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ABSTRACT

This report summarizes the on-site study of mechanization
in DoD libraries and information centers. Included are presentations
and evaluations on thesaurus building, file structure, input processing,
serial control, selective dissemination of information, c¢irculation
control, equipments being used, recommendations on information
retrieval systems, observations on organization, operation and
application, and summaries on mechanization status, scope and size
of collections, and COSATI subject area breakdowns. 76 facilities
were visited; individual reports were generated for 35. Abstracts

for the 35 reports and their DDC AD numbers are included.
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LIST OF FACILITIES SURVEYED

The following is a listing of the 76 major technical libraries and

information centers of the Department of Defense that were visited dur-

ing the BAARINC survey, together with their incation and abbreviations,

They are listed in alphabetical order, by abbrevialions where abbrevia-

tion was possible,

ABBREVIATION FACILITY

ACIC Aeronautical Chart and Information Center
Technical Library
St. Liouis, Missouri

AEDC Arnold Engineering Development Center
Tullahoma, Tennessee

ATCRL Air Torce Cambridge Research Laboratories
Technical Library
L. G. Hanscom Field
Bedford, Massachusetts

AFFTC Air Force Flight Test Center
Technical Library
Edwards AFB, California

AF¥IT Air Force Institute of Technology Library
Wright-Patterson AF8B, Ohio

AFML Aerospace Materials Information Center

Air Force Materials Laboratory
Wright-Patterson AFB, Ohio
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ABBREVIATION FACILITY

AFML Ceramics & Graphite Information Center

Air Force Materials Laboratory
Wright-Patterson AFB, Ohio

ATFOSR Air Force Office of Scientific Research
Washington, 25, D. C.

AFRRI Armed Forces Radiobiological Research Institute
National Naval Medical Center -
Bethesda, Maryland

AFTWL Air Force Weapons Laboratory -
Technical Library N
Kirtland AFB, New Mexico

AMC Aeromedical Library
USAT Aerospace Mcdical Center
Brooks AFB, Texas

AMS U. S. Army Map Service Library
Bethesda, Maryland
APL Applied Physics Laboratory--John Hopkins
University

Technical Library
Silver Spring, Maryland

ARL Aeronautical Research Laboratory
Technical Library
Wright-Patterson ATB, Chio

ASDIRS Army Study Documentation and Information
Retrieval System
Army Library
The Pentagon
Washington, D. C. §
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ABBREVIATION

BAMIRAC

BCIC

BDIAC

BUSHIPS

CDC AA

CDC CBR

CPIA

DASIAC

DASA Tield
Command

ol 1]

FACILITY

Ballistic Missile Radiation Analysis Center I
University of Michigan
Ann Arbor, Michigan

Binary Constitution Information Center
IIT Research Institute
Chicago, Illinois

Battelle-Defender Information Analysis Center
Battelle Memorial Institute
Columbus, Ohio

Bureau of Ships Technical Library
18th Street & Constitution Avenue, N, W,
Washington, D. C.

U, S. Army Combat Developments Commmand
Library

Artillery Agency

Administrative Division

Fort Sill, Oklahoma

USA CDC CBR Agency

Documentary Library Branch

U. S. Army Combat Developmenis Command
Fort McClellan, Alabama

Chemical Propulsion Information Agency

Johns Hopkins University Applied Physics
Laboratory

Silver Spring, Maryland

Defense Atomic Support Agency Information
and Analysis Center

General Electric Company

816 State Street

Santa Barbara, California 93102

Defense Atomic Support Agency
I'ield Command Library

Sandia Base

Albuquerque, New Mexico
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ABBREVIATION

DASA Hesadquarters

DELSIE

DISC

DMIC

DPG

EA

EPIC

ERDL

rA

FACILITY

Defense Atomic Support Agency
Headquarters Library

The Pentagon

Washington, D, C.

Defense Logistics Studies Information Exchange
Army Logistics Management Center
Fort Lee, Virginia

Defense Industrial Supply Center
Technical Library

700 Robbins Avenue
Philadelphia, Pennsylvania

Defense Metals Information Center
Battelle Memorial Institute
Columbus, Ohio

Dugway Proving Ground
Technical Library
Dugway, Utah

Army Edgewood Research & Development
Laboratory
Edgewood Arsenal, Maryland

Electrical & Electonic Properties Information
Center

Hughes Aircraft Company

Culver City, California

U.S. Army Engineer Research & Development
Laboratories

STINFO Division

Fort Belvoir, Virginia

Frankford Arsenal Library
Philadelphia, Pennsylvania

XV



ABBREVIATION

FI'D

Ft, Detrick

Fi, Monmmouth

HDL

IRIA

MEL

MPDC

NAFI

NASL

Natick

NAVUSL

FACILITY

FForeign Technolo~y Division
Library Division

Air Force Systems Command
Wright-Patterson AFB, Ohijo

Chemical Biological Laboratory
Ft. Detrick, Maryland

Technical Pocuments Center
Fort Moninouth, New Jersey

Harry Diamond Laboratories
Technical Infermation Office
Washington, D. C.

Infrared Information and Analysis Center
University of Michigan

Willow Run Laboratories

Ann Arbor. Michigan

Navy Marine IEngineering Laboratory Library
Annapolis, Maryland

Air Force Materials Information Center
13919 West Bay Shore Drive
Traverse City, Michigan 49684

Naval Avionics Facility
Technical Library
Indianapolis, Indiana

Naval Applied Science Laboratory
Technical Library

U. S. Naval Base

Brooklyn, New York

Natick Laboratories -- U.5, Army
Technical Library

Natick, Massachuselis

Navy Underwater Sound Laboratory Library
New London, Connecticul
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ABBREVIATION

NCEL

NEL

NMC

NODC

- NOL

NOLC

NOO

NOTS

NPRA

NPS

NRDL

NRL

FACILITY

Naval Civil Fngineering Laboratory
Technical Library Division
Port Hueneme. California

Naval Electronics Laboratiory
Technical Library
San Dicgo, California 92152

Naval Missile Center
Technical Library
Point Mugu, California

Naticnal Oceanographic Data Center
Washington, D, C.

