required to support document retrieval; however, some structuring techniques
have resulted in very substantial decreases in entry and/or retrieval costs.
The primary management problem is to declde if an investment in structuring
because of the expected payoff in reduced entry and retrieval costs Is
Justified.

Costs can be divided into two types: machine and human. Structuring costs
ure mainly computer costs with human costs limited to such items as pro-
gramming and to the addition of new terms and phrases to a thesaurus. Entry

and retrieval costs are mainly human costs (with some machine costs in support) 4

These costs are incurred for every document or individual query. The fact
that computer costs are decreasing about 20% per year and personnel costs

are rising about 20% per year means that the cost/effectiveness of work
performed by the computer relative to work performed by the person is constant!
shifting in the favor of having the computer do more and more.

The question of the effectiveness of computer processing versus human pro-
cessing on a strict performance level also neads careful consideration.

There !s a very human tendency to presume that a computer is unable to perform
certalin tasks ''which everyone knows only humans have the ability to perform."
All claims that humans can perform given tasks better or more cost-effactiveiy
than computers, or vice-versa, should be considered suspect without specific
sclentific evidence. In general, one can say that most claims for hunans
being better than computers at document retrieval tasks are simply unproven;
the reverse is also frequently the case for certain conditions. Informed
decisions In specific instances appear to require explicit measurement of

cost and effectiveness of all options; there are few, If any, ''well accepted
principles' In the area of document retrieval.

2.2 Current NASA Scientific and Technical Information Facility System

2.2.1

Misslons

The Facllity has the following primary missions:

1
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(a) Acquisition and processing of the world's aerospace-related report - A

literature. i

{b) Processing of the world's aerospace-related open literature acquired :
from the American Institute of Aeronautics and Astronautics (AIAA). {

(c) Announcement of current or selected literature to the aerospace communif _
via Indzxed atstract journals (i.e., Sclentific and Technical Aerospacelf © -
Reports -- commonly called STAR) and also via selective dissemination H
of information (SDI) techniques (i.e., Selected Current Aerospace oo
Notlces -- commonly called SCAN). -

(d) Providing initial distribution automatically of full documents on 5
microfiche available In the collection to qualified recipients and !
secondary distribution of the microfiche or blowbacks of the documents :
to others upon authorized requests. Vo

(e) Providing bibliographic research services to qualified individuals or i
organlzations who elther request these services through the Facility o
or have online Interactive access through terminals using NASA's REmote
CONsole (RECON) System. RECON is a derivative of Lockheed's DIALOG
System.

(f) Providing retrospective search services and bibliographies resulting
therefrom, to qualified recipients.

(g) Provide library support services and products for NASA and NASA
affiliated libraries for cost effective functions such as: online :
research through RECON; interlibrary network loan of books and periodi-
cals; and preparation of catalog cards, book catalegs, shelf lists,
acquisition lists, etc.

{h) Providing yeneralized support services for the dissemination of aecro-

. nautlcal and aerospace information to the public at targe through

technology utillzation programs.

2.2.2 indexing §

Other than those activities pertaining to the generation and distribution
of microfiche and miscellaneous support services, al!l of these missions

are assoclated In one way or another with the development or use of indexes.
From the time the NASA Facility began operation early in 1962 until the end
of 1967, an indexing philosophy closely related to that of the '"Uniterm"
system was employed. Adjectival word-forms were permitted as index terms.
The indexing was at first essentially '"free' of any constraints; although

in later years, more and more dependence upon a published guide to subject
indexes was required.

In 1966, NASA determined that a change In philosophy was In order, so that
system performance could be improved. NASA elected to prepare a thesaurus

of aerospace terminology to be used as a vocabulary control suthority.

This NASA Thesaurus (N1) was prepared during the latter part of 1966 and 1967.
As a base for this vocabulary, NASA adopted terminological conventions pre- p
viously developed by the Engineers Jaint Council and the Department of Defense.

The NASA Thesuurus was first published in December, 1967. Beginning with
the accessions scheduled for announcement with the first Issues of the 19656
volumes of the Scientific and Technical Aerospace Reports (STAR) and
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International Aerospace Abstracts (IAA), the NASA Thesaurus was used as

an indexing vocabulary control tool and has been used as such until the
present time. The NASA Thesaurus Is a dynamic publication, in that it Is
updated periodically, with the latest pubiication occurring in 1976.

At that time, there weic 15,060 postable terms and 3,343 nonpostable terms;
however, with pseudoterms and other entry terms which provide multiple
access to the NASA Thesaurus, there were 35,801 entry points.

Machine-rcadable Abstracts

In 1971, another major change in processing techniques was employed at

the NASA Facility with the advent of the implementation of an online input
capability. This change was accomplished in conjunction with a change

In hardware capability from one that supports the IBM 1410 (in emulation) to
an IBM 360 Operating System mode, which is still in place. With the advent
of this processing change, natural language abstracts in machine-readable
form were saved and have subsequently been a part of the NASA Facility data
bases. Abstracts are now routinely incorporated Into the data bases.

Abstracts for which NASA Thesaurus indexing Is accomplished s avallable
online as follows:

1. Sclentific and Technical Aerospace Reports (STAR), November 1971 to
the present time.

2. International Aerospace Abstracts (IAA), January 1972 to the present time.-

3. Computer Program Abstracts (CPA), January 1972 to the present time.

4., Classified Scientific and Technical Aerospace Reports (CSTAR) (however,
no classified data is available in the data base), January 1975 to
the present time.

Searching

The abstracts which are available are all text searchable with the NASA
RECON system, and the titles for all citations In these four files are

also text searchable. Texting searching in the NASA system is based on a
hterarchy of document records, sentences within the records and words within
the sentences.

Searching In the NASA system can also he accomplished through the use of
Personal Authors, Corporate Authors, NASA Thesaurus Subject Terms, Report
Numbers, Contract Numbers, etc., as entry points. The NASA Thesaurus
Subject Terms are generated by human indexers who determine six to twelve
of the important Ideas and concepts in a document and select the most
descriptive terms from the NASA Thesaurus.

Major subject terms, selected to reflect the major concepts and research
areas, are printed in the abstract journal in a subject index. To the
user of the Index, the published terms In combination with the title (or
added title information, called a Title Extension) should permit a quick
review of avallable material and assist in determining if a document is of
further interest. Minor concepts are indexed for document retrieval only.
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Central Algorithm

3.1

3.2

A Procedure for Seiecting Print Terms from an Abstract

The primary problem for NASA, in moving toward a completely natural language
abstract based system, Is the need to prepare printed indexes. (There is

no reason to prasume that such a shift will do anything negative, and is
very iikely to do many things positive, for on-line retrieval). A consen-
sus of expert technical opinion is that satisfactory print terms can be
generated in a primarily automatic manner.

