Advent of Information

And Inquiry Services

by GEORGE SCHUSSEL

AMONG THE COSTLIEST and most time consuming

problems facing industry and government to-
day is the storage, retrieval and communication of
knowledge. Human knowledge is expanding at such
a tremendous rate that the documentation support-
ing this advance has concurrently mushroomed in
a multitude of directions,

Scientific information output alone is doubling
every eight and a half years and is expected to
reach 120,000,000 pages annually before 1970. The
task of storing and retrieving information so it can
be easily and readily used to assist researchers,
scientists, engineers and managers has become a
significant problem.

To give a further understanding of the volume
involved, estimates have been made that in the over
100,000 technical and scientific journals currently
printed in 60 languages, the new information avail-
able each 24 hours would fill seven sets of a 24-
volume encyclopedia. Several Government studies
have shown that the lack of needed information for
engineers and scientists at the right time in the
right way represents annual losses in the billions of
dollars and results in tremendous delays to the av-
erage development cycle of new systems.

Various estimates have shown that the average
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professional person spends from 25% to 75% of his
time attempting to keep abreast of major develop-
ments in his field. The majority of this time is ex-
hausted trying to locate the information in his in-
terest area. Similarly, a vast amount of the Nation’s
research and development budget is spent on du-
plication of work that has been completed, but the
results of which are not readily accessible. An in-
quiry by Hirsh, Milwitt, and Oakes into the ac-
tivities of members of aeronautical and electronic
societies in Southern California indicated that any-
where between 30% and 85% of scientific manhours
were wasted because of the fact that previously
generated information was unavailable to the right
person at the right time.

Estimates have been made that the annual cost
to the United States economy of the duplication of
effort required to remedy this information lack runs
between $200 million and $1 billion per year. In
England, Sir Frank Francis, addressing the Parli-
mentary and Scientific Committee of the British
Government, quoted an estimate prepared by the
Scientific Attaché in Moscow that, “a working
scientist spends up to one-third of his time search-
ing for information and that the cost of this search
represents one-fifth of all the money allocated to
science.”

To make this vast amount of knowledge avail-
able and readily accessible, it must be so organized
and identified that the user will know exactly where
and how to search for his answer., A new, multi-mil-
lion dollar industry is being developed to cope with
this explosion of information. This industry’s pri-
mary goal is the establishment of information stor-
age and retrieval systems. Such systems can be
either manual or automated on both a large or
small scale, depending upon the size and complex-
itv of the area of interest.

Of Interest to Computer Specialists

The problem of information storage and re-
trieval is of interest to computer specialists because
such machines are very valuable in the storage,
manipulation, and retrieval of large volumes of in-
formation. For example, the speed of third genera-
tion computers allows not only for wide-ranging se-
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quential or random searches, but permits the use
of unstructured files that are very useful for storing
certain types of data. Since the unstructured file
does not require a given piece of data to be stored
in a particular location, it is not necessary to pre-
define and pre-structure such a file. As a result, one
has the ability to extract and integrate data from
unique or nonstandard format documentation, in
spite of the fact that most of the data entered into
computer storage is repetitive format information
from tabulations or standard forms,

Using an Unstructured Data Base

By using such an unstructured data base, many
various types of data can be placed in one system.
In most second generation systems, the economics
of such an unstructured file were very poor and,
therefore, it was not practical. With the advent of
third generation equipment, the additional capabil-
ities, especially in terms of access speeds to large
storage, have made it possible to identify each data
element (field) within each record individually.
Instead of defining a field into which the same data
element will always be placed, it has become possi-
ble to identify or to tag each data element as it is
placed into the file. As a result, the structuring of
the file is done during the input operation rather
than during the programming or initial designing
of a system. Therefore, it is not necessary to antici-
pate all possible needs for different fields.

Substantial economies are also introduced by the
capability of third generation computer equipment
to embody time-sharing and multi-programming
concepts. The full power of rapid and remote ac-
cess to randomly stored data and large storage files
can be made available to users without requiring
the dedication of a system. Modern techniques in
this field also require the use of advanced applica-
tions in microphotography and magnetic recording.

The basic theory of an information storage and
retrieval system is relatively simple. One has to
make provision for abstracting, storing, and insert-
ing information into the system and for quering and
retrieving specific portions when necessary. Input
from such sources as reports, drawings, and docu-
ments can be abstracted and indexed according to
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a pre-arranged categorizing scheme. The source
documents can then be stored in some sort of
graphic system which can be based on a photo-
graphic or magnetic process, or the hard-copy
originals can be filed for ready reference.