Naval Ordnance Laboratory Library
White Oak, Maryland

U.S. Naval Ordnance Laboratory Library
Corona, California

Nondestructive Testing Information Analysis
Center

U.S. Army Materials Research Agency

Watertown, Massachusetts

Naval Oceanographic Office Library
Suitland, Maryland

Naval Ordnance Test Station
Technical Information Department
China Lake, California

Naval Personnel Research Activity
Technical Library
San Diego, California

Naval Postgraduate School Library
Monterey, California

Naval Radiological Defense Laboratory “ibrary

san IFFrancisco, California
Naval Research Laboratory

Technical Information Office
Waghington, D. C.

xvii



ABBREVIATION

NSMSES

NUWS

NWIL

OPTEVIOR

Picatinny

PLASTEC

RACIC

RADC

RC

Recon Central

FACILITY

Naval Ship Missiles Systems Engineering Station
Technical Library Divisicn
Port Hueneme, California

Naval Underwater Weapons Research and
Engineering Station

Library & Technical Information Division

Newport, Rhode Island

Naval Weakpons Laboratory
Technical Library
Dahlgren, Virginia

Operational Test & Evaluation Force
Technical Library

U. S. Naval Station

Norfolk, Virginia

Picatinny Arsenal
Technical Library
Dover, New Jersey

Plastics Technical Evaluation Center
Picatinny Arsenal
Dover, New Jersey

Remote Area Conflict Information Center
Battelle Memorial Institute
Columbus, Ohio

Rome Air Developinent Center Library
Griffiss Air Force Base, New York

Reliability Central
Rome Air Development Center
Griffiss Air Force Base, New York

Reconnaissance Applications Branch
Reconnaissance Division

Air Force Avionics Laboratory
Wright-Patterson AF1, Ohio
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ABBREVIATION

REIC

RSIC

SEG

TAC

TPRC

USAMRA

VESIAC

WvVT

Radiation Effeclts Information Center
Buattelle Memorial Institute
Columbug, Ohio

Redstone Scientific Information Center
Redstone Arsenal, Alabama

Systems Engineering Group

Technical information Reference Branch
Rescarch & Technalogy Division
Wright~ Patterson AFB, Ohio

Tactical Air Reconnaissunce Center
Shaw AF B, South Carolina

Thermophysical Properties Research Centler
Purdue University

West Lafayette, Indiana

Army Materials Research Agency
Technical Library
Watertown, Massachusetts

VIELA Seismic Information & Analysis Cente
University of Michigan
Ann Arbor, Michigan

Techuical Library, AI'L 2302
Wright- Patterson AFB, Ohio

Benet Research & Engineering Laboratories
Technical Infformation Services Office
Watervliet Arsenal

Watervliet, New York
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1. INTRODUCTION AND SUMMARY

1. PURPOSE OF THE STUDY

The purpose of this study was to obtain detailed information
relating to the mechanized systems being planned, developed, and used
within Do techunical libraries and information centers. ‘T'he information
gathered was to be organized, analyzed, and documented to provide a
basis for the following:

. Determinatlion of the present status of mechanization in

the subject facilities

Assessment of the costs and effectiveness of the:-information
sysicems

. Definition of significant developed and developing techniques
and problem arcas

Promulgatlion of the information Lo aid in the development
and improvement of related systems.

In all, 76 facilities were studied during the period of this project.
Thesec are identified on pages x through xvii  and their collection
characteristics are described in Appendix A. Of these, 33 had signifi-
cant mechanized systems in development or operation.  Detailed infor-

mation relating to the operation, the mechanized processes, program

systems, files and rouviines, cquipment used, future plans, and costs
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of systems at individuel facilities is gepavately documented in individual
facility reports. Readers interested in the specific dats collected at
each of the significantly mechanized facilities are referred to these
reports. Thirty-five individual facility reports have been published
which Include the 33 with mechanized systems as well as two nonraéech.
anized facilities. (The latter were surveyed prior to the final decision
regarding the reporting scheme,) Absiracts for each of the 35 reports

appear in Appendix B,

Summarizations of the above information and analysis relating to
the baslic objectives of this contract are presented in this report.
Throughout the report, abbreviations are used rather than cqmplcte c '
names of the facilities surveyed, A glogsary of the abbreviations appcars

on pages vi through xiii.

2. STUDY APPROACH

The study was conducted in three phases, Pilot Interviews, Data

Collection, and Data Analysis,

Pilot Interviews in four libraries were completed in July 1965,
The purpose of this phasc was to establish a realistic and comprehensive

survey procedure to insure adequacy of the information to be collected.

L
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Interviews were conducted at the libraries at the Burcau of Ships, Ft,
Detrick, Harry Diamond Laboratories, and Foreign Technology Division
of the Air I"orce Systems Command.  These were selected because of

their proximity and relatively advanced degree of mechanization.

The Data Collection Phase began in July 1965 and continued forv
sceven months. Ifor this phasge, the libraries and information centers
woere organized into 11 areag: Southeast: Southwest; Washington, P.C,;
Boston; Columbus-Dayton, Ohio; Northern Calilornia; Ann Arbor.
suttons Ray, Michigan: Indianapolia-Chicago; New York- Philadelphia;
Southern Californin; and, the Desert Region. Data were collected by
two teams, each of which included a librarian and a computer gpecialist.
Or the 76 facilitics visited, 10 were DoD, 17 were Army, 28 were Navy,
and 23 were Air Force, Facilities to be reported on in depth were
selecied gn ibe bagis of the degree of usage of computers or of novel
application of other cquipment, Kach report was reviewed and appraved

by the facility concerned before publication,

Information analysis began in mid-December 1965 and continued
for Live nonths, the major activity being in the final two monthsg, This
firal report of the project presents the results of the analysis and a

summary «f the information collected,

1-3



3. SUMMARY OF FINDINGS OF THE STUDY

(1) Status of Mechanization

Table 1 summarizes the mechanization status of the 33 -
facilities that have gignificant mechanized systems., Of these,
six have relatively sophisticated overall program systems. These
are BuShips (Ships System Command), FTD, Fort Detrick, APL,
NOTS, and RSIC. Most of the facilities combine mechanized and
manual operations. In almost every one of the 33 racilities, a

mechanization improvement project was underway or planned.