This section of this paper describes a suggested technique, NASA TERMS,
which generates print terms in two parts. First, the idea of thesaurus is
presented. Then a procedure is preseinted whereby an abstract can be pro-
cessed "against'' a thesaurus of the type described to produce a set of print
terms.

A Print Term Generation Thesaurus

For maximal cost-effectiveness, on-line searchers require a thesaurus for

the same reason indexers do -- human memory is fallible. Stored lists of
related terms help the searcher specify syncnyms and more accurately des-
cribe the subject in which he is interested. Since the printed index user
does not have an on-line thesaurus to aid him, the producers of the index

must map s'nonyms to a single posting term (and enable the user to determine
the posting term). The computer is also capable of cost-effectively utilizing
as many descriptive terms for a document as can be provided; printed indices

are limited by economic considerations to 4 to S pocstings per document.

The proposed Print Tcerm Selection Thesaurus is essentially the present NASA
Thesaurus extended to include all of the "mappings'' presently applied by

the indexers "automatically,' and extended to specify the ''worth' of each
posting term in the thesaurus, and also extended to indicate the arcas of use
of the Thesaurus Entry Phase (TEP).

The additional mappings required are what is normally known as entry postings,
'see' postings or ''use' postings. What is desired is to c iify the rules

used by indexers for selecting sgecific print terms. Initiaily, the thesaurus
will need to be ''educated.' This can be done in several ways. The two

most plausible are to add one or more existing thesauri which represent vo-
cabularies that are generally available that contain special features worth
having. Another is to process existing abstracts for which manually selected
pvint terms are available. While the goal for the computer system is not to
generate exactly the print terms manually specified, it is reasonable to ex-
pect the computer to generate most such print terms, a few others, and terms
more specific or more ceneral than the manual choice. Where differences
exirt, lexicographers, or the original indexers, are very likely to be able
to specify a "path'' by which the computer could determine that a given man-
uvally specified print term is useful -- if such a choice is indeed warranted.

The worth of a print term is a too! to enable the computer to determine which
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of several terms in a hierarchy is desirable (a5 described in the next sec-
tion). For example, print terms which occur frequently in STAR are likely

to be of less use than more specific terms. in any hierarchy, if several
terms of varying breadth are plausible, only the most specific is normally
selected as the print term. Similarly, if several 'brother' terms are
indicated, only the general term which inciudes all of them is usually chosen
as a print term.

A similar problem occurs with ambiguous terms, e.g., sizing (shaping) and
sizing (surface treatment). In order to automatically disambiguate such
terms, the thesaurus needs to include rules for selecting one form of A term
rather than the other. Non-ambiguous terms have known usage patterns. The
grea specified by the majority of the non-ambiguous terms can be used to
select the proper posting for an ambiguous term.

3.3 Types of Words

Although one normally thinks of a thesaurus as a place to find the proper
posting term for a given entry term, the NASA TERMS thesaurus also contains
indications for two classes of words. In general, words can be divided into
three types: (i) those generally useful for retrieval; (ii) those occas-
fonally useful directly or useful for determining proper retrieval phrases;
and (iii) those never useful for retrieval.

Words never useful for retrieval are functor words such as articles, most
prepositions, conjunctions, and all forms of the verbs ''to be," '"'to have,"
etc. These words typically separate the content phrases that are useful
for retrieval. There are not too many of these words; most systems deciare
under 200 words to be of this type. Most of these words are also very fre-
quently used, consisting of upwards of 50% of running text. Thus, it is
useful to store these words in the main memory of the computer when pro-
cessing text.

Words occasionally useful are of three subtypes: functors, aabiguous, and
qualifying. Functors like "and' and "of'" are of no retrieval use in them-
selves. However, they must be considered correctly in order to properly
handle contextually adjacent useful terms.

Occurrences of "and" will be deleted, obviously. Prior to deletion, however,
surrounding phrases must be fully expanded. That is, constructs of the form
“"adjective noun and noun'' must be rephrased as "'adjective noun and adjective
noun.". (It is worth mentioning that this rephrasing will occasionally re-
sult in an error, i.e., the adjective does not have to modify the second
noun.) Experience has shown that rephrasing leads to fewer errors.

Occurtences of "of'' require special consideration so that phrases like
“"retrieval of information' and ''angle of attack' are recognized as the same
as the phrases "'information retrieval' and "attack angle."

Certain words are ambiguous with one usage !n the functor category and another
usage useful for retrieval. The word "basic,'" as in the phrase '"The basic
use of ..." iIs ignorable. The chemical concept ''basic' is not ignorable.
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The fact thot a word is ambiguous in this way is a manual decision. ''Basic'
can be retained if a significant number of the other words in nearby sen-
tences have a chemical usage. This obviously leads to an error when ''basic'
is used in the general sense in tex* in a chemical area; e.g., consider the
following sentence: The basic way tu neutralize organic acids is with or-
ganic bases. (Suck anomolies are easy to construct but rarely occur in
practice.)

Qualifying words are not ambiguous in that they are used in a single sense.
#owever, ""high energy physic.'' is a phrase in which ""high' must be retained;
in most phrases, such as "in a high tail," ""high' is not needed.

Words of this middle class must be kept and used when appropriate but can
be Ignored when not in one of their special situations. Generally, such
words should not be used to divide phrases, nor should they be used to try
to find phrases. For example, it is more efficient to look up '"energ" (the
stem of “energy'’) to find a "high energy physics' than to process all words
following all occurrences of ''high' for strings such as ''energy physics."

Words not in the two preceding classes should be mapable into a valid the-
saurus entry phrase. Any word not in the thesaurus is automatically listed
for manual review. In addition, any phrase containing words which are present
In other phrases but not in any phrase found in the thesaurus should be

posted to a ''strange usage' file for manual review.

Proximity requirements could also be used in the thesaurus, e.g., if "variable''
. or ''changeable' occurs in the same sentence with the term ''sweep' and the
term "wings,' post the term ''variable sweep wings."

Use of stems can drastically shrink the size of a thesaurus; this is impor-
tant more for human understanding of the thesaurus than for the reduction in
computer storage possible. Normally, a stem can be given with no restric-
tion on the possible suffixes, occasionally it may prove necessary to require
one of standard sets of suffixes or even one of a specifir list of suffixes.
As an example, most any occurrence of some form of ''varying,'" e.g., 'variable,"
“'varys,” in the same context with '"'sweep wing' or ''sweep wings.'" (Note that
Improper phrases can be constructed, e.g., ''sweep wings cause varying tur-
bulance patterns as speed increases.' Such constructs are, fortunately,

rare in actual text. How rare in NASA abstracts should be experimentally
determined.)

