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Functions of a Man-Machine Interactive

Information Retrieval System

Abstract

An effective man-machine interactive retrieval system is not

achieved by simply placing a terminal on each énd of an existing

machine retrieval system. An interactive system requires a sequence

of steps in vhich man and machine aliernately take action. It should

also provide different levels of services to experienced and inex-

perienced searchas, recognize the difference between a narrow and

broad quéry, furnish c}ues as to the next direction to be searched,

reorganize the data base dynamically as the searcher changes his view-

poiné, provide a ranking ot responses in the most likely sequence and

offer the searcher the option of overriding the ranking when & par-

ticular term is of extreme significance.

An online interactive system meeting many of these needs has

been developed and tested. The objective of the.development of this

system, BROWSER, was to investigate the effectiveness of a free~form

query with a combinatorial search algorithm and the effectiveness of

various techniques and components to facilitate online browsing.
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Functions of a Man-Machine Interactive

Information Retrieval System*

. J. H, Williams, Jr.
Federal Systems Division
International Business Machines Carporation

.t =iz n . ... .Gaithersburg, Maryland ' - -

o  Introduction
i z:Many machine retrieval systems have reached a plateau of effective=

ness, ‘A fervent hope exists that interactive'systemé providing the

-gearcher wiph_feedback will increase effecliveness'in those systems

" .having rcached a plateau (1). The hope could be justified not only by

pro&iding empirical results (2) but also by noting that in many other
physical and human operations feedbdcl:, or closed loop, systems offer
superior performance to open loop systems. Increased performance is;
aéhieyed by correcting the input on subsequent passes through the systenm
on the basis of errors detected on preﬁious passes. The notion of sub-

sequent passes through the system implies several searches interspersed
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with corrections furnished by the human. Thus, interactive systems .

pust be designed to furnish error information to the user and must be

able to accept a modification to the £npdt and continue to cycle until

convergence on the desired output is reached.
Thi; article describes the functions of the BROWSER online text

retrieval system. The objective of the BKOWSER development was to test |

) | g ;he effectiveness of a ffee-form query with a éombinato;ial_search

| algorithm and the effectiveness of various techniques and components

; to facilitate online browsing for concept retrieval. . ' T
Online éencepc retrieval syst;hs have not progressed as rapidly as

online data retric "2l systems due to the several stages of uncertainty

{ c 1;he;en£ in the c¢reation, indexing, storing, and retrieving of concept

dnformation. 1In addit}on. at each stage ambiguity can exist in both

directions from concept to te}m and from term to coﬁcept. A concept

can be represented by more than one term, and a term can represent more d

than one concept. Further uncertainty arises with concepts that must

be represented with more than a single term or a phrase. Concepts
represented by a sentence or several sentences intrdduce additional

uncertainty by allowing numerous combipations of words within sentences

. |
to represent the same concept.

Recognition of the distinctions between data and concept retrieval ]

o et i,
.

: - dndicates the primary reason why online concept retrieval systems have J

not progressed as rapidly and why Boclean query systems may not be able

to provide effective scarch performance for many subject retrieval appli-

cation arcas. Concept retricval contains uncertainity and combinatorial
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properties, whereas data rétrieval is limited to logical properties.
Boolean query statements admit only two conditions, true or false,
whereas an algorithm needed for concept retrieval must admit a range of
certainty or probability. In particular, a manfmachine concept retrieval
system should provide the user some degree of certainty associated with
its output and should allow the user to interac; in such a way as to
increase this certainty.

This article describes: (1) some techniques that have reduced
uncertéi;ty in retrieval systems, (2) feaFu:es to be included in man4
machine concgpt retrieval systems, (3) functions of the BROWSER online
retrieval system developed on the basis of a combinatorial search, and

(&) the diverse needs of an information center.

o Concept Retrieval

The well recognized complexity of‘conéept retrieval has been under-

estima;ed by those attempting to apply éata retrieval techniques to con-

cept applications. The confusion appears to be due to the emphasis on
retrieval criteria rather than on relevance criteria. In data retrieval
systems, retriev#l and relevance criteria aré identical, because they are
measured in the same units. For example, in a'driver's license file, the
file content searched is license numbers, the query is expressed as a
license number, the recrieQal algorithm matches the units of the license
number, and re1e§ancy is based on lirense nﬁmber units. Thﬁs. all deci-

slons concern only one dimension. All operations by machine and man can

be performed with the same file,
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In concept retrieval systems, however,  retrieval and relevance
criteria are not identical; they are each measured by different units.

Retrieval criteria are expressed in term units., Whereas relevance

P LR T . ~ ~
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criteria.aréA;x;réséed in conceptual units. As ten;s are physical units
they can be stored and matched by machine, However, éonceptual units
are expressed and measured only internally within the human brain, |
fhus, a man-machine retrieval system should have two units, each with a

different type of performance mecasure. The mach;ne's units should be

measured in terms of the physical words on which it operates, and the

 man's units should be measured in terms of the mental concepts on which

he operates. The design problem becomes one of deciding how to assign

';hg various’processes of retrleval to the appropriate partner.