It is notable that none of the facilities has developed novel ‘
programming techniques (e, g., automatic abstracting and indexing),
and none has expressed the need or desire to do so, All are

dependent upon proven and well-exploited software techniques.

Only one facility owned (leased) the computer it used (Mech-
anical Properties Data Center). It is significant to note, however,
that facilities felt that the lack of control over equipment was the
gsource of many of their problemns. None used time-shared tech-
niques; although TPRC has plans to do so, and Recon Central exper-
imented for a while with a teletype communication link between
human operators— one at the Central and one at the remote com-

puter. ( '
1-4
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Seven of the facilities stored their thesauri in computer
memory and used them for automatic error control and/or code
conversion for natural language input, Only three found links and

roles to be worth the added programming complexity,

Eighteen facilities stored their search files in an inverted
form (e.g., a file ordered by accession numbers) and four in the
direct form (e.g., a file ordered by descriptors), Searching a
direct file can be a long procedure since the file must include a
record for each acquisition in the library., Each of these records
must be searched in serial sequence to determine if it has the
desired combination of descriptors. An invertea file, on the other
hand, has one record for each descriptor and, therefore, is only
as long as the descriptor thesaurus. Furthermore, a search can
be confined to only those descriptors of interest, Searching this
latter type of file, however, requires a more sophisticated pro-
gram (see Section VI, "File Structure"), but the total search time
can be much shorter, IFor this reason, the use of direct files in
mechanized searching is unusual, although direct files are often
used after an inverted file searci. in order to obtain bibliographic

information relative to the retrieved accession numbers.

Two kinds of retrieval system philosophies which employ

a direct file scarch were encountered. One (e.g., NPS) is a

1-8
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two-tape file scheme wherein an abbreviated file (accession num-
ber vs. coded descriptors) is actually searched while a second detail
file is driven in synchronism. When a selection is made on the
abbreviated file, the printout is developed {from the detail file
including the reference, bibliographic information, and abstract.
The sccond approach (e.g,, APL) is based on a unit-record con-
cept in which each record carries detailed information describing
the document. The primary advantage of both approaches is that

the retrieved information is printed out in detail (e.g,, with biblio-
graphic data and abstracts) immediately without a secondary opera-

tion being required.

Four of the facilities (all information centers) have mechan-
ized files of d~ta that can be manipulated and reordered in the
process of retrieval. The retrieved outputs of these are actually
specific answers to specific questions. All of the other systems

studied retrieve only document references.

Four facilities have developed SDI systems. Four produced
or were planning permuted indexes that were to be available to the
user, Two information center complexes, the University of Mich-
igan group (IRIA, VESIAC, and BAMIRAC) and the EPIC, are

planning or are involved in generalized information retrieval

1-7



%

[

programs that serve a multitude of facilities. (These generalized
programs represent a considerable cost economy, since a single

pregram development can be used by several facilities. The gen-
eralized program approach can make the difference between being :

able to justify and afford a mechanized search process, and having

none at all,) ‘

Almost all of the libraries complained of a poor understanding }
of library problems on the part of the programmers, and, in
general, the programmers criticized the librarians for not under-
standing the potentials and limitations of computer applications.
Poor communications between librarian and programmer can be ’
blamed for many of the system development problems experienced.
Some of these problems manifested themselves only after the
system was operating and improvements more difficult to under-
take. TFor example, Boolean search capabilities were sometimes
designed into the retrieval program with severe, although uninten-
tional, limitations. One such limitation was the inability of the
program to relate both the AND and the OR operators. Also, the

capability for search complexability often seemed far more so-

phisticated than necessary to satisfy the actual user's nceds.




In their relationships with programmers, the information
certers had much lessg difficulty than did the libraries, This can
be attribuied to two conditions:

The centers' staffs were usually more technically
oriented and had a meaningful understanding of com-
puter technology. They were able, therefore, to
communicate with the programmer on his terms, (We
encountered no programmers who could communicate
with the librarian on his terms.)

Some c¢centers (e. g., TPRC and MPDC) maintained a
staff member who had the ability to program.

It would appear that unless the libraries found themselves

in a similar position, they would continue to suffer the conse-

quences of poor communication,

We believe that a more businesslike approach to the pro-
grammer and an effective cost control program will reduce this
problem as well as several others related to the development of
mechanized systems. The following sections present these aspects

in greater detail,

(2) Cosis of Mechanization

In almost cvery library studied, cost information on system
development was either not available, of questionable reliability,

or not comprehensive. In addition, there was n almostl universal

1-9




lack of concern about development costs on the part of the librar.
ians when these costs were not agsociated with manpower billets

or hardware purchases. Information center operators, conversely,
were generally very concerned about costs and maintained detailed
records of current operating costs, although even in these cases

the historical development costs were usually not available.

The lack of cost information appears to be the result of one

or more of the following factors:

. Time is generally made available to a library on a
computer that it dces not own and, often, the library
is not charged for the time used.

. In some cases, programming has been done in house
at no cost to the library and with no records kept of
man-hours expended.

. In other cases, programming was done by contractors
who performed many services in addition to program-
ming for the library, and the library programming
costs were not separable from other costs.,

. The historical operating costs tor the premechanized
manual system are not usually available for compar-
ison.