3.4 The Basic NASA TERMS Algorithm

Table 3-1 presents the steps included in the NASA TERMS algorithm. Many
are steps required in the present manual indexing systam and will be re-
tained essentially unchanged, in an automated term selection system. The
following paragraphs highlight areas of the algorithm which may be unclear
from the terse phraseology of the table. (It should be clearly understood
that the table and what follows is not considered to be a systems design;
rather it Is just an outline. A detailed specification of the algorithm is
& logical next step.)

F )
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2.

(NASA TERM System)
A System Which Generate; Print Terms from Matural Text

Table 3-1

Catalog document (as for normal system).

Keyboard document surrogate, i.e., title, abstract (if present), and other impor-

tant descriptive text, e.g., section headings, figures and table titles -- between
200 and 500 words.

Isolate words in surrogate; convert variable length words into a fixed length (32
bit) number for the stem and a fixed length (8 bit) number for its suffix.

Based on a core-resident table. identify high-frequency, non-useful functor words.

Split surrogate into phrases based on sentence boundaries and high-frequency, un-
ambiguous functor words, i.e., articles, prepositions, pronouns, and conjunctions.

Look up» the first word of every phrase in thesaurus yielding part of speech for
word and list of all entry phrases in the thesaurus which begin or incluce given
word. (This step frequently results in the replacement of a word by the stem of
that word.) Continue as needed to locate list treatment of all non-ignorable words.
Selection of the best phrase for a given surrogate word may require contextual
Jjudgements.

The data from Step 6 is used to specify the majority of candidate print phrases i
(cPP) for the surrogate. Note that the conjunctions located in Step L must be ‘
considered to resolve typical adjective - ""and'’ - adjective noun phrases, etc. |

CPPs are ranked by the manually assigned weight obtained in Step 6 from the the-
saurus. Typical weights are 50 for very high quality (specific) terms, 20 for i
avzrage terms, 9 for single word terms and 4 for general single word terms. Terms |
found in titles are doubled in weight. ; |
CPPs which occur more than once are replaced by a snngle CPP with a weight equal
to the sum of the individual weights. :

The weight of each CPP is boosted by the proportionate weight «f any other CPP
which contains any word stem(s) in common with tte given rankinc CPP.

The CPPs are ranked and the top four CPPs are used as print term.. The fifth

CPP is also used if the difference in weight of that CPP and the next CPP exceeds
the difference in weight of that CFP and the preceding CPP., Similarly for sub-
sequent CPPs. No CPP is used if its weight is less than 30. and anv CPP with

a veight over 49 will be used. An attempt wil! be made to limit the number of
CPPs to six. If two selected terms have a broader-narrower relationship in a
thesaurus hierarchy, only the narrower is used as a print term unless the weight
of the broader term exceeds 150% of the weight of the narrower term.

The document surrogate is added to the online file, be it clustered or inverted.
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If the abstract is not long enough for satisfactory processing, say 200

words, the leading and/or terminating paragraphs of the document can be
entered. It would probably be worth while to enter all section headings,
fllustration and table titles, etc., as these items would increase recall

for many queries; nevertheless, the number of words entered is not excessive --
In respect to the payoff -- and the words can be quickly selected by clerical
activity.

Common misspellings could be entered into the thesaurus and automatically
corrected. Normzlly an error and activity report of automatically applied
corrections would be prep:red for a lexicographer to confirm that any given
“spelling correction' is proper and not some unanticipated valid word or an
unanticipated spelling error for which the wrong correction was supplied.
Additionally, spelling, correction algorithms could be employed.

Through the use of the number corresponding to a given stem, the set of
phrases in which each word can appear is obtained from the thesaurus.

The computer will determine any phrases present in the document which cor-
respond to requirements specified in the thesaurus. For each such phrase,
the thesaurus print term which corresponds is added to the document record.
Words of some importarce for which no satisfactory entry phrase can be
determined are included in an "excepticns report' for manual processing.

It Is important to realize the necessity of including some manual processing.
Words which are new must be added to the thesaurus. Words which have occurred
in phrases not anticipated in the thesaurus should be looked at again. Unusual
documents should be examinad. All of these actions should result in improve-
ments in the system. Such improvements (i.e., additions) will be very frequent
when the system is young. The number of improvements will decrease with

time but never to the zero level. It is anticipated that new terminology

and typographical problems (not all of which are simple keyboard errors)

will keep several iexicographers and indexers busy full-time at the Facility.
The main intent of automatic processing is to record every manual decision
when that decision is made so that there is rarely the need to make the same
decision repeatedly.

In order to prove that such a process can generate suitable print terms,
several experiments are recommended. As each is ''‘passed,' it will be rea-
sonable to incur the cost »f the next. It would be unwise to invest tire
and money in advanced, complex experiments until all parties are convinced
that the result is likely to be an acceptable indication of usefulness or
non-usefulness of the technique under test.

Phrases which contain word roots that appear in other phrases are additionally
boosted by the proportionate weight of those other ronts. This technigue

will highlight long, and thuc highly specific, phrases that are not likely

to be repeated in an abstract. Where two phrases, typically single word
phrases, differ only in suffix, the more frequently occurring form s used.

Thesaurus Entry Phrases H.ve llormal ''Areas of Use"

A1)l NASA abstracts are publishad in onc of 75 categories. The NASA Thesau- s

B
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3.6

oy e g

11GINAL PAGE IS

1 POCR QUALITY
contains about 2,000 distinct hierarchtes and most entry phrases are pre-

sent in a (snngle) hierarchy. These two idsas can be used to define an

“area of use' for each entry phrase. The proper category for a phrase can be
determinad by ''looking'' at the category used for abstracts for which that
phrase is a deszriptor. Naturally this process is a one-time batch run which
would augment the record for each phrase with the number of times that phrase
was used in each area. Most phrases are used exclusively within three or four
categories and any phrase which was used to describe only one or two abstracts
in a given category can be dropped from that category. With these 'areas

of use'’ known, ambiguous entry phrases can be properly classified (based on
the consensus of the ''areas of use' of unambiguous phrases). This technique
might also allow selection of a more specific phrase such as ''wing root'!,
rather than the general term "root' when a surrogate uses only the term
‘‘root" at some point.

The mapping of "root torsion'" into ''wing roots' (and '‘torsional stress'')

in the first example (Exhibit A), wil! strike many as far fetched for an
automatic system. However, -he mapping is straight-forward when one con-
siders what should be done with the word "root." In the thesaurus, it
appears as: root mean square error, roots, roots of equations, plant roots,
and wing roots. |If one assigns entries to general categories, i.e., ''mest
likely to be used in area...,' then the above entries, except for the ambigu-
ous *‘roots,' have definite areas. The use in this sentence is from the same
subject area as ''wing roots''; hence, ''wing roots' is the proper index point.

Examples of "ASA TERMS for Autcmatically Generating Print Terms

This section shows the way a computer could generate print term: for several

abstracts. The process is manually done, i.e., it has not yet been programmed.