One reaso; that term retrieval systems have met with some success
is that some concepts can be expressed with a single term or with adja-
cent terms, Pérformance, however, decreases as attempts are made to
extend such systems to retrieve more complex concepts requiring éxﬁres-
lion by a sentence, or several sentences., Sentences p;oyide so many'
degté;s of freedom that "term adjacency" itself no longer identifies
all relevant material. In fact, the number of degrees of fréedon over

several sentences causes the problem to be one of a combinatorial nature.

Many combinations of terms.can be used In several sentences to express

.

the same concept.
Increasing need and desire for a concept retrieval system have
stimulated developments along two alternative paths: (1) the research

path of developing a method for representing cbncépts !In a physical

-
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form that can be stored in a machine and developing a comparison method
to decide whether tvo concebts are identical or (2) the enginecring path
of constructing a devicg and testing.it»undér environmental conditions.

A successful concept system must be able to create a concept ‘search file
by extrécting and'representing concepts ffom source documents and record-
ing them in éuch a way'that they can be quantitatively compared., The
system must then be able to extract and represent concepts from written
or verbal query statements and provide a comparison algorithm upon which
an identity decision can be mzde. An effeétive test for the adequacy of
such an algorithm can be made without extensive computer processing. It
could be maée with a group of users, because the‘relevance decision is
within the human province. Various descriptions of closely related but
distinct concepts could be read and an agreement reached on which sets of
words represent whicﬁ concepts. Then the output of the concept extraction
algbriéhm could be compared with the previous human decision. Cuadra's
repor; (3) indicates the difficulties in obtaining human agreement on
relevance. W. N, Locke (4) also confirms the difficulty by stating that
"{nformation is not something we fead out of a document,‘but something
that we read into it."

Observing the current. difficulties pursuant to folléwing the first
path, we have chosen the second. We have developed and tested an online
man-machine system for the retrieval of coﬁcept information. We have
endeavored to employ feedback components that aid in reducing uncertainty,
and to exploit the combinatorial behavior of words as they express con-

cepts. A more complete system might exploit syntactic properties as well,

rd




" obtained without the additional refinements of syntax. Gifford and

* Baumanis (5) also found that choice of terms far outweighed arrangement

However, we have noted that verbal communications are often cffective

I

without completely correct syntax. Further, effective syntactic pro-
cedures at the present time only operate within the bounds of a sentence,
while the need extends over a paragraph. Therefore, we developed a sys-

tem utilizing only the combinatorial properties of weords within a para-

graph, viz, an abstract, to determine if effective results could be

of terms.

© * Term Retrieval Techniques

’

Several techniques previously used in term retrieval systems should
'Seuincluded in concept retrieval systems when required; Recording the
.r;iative position 9fteach word wi;hin a sentencc and paragraph attenpts
to reduce the nunber of falsg.hits;‘while augnenting index and/or query
terms with thesaurus terms attenpts.folincrease ghe nurber of true hits. .
The word position teghnique has been eméloyed ;uccessfully in m;ny
specific applicatfons. These applications, however, should be more prop-

erly considered term retrieval rather than concept retrieval, since the

purpose of the retrieval as well as the relevance criteria is in "term"

units. then the task is recodification of statutes, the problem is to

find all references to a particular tem or phr&sc so that a nev tem or
phrase may be substituted, lhen the task 1s retrieval of descriptors or ~
kryvords. the problen is to ensure that individual terms ihnt nay occur

}n'lcveral phrascs sre retrieved only within the desired phrase.
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puccessful use of this technique in limitéd applications docs not
provide;sufficienc evidence that it will meet with the same success on
full text applications with complex concepts. In fact, vhen concepts
can be expressed by various combinations of terms, the word position
gequirement overdamps the response so much that true hits are missed.

In the following example, portions‘of three ;bsttacCS containing

the concepts "data management" and "information retrieval" are illu-

strated,

Query:
. .DATA MANAGEMENT and/or INFORMATION RETRIEVAL SYSTEM

£§Fetp§s from relevant documents:

. U.. 8. Army Technical INFORMATION Officc...
U;ing the approach of concept storage and RETRIEVAL SY3TEM
A-640101
U..t. Navy Library,..DATA base for bibliographic searches and

INFORMATION SYSTEM...
AD-640117
SYSTEM for handling and MAIACING Atir Force DATA and INFORMA-
Tiov... |

AD-640811

|
i
. . nETRIBVAL of the {nformation...a universally accepted




Note that many of the query terms occur in each ahstract, but not :

necessarlly the same combination of terms nor the same sequence, If a ?
term adjacency condition were spéclficd on cach pair of query terms, . ;
icsc abstracts would be missed,

The term "thesaurus" has been expanded into so many synononous
meanings that its various contents.and functions need to be discussed
separately. A thesaurus is a dictionary of synonyns. However, for the
purpose of man-machine retrieval, there are.severgl diétionaries of ’
lynonym§ that can be stored and updated easily with mininum ambiguity,

vhile others may not be amenable to econonic conmputer processing. The v

easiest for both man and machine are those based on orthographic simi-

~ larities and term lists having'a one-to-one synononous relationship,

'The most complex for both are those dictionaries showing hierarchical
.(n;troucr and broader term), precedence (use and used for), and miscel-
laneocus (related tern) relat%onship{.