. For those libraries with developing mechanized oper-

ations, the costs are mingled with other library activ-
ities, including use of the old system (card catalog,
etc,), which the new system has not yet replaced.

We feel that incomplete cost records and insufficient con-

cern about cost versus usefulness and value is probably the most

e Pl
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detrimental influence to the development of many of the systems
encountercd, We believe that this criticism is valid in the major-

ity of systems studied,

Reference to the individual tacility reports will reveal a
number of examples of the acquisition of a aystem which proved
useless and had to be abandoned, or which was only marginally
successful and later required extensive modifications. The survey -
data clearly indicate some cases in which a program of mechani-
zation was initiated and pursued simply because it was the "thing
to do'', Several of these systems seemed remarkably able to
operate and to expand in the vacuum of a nearly complete absence

of considerations of user needs,

A sensible attention to the elements of system development
and operating costs, as well as to the resulting system etffective.
ness (including satisfaction of user needs), is essential if the
above situations arce to be avoided, For this rcason, we have
included a discussion of pertinent cost factors in the following

paragraphs,

1-11
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1. The purpose of agsembling cost information is to measure

how resgource consumplion compares with resource allocation.

'The allocation is usually specified by a budget, which, in turn,

should reflect the judgement of management concerning the

rclative value of each activity. Thig value judgernent should -
include intangibles as well as tangibles. Applied to mecha-
nized processes, this means considering and including the
- value of such elements as increased timeliness, flexibility, -
and quality; broader and/or deeper gearch capability; greater

file detail; increased user salisfaction; elc, The elemenis of -
value (bcth tangible and intangible) used in determining budgetary
allocation should be the same ones used in measuring the

operating systems effectiveness., This provides a two-way

check -- budget versus cost and expected value versus actual

eftectiveness.

2, As the cosi information is accumulated, it should be
compared to the budget., The budget should be subject to
revision based upon the changing availability of resources
and the changing view of the value of the system elements

as derived from measures of performance effectiveness,
(See the following Section on Effectiveness of Mechanization).

Ideally, this approach will lead to the sclection of the most

1-12
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degirable courses of action while minimizing the effects of
unwar cenied oplimisin or undue pessimism. It should also
permit a more sensible and ordévly consideration of futwre
developmentis such as sgervice demand variations, new
techniques, expanding and contracting missions, etc., and
should permit the formation of a basis for coordination with

other organizations (e. g., purchasing and computer program-

ming groups).

3. Examples of elements that make up the overall cost of
mechanized processes are:

Library staff salaries (relative to the
mechanized process)

. Malerials cost
Equipment purchase or rental cost
Equipment space requirements
Maintenance charges

. Computer time

. Programming cost {even if not charged to the
library)

Cost of contractor services

Cost of acquiring new skills

These cost elements should be assembled and related

to various units of the mechanized opervation, such as cost

1-13
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of maintenance and updale ligts, cost per acquisition, per

itemn cataloged, per search, per digsemination, ectc. These

figures will permit a cost analysis of the mechanized processes

in terms of budget and, combined with the opcration statistics,

a determination of cost ¢ffectiveness. [IFinally, these ligures -
can be maintained from year o year to develop a hislorical

cost bagis for comparisons, decisions regarding fulurve

allocations, staff alterations, and changes in service emphasgis. -

(3) Effectiveness ol Mechanization

The following considerations have precluded 8 quantitative
determination of the effectiveness of the systems studied:
Factors of effectiveness for information systems
have not been generally agreed upon, (The National
Science Foundation and ATLIS are currently con-
ducting studies towavd this end. )
The facilities which have mechanized processes
that formerly were manual have genervally not
attemptied to compare the two except in superficial
ways.
Lxamples of factors that do carry effectiveness information
and that should be used as 1 basis for evaluating the effectiveness

of mechanized information schemes are:

Through-put characteristics, wmncluding response time
for retrieval vrequests. (This is the actual time from

1-14
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receipt of request to delivery of the answer--not just
processing tume. )

Types, nature, frequency of inputs and outputs
Cataloging rate

Resource requirementd, zuch as manpower necds,
operator gkill level, space, layoul, etc.

Number of {iles stored 1n the computer and matevials on
the shelves

File capacity, level ol detail, and breadth of subjects
Irile orgamzation

File load

IFile updating time

Error rate

Interarrival time of various demands upon the system,
such as requests to catalog and retrospective search
requests

Backlog of requests

Cataloging backlog

Number of users accommordated by the process
Number of requests

Numbel of queries adequatelv satislied

Recali and relevance of search output.

User satisfaction

These measures siiould be taken ror worst, average, and best

cases, and then compared to management cxpoecigions and user needads

—
i
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The following comments characterjze the qualitative evalua-
tion of effectiveness as assighed by the facilities' staff to their

own meachanized systems:

1. Work measurement and standard time data studies on
the efficiency of the system used at the Picatinny Arsenal
Technical Library indicate that the mechanized circulation
system is more efficient than the previous manual one,

e. g., the overdue portion of the system is considered five

times more efficient.

In terms of hours per unit, the new system averages
0. 15 hour per item for keypunching, sorting, pulling from ‘
shelves, preparing for mnail, discharging and refiling returns,
and processing on the computer. The old system averaged
0. 18 hour per item. This represents a significant saving
when the number of annual transactions is considered. The
number of library personnel needed to handle circulation
functions was reduced by two with the introduction of the

computer-based system.

2. Since the introductjon of mechanized processing, the
Technical Information Reference Branch has been able to

produce a regular semimonchly accessions list with no

*
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incvease in effort or manpower. In the eight years preceding
mechanization, the Branch was able {0 produce manually only
56 such lists. Besides the accessions list, the computer also
produced, in its first run, 4,700 catalog cards in 11 minutes.
Normally, 30 days would have been required to type these
cards, with additional time required for proofreading,

correcidng, and arranging them in file order.