However, every attempt has been made to be fair; no decision has been made
that is not believed to be easily prcgrammed. The cornputer selected print
terms were obtained without knowledge of the NASA expert's choices which

are included for comparison. MNote please, duplication of the expert's choices
is not a goal; an equally useful set for STAR is the goal.

Four simulations are presented. The first two are doctoral dissertation
abstracts from STAR. The third is an author written report abstract from
STAR. "he fourth is an AlAA prepared abstract frum 1AA. Each simulation

is presented as one exhibit in several parts. The first part shows the
surrogate as published. The second part shows the RECON display for the
surrogate. The third part of each exhibit shows the words in each title

and abstract which are totally ignorable (underlired) or ignorable except
when used in entry phrases. These words and sentence ends separate stirro-
gate entry phrases (SEPs). The fourth part of each exhibit shows (ia varying
degrees) how each SEP is processed. At a minimum, each candidate piint
phrase (CPP) selected is shown with the weight assigned that SEP. in many
cases, the reasoning behind the selection i< indicated. Any SEPs the system
cannot handle well are noted and would appear on a list of such 5EPs for
manual review. The fifth part of each exhibit lists the CPPs in weight order
showing all components of the total weight and showing which CPfs are ac-
tually selected as print terms by the NASA TERMS algorithm. The :=ixth part
of each exhibit lists the manually chosen print and non-print term:. Terms
selected or identified by the NASA TERMS and those produced manually are
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so identified. Other terms are comnented upon. Please note again that
duplication of manual choices is not o goal -- only the selection of terms
equally {or more) usefu. for retrieval is a reasonable goal.

N772-2909%0 Georgia Inst o’ Tech., Atlanta

A METHOD OF COMPUTING THE POTENTIAL FLOW ON

THICK WING TIPS Ph.D. Thesis

Pradeep Rao 1978 174 p

Avarn: Univ Microfiims Order No. 77-735% !
An iterative procedurs {0 comuute detailed velocity and

pressure distributions on the surface of thick wing tips 18 developed

using potential flow theory. "he method uses 3 two dimensionai

surface vorticity Cistr.bution as an initiat appronimation There‘ore,

the two dimensional problem 18 first forn.ulated n the form of

an integral equation vsng vorticity 8s the surlace singulanty |

which is soived by the «'ementary vortex dutnbution techniyue. I

A compzrison of the Mow computed o » circular cylinder with |

the exact analytical results provides a measure ¢f accuracy. The

two dimensional nuncirculatory and circulatory fliew 1 computed

for & ‘A bdasic thickness form airfoils. Dissert. Abatr.

First Surrogate as Published (STAR)

Exhibit A-1

TIN2I0%0 ISSUC 20 PAGE 2621 CATEGORY 2 76/0C/00 174 PAGES
UNCLASSIFIED DCCUMENT

A METHUD UF CGMPUTING THE 1 ITENTIAL FLUW ON THICK WING TIPS PHeDo
THES IS

A/ZEAY, P,

GE(FCIA INST. OF TECH.s ATLANTA. AVAIL UNIV. MICRCFILMS CRDER
NO. 77-7352

J¥PCTENTIAL FLCW/*PRESOURE [ISTRIGUTICN/*VELOCITY MEASUREMENT/#WING
TIPS/ AIRFCILS/ FLUW THECRY/ TwC CIMENSICAMAL FLCW/ VCRTICITY

SoA CISSERT. ABSTE,

Ao> AN ITERATIVE PRUOCECJURE TC CUMPUIE DOETAILLED VELCCITY AND PRESSURE
CLISTRISJTICHS (N THE SURFACT OF THICK WING TIPS 1S CEVELCPED USING
POTENTI&L FLUW THECRY., THE “7THCC ULSES & TwWd DIMENSICNAL SURFACE
VORTICITY CISTRIBUTION AS AN INITIAL APPRUXIMATICN., THEREFCHREs TEE TwC
CIMCANSICNAL PRCUBLE™Y IS FIRST FUFMULLATED IN THE FCRM OF AN INTSEGRAL
EQUATICN USING VCRTICITY AS THE SUFFACLT SINGULARITY WHICH IS SULVED BY
THE CLEMENTARY VORTEX DISTRIBULTICN TECHNICQUE, A CCHMPARISCN CF THE FLOW
CCHPUTEDY 7N A CIRCULAR CYLINDEF wW'irm THE FEXACT ANALYTICAL RESULTS
PROVILES A MEASURE OF ACCURACY. TFE Tw! ODIMENSIGNAL NCNCIRCULATCFY AND
CIKCULATORY FLCW IS COMPLTcD FCRR NACA BASIC THICKNESS FQORM
AIRFCILS.

RECON Display of First Surrogate

Exhibit A-2

I R B
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A METMOD OF COMPUTING THE POTCNTIAL FLOW ON [THIEQ,NING TIPS

An Interative procedure to compute detailed velocitypressure

distributions on _t_tle_isurfacg\.cﬁ wing tips is developed using potential flow

theory. The method uses a two dimensional surfasce vorticity distribution as an

initial approximation. Therefore, the two dimensional problem is first formulated

which is solved by the elementary vortex distribution technique. A comparison

of the flow computed on a circular cylinder with the exact analytical results pro-

vides a measure of accuracy. The two dimensional noncirculatory'\andlcirculatory

flow Is computed for NASALbasic]}t_hickness] form airfoils.

Diss'ert. Abstr.

ORIGINAL PAGE i8S Phrase Isolation
OF POOR QUALITY Exhibit A-3
. Text Phrase Reduction

Exhibit A-4
|
computing———) computation, weight 9 |
potential fiuw-——>potential flow, weight 20 ‘
wing tips > wing tips, weight 20
iterative proccdure——>iterative procedures, weight 20
compute——> computation, weight 9
velocity distributions . —3 velccity distribution, welght 20
pressure distributions —>» pressure distribution, weight 20
wing tips — wing tips, weight 20
potential flow theory—> potential flow, weight 20
two d mensional surface vorticity distribution——>two dimensional boundary layer
flow, weight 50, & vorticity, weight 9
initial approximation—— initial approximations, weight 20
two dimensional problem ——> two dimensional, weight §
integral equation——> ‘ntegral equations, weight 20
vorticity——— vorticity, weight 9
surface singularity——y surface properties, weight 9; singularity (mathematics), weight §
elementary vortex distribution technique———>vorticity, weight 20
flow computed—> flow computation, weight 20
ci uvlar c¢ylinder—— circular cylinder, weight 20
analytical results———>(phrase not found, posted for manual review)
two dimensional noncirculatory and circulatory flow ——>two dimensional flow, weight 20
€ noncirculatory flow, weight 20, & circulatory flow, weight 20
NACA basic thickness form airfoils —> NACA, wecight 20, & thickness form airfoils—
airfoil profiles, weight 20
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NASA TERMS Selections
ORIGINAL PAGE IS Exhibit A-S
OF POOR QUALITY :

. Occurrence Co-0czurring

Print Torms Weights Sum Boost Total 1

|

Two dimensional boundary _ |
layer flow 50 50 53 103
Potential flow 2%20,20 60 33 93
Two dirensional flow . 20 20 51 71
Flow computation : 20 - 60 80
#Circulatory Flow 20 46 66
“Noncirculatory flow 20 46 66

" Non-Print Terms

Wing tips 220,20 60 60
Vorticity (including vortices) 9,9,20 38 38
Computation 229,9 27 7 34
Two dinmensional 9 22 31
Velocity distributions 20 10 30
Pressure distribution 20 10 30
Integral Ecuations 20 20
Air foil profiles 20 . 20
Initial approximations ' 20 20
lterative procedures 20 20
Circular cylinder 20 20
NACA 20 20
.- Surface properties 9 .9
Singularity (mathematics) 9 9

*Dropped as print terms despite weight due to ''broader/narrcwer' relationships.