A term list that groups ;11 inflected forms of a term under its
root, can be easily created and maintained b& a ;onéuter because it is
based solely on character matching. A iist of the root forms then repre-
sents the.only search argunents for the file, A corresponding list of
81l inflected forms is not required because the computer compares roots
to the fully inflected input; when a match is found, document number is
lgorcd in the sen;ch file under the sppropriate root. The same root-natch
technique is used again wvhen query tems are {nput. This performs a use-

ﬁrl function of tnércasing true hits, because the searcher need not be

ﬁdncerncd vith the precise inflected forms enploved by various authors




in their documents, Any inflected form inpuz as a.qué;y term will match
any form contained in the source document through the common toot; A
> ' EgﬂénYQEd_1§$§_?159_4°°§¢35F$ storage requirements, as the dictionary
-length is reduced by oA;—third, and reduces search time because the temm
list is shorter,
- _ A dictionary of abbreviations also increases true hits withcut the
idverse eféect of increasing false hits. An abbreviation list can be
easily programmed, as the only requirement is table of address pointers
referring to the ferm the abbreviation stands for. .
In.app}ications containing one-for-one synonyms, a related term list *
will also inc;easé true hits without increasing false hits, provided all
users of the system agree on the paiéwise equivalency of the temns,
_}gcérporation of this type of dictionary presents no proﬁlem‘to program-
mers as, again, the o;ly progranming technique 1nvolved_is one of estab-
lishiné address poingers to the corr;sponding terms. The critfcal
responsibility lies with the user group rcspon§1b1e4for ensuring tgat
the terms are indecd in one-to—onc.cor}csponden;c vith cach other.

~j_A dictionary "of acronyms may appear to be sim{lar to a dictionary

q{_,bbreviations. Rowever, due to the proliferation of acronyns, there ' .

.

L "5

are nov nany letter combinations that stand for many different organi-

sstions and titles, Thus, the one-to-one correspondence has been lost,

Oply in applications containing linited subject materfal, where she
acronyns that will be encountercd are inoun, can the effect of false
. hits be linited. Othcrvise, the problenms of an acronym dictionary are

. the same as for the thesaurus, discusscd next.




“effect of increasing true hits. Searching a thesaurus for the term

- ¢ess Into two distinct successive searches: first, a search of the

A thesaurus including relatvionships more complex than simple one-

to-one substitutablc terms contains the inhcrent potential of increas-

ing the false hits, This disadvantage frequently outweighs the desired

desired tc represent a concept is fraught with the same problems as that
of searching the data base., Thus, inclusion of a thesaurus within a

system is more than an aid; it actually extends the overall search pro-

thesaurus for the correct terms and, second, a search of the data base,

using those terms, for the correct document, The same retrieval measures °

of relevance and recall should bhe applied at the end of the thesaurus

- search and at the end of the data base search, This two-stage procedure

! ) ‘
‘then allous one the opportunity of isolating errors due to the thesaurus,

and due to the searcﬁer‘s ability to express his mental concept of the
problem in words., . . .

If the thesaurus is used during indéxing, thelggvantage of expanding
an index term set is that the search;r's,mental effort is reduced, as he
does';ot have to fécall related terms. The consequent disadvantage is

that each document index set has been automatically expanded to such an

extent that fine resolution between related subconcepts cannot be achieved,

. Another critical disadvantage is that terms are automatically added to an

index set without' regard to the content and'concepts of the documents, A

requisité of automatic index set expansion is that the user group agree

ch the term equivalences established by the thesaurus.,
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When the thesaurus function is employed at query time, the searcher
has the advantage of maintaining conceptual control over terms (by adding
only those terms appropriate to his concept and nceds) at the. expense of
sacrificing time rather than performance, The total time required for the
searcher to augment his query and review his responses may be less than-
‘the time of reviewing the larger set of responses retrieved from an auto-
matically expanded query system.

The need for requiring a thesaurus within a system should be
expressed in.terms of the increase in true hits expected versus the
expected 1nérease in false hits. The placemént of the thesaurus—within
the ‘machine system or exterior to it—as well as whether it is employed
et index time, search time, or both, depends upon tradeoffs associated
with the particular aﬁplication.