3. The U. S. Naval Postgraduate School Library expressed
satisfaction with the mechanized system in regard to retrieval
relevancy, retrieval recall, and usefulness of the end product.
The mechanized system conserves the time of the professional
staff. They now devote about 10 to 15 minules each to 300
studeni requesis per month. Formerly, 1-1/2 hours would
have been required for professional assistance with a manual
search. The mechanized, versus manual, literalure search

saves about 500 manhours per month of the sfudents' time.

4. The Air Force Materials Laboratory Library Staff
found that, during searches, the new system caused a
reduction of irrelevant information of over 56 percent and

incurred less than a 5 percent loss of relevant information.
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5. The library staft at the Redstone Scientific Information

Center has praised its Alpha project as having made possible

a greater volume of library service at a saving in staff time.

! l“\‘ it

In 1962, before mechanization began, less than 4,000 of a

potential 20, 000 patrons used the Library. A staff of 67 was

i

required to serve these users. In 1965 there were 8, 300

users, while the staff had been decreased from 67 to 43

\w‘l‘(w

members, with no increase in overall workload on the staff.

6. The Infrared Information Analysis Center personnel

believe that the operation of their center has been improved

by mechanization. Last year, with mechanization, they were .
able to answer five tiimes as inany requesis as before. Prior

to going on full-time computer use, IRIA personnel required
two to three days to prepare a bibliography for a visitor.
The time now required averages one and one-half hours, and

bibliographies have been produced in as short a time as

45 minutes.

7. In 1964, the Foreign Technology Division Library con-
ducted a controlled experiment on a data base of 100
documents. The computer search based on 30 user profiles

retrieved an average of 85 documents. The manual searches

%



yielded 45 documents. Of those 45, about 15 percent, or

seven documentis, had been missed by the computer search,
Relevance levels were 58 percent on the computer search and
63 percent on the manual search. It was also discovered

that many users were glad to get an excess of material.

8. Tne Thermophysical Properties Research Center has
found that most retrieval queries can be answered by manual
reference to the Retrieval Guide or by consulting with one

of the staff members. Furthermore, the Director believes
that, at present, he can perform a search faster manually
than by machine. This is with reference to the total real
cycle time, which includes all the time consumed between the
asking of the quesiion and the receipt of the information by
the requester. This condition exists because the total system
is small as yet, and because the number of retrievals is only
about 50 per year (not considering the publication of TPRC's
Retrieval Guide which amounts to a retrieval of its entire

file).

9. All four of the information centers at the Batelle

Memorial Institute consider that their manually produced

and searched files of extracts are preferable to a computerized
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system. They point out that up to 80 percent of questions can
be answered by direct reference to the extract files alone.

In addition, a user of the files is automatically "referred"

to other positions of the files by othvr clue words underlined

on the cards he is using. A user whvo makes a personal visit

to the centers, usually on a very tight air-travel schedule,

has imrnediate access to the information itself, not merely

to bibliographic citations. Furthermore, the subject specialists
who deal with telephone queries often can answer questions on
the spot by reference to the files, On the other hand, additional
mechanization of the Center's printed outputs would be consider-
ed desirable for time-saving features where it is economically *

advantageous.

(4) Major Problems

The following paragraphs express the problem areas that
were of concern to and reported by staff members at the facilities

surveyed:

1. Computer Service

None of the libraries studied owns or leases computers;
therefore, they are forced to rely on other organizational

groups for computer services. As a result, computer
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service is often erratic and sometimes may become
unavailable for extended periods of time. In one case,
erratic service led to overdue notices being two weeks
late. 1ln another case, the replacement of a facility's
computer required the library to return to manual methods
until its programs were converted on a second-priority

basis,.

2, Motivation
In some cases a library initiated a program of
mechanization not so much because it was needed or desired

by the users but because the computer facility had computer

computer usage by the library usually remains on a second-
priority basis. Also, because of poor communications bet-
ween the programmers and the library staff, the library's
needs and the programmers' areas of responsibility have
not been clearly delineated prior to the development of the
computer programs. This has led to extended delays in
processing (such as six months lo produce an accessions
list by computer compared lo three weeks by manual

methods).



3. Changeover

Bringing a storage and retrieval system into operational :
use is greatly complicated by the problems of file conversion,

Computer searching is e’fective only if a substantial part of

the file to be searched is accessible to the computer. However

the creation of machine tiles, particulariy for the whole card
catalog, often initially exceeds the resources available to the
libraries, and the file conversion process may have to be
stretched out over a long period. Thus, a library may have
to operate two systems; the old system, using card catalogs.
etc., and the mechanized system, for which capability is
built gradually over a period of several years. This experi-
ence can be trustrating and discouraging {o boih ithe user and

the scarcher.

The facilities that use SDI systems have unique problems
The most difficult problem observed in developing an SDI]
systes - °s the proper maturation of the interest profile,
Often, this difficulty is not given adequate attention, with
the result that participanis soon become discouraged by the
floud of irrelevant information and the lack of desived

information. Experience has shown that in the area of

i -
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profile development there is no substitute for patient,
painstaking work on the part of both the profile developer

and the participant.

Problems have also been experienced in the choice of
methods used to notify SDI system participants of citations
selected for their attention. Individuals may be unwilling
to cope with the filing problems associated with distributing
a single notification card per selected citation. Problems
of this sort must be identified and eliminated, or the partici-

pant may lose interest in the system.

5. Staffing

Information facilities consider themselves to be
understaffed for the job expected of them. Some of the
difficulty in bringing a mechanized process into operation
can be attributed to insufficient staff for organizing the

sysiem and preparing material for computer input.

6. Organization

The facilities reporting to research and development
staff management generally feel that they have much better
management support for their eiforts toward mechanization
(as well as their other activities) then do those reporting to

administrative management.
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4. RECOMMENDED MECHANIZATION GUIDELINES

The experiences of many of the facilities studied suggesti the

following guidelines for those now planning mechanized processes:

(1) Clearly establish the goals to be achieved by mechanization.