Manually Selected Terns

Exhibit A-5

Prirt Terms Comments
Potential Flow Comion selection
Prossure Distributions Usefulness as a print term is questionct!le
Velocity Measurcments Incorrect term - should be 'Velocity Distribs
Wing Tips Commia selection

Search Teti
Airfoils , Important and underrated b both techniquzs
Flow Theory Too important not to be used as a print term

Two Dirensional Flow
Vorticity

Cranitnr snlarctrd print terms rot abnve

Two dimcnsional boundary layer flow Requires recognition of parallel way of
describing.

}
;
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N77.29089 Cahfa:nia Univ . Los Ancel
. =les
THE COUPLED FLAP-LAG TO:S.
. IONAL AEROELASTIC
STABILITY OF HELICOPTER ROT
FUGHT PhD. Troe: OR BLADES IN FORWARD
Mu_mcl Reyn3-Aliende 1976 295 P
Avmk Univ. Microfilms Order No 77.8530
set of coupled flap lag torsional equations of moti
. ) tion capabl
of ‘nmulnmq general hingeless rotor blade couinguuticn: lr:
meﬁn ::u the _glu ot'a rotor biade having moderate deflections
Q o are rep d by 8 system o!
coupf.d. nonlmu'r pantial differential equations. The seyqualiom
e .fpablc of simulating rotor blades having. (1) precone: (2)
droop; (3)_bmlt in twist. (4) distributed torsion: {5) rcot torsion
io' pich ‘l'a'nk _ﬂu'obcluv); (6) blade root offsets: (7) and offsets
vee e axis, ynamic center and the blade ¢
sectionsl center of mass. Quasisteady aerodynamic loads r:::
used snd he gHycts of stall and compressibility are neglacted
Reversed fiow is included in the rep: of the airloads.
Dissert. Abstr,

Second Surrogate as Printed (STAR)
Exhibit B-1

T7iN29039 ISSuUE 20 PAGE 2620 CATESORY 2 76/70C/30 295 PAGES

UNCLASSIFIED DCCUMENT
THC COUPLED FLAP-LAG-TCRSICNAL AERCELASTIC STABILITY CF HELICCPTER

SOTCR BLADES I FCRWARD FLIGHT
PH.D. THESIS
A/REYMNA-ALLENUE, M.
* CALIFCRNIA UNIV., LOS ANCELES. AVAIL UNILV.

77-8530
JHAEFCOYNAMIC STABILITY/Z%ECULATICANS OF MOTICH/*HELICOPTERS/ *RCTCR

BLADES/ ASRCDYMAMIC LOAUS/ AIRCPAFT CULNFIGURATITNS/ NCNLINEARITY/
PARTIAL DIFFERENTIAL ECULATICNS

AdA CISSERT. ABSTR.
ABS A SCT OF CCUPLED FLAP LAC TZSSIINAL EQUATICHS 3F MCTICN CAPABLE

GF SIMULATING CENE=AL HINCFLESS RCTICR BLACE CCNFIGUFATICNS AFE DERIVED :
FQY T4 CASSE CF A KUTUR OLACE HAVIE .5 (CIOERATE OFFLeCTIUNS. THE FINAL
EOUATILS CF MOTIUMN ARE REPRESENTED oY A SYSTEM OF CUUPLEC, NONLINEAR
DACT!AL NIFFERCHMTIAL EQUATTIINS. THE [OCATICNS ARE CAPA2LE OF SIMULAVING
FOTGK BLADES HAVING (1) PRECCANE; (2) JRCLP: (3) BUILT IN TwISTS (4) |
DISTRIBUTED TURSICN: (5) RUCT TCRSICN (LR PITCH LINK FLEXIBILITY): (6)
RLADE FuUCTT CFFSETS: (7) AND CFFSETS BETWEEN THE ELASTIC AXIS,
AEKCOYNAMIC CENTER ANO THE BLACE CxCSS SECTIONAL CEANTER CF MASS.
CUASISTLCADY AEFONDYNAMIC LCACS ARE USEC ANC THE EFFECTS OF STALL AND
COMPRESSIBILITY ARE NEGLECTECL. GEVERSED FLCA IS INCLUDED IN THE

REPRESTUNTATION OF THE AIRLOALS.

MICRCFILMS CPDER NG.

|
|

RECON Display of Second Surroqate
Exhibit B=2
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THE COUPLED FLAP-LAG TORSIONAL AEROELAS IC STABILITY OF HELICOPTER ROTOR BLADES IN
FORWARD FLIGHT .

A set of coup!éd flap lag torsional equations/of motior cagablelgj:’

simulating general hingeless rotor blade configurations are derived for the

use@i rotor blade having moderate deflections. The final equations{of/motion

are regr'e_;f;_gnted Eli‘i couple&, nonlinear partial differential equations.
The equaticns are capable of simulating rotor blades having: (1) precone;
{2) droop; (3) built in twist; (4) distributed torsion; (5) root torsion (or pitch

‘ink flex!bility), (6) blade root offsets; (7 lan d'offsets between the elastic axis,

verodynamic center-the blade cross sectional center!of/mass. Quasisteady

acrodynamic loads are used and the effects of stallland/compressibility are

neg!ected.. Reversed flow is included in the representation !ﬁjthe airloads.