Each piece of information as it is abstracted and
indexed is usually assigned an address (ie., a
method of locating that peice of information). A set
of key words which cross reference the appropriate
graphic image address is also created. This key
word indexing is usually stored in the memory of
a computer. Retrieving the pertinent data from the
computer requires only that the appropriate key
words related to the desired information be identi-
fied. By matching these key words with the inform-
ation stored in its memory according to wvarious
combinations of Boolean search schemes, the com-
puter makes the information available to the re-
quester, as well as the address of the stored graphic
images. Duplicate copies of the graphic images
should be made available on demand.

The growth in size and numbers of information
centers (dealing in specialized information, as op-
posed to a general library) over the last few years
has been spectacular. There are currently over 1100
such information activities in the United States.®

Library Services, Data Centers & Analysis Centers

Most information services can be classified into
library services, data centers, or analysis centers.
From the user’s point of view, the library service re-
quires the user to conduct further research into a
document in order to obtain an answer for his
specific question. Library services deal with para-

#There are several ways of locating information centers specializing
in varicus types of data, One of the most general ways is to inquire
to the National Referral Center for Science and Technology of the
Library of Congress (telephone 202-967-8265). An inquiry will be
answered with a list of potential sources of the type of information
requested, A publication, A Directory of Information Resources in
the United States, which lists hundreds of existing data centers, is
available in the Library of Congress. Information centers especially
relevant to United States Government programs are listed in a book
entitled The Information Systems Handbook which can be acquired
from Brown Engineering Company in Huntsville, Alabama,
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Advent of Information & Inquiry Services continued

meter searches, abstract indices, and bibliographies
and are concerned with documents which are
stored, abstracted, listed, searched, et cetera. The
output of such a service is usually in the form of a
document, an abstract of a document, or a refer-
ence to a document.

Data centers, on the other hand, are more con-
cerned with detailed data rather than documents
and typically are oriented to give specific answers
to specific questions. The data could be information
on configuration mangement, research and develop-
ment projects, financial controls, or marketing in-
formation. Special characteristics or properties of
materials, chemicals, devices, processes, et cetera,
which are useful to scientists and engineers are very
amenable to storage by such systems. The output
from this type of center is, therefore, detailed data
that can be applied to a specific problem.

PRINCIPAL OTHER
INFORMATION INFORMATION
SOURCES SQURCES

The analysis center acquires specific data which
is analyzed to create new information. While the
output of this type of center is also usually detailed
data for application to a specific problem, this data
is the result of an analysis function performed on
input data rather than simple retrieval of stored in-
formation. The inquiry service which provides an
interface between the information center and the
user and is discussed below can be applied to any
one of these three types of information centers.

Information Inquiry Service

The use of large information storage and re-
trieval systems has developed into a science that
can be considerably more complex than using a
normal library. As a result, the average user needs
help in locating information and the information in-
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quiry service has emerged. A center offering such
an inquiry service employs technically trained in-
formation specialists to input, store, and retrieve
information in a given area of knowledge. Users of
the inquiry service typically will have need for
specific knowledge and can communicate with the
staft of the information center. Instead of simply di-
recting the user to various reference documents, the
staft undertakes to specifically answer the user’s
questions.

The inquiry service emerged from an effort to
minimize the user’s effort and required knowledge
to use the system. The user-information center in-
terface is simplified by employing the inquiry spe-
cialists to perform an analysis of the user’s ques-
tion. The specialists decide what data in the center
is needed and then perform an analysis of the re-
trieval data to obtain the appropriate answer. A
special characteristic of the better inquiry services
is that their staff personnel will undertake to re-
search an answer even when it requires going out-
side of the information files located within that
particular center. Under such conditions, of course,
it is necessary to have the service staffed with per-
sonnel capable of understanding the technical as-
pects of both the question and answer.

Data Output Operation

One of the primary functions in running an in-
formation inquiry center is data acquisition and in-
put. Information to be placed in such a center is ob-
tained in numerous ways. Raw data, documents,
vendor catalogs, magnetic tape, and punched cards
are but a few of the formats in which data might
arrive at such a center. Usually, primary emphasis
is placed upon acquiring current data, although
certain historical data may also be acquired.