Examples of these are the following:

. Increased service

. Fagter service

. More search flexibility

. Greater search scope

. Lower personnel costs

. Fewer personnel required,

(2) Determine whether or not these goals can be achieved more
economically by other methods than by mechanization--c¢.g., by
improvements to the exisling manual system, or by obiaining
equipments such as EAM punched card machines for processing
and relatively inexpensive devices for retrieval such as ihe
"peek-a-boo'" systems., This type of equipment can be owned

and controlled by the information facility, thus, many potential

problems are avoided.

.y



(3) Determine the feasibility of computer processing and
whether or not such an approach will really achieve the desired

goals.

(1) If compuler processing is to be attempted, consider how

this can be done with a minimum of interference to the present
service. As much as possible, plan to use the existing formats

and schemes. Also, plan the system so that in event of computer
nonavailability for extended periods, or loss of computer services
altogether, the library operations will not be paralyzed., Specifically,
maintain man-machine convertible files such as punched cards to
back up the machine memory and use input and output formats that

can also be created and handled manually,

(3) Determine with as much depth as practicable the way in
which the conversion to the new system will affect the existing
operation. Identify potential problem areas such as personnel
retraining, user education, argamzation adjustiments, commu-
nications arrangements, space preparations, the new system/old
system parallel operation period. etc. Develop realistic plang

for handling each of these.
(6) Begin the syvsilem development with a carcful analvsis of
the exasiing system. This analysis may indicate areas that
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could be eliiminated o moditied substantwally, particulariy in -
view of the different capabilitieg of the mechanized process

Very useful aids for this type of analyeig are low chiarts which

detail each operational function along with workload figures

and the individual vesponsible for performing the function

(")  The mechanized process development should proceed
based on the analysis and(ideally) vwith full muteal understanding
between ithe librarian and the programmenr of what is to be
accomphished. This agpect of development was one of the most
poorly handled in the system studied during this projeci.  The
potential for costly errorsg and lost thme inherent in a breakdown
of the understanding is clearly extensive. To avoid such a P
siluation, be particularly ce:tain that the computer program
dovelopers understand what is to be done and that there is no
serious obslacle to good communications, such as the political
environment, termmology probiems, (oo many othe * jobs with
higher prority, cte One good beginning 1s 1o obtam a wriitlen
statement of work and a work schedule from the program

developers.

(8)  Start conversion to mmechanization with a relatively small
part of the svstem that can continue 1o tunction manually dinring

the development phase.  (An example ol tns as the production
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of a book catalog or catalog cards.) A planned spproach will
permit the developing of experience and confidence before the

difficult major development tasks are attempted,

(9) Be sure that the system planners are aware of the cost and
effort required to convert *he system's manual records to machine
records: for example, to what extent information on each caialog
card will have to be keypunched to create a computerized retrieval

file.

(10) Do not start the program development until it is reasonably

certain that time and resources will be available to complete it.

(11) Create and follow a cost budget that realistically reflects
the anticipated value of the developing system as well as the
available resources. Record costs as they accumulate, including
reasonable estimates for those services that are supplied "fres''.
Relate these costs to:

The cost budget

Costs of the old system

Effectiveness of the new systemn
Modify the cost budget and direct the available resources to those
areas that the above analysis indicates will yield the greatest

return in terms of the goals established in step (1) above

} - 27
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(12) As the system implementation phase is entered, collect and

maintain operational statistics such as:

query handling frequency and characteristics

user characteristics

number >f queries per user and/or user type

frequency of use of use of each thesaurus term -
frequency of use of each file i-ecord

peak demand periods
file update frequency and characteristics

Most of these can be acquired by the computer program

during its normal operation. An analysis of operational statistics

will provide a current quantitative basis for performing system

improvement modification as well for developing effectiveness

estimates.



II. INPUT PR(.CESSING

For the purpos - of this section, we have defined input processing
of documented information as the functions that take place from acqui-
gition to establishraent of the information in the retrieval system. The

important functions are as follows:

J Acquisition

. Szreening for retention and circulation

: Cataloging/indexing

. Transcription to machine-reaable media

. Verification and other forms of error control
. Output of input data in various formats,

A representative process is r:.sented in Figure 1, Acquisitions
are first screened to eliminate duplication and to insure pertinency.
Using the thesaurus previously established for the facilily, cataloging
is then accomplished. Machine inputs are next prepared. A variety

of alternatives exist at this stage which are described in detail later

in this section.
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As shown in Figure 1, the generation of output formats (e. g.
catalog cards, accessions lists, etc.) can occur at either of two stages

in the process:

They can be produced as a byproduct of off-line
input preparation (card punching, tape punching,
etc.). Examples of this approach are found in
the sysiems of NOL and NWL.

. They can be produced as a byproduct of file up-

dating runs. Examples of those using this approach
are NOTS, FTD, and Fort Detrick.

Table 2 is a summary of the mechanization status of input

processing at the various information facilities studied.
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Input Processing Summary
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1. ACQUISITION AND SCREENING

‘I'he receipl of a document initiates a number of administrative
procedures such as filling out receipls, separating and establishing
separate control for classified documents, separating the documents
from interlibrary loan sources, checking for duplications, and
separating requested reports from those received on automatic
distribution. Those identified as user-requested usually have some
form of distribution sheet attached to the document identifying the
requester. When NWL changed over to the IBM 870/7030 sysiem,
however, they made provision to have the document forwarded to the

requester before submitling it to subject analysis.

For the purpose of creating a record in the computer master
file, it is usually necessary to provide only the title, author, dale,
classification, and source. Later, after the document has been
returned to the library, the more time-consuming job of subject
analysis may be performed to develop the descriptors and the abstract.

This information can then be added to complete the document's record

in the Master File.