. H&ving established that a thesaurus will increase retrieval perfor--
mance for a particular application, the decision of whether to include it
wiéhiﬁ the machine system is one of cost, not performance. A well con-
structed thesaurus, such as the one published by the Engineers Joint
Council (6) may be used both by indexer and searcher in book form exterior
to the machine system. The cost of ﬁaintaining.it within the machine and
providing a search program to search it and display appropriate entries
must be compared with the expected reduction of the human effort involved

in Jooking up desired terms in a single well organized volume,

-1}~
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° Purpose of the Human in a Man-Machine System

Online systems arc employed for various reasons. The overriding
reason in concept retrieval systems is to allow the scarcher to reduce
the uncertainty in his final output by providing him means to iteratively
converge on the desired response. An interactiQe system is not achieved
Sy simply adding an input terminal onto a batch searching system. An

dnteractive system requires a sequence of actions. The man and machine

alternately take actions based upon information received during the pre-

ceding step. In particular, a closed loop feedback system-furnishes'
error information indicating the type. of ;orrection to bé applied to the
input on the'subsequent pass through the search system. The error infor-
mation should indicate either that the current query input 1s too narrow,
and insufficient true hits have resulted, or that the current query input
is too broad and too ﬁany false hits have rgsulted. The error indication

should not only concern magnitude, but éhould also give a hint as to the

- next direction in which to proceed. Thus, a designer must establish the

types of information that will enable a searcher to take another action
to cause convergence and at which phases in.the overall search and
retrieval process interactive points are needed.. An interactive system
has the potential of improving overall rétrieval performance because it
restorés the searching poftion of the overall search and retrieval pro-
cess to the human. Searching is the human decision-making process of

finding or discovering something through careful examination, whereas,

retricval is the mechanical process of bringing back identified infor-

mation.

~12-
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The design of man-machine retrieval systems musf be based on a
¢lear definition of those processes best perfo%med by men and those
best performed by machine. Man fs less skilled at highly repetitive
tasks, but performs well in his adaptive capability, for example,
changing the characteristics of a problem statement as he revieus
intermediate results, JIn addition, his 1earning capability increases
ﬁis performance-with time, Machines, excellent in highly repetitive
tasks, but as yet poor in adaptien and learning, should be used in
complementary functions rather than competitive ones, Man thrives on
freedom and abhors restraint; machines require order and control, In
some gystems, man is requested to force his thinking into the simple
p;tc;ins required for orderly machine processing, with a consequent
degradation in his per?érmance. Human motivation and reaction are so
closely ;ied to performance that man-machine systems must be designed

to enhance man's performance while allowing the machine to serve him,

A tendency has been developing, however, toward lettiné the man serve

the machine, as shown in the proliferation of Boolean statcment systems
employed for concept retrieval,

A display terminal provides the searcher with the means of dis-

" playing information upon which he ¢an make conéeptual decisions, 1In

this manner, complex arrangements of terms and text in {ts original
form can be presented to the searcher for relevancy decisions; thus,
the machine does not attempt conceptual decisions. Therefore, inter-

active systems should contain two levels of inférmation one in the

-13-
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form of terms upon which the nachine perforns characéer matches and a
sccond in the form of combinations ol terms and original text upon
.wvhich the searcher makes relevancy decisibns. Thus, the searche; need
‘not repeat the machine decision on the same iﬂdex terms, but can operate
on a higher level of abstraction. 'Uncertainty is reduced by adding
information. The function of the machine, operating on the term level,
then becomes one of eliminating that portign of the data base containing
. none of the query terms and presenting to the searcher those documents

containing at least some of the query terms. He can then apply meaning

v

to terms and combinations of terms (in phrases and sentences) to make N

the final.rélevancy decision;

{ . .
! . ** 7 The underlying assumption is that a concept can be adequately
expteésed, and the target document located, if some of the query terms
occur in the abstract. The assumption allows for even more stringent

conditions than the classic éynonym'problem, as it does not require .

that the target document contain ai} cf the query terms., The target
décumént will ﬁe %o;ated whether the missing query terﬁs are represcnted
by synonomous temms, broader terms, narrower terms, or a few ierms. The
query expressing thé dééired conéept is usualiy one or tvo sentences in
length, wigh the choice of terms left to the searcher. Thus, with the

selection of his terms, the searcher can intentionally make the query

; broad or narrow,

Ry
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. A brousing system should provide the searcher with the following

capabilities, so that he can maintain control of the search process and

dynamically adapt the system to his requirements:

1.

2,

3.

S

6.
T

8,
9.

10,

11,

Provide different levels of services to inexperienced and
experienced searchers, particularly in areds of inter-
disciplinary searchireg.

Recognize the difference between a narrow and a broad

" query with respect to the data base,

Furnish clues to relevant responses containing incomplete
information.