Input control must be exercised to prevent the
entry of questionable information. This is a seri-
ous problem since, if the data stored and later sup-
plied by the center is questionable, its usefulness
will be greatly diminished. Careful operation can
often prevent the entry of suspect information.
Such items as internal memorandums should auto-
matically be excluded. Provision must be made for
incorporating additional information on a particu-
lar report to supersede the preliminary data. Any
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preliminary data entered into the center must be la-
beled as such to provide any user with a clear indi-
cation of the validity of such data. Detection of oth-
er invalid information has to be basically controlled
by the user of professional data acquisition person-
nel and the judgments of the data center’s man-
agement,

In a different way, data acquisition may be a very
difficult problem. Although selection of the specific
input data for any specialized center may be rela-
tively simple, practical tasks of physically acquiring
it may prove to be quite a challenge. Persons hav-
ing useful data might be reluctant to release it and
such opposition must be overcome either by persua-
sion or directive. On Government programs, the ac-
quisition function is more effective if all persons
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having applicable data are directed to provide it.

Figure 1 depicts the flow of work through a typi-
cal data input process. The first step is a receiving
and logging function. Here, a record is typically
made of the document source, title, data and num-
ber. An accession file number is assigned for control
of the document throughout its processing cycle
and subsequent retrieval. After receiving and log-
ging, a decision must be made as to whether to ab-
stract the document. If it is decided that the docu-
ment should be entered into the system, and there-
fore abstracted, then the preparation of the docu-
ment for correct indexing follows next.

Indexing

One of the most important functions in the data
input is the indexing of the material received. Prop-
er indexing, of course, is tied not only to data in-
put, but permits effective retrieval of the stored
data. The most commonly used index schemes are
key-word oriented. Important data should be in-
dexed in detail while less important information re-
ceives less detailed indexing. There is no one index-
ing system identified as best for all applications.

Typical of indexing systems would be key-word
in context indexing (KWIC), citation indexing, al-
phabetical subject indexing, bibliographical index-
ing, et cetera. A key-word is a term selected to de-
scribe the subject content of the input material and
is usually drawn from the specific text or title.
While matching or combining key words to locate
stored data is generally not practical or efficient in
manual search systems, a computer is ideally suited
to this matching process. The use of key-word in-
dexing allows the computer the flexibility of han-
dling inquiries that can not be predicted during the
preparation of the data base.

Most indexing schemes use permutations of the
title, headings, text, and composition of indices. Af-
ter the permuted terms have been selected from the
subject matter, they are alphabetically aligned and
accompanied where relevant by related terms, ref-
erences, and notes to form the thesaurus of a sys-
tem. The goal of all indexing techniques is es-
sentially the same. That is to identify data in such
a way that a particular bit of information can be
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found quickly, infallibly, and with a minimum of

effort, In practice, the approach to this ideal

varies, depending on the relative emphasis placed

on the quantity and nature of data to be indexed.

Any indexing scheme should at least have the fol-

lowing qualities:

® be as complete as possible, that is; cover the en-
tire subject of the field

® be systematic, proceeding from the general to the
specific

® be sufficiently detailed to represent all degrees
of generality

® allow for the consideration of ideas and for clas-
sifying them from several points of view

® be logical and show a sequence of ideas

® be expansive and flexible in plan and notation.

One often hears the suggestion that the problem
of communication between the originator, indexer,
and inquirer of a specific document could be al-
leviated if the originator would only provide a
thesaurus with his document since he has complete
knowledge of all of the ideas and information he
wishes to convey through the publication. This ap-
proach, however, has limitations because the author
may not be aware of all the uses of his document.
A more practical technique has been to provide an
information center with an indexing staff thorough-
ly familiar with that particular field and related
areas of interest. Such individuals are able to assign
appropriate descriptors which often allows for a
broader application of work reported in scientific
papers.

As more effective indexing schemes replace cur-
rent classification techniques, the amount of ir-
relevant material retrieved in response to a search
request will be decreased. One of the general and
most basic problems in information storage and re-
trieval and inquiry service responses is when the
user is presented with more information on a par-
ticular request than is needed. This condition is ac-
ceptable only if the user desires to browse, and is
essentially the situation prevailing in a library sys-
tem. In cases where all of the material retrieved is
only partially relevant to the search request, the in-
quirer is still left with the task of searching through
a relatively large amount of material before locat-
ing the particular bit of information he original-
ly sought.

DATA MANAGEMENT



Data Storage

Storage files can be either structured (formated)
or unstructured (unformated). If possible, it is de-
sirable not to require any given piece of data to be
stored in a particular location. This allows the pos-
sibility of freedom in determining what data should
be entered into the file and how it will be used.
Data is stored often as combinations of data names
and related values. The data name can be a key
word that defines the content while the data item
is the actual data value or reference associated with
that particular data name. A unique accession num-
ber is associated with each data name/data item
combination. These combinations are then entered
into a file as they become available with no regard
to order. Addition of new bits of data can be han-
dled easily and effectively.