Most information facilities add to their collection all reports
received on distribution, with little or no screening, since distribution
is usuvally based on their areas of inlerest. Some facilities, however
(e.pg., HDL, NOL, BAMIRAC, IRIA, and VESIAC) maintain a careful
gcreening process, primarily accomplished by the information facility
staff, In some of these cases, selected members of the scientific staff

also perform an evaluation of some of Lthe reportis,

2. DESCRIPTIVE CATALOGING TECHNIQUES

Cataloging worksheets of a variety of forms were found to be
almost universally used for assembling the data for transcription onto

the input media, Of this class we have identified two basic types.

The first type has all or most of the repelitious information
and information field identiliers pretyped on the form, Blank space
is left for the variable information, This type can be further divided

into the following kinds of workshects:

A worksheet that in total is designed to correspond
in exact format to an IIAM card that will be preparcd
from it, [Figure 2 gives an example of this type as
used by AMS.

EN . R T




. A worksheet that 1s arranged so that the data
entered on each line ol the worksheet corres-
pondsg to the entry to be punched on one entire
card, [igure 3 gives an example of this type
as used by NWL in its original system (IBM
7090). Figure 4 shows a similar worksheet
used by SIEG.

. A worksheet that lists the required data or
refers {0 areas in the document for the data.
This type of sheel does notl contain any
instructions or column guides for punching
the BAM card, [igure 5 gives an example
of this type as used by APL.

The second basis type of worksheet contains a minimum of
information but provides information that is not immediately obvious

from the document. Figure 6 shows this type of worksheet, which is

-t

TInzr ATVEY T Jin 14 v ;mane o
APY 1IN VE o LI 4LD W O

v d

Fath )
A=RASY ¥R

—~
[
J
>
>

a7n/
80 aNE L2V

-3

Usae 030Y, Inth

1+

worksheel is used only 1o list descriptor daia.

Descriptive cataloging, preparation of abstracts, and subject
analysis are then performed, in varying order, and this information
is also cntered on the worksheets., Some facilities attempt t¢ reduce
ithe amount of information to be entered on the worksheeis by referencing
data in the report itself (e. g., title, author, absiract, ete.) rather
than copying these data on the worksheels. The APL Document
Library uses this scheme, although the input data sheel conlains

sufficient space for the Library's eatry, shoutd one be necessary.

The NOTS Labrary marks important data on the titie pages of a report,
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and the indexer supplies descripte: dala on a tracing slip. The object
of these shortcuts is (1) to cut down on processing time by relieving
calalogers of unnecessary duplication, and (2) lo clearly prescut Lhe

data to the keypunch operator.

3. DATA TRANSCRIPTION AND EDITING

(1) Data Transcription

The media employed for transcription of the input data

into machine-readable format are as follows:

s . Punched cards (c. g., NWL, APL, SEG)
. Paper tape (e.g., FTD, NPS, [Ft. Detrick)

Combination of 1 and 2 above (e. g., NOTS, NOL).

In both the examples noted for 3 above, the indexing
descriptor data resulting from Lhe srbjecl analysis are separalely
prepared for the system. [ven in the cuses in which only one
Input medium is employed, the indexing is accomplished sep-

arately by a specialist,

v
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(2)  Data Editing

The input data are then proofed and edited by obtaining a
lisling and checking the data apainst the worksheets. Some
libraries obtain the listing by using a reader/printer. (SEG
uses an I1BM 407,) Others first convert the data onto magnetic
lape and then oblain a listing of the deia. (NWIL uses an {BM
1401 as an oll-line processor for card-to-tape and tape-to-
printer operations.) Almost all, however, convert the data
onto magnetic tape before the update run and oblain an editing
printout of ihe dala as they exist on the magnetic tape. One
exception to this is NPS, who edil with their original paper data
input tape. At the end of the taped update run, a list of the

changes or additions is produced

The AL Library empleys a specially conetructed cditing
printout to facilitate the localion of errors, The printout,
which is shown in Figure 7, consists of 100 spaces to each line,
divided into 10 columns of 10 characiers. Each line is also
numbered vertically, This system permits the editor to locate
the character number on the tape without tediously counting each
character across the line to identify the error. In systems
that permit replacement of a single charactler of an item in a

record, when the record length is significant, this mcthod

2-20
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measurably reduces the editing tirme, On the other hand, (he

gpecial struciure of the printeui makes 1 more difficull to readi,

thus slowing down the cditor and increasing the probability of

mMIissing an existing error,

The following four general methods of error correction

were encountered:

| Replacement of a single characier of an
item or term within a recovd 2, g., APL)

. Replacement of a term within a record (e. g.,
BUSHIPS SIIARP-LARQO)

. Replacement of an entire subgroup of
data within a record {(c.g., NWL)

. Replacéement of an entire record (e. g.,
NOL).

In general, it was cbserved that the longer the record,
the more likely it was to find a finer level of replacement

{c.g., a single charactier) employed,

4. COMPUTER INPUT OPERATIONS

As indicated in the block ciagram for input processing, tigure
1, the descriptors assigned to describe the inpul are generally checked
manually at the beginning of the process. New descriptors are some-

times generated or some newly generated descriplors may be rejected
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well as an additional check of a computer printout of the updaie Ginput)
fape tor the thesaurus or master dictionary, A tnied method - f

cheoking 18 the automatic comparison of inpul terms by the update

program againat the thesaurus file in memory (c.g., Pt Detrizk),

APL has demonstrated an effective way to use the computer to
agsistl in inpui checking. After the new accessions data have been
entered on the work tape, the tape is run off against the mastey
dictionary, As a resull of this run, a printout is obtained of all
descriptors used that are not in the master dictionary. ‘The listing 18
then analyzed to determine which are incorrect and which are actually
new descriptors, The errors are corrected by une of the four general
methods previously described, New descriptors that are accepted

Sy T™hic
: R

.

g aces
the same way that the new documents work tape is created. Worksheets
are filled out, an the new descriplors are transcribed into machine-
readable format on BAM cards, The cards arve checked, and the
descriptors are converted to magnetic lape where they are used to
directly update the thesaurus file (e. g., NWL) or to update the
thesaurus file in conjunction with the document file maintenance run