Furnish clues to the next direction or subject area to be

" examined,

Organize and reorganize the dat# basc dynamically as the
ae#tcher changes his point of view at the terminal,

Aid the searcher in his recall of synonomous terms. -
Provide convenient means for adding, deleting, or modifying
search terms,

Rank the responses numerically iﬁ the sequence ﬁost l1ikely
to fulfill the intent of the user,

Offer the searcher the opportunity to override a numerical
vanking and emphasize the importance of a particular term.
Sclectively print pertinent documents identified by the
scarcher,

Provide the option of perforning Boolean or free-form

queries.,

=15~
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In fact, if the computer werc able to output the correct ansver set,
. . .& .
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] The BROWSER System

I&M has developed and tested an online interactive concept retrieval
system, BROWSER (7). To "Brouse" is to look over books, especially in
order to select one to read. By implication then, the output of a

browsing system will contain more documents than the precise answver set,

browsing would be unnecessary. The BROWSER system initially responds
with a larger answver set as a result of the unrestricted query form and
the searching algorithm. Through interactive cycles, it allows the

searcher to converge to his desired output, The unrestricted query form

§119y§ the searcher to input one or more sentences.describing the desired
concepi, a string of terms with or Qithout correct syntax, a string of
terms with or without function words, a phrase, or a single term,

Queries ﬁay be input féom several sources. They may be input online
or keypunched and loaded with the program. Standing queries may be stored
and searched against periodic acquisitions. Because the input is free
form, an existing abstract may be used in its original form as a query. °
Thus, the searcher is nof obligated t; parapﬁrase an author's own words
nor dete:mine which descriptors miéht have been assigned to the document,

Any shstract in the file may be used as a query by setting the query

number equal to the abstract number. Thus, the request, "find abstracts

- 1ike this one," is met without need of interpretation. This enables

specialists to communicate at the detailed level of their jargon wichout

resorting to more gencral levels of all-encompassing terms. This facility
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is particularly uscful when browsing, When pertinent abstracts are
found to indicate another direction that must be perused, the abstract
just vieved may be immediately called from storage and employed as the
pext query, |

Query terms vhich match terms in the search dictionary become
‘gearch terms., Typically, the number of scarch terms ranges from 4 to
20 (current program maximum is 50), Terms 1n_the search dictionary

" pust have occurred in at least-one document in the data base, The

v s,

searching algorithm has the effect of computing all corbinations of
the E_Searcﬁ terms r at a time, The theoretical number of combinations
s extremely high; hovever, the number of combinations actually occur-
ring in documents is reasonably low, Rather than compute all theoreti-
¢al cembinatiens, the.system records only those combinations actually

. occurring in documents in the data base, For example, a frec-form query

-

en the subject of “Automatic Document Classification" contained 20 search

terms, No document in the data base contained all 20 terms, In fact,

one very relevant document ¢ontained only 7 of the 20 gearch terms, Each

of 30 yvelevant documents eontained a diffcrent set of search terms, with

only one exception. Threc documents describing the same gystem contained

A Spor e W g B

an {dentical get of search terms. Authors, however, do not aluvays employ
the game terms when describing their own wbrk. The set of 30 relevant :

documents contained three pairs of documents written by threc authors.

In each pair the author had used a differcut sct of scarch terms to

; describe his own work. Thus, 1f a query vere constrained to an exact {

17~
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* Ject area to the detailed level of knowledge of the author.
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match on a fixed set of query terms, an author could not even retrieve
01l of his own papers.

This missing term problem is overcome by introducing redundancy into
the query, that is, including more search terms than the anticipated
minimum.. The algorithm then, by forming all combinations of search
terms, retrieves doéuments'containing combinations of search terms not

antiéipated by the searcher, Thus, the searcher need not know the sub-

Boolean search systems provide effective retrieval .to those who
kaow the sea?ch terms being employed'in their field and to those who
%avg searched the area previously. The effectiveness decreases rapidly,
howeve;,.as the unfamiliarity with a subject area increases (8). A
tysteﬁ must offer varying levels of search services to personnel having
varying levels of understanding of the subject field. In fact, many
rescarchers have indicated that their greatest need for mechanized
retrieval exists vhen they must leave their own areas and search in new
areas or perform interdisciplinary searches. The BROWSER system answers
this need by permitting searches with any ;erms the scarcher may know
and providing him with a display of the text of documents located, The
scarcher, having input very general or broad terms, reads and learns
sore about the area at the terminal, By observing the specific terms

used by the authors in the field, he can decide which terms to add to

his query. He can continue this cycle until he can express hia problem

i s oM < a2 s R e

in the terms of the new field and then request output of documents

ralevant to his query,




Sl b ol . o 3 8 m A it v el a1

. P b o g 050

Williams

Id

In addition to extending one's capnbilitie; into new areas, a
browsiné system must also be able to aid the searcher in his ovn area
by providing him with information about the data base. Too frequently
searches are performed without knowlédgc of the scope and depth of
subject matter in the computer's file, The terms "narrow" and "broad,"
when referring to queries, are becoming.increasinély ambiguous, A query
that appears nérrow to one person appears broad to another, To a novice
$n the field, a narrov query broadens as his knowledge of the field
increases, A query that is broad in one data base becomes narrow in a
éafa base cohtaining few documents on that topie.