Phrase lsolation
Exhibit B-3

Text Phrase Peduction
Exhibit B-4

Coupled flap lag torsional aeroelastic stability—>
(coupled igriored, posted for manual review)
flaps (control surfaces), weight 20 (lag not in thesaurus and ignored, posted for
manual review)
torsional stress, weight 20
aeroelasticity, weight 9
stability, weight 9 |
Helicopter rotor blades — rotary wings, weight 20
Forward Flight —> Flight (Forward dropped as u.i.portant), weight 9
coupled flap lag torsional equations of motion——coupled flap lag torsional - see above i
equations of mation, weight 20
simulating hingeless rotor blade
simulation (general dropped), weight 20
rigid rotor, weight 20
rotary wings (configuration droppad), weight 20
rotor blade —>3 rotary wings, weight 20
deflections-———) deflection, weight 9
equations of motion——) equations of motion, weight 20
coupled, nonlinear partial differential equations——— nonlinear equaticns, weight 20
partial differential equations, weight 20
equatmns——)equatuons, weight 9
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Text Phrase Reduction
Exhibit B-4
(continued)

simulating rotor blades ——simulation, weight 20, rotary wings, weight 20
(precone, droop and built in twist are all lost since not in Thesaurvs), posted for
manual review

distribution torsion——ptorsional stress (distribution droppe!), weight 20

root torsion—_ywing roots, weight 20; torsional stress, weight 20

(pitch link flexibility)——>(too strong to ignore, human assistance requested)
pitch attitude control————>longitudinal control, weight 20

Blade root offsets——» rotary wings, weight 20, & wing roots (offsets dropped), weight

elastic axis——> (too strong to ignore, human assistance requested)

aerodynamic center——— aerodynamic configurations, weight 20

blade cross sectional center of mass——» rotary wing, weight 20, & cross sections,
weight 9, & center of gravity, weight 20

cuasisteady aerodynamic loads —> aerodynamic loads (quasisteady dropped), weight 20

stall— stalling, weight 9

compressibility—> compressibility, weight 4

Reversed flow — reversed flow, weight 20

airloads— 5 (new word, if second occurrence, request manual assistance)

NASA TERMS Selections
Exhibit B-5

. . ‘Occurrence Co-occurring
Print Terms _ Weights Sum Reot Boost
rotary wings 2%20,20,20,20,20,26 14C 15
torsional stress 2%20,29,%0,20 100
wing roots 20,20 Lo L7
rigid rotor 20 20 L7
flaps 220,20 60
equations of motion 20,20 Lo 16

Mon-print Terms

nonlinear equations 20 20 - 22 L
partial differential equations 20 20 21 4
simulation 20,20 4o L
cquations 9 9 24 3t
aerodynamic lcads 20 7 2t
aerodynanic configuration 20 7 2f
center of gravity 20 2
reversed flow 20 ;ﬁ
longitudinal control 20 2;
flight 279 18 1
stability 2°g 18 1F
azroelasticity 279 18 ik
cross sections 9 I
stalling 9 i
deflections 9 b
compressibility 4 15
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OF POOR QUALITY

Manua'ly Selezted Teorms
Exhibit B8-6

Print Ters Corrents
aerodynamic stability Of questionable utility
esquations of motion Selected by both
helicopters _ Too general but on target
rotor blades - Bad choice - refers to turbines not helicopters

Search Terms

asrodynanic lcads

atrcraft configurations
nonlirearity

partial differeatial equaticns

Computer terms nct manuclly selected j
Rotary wings - Excellent descriptor ]
Wing roots Tco highly rated; okay as a search term £

not as a print term ;

Rigid rotor Highly descriptive, perhaps too spezific @
for a print term, however. i

Torsional stress Yoo descriptive not tu include, B
i

[ H

PRrU—

N22-29097°¢ No'.onzi Aeronautics and Space Administration.
Langley Resear=s Zenter, Langley Station, Va N
LOAD DIZ7R/BUTION ON A CLOSED-COUPLED WING
CANS =D AT TRANSONIC SPEEDS
Plzie 5. Gloss and Karen E. Washburn  Aug. 1977 11 p refs
INASA-TM-74053) Avail' NTIS HC AQ2/MF AQT CSCL OTA
A wind tunnel test where load distributions were obtared
at tramsonic speeds on both the canard and wing surfaces of 8
closely coupled wing canard configuration is reported. Detarled
_componcnl and configuration arranjement studies to provide 3
nsight into the vanous asrodynamic interference efiects for the
leading edge vortex flow conditions encountered are included.
Data indicate that increasing the Mach number from 0.70 to :
0.?5 caused the wing leading edge vortex to burst over the i
wing when the wing was in the p-esence of the high canard i
Avthor

Third Surrogate as Published (STAR)
Exhibit C-1
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TTN29CC =4 ISSJE 29 PAGE 2¢¢2 CATEGCRY 2 NASA-TM=-74253
11768755 11 PAGES UNCLASSIFIE) OCTUMENT

LOAD CISTRIBLUTION CN A CLCSEC-CCUPLED wING CANARD AT TRANSCONIC
SPEEDS

A/GLCSS, B. B.: B/WASFBURMN, K. E.

NATICNAL AERONAUTICS AND SPACE ACMINISTRATICNe LANGLEY RESEARCH
CENTER, LANGLEY STATION, VA, AVAIL.NTIS HC AQ2/MF ACL

/*CANARD CONFIGURATICNS/#LCAC DISIRIBUTICN (FURCES)/*TRANSUNIC
SPEED/*AINGS/ AIRCRAFT STRUCTURES/ FLCh VISUALIZATICN/ MACH NUMBER/
VCRTICES/ WIND TUNNEL TESIS

ABA AUTFOR

ABS A WIND TUNNEL TEST WHERE LCAC DISTRIBULTIONS WERE CBTAINEC AT
TRANSCNIC SPEEDS CnN BOTH THE CANARC AND WING SURFACES CF A CLCSELY
COUPLED WING CANARD CONFIGURATICN IS REPORTED. OJETAILED CCMPCNENT AND
CONFIGURATIGN ARRANGEMENT STUDIES TG PROVIDE INSIGHT INTG THE VARIOUS
AERODYMAMIC INTERFERENCE EFFECTS FCR THE LEACING EDGE VORTEX FLCw
COMGITIONS ENCOUNTERED ARE INCLULDED. CATA INDICATE THAT INCREASING THE
MACH NUMYBER FROM 0.73 TO 2.55 CAULSED THE WING LEADING EDGF VORTEX TO
BURST NVER Tkk WING WHEN THE WIANG WAS IN THE FRESENCE CF THE HICH

CANARC,

RECON Display of the Third Surrogate
Exhibit C-2

Title: Load distribution on a Closed-coupled Wing Canard at

Transonic Speeds

Abstract: A wind tunnel test where load distributions were obtained

at transonic speeds on both the canard]andlwing surfacesiéf]a

closely coupled wing canard configuration is reported. Detailed component

configuration arrangement(studies to provide insight into the various

aerodynamic Interference [effects] for the leading edge vortex flow

——— e pane

conditions encountered are included. Data indicate that Increasing the

Mach‘number“fromiO.?O tof{0.95 caused the wing leading edge vortex|to] burst

high

over the wing when the wing was in the presence of the

canard.