A certain amount of structuring into buckets and
hierarchical storage is possible. For example, if a
computer disc drive with several packs is used to
store information and there happens to be a logical
breakdown of the file into the number of disc
drives, then it is possible to reserve each disc unit
for a given classification of data.

Search statements are typically defined by using
AND, OR and BUT NOT Boolean statements.
These connectors are usually applied against the
data names while the data items are screened by
magnitude operators after the appropriate data
name has been located. Magnitude operators could
include such terms as EQUAL, GREATER, LESS,
ALL, or any given RANGE.

The updating and purging of the data entered in-
to such a system is very important if the data cen-
ter is to be maintained currently without growing
unnecessarily large. Updating, of course, can be
performed on a batch or on-line basis, depending
upon the system configuration. Purging, on the oth-
er hand, is typically done periodically on something
analogous to a once-a-year basis. In some centrals,
it is a good idea not to destroy updated and purged
data, but to place it on magnetic tapes.

Videofile System

In addition to various microfilm, microfiche and
aperture card systems, an exciting unique develop-
ment in the graphical storage of large volumes of
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information has been the development of the
Videofile by Ampex Corporation. Using video tape
techniques, large volumes of graphical images can
be stored on magnetic tape and subsequently very
quickly accessed and reproduced when necessary.
The tape drives that are associated with this system
are similar to computer tape drives and each reel
of two-inch wide magnetic tape loaded on one of
these units is capable to storing one quarter-mil-
lion optical images. If the correct tapes are
mounted on the tape drives, almost random access
is available to one million images within a maxi-
mum of 2-1/2 minutes.

Since much of the information that can be stored
in an information inquiry center is more efﬁciently
stored in the form of graphical images rather than
abstracts, the use of advanced equipment such as
Videofiles and the developments to come in fac-
simile transmission equipment promise to lend sub-
stantially greater capabilities to information cen-
ters.

Inquiry Service Operation

To a user, an inquiry service is a valuable addi-
tion to an information center. The mission of an in-
quiry service is to answer the questions submitted
by all users. Turn-around time for many centers can
range from several hours, to two or three days. Any
information center can be most useful by not re-
quiring a specific format for inquiries. Accordingly,
the inquiry service must pattern each response to
meet the needs of the user, One of the functions of
the inquiry service would be to translate any ques-
tions into a retrieval language and develop search
strategies. One of the most difficult problems facing
an inquiry service is to determine exactly what the
user needs. Inquiries are often ambiguous or mis-
leading and a dialogue between the user and the
inquiry service is often necessary to define the user
need explicitly.

Using time-shared computers, an up-to-date in-
quiry service should have direct on-line random ac-
cess to a data base. As soon as a search strategy for
an inquiry has been formulated, the data base can
be accessed through the remote terminal located in
the inquiry service, By not requiring inquiries to be
batched before making a search of the data base,
the turn-around time to answer a user’s question
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can be shortened. By not requiring a specific for-
mat for inquiries, the inquiry service can pattern
each response to meet the needs of the user. Once
data is retrieved by selecting the appropriate key
words from a thesaurus and forming a search state-
ment, a subjective analysis of the resulting data
must be made in order to ascertain its applicability
to the question. At the current state-of-the-art, there
is no technique for automating this aspect. It is of-
ten necessary to reformulate the search strategy
and repeat the retrieval operation several times be-
fore satisfying an inquiry.

After the proper data has been retrieved, it
should be presented to the user in a usable and ac-
ceptable format. The response could take the form
of a bit of data, a compilation of data, a document
extract, a document copy, tabulation printout or
any other format. System response can be dissemi-
nated by mail, telephone, TWX, or personal con-
tact. If the user can not state data requirements ex-
actly, the output will, of course, be less specific.
After examining the initial output, the user may be
able to restate his inquiry to better define his data
needs.
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An important function for inquiry service person-
nel is to maintain detailed records of the usage of
the data base. These records provide the basis for
expanded capabilities and improved services. For
example, when the usage of a type of data provided
in documented form becomes sufficiently large, the
data base should be expanded to contain this new
data and handle the request more effectively. Ef-
ficient inquiry centers will also have a procedure
for following up any service rendered with some
form of questionnaire, which could be as simple as
a posteard, requesting the user to state how satis-
factory the service was and list any problems. Such
a technique helps the inquiry service to maintain
effective service.