+.The BROWSER system quantifies the notions of narrow and broad with
veapect to the documents of the search file, Weights are computed for
each search tern when'the data base is loaded, and are kept current at
each update cycle, The weight assigned to each term is inversely pro-
portional to the number of documents indexed by that term: terms
occurring in many documents have low weights and terms occurring in a
few documents have high weights. After a query has been entered, the
velghts for cach term are displayed. htxanlnation of these weights indi-
eliel whctﬁet the query is "narrow" with respect to that data base.
Scarches consisting of terms existing in only a few documents arc nar-

vow with respoct to the data base. When the display indfcates search

" tepms existing in many documents, the searcher can narrow the query

(i.,e,, the potential output) by dcleting the broad terms prior to

executing the search,
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The importance of weighting a term on the basis of its document
frequency in a particular data base, rather than on general usage,

cannot be overemphasized. The value of weighting terms lies in the

functional utilit9 of the weight for the machine search, not in an

implication that a correspondence exists between frequency and rele-

‘vance. The same term will thus have 2 different value in different

. data bases. The term "computer™ in an IBHM data base will have a low

% value, indicating its broad distribution throughout many documents,

| : - In a linguistic data base, however, it will haye a higher value, proving

useful as a narrowing term with respect to th§ entire field of linguis-

| ‘ tics. A searcher approaching a strange data base necd not be concerned

that his query vill result jn an output of hundreds of documents, A

display will inforn him of the characteristics of the file prior to the

axecution of the search, He may then 11mi£ the output to a few docu~-

; . ments and view them on the screen to observe more detailed terms, On
the neft query he wmay add the detajled terms and delete the term that
had a high frequency with respect to this data base.

The output of the machine scaorch phase is ranked numerically. A
sum i{s computed for each abstract bns;d on the ;umber of query terms
occurring in the abstract snd their corresponding weights, Abstracts
containing detailed terms occurring in a small portion of the data base
will be ranked higher than those only containing general terms occur-
rving in a large nortion of thc data base. The approach {s analogous to

infornation-theorctic concepts stating that low-probability itcms contain
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mﬁre information than.high-probability items. The machine phase yields
abstracts having the largest amount of information in terms of the search
file vocabulary wvith respect to the combination of query terms input,

There have been many attempts to classify documents into categories
and form clusters of index terms and documents duriné the index phase,.
As stated by Sharp (9), "The failure of thesé approaches is due to the
virtﬁal impossibility of providing all the points of view that searchers
" meed to access relevant material." He elabor;tes on the magnitude of
combinations necessary to represent all points of view. ' The BROWSER
approach doe; not precluster document; nor determine a minimum number
éf standard combinations possible. It effectively generates a ncw docu-
ment ciuster with respect to each query. Thus, each query defines the
centeé of a new cluster, and all abstracts are mcasured from that center,
During the brcwsing phase, the searcher may'change the shape and direc-
_ tion of the cluster by adding and deleting terms from the query.

For those situations where the searcher knows the required sear;h
terms and is unconcerned with oynényms. he may override the numerical
ranking and cause the ranking to be a function of only those terus he
decns significant, regardless of their frequency in the file,

Exhaustive searching was the overriding criterion iu the design of
the BROWSER system, as it was originally developed and tested for a
patent-gcarching application. Therefore, tﬁc system was biased {n
favor of a high rccall ratio. To compcnsate for the accompanying high

relevance ratio, the system output includes an fndex of the scarch
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responses to cnable a searcher to scan the ranked output for assurance
that all;relevant documents were found. The index, similar to a Key
Word In Context (KWIC) index, consists of a one-line summary for each
abstract located. Each summary line shows which search terms occurred
in that abstract. As each page contains 50 summary lines, vhich would
?ormally contain only the full text of two abstra;;s, the information
compaction ratio 1s 25:1.

Weighting térms based on document frequency overcame one of the
problems confronting dictionary-preparation comyittees. The problem
of : which terms should be placed on the common word gxclusion list?
Afteg the 200 function words have been agfeed upon for exclusion, the
next set of high-frequency terms usuélly does not obtain unanimous
approval, For most queries some of the terms will not be used. How-
ever, for state;o' the-art surveys and novices entering the fiéld, these
terms provide valuable queries. Such terms can be included in the search
dictionary, with the decision of whether to employ them in a query defer-
red to the searcher. By weighting terms in inyerse bropo:tion to their

frequency in the file, the high-frequency terms will have relatively low

" weights. Their contribution to the total score of an abstract will be

insignificant. Moreovér, a searcher may exercise a decision to exclude
them from.his search by setting a threshold value. Any term having a
weight lower than threshold will not be used by :ﬁe secarch ﬁrogram. For
state-of-the~art searches, the threshold may be set to zero and thus

allow all terms to be cmployed in the secarch.