S———— — — — — e——

Phrase lIsolation
Exhibit C-3

;
i
|
i

T
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OF POOP. QUALITY
Text Phrase Reduction

Exhibit C-0

tond: load distribution (forces) =-- closest match, weight 20, Load Factors/
Loads (forces), and 31 others which include the root "toad.'
Closed-coupled: not found

Closed: Close packed lattices
Closed Basins A1l occurrence: of '""CLOSE..."
Closed Circuit Television in NASA Thesaurus Access
Closed Cycles Vocabulary

Closed Ecological Systems
Closed Faults
Closed Loop Systems
Closing
Closure Law
Closures
: No satisfactory usage found
Coupled: Charge Coupled Devices
Coupled Modes
Couplers
Antenna Couplers
Couples
Coupling
Coupling Circuits
Coupling Coefficients
Cross Coupling
Gyroscopic Coupling
Microwave CToupling
Optical Coupling
Spin-spin Coupling
Thermodynamic Coupling
Couplings
: No satisfactory usage
Wing: Fen in Wing Aircraft
Fixed Wing Aircraft
(through 64 such phrases, none involving CANARD)
Wings, best match, weight 9
Canard: Canard Configurations, weight 50
Transonic: Transonic Aircraft/supersonic aircraft
Transonic Aircraft Technology Program/TACT Program
Transonic Flight
Transonic Flow
Transonic Flutter
Transonic Inlets/Supersonic Inlets
Transonic Nozzles
Transonic Speed -- term matches surrogate, weight 20
Transonic Turbines/Supersonic Turbines
Transonic Wind Tunnels
Transonics/Transonic Flow
Wind: (44 entries including) Wind Tunne! Tests, weight 50
Load: (33 entries including) Load Distribution (Forces), weight 50
Transonic, canard, wing -- see above

i i i it itk e s e ot W el
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Toxt Phrase Reduction

Exhibit C-4
(continued)

Surfaces: (68 entries including)

Surface luyers

Surface Properties

Surfaces -- best match, weight 9

Control surfaces

Tall Surfaces A

Lifting Surfaces/Surfaces & Lift Devices &€ Lifting Bodies
Closely Coupled Wing Canard Configuration -- see above
Component: Components (and 7 weight 20 specific uses), weight 9
Configuration: (16 entries including)

Hammerhead Configuration

Configuration Management

Contigurations

Aerodynamic configurations

Aircraft configurations

Body-Wing Configurations

Body-wing and Tail Configurations

Canard Configurations - strengthened since previously selected, weight 50

Launch Vehicle Configurations

Aerodynamic: (26 entries including) Aerodynamic Interference, weight 20
Leading: (15 entries for LEAD and)
Leadership

Leading Edge Slats
Leading Edge Sweep
Leading Edges -- best match, weight 9
Sharp Leading Edges

Vortex: (17 entries including) Vortex Flow/Vortices, weight @
Mach: Mach Cones

Mach Inertia Principle

Mach Number -- closest match, weight 8 without numbers

Critical Mach Number
Mach Zehnder Interferometers
From 0.70 with '""Mach" induced number evaluation: Subsonic speeds,

weight 20
To 0.95, with ""Mach' ...: Transonic speeds, weight 20
Wina, Leading Edge, Vortex -- see above
Burst: Bursts -- best fit, weight 9

Meteor Bursts

Radio Bursts

Solar Radio Bursts

Type 2,3,4 or 5 Bursts
Wing, Wing - Canard -- see above
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ORIGINAL PAGE IS
OF POOR QUALITY
NASA TERMS Selections
Exhibit C-5

. Occurrence Co~occurring
lerms Weights _ Sum Boosts To:ol
Canarc Configurations 2750,%0,50,50,59 300 : 30¢
Transonic speeds 2::20,20,20 80 10 9¢
Wings . 2%9,9,9,9,9,9 63 6
Load distribution 2720,20 60 6C
Wind Tunnel Tests : 50 S0 SC
Subsunic Speeds 29 27 Ly
Aerodynamic Interrerence 20 20 : 2(C
Leading Edgas 9,9 18 1
Vortices 9,9 18 1§
Burst S 9 ¢
Surfaces ’ 9 9 p
Components 9 9 <
Manually Selocted Terms
Exhibit C-6
Print Terns Commznts
Canard Configurations Common to both
n Load distribuzion (forces) Comner to both
Transonic speeds Common to both
Wings Common to both

Non-Frint Terms

Aircraft structures Why?

Flow visuslization How?

Mach Number Plausible

Vortices Reascvnable, common to both

Wind Tunnc! Tests Should be a print term considering

usefuincss for retrieval

A78-11362 Solar electricenergy market penetration. R, K.
Sarin and K. Nair (Woodward-Clyde Consultants, San Francisco,
Calif.). In: International Solar Energy Society, Annual Meeting,
Orlando, Fla., June 6-10, 1977, Proceedings. Sections 26-38.
(A78-11212 01-44) Cape Canaveral, Fla., International Solar Energy
Society, 1977, p. 28-13 to 28-17,

A Bayesian approach was empioyed to forscast the solar electric
market penetration by the vyears 1990 and 2000. The study
icentified a multitude of factors, including relative cost of com.
petitive anergy systems, government incentives, future environmental
reguiations, and new technologies, that would affect the solar market
share. The judgments of several experts from utility companies, |
government agencies, and research laboratories were utilized in a
systematic manner o quantity the probability distributions of future
solar market share as a function of the various factors. The likelihood
of the occurrence of these factors was also assessed, and the solar .
market share was forecasted for the most.-likely future scenarios.

{Author) .

Fourth Surrcqate as Published (1AA)
Exhibit D-1
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T8A11362 ISSUE 1 PAGE 79  CATEGORY 44  77/02/CO0 5 PAGES
UNCLASSTFIEC DOCUMENT

SOLAR ELECTRIC-ENERGY MARKET PENETRATICN

A/SARINy R. Ke3 B/NAIR, K.  B/({WOCOWARU-CLYDE CCNSULTANTS, SAN ‘
FRANCISCO, CALIF.)

IN INTERNATIONAL SOLAR ENERCY SCCIETY, ANNUAL MEETING, ORLANCC,

FLA.. JUNE 6-1), 1977, PRCCEEDINGS. SECTICNS 26-38. (A78-11212 0l-44)
CAPE CANAVERAL, FLA., INTSRNATICNAL SCLAR EMERGY SOCIETY, 1677, P.
28-13 10 28-17.