Conclusion

It is clear that the use of inquiry services to an-
swer specific questions will continue to grow sub-
stantially as more and more information in the
scientific, engineering, and management field is
generated. As the use of such services becomes
more widespread, their cost effectiveness will be
closely analyzed and such criteria as the cost per
question answered will become important in meas-
uring the efficiency of such systems. Other factors
which will also be used to judge the effectiveness
of information inquiry centers will be access and
turn around time, the percent of satisfied questions
and users, and the precision ratio, which is the ratio
of relevant documents retrieved to total documents
retrieved from the center,

Any center that is to be effective will also have
to maximize it’s recall ratio, which is the ratio of to-
tal documents in the system that were relevant to
the inquiry.

Most current information centers of any size are
government supported either directly or indirectly
and are oriented towards scientific, engineering,
and technical types of information. The Manage-
ment Information System of the future, however,
in a large organization could very well parallel the
development of these scientific and technical infor-
mation centers. Certainly the picture of high level
managers sitting at computer consoles to directly
access data bases is not realistic since most of the
direct interrelationship with computers will be per-
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formed through staff personnel. Is it not possible
that the information inquiry service could provide
the same function in a more efficient fashion? Man-
agement will certainly have to face up to this ques-
tion.

In anticipation of the answer, we might look to
see why most of today’s information inquiry cen-
ters are government supported. At various times,
proposals have been brought forward to charge
each user of such a system the cost of answering his
question. Such proposals have never worked be-
cause the individual engineer usually does not have
the authority to easily make available the necessary
funds to pay for such a service without going
through an inordinate amount of red tape. There-
fore, such centers have had to be supported by top
level management decisions concerning cost effec-
tiveness, and market place forces of supply and de-
mand have not been brought to bear on the exist-
ence of information inquiry services.

As a corollary to this, because such services ap-
pear as budgetary line items, they are among the
first to be cut when government expenditures must
be reduced. This is often unfortunate since such
services are justified by their cost savings. The cost
savings, however, are hidden in that the existence

of such an information inquiry service makes each -

scientist, engineer or manager more productive.
When the service is lost, the cost is simply spread
out as an opportunity loss over all of the work that
is not, and could have been accomplished, and as
such, is effectively hidden as compared to the ob-
vious clarity of the costs of running the center.

In spite of such problems, however, it does ap-
pear as though the use of these centers will contin-
ue to grow. One problem already encountered is
that many possible users do not even know of the
existence of an information center which can

specifically help them to solve their problems. This

situation has led to proposals for linking all of the
major inquiry type services in the United States in
such a fashion that an inquiry to any one of them
will be correctly channeled to its proper destina-
tion. Another alternative, of course, could be some
sort of “super inquiry service” that would tell
you which inquiry service to go to — to get your
question answered!
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In any case, one thing is clear. The continued
vast growth of information in various fields of spe-
cialization will require more and more library, data,
and information services and the information in-
quiry field will probably become an important in-
formation science specialty by itself. END

I{A Adopts Resolution On Relationship Of
CopyrM2kt-Proprietary Rights—Information Usage

A two¥Xart resolution on the relationshjp be-
tween copyright, new proprietary rights ghd the
optimal usé\ of information was adoptedf by the
Information Yndustry Association, headqufirtered in
Washington, I} C.

The IIA resdution, adopted unanimgfisly recent-
ly by the memb\r firms assembled foff the meeting
on Copyright and\Related Proctectiogs for Informa-
tion Age Products, Noncludes that ppoprietary rights
are comparable with\and essential Jo the widest dis-
semination and use of\nformatio

It also urges that a¥ationalfcommission be es-
tablished to consider ng\t onlf new technological
uses of copyrighted worlg byt also, more broadly,
the impact of new informdjpn technologies on the
optimal development and Ae of proprietary infor-
mation products and seryflce

The resolution also nftes that the new informa-
tion technologies mayfrequire\different legal con-
cepts and the nationfll commisjion should not be
limited to considerigf only copyr\ght solutions.

The panel of spfakers for the Yprogram empha-
sized the new ang different probleNgs and relation-
ships created byfthe efforts to appl)\ new informa-
tion and commfinication technologie§ to the effi-
cient disseminfition of information pyoducts and
services.

Speakers gncluded Barbara Ringer)\ Assistant
Register of fLopyrights, who observed that\the alter-
native to gbpyright is patronage and subsidy which
carries with it control of information and \ulture,
She ackfowledged that copyright legislatiyn has
not beenfprospective in nature in the past and that
four prefsures will effect changes in the copyNght
of thefuture: pressure for access; business cannot
wait for paperwork; increased government use of
the technologies; and the need for artistic inde-
pendence being asserted by the young.
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