-22-
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Aside from its information-selection properties, weighting value
based on document frequency within a file also provides an aid to the
physical problems of a storage and retrieval system. Search time is
generally a function of data base size, but{ more specifically, it is
a function of the number of documents indexed by a query term, Pro-
,viding a searcher with the number of documents indexed by each of his
query terms enables him to -affect the search time, The natural incli-
nation to reduce time and cost will prevail a; experience grows with
browsiqg systems that permit control over the process. In addition, no
degradation in retrieval performance rcsplts; as many searches have been
performed witn frequency terms suppressed (such as, information retrieval,

'
programming, and electronic circuits).

Economical use of disk packs, particularly in online systems, also
could result from the use of a weighting value based on document frequency.
In large data base systems inverted search files may extend over several
disk éacks. Because retrieval of terms is on a random basis, the file
sequence of the terms may be decided by the system designer. The order
may be alphabetical, frequency, chronological, or by subject area. The
gdvantage of a frequency order is that the higﬁ;frequency terms may be
stored on a separate disk pack. In one application, the inverted file.
for the 25 highest frequency terms required as much space for document
number enfries as the next 2,000 scarch terms. Thus, the high—frequchy
term pack, not required by most searches, can be mnounted on an as needed

basis, rather than being online continuously.
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In the BROWSFER System indcxing is performed, by computer, on the
basis of words occurring in the abstract text. Accompanying descriptors
may also be included in the search file. The terms in the search file
are in root form. Thus, one form of a thesaurus, that of grouping
inflected.forms of a term together with its root, has been implemented

within the current version of BROWSER. Other forms of thesauri can be

. implemented for specific applications based on need and agreement of‘a

‘user thesaurus group on desired equivalencies. Another source of syn-—

onyms, the documents themselves, whenldisplayed to searcher may be of
more yalue than a collection of synonygs out of context. Due to the
ciusgering algorithm; the initial search finds documents within the
désifcd aéea. By scanning these documents on a screen, other ﬁetms
used b§ authors in the field and within the context of the search are

easily observed and added to the query at the searcher's discretion,

rather than by a program.

° Diverse Needs of an Informaticn Center
Many information centers have been using mechanized retrieval sys-

tems of one type or another. Most operating systems are based on keyword

and descriptor or subject heading indexing and Boolean statement retrieval

techniques. Te determine the value of supplementing these techniques
vith frec-form queries on the full abstract text, a feasihility exercise
wvas performed on a data base furnished by the Navy Automated Research and

Development Information System (NARDIS).

24
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Tﬁe'cxercisc consisted of loading 1600 abstracts into the BROWSER
gystcm,‘%pdating the dictionary with naval terms, and performing searches
represenfing diverse needs. The dictionary'of‘elcctronic and engineering
terms used in previous IBM interpal tests was used on the first automatic
$ndexing run. Of these dictionary terms, 2700 root words also occurred
in NARDIS documents, Thus, the program and the existing dictionary saved
considerable human effort as the basic dictionary did not have to be
vecompiled by Navy indexers. During the dictionary update cycle, 600
terms were added to the dictionary, The selectioh and review of terms
to sg added required only two days of effort, Some of the terms added
we're-.na;‘ral acronyms, such as AAW, ASR, ASW, ATP, IFF, NARDIS, NASL,
NAVFAG, NAVMATINST, and so forth.

The set of queriés created by NARDIS represented three explicit
levels of concept information to be retrieved from a text file and thus
proved useful in identifying the different yetrieval techniques required
to meet the diverse needs of an information center, The three levels of

information were term, phrase, and sentence, In addition, the set also

contained an example of subject category retrieval, numeric term retrieval,

_acronym term retrieval, and synonym enhancement,

Term retrieval consists of a single term scarch in which the user
assumes responsibility for the ambiguity of the term; that is, any docu-
ment containing the term is considcréd‘relevant. Terms can be words,
acronyms, or alphanumeric character strings. Three queries were searched
tepresent;ng the various term types, respectively: "sonar," "3M," and |

"5000 angstroms.”

=25~
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Phrase retrieval co;sists of more than one term. A query contain-
ing the phrasc "heavy list helicopters" represented this case.

Sentence (or sentence fragment) vetrieval consists of a sentence
or two ar more phrascs representing a concept. The concept itself 1s
dnvariant, but various combinations of terms can be used to express the.

_same concept, A concept query may appear to be similar to a phrase
guery because the terms used to express the concept ave adjacent; how-
ever, the concept may also be expressed by a &ifferent phrase. The
folloving four queries representing conﬁepts were searched:

1., Prevention of acute respiratory disease in recruits,

2, Studies of fluid flow or viscéus elastic flow or hemo-
dynamics of blood.