/*ELECTRIC PCWER/*MARKET RESEARCH/#SOLAR ENERGY/#*TECHNCLCGICAL |
FORECASTING/ BAYES THEOREM/ CLEAN ENSRGY/ COST INCENTIVES/ ENERGY
TECHNCLOGY/ PROBABILITY CISTRIBLTICN FUNCTICNS |

ABA (AUTHOR) :

ABS A BAYESIAN APPRCACH WAS EMPLCYEC TC FURECAST THE SCLAR ELECTRIC
MARKET PENETRATION BY THE YCTARS 1SSC AND 200J. THE STUOY IDENTIFIEC A
MULTITUCE OF FACTORS, INCLUCING RELATIVE CCST OF CCMPETITIVE ENERGY
SYSTEMS, GOVERNMENT INCENTIVES, FUTURE ENVIRONMENTAL REGULATIONS, AND
NEW TECFNCLOGIES, THAT WOULC AFFECT THE SGLAR MARKET SHARE. THE
JUDGMENTS OF SEVERAL EXPERTS FRCM LTILITY CCMPANIES, GCVERNMENT
AGENCIES, AND RESEARCH LABORATCRIES WERE UTILIZED IN A SYSTEMATIC
MANNER TC CUANTIFY THE PRCBAEILITY DISTRIBUTIGNS OF FUTURE SOLAR MARKET
SHARE AS A FUNCTION CF THE VARICUS FACTORS. THE LIKELIHOCC CF THE
OCCURRENCE OF THESE FACTCRS hAS ALSC ASSESSED, AND THE SOLAR MARKET
SHARE WAS FORECASTED FOR THE MGST-LIKELY FUTURE SCENARIOS.

RECON Display of the Fourth Surrogate
Exhibit D-2

Title: Solar electric-energy market presentation.

.M
Abstract: A Bavesianfapprecaci vas emploved to forecast the solar

NP et Lo P.‘,"
electric market penetration kv the years 1690 2nc’ 2000, The'study

grmmmm— L T  nand
jdentificd a myltitude of Factorz) incliuding relativ. cost ELKCUT;

ey wy A WS - S arvasT et 7

P —'_-“
ERL R U € -

petitivr energy isystens, goaverrnmant incentives, future environmentai
NM i

P A R

regulat:ons,,ano ne:jtechnologies, that would affect the solar market
.—.—4—

S O A g g

share. The judamznts of severzl gxrerts from ut.luty?coﬂoanlec~

R P P

government agencies, | f .research laboratories wore utilized in a

W.‘ . . . . . .
’systematig;vanner to auantgﬁx the probability distributions of future

o . MR WA qann ¥ -:-'-"—!--‘
- . .
solar market share a2< = 1unct|"r of the various .factors. The likelihood
2% 2 runctisr yarious  iactors. ine
© g R} WM - .

of the occurrence of these actor:-was alse 1ssesecd, sncsthe sclar
AN -——— - - ,v

— e —— G ——r v

market share vias forecastad for the most--likely futurc scenarios.

Phrase lsolatior
Exhibit D~3
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Text Phrose Reduction
Exhibit D=4

Solar Electric-enei'gy market penctration:
Solar energy -- since "solar is not a valid term and the only ''solar
electric' is ''solar electric propulsion'' vhich failes tne subject
areg test, Due to the large number of solar phrases, the phrase 1
solar clectric energy will bz reported as a candidate phrase for :
manual review, veight 20, ﬁ

Electric power -= ''electric' alone is nct an entry phrase; thercfore,
use "electric power' via ''electrical energy'' as best match, weight 2C

Market =-- Marketing, weight 9

Penetration -- Penetration weight 9, flagged for manual review since use
is not in document having substance in normal aress of use, specificaily
Mgeology' or ‘metalic materials"

Bayesian: Bayns theorem via '‘Bayesian Statistics" the only term including
"Cayesian,' weight 20

1
'

Forecast: Technology Forecasting, weight 20

Solar electric market penetration: (see above) - posted for manual revision as 2 re= !
curring phrase not in the thesaurus. ‘

Cost: Costs, weight 20 i . }

Enzrgy: Electric Power, in preference to "Energy,' weight 20

Government incentives: Government, weight 9 - Cost {ncentives, veight 20, rather
than "incentives,' weight ¢ ; .

Environmental regulations: Environmental control, weight 20, via "regulations"
being ‘used' to 'control" i :

Technologies: Technology fourecasting, weight 20, in preference to Technologies, weight 4

Solar market share: Solar energy, weight 20, in preference to ''solar, weight 9;
Marketing, weight 9

Utiiity companies: Utilities, weight 20

Governinent: Governments, weight 20

Rescarch ijacoratories: Research Facilities, weight 20; Laboratories, weight 9

Probability di<tributions: Probability Distributicn Functions, weight 20

Solar Market . .re: see above ; !

Likelihood: Maximum Likelihood Estimates, weight 20, with posting to review as
over specific but only valid choice

Solar Market Share: Sce above,

Forecasted: See above,

Bost-likely: posted to mew-word list.
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NASA TERMS Sele tlions
Exhibit D-5

Occurrence Co-occurring
Prins Teyus Weighee Boosts
Solar encray 2%20,20,20,2C,20
Ei.ectronic Power 2%20,20,20
Technological Forccasting 20,20,20
Narketing 2%9,9,4,9,9
Hon-Print Terms
Cast Incentives 20 10
Penetration 2?9,9
Costs 2C 7
Eavironrental Control 20
Utilitics 20
Probability Distributions 20
Maxirum Likelihocd Estimate 20
Research Facilities 20
Baves Thcorem 20
Government 9,9
Laboratories 9

Manually Selecred Ter~s
Exhibit D-6

Print Terms: Comments: i
Electric Pouer Common selection,

Market Research Good term, not in reach of present alcorith=
computer chose the general term 'harketing
vhich is inferior.

Solar Energy Common selection,

Technological Forecasting Common term

Nor=print Ternc:

Bayas Theoren Also computer locsted

Clean energy Unclear why sclectcd

Cost incentives Also computer locatec

Energy technology General phresc, ccmputer term and manual

term are more specific.

Provability Distribution Functicns Also computer located,
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k. Findings and Recommendations ' ORIGINAL PAGE IS
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During the preparation of this paper, a few experimental and operationa'! systems that
deai with either computer aided indexing or natural lancuage indexing have been iden-
tified as being of interest. Amongst these are DDC, SSIE, IBM/BROWSER, VWright
Patterson AFB/CIRCOL, and SMART. Except for the CIRCOL study by WESTAT, none of

these operational systems has been subject to comparative analysis. The MEDLARS sys-
tem ;. currently based on human indexing and has undergone several analytical studies;
all were designed to find out where the system was failing - not to compaie alterna-
tives. In all cases, the systems are functioning at a presumed satisfactory level

of cost and performance -- although no one has really made a significant attempt to
evaluate either adequacy of performance relative to less (or more) costly alternatives.

Based primarily on the ongoing operational success of DDC, SS!Z, CIRCOL and BROWSER
and the systematic studies performed by Lancaster, Cleverdon, and Salton (and others),
we believe that the publication of computer generated indexes from abstracts and in-
formation retrieval functions could be accomplished at significantly lower cost with
negligible overall changes to effectiveness.
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