3., Military applications of infrared detectqrs, detection,
scanning, scanners, optical systéms, and viewing devices,

4, Find reports concerning chemoelectric energy conversion,
including batteries, fuel cells, energy storage and con-
vc;sion (electrochemical only), galvanic cells, electrodes
(electrochemical) and electrocheﬁistry. Do not include
subjects of corrosion, solar cells, power supplied
(electropic). Avoid electrolytic cells and electrolysis

if concerned with manufacturing chemicals (Clz, Mg, caustic,

etc.), but include these subjects il concerned with revers-
ible encrgy conversion of pouver gencration phenomena.
The scarch for the concept "3¥," which stands for management,

materfal, ard naintenance, indieated the value of the corbinotorial
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elgorithm and the learning of new terms frém displayed abstracts that
further define the concept. No abstracts contained the acronym "3M,"
nor did any abstract contain all three térms. However, severgl abstracts
containing combinations of two of the three terms were retrieved and
deemed relevant. In fact, during the browsiﬁg phase of viewing the

sbstracts, additional terms such as "equipment" and "reliability" were

. observed and subsequently added to the query.

The search for studies of.fluid flow reléting to blood flow demon-
strated the system's ability to relate documents from two previously
unrelat;d disciplines. The research;r did not expect to find documents
cgptgining blood flow and the dynamics of fluid flow, as the purpose of
his ¥esearch was to relate them. He wished to find documents on fluid
flow so that he himself could utilize previous reseerch in another field
to analytically attack the problem of blood flow.

. The search concerning chemoelectric~-energy conversion was handled
more easily in ghis system than in a Boolean query statement system.
The query was entered directly in sentence form rather than tediously
attempting to.state the concept in a series of "and," "or,”" and "not"
logical statements. Emphasis in the BROWSER system is on stating the
problem In sufficient Aetail to positively reduce the number of false

hits containing general terms not on the specific topic. Therefore,

" the two negative sentences in this query were not input. Because the

first sentence described the topic in sufficient detail, the number of

false drops was bclow an acceptable minimum,
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.or sentence fragments, a combinatorial algorithm'will be réquired until

' 9,000 English language patent abstracts, 8,000 Defense Documentation

Williams

The diverse nceds of an information center must be thoroughly
explored with reference to the specific form and components of questions
asked bybthe cenfer's users prior to the selection of a particular machine
retrieval system or technique. Retrieval systeﬁs processing a variety of
questions cannot perform effectively on a small set of techniques. For
simple tefm retrieval, the matching algorithm méy need to include word-

position information. For complex concept retrieval expressed in sentences

analytic solutions of content analysis are fully developed.

o .Summary

o An automatic indexing and text retrieval system allowing free-form
query and providing online browsing capabilities, through the IBM 2260
Display Terminal, has been debeloped and tested. The prototype system

has operated on data bases of 25,000 German language patent abstracts,

Center abstracts, and 1,600 Navy abstracts. The objective of the
BROWSER System was to test the effectiveness of a free-forﬁ query state-
ment with a combinatorial algorithm and the effectiveness of various
techniques and components to facilitate online browsing. The techniques
developed are valuable additions to existing rctrieval techniques (such
as, Boolcan statement queries and word pasition restrictions), particu-
larly in retricving abstracts containing incomplete information ard

retricving from various viewpoints not anticipated by typical indexing

proccdures.
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The essence of the retrieval problem is th;t some concepts are
referrcé to by more than one term, and some terms refer to more than
;ne concept.. Thus, the multiple meaning problem causes both false hits
and missing true hits, When a searcher uses a term having more than one
meaning he will receive false drops. When a searcher attempts to find
& concept that can be expressed by more than one term, he fails to
retrieve it whén.he uses one term and the author uséd the other term.
This situation corresponds to Zipf's (10) hypothesis that ideal

communication occurs when the vocabular& is iq.balance. The vocabulary
18.1n balance when the effort expended by the author in selecting unam-
bigqpué terms and the effort exéendgd by the reader in interpreting the
terms is at a minimum. Deviations from the ideal occur in both direc-
tions: (1) if'the author decreases his effort by sclecting frequently
used terms having multiple meanings, he inéreases the readers effort of
selecting the proper meaning for each term; (2) if the author increases
" his effort by expending more time to recall more different words each
_having -a unique meaning, he decreases the readers cffort of interpre-
tation becguse cach tern is now unambiguous.

| In a retrieval system the document's words or index terms have been
stored prior to scarch time. The responsibility for obtaining the vocabu-
lary balance then lics solely with the scarcher. Thus, interactive sys-
“tems nced to provide tools to the scarcher for ﬁim to communicate with
the author through the text terms or index terms. Information retrieval

is similar to other human endeavors in which performance is a function




&

- of effort expended. The perfornance of current retrieval systems may

be indicative of Zipf's conclusion as exp:esséd in the title of his book:

Human Behavior and the Principle of Least Effort.

Improved retrieval performance will not necessarily result from
interactive systems that simply provide a terminal on each end of an

existing machine retrieval system. The entire search process must be

. reanslyzed so that appropriate functions can be properly assigned to man

and machine. Each function offered to the man through a terminal must
elicit responses that will encourage him to converge on the desired
response. Indexing is a mental process of recbgnition vhereas searching
is a process of recall. Because recall is much more difficult, aids are
needea for increasing the scarchers performance. The best use of a dis-
play terminal in an inféractivé system is one that facilitates the

transition from recall to recognition.
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