(c.g., NOL).
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The number of EAM cards used to represent a document was
found to vary quite extensively. 'The number used depends on such
factors as whether natural language or coded descriptor terms are
used, how many descriptors may be used, and whether or not the ‘
document record contains bibliographic data, abstracts, etc, Inthe
original NWL sysiem, where a maximum of 35 descriptors was
allowed per document, a maximum of 10 cards (of 4 basic types) per
record existed., Inthe new NWL system, there are 8 types of input
cards, which can result in over 400 cards bheing input for a single
document record, In the BUSHIPS SHARP-LARC System, the
bibliographic file used 6 basic cards with up to 9 extensions each for
a range of 6-60 cards per record. The subject matter file, which
allowed 30 carde perl

n omnwmema AP 170 PR O,
a range ov i~ 780 cards per

record, The SEG system has one card for each line on the worksheet,

a maximum of 19 cards.

5.  OUTPUTS

Ouipuls were obtainced in one of threc ways:

. As a byproduct of preparing the input data
. As a result of computer processing
' By combination of the two above




An example of the first outpui method is nrovided by NOL, which
produces charge cards, catalog cards, and an accessions list as a
byproduct of data preparation. The descriptive cataloging of the
reports is performed on a programmed Flexowriter that is coupled
to a keypunch. The processing renders temporary catalog cards on
a multipart paper form, punched charge cards, and a punched paper
tape, Onice a week, the daily punched paper tapes are printed out on
the Flexowriter to produce offset-press paper masters, The accessions
list and permanent catalog cards on card stock are then produced from
the offset master, NOL and NPS also input the paper tape to the
information retrieval system to generate a bibliographic file which is
used in conjunction with the document file during retrospective searches.
It should also be noted that the NWL Library, in their new sysiem
(IBM 870/7030), has switched to obtaining their catalog cards and
accessions list as a byproduct of input processing rather than by

computer processing as was previously done,

The BUSHIPS LARC, NOTS, and SEG are examples of the
second type, i, e,, those systems that obtain their catalog cards and
accessions lists froin the computer, SEG obtains them by processing
the inputi tape. The BUSHIPS LARC system obtains them from the
updated masier tape. This requires specifically retrieving from the

master tape each item to be printed,
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The main advantage in producing these items on the computer
is the ability to reformat and reorder the data as needed. Also,
oblaining the catalog cards and accessions list as a byproduct of the
input data (e.g., NWL 870 system) can result in cards being filed
sooner and accessions lists being distributed more frequently, The
main disadvantage is the need for computer time and a possibly higher

cost per item obtained,

APL and Ft. Detrick are examples of the third method of
obtaining outputs, Both produce the'catalog cards during input
preparation and obtain their accessions lists from the computer,

Ft. Detrick, which collects the descriptive cataloging data on paper {
tape, passes the tape back through the Programmatic IFlexowriter to

obtain the required number of catalog cards. APL produces 3 x 5

cards on the Synchrotape machine and duplicates the required number

of copies. I't. Detrick is planning to eliminate its card catalog in

favor of a printout in book form. There would be one book for each

filing method previously used in the card catalog (e.g., author, title,

etc.). Other libraries are using or planning to use the book form

2, g., Redstone Arsenal, NSMSES). The main advantage given for

this type of catalog is that in large facilities, the catalog books can be

distributed throughout. The utility of the library to the user is thus

presumably increased.
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III. CONTROL OF SERIALS

The main objective expressed by those developing mechanized
serial control programs is the alleviation of the manual tasks associated
with inventory control, ordering, and distribution. The mechanized
programs are also typically planned io provide the toolis for the
publication of journal and serial holdings and the retrieval of cost, use,
and other statistical data. The block diagram of Figure 8 depicts the
two general types of mechanized serial control systems encountered

during the survey.

The first type of system makes extensive use of the computer.
All data pertinent to serials (title, source, and procurement data,
publicetion frequency, renewal frequency, expiration date, number of
copies that the library reviews, cost, routing data, binding information,
etc.) are stored in a master file that is used to produce all required

listings, routing sheets, and receipt control cards.

The second type is a more limited but more cheaply implemented
and operated system that utilizes only EAM equipment. In this system,
necessary data are kept on EAM cards which are used to process
inconiing serials and to generate holdings lists, renewal lists, etc.

by means of a reader/printer.

3-1
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1. COMPUTER MECHANIZATION OF SERIAL CONTROL

Three installations, Ft. Detrick, Redstone Arsenal, the BUSHIPS,
make extensive use of the computer in their control of serials. Others,
like APL and NPS, maintain a master tape or master card deck and uge

the computer to print out a list of holdings.

The computerized serial control system begins wilh the decision
to subscribe to a new serial or to renew an existing subscription. All
the required data on a serial are entered on a worksheet and forwarded
for processing. The data are keypunched, checked, and converted to
magnetic tape, which is then used to update the master file of serials,
The master file is then used to produce the various outputs indicated in

the system diagram of IFigure 8,

To control the receipt of serials, I't. Deirick and Redsione Arsenal
produce monthly a set of cards for those serials anticipated in the follow-
ing month., As each item is received, the card for that item is pulled,
batched with other similar cards, and inputed to the computerized master
f1le of serials to record the transaction and to update the holdings record,
binding record, etc. The remaining cards at tl.> end of the period then
serve to generate claiming notices. FIt. Detrick aiso uses the data
recorded on the transaction cards to publish a monthly accessions list.
The BUSHIPS system, which is in a transition stagc, does not employ
control cards. For each serial, all the routing slips required for the

3-3
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period are printed oul. The remaining routing slips torm the basis

for notifying the suppliers of shortages. Redstone Arscenal and Ft,

Detrick also use computer-generated routing lists to control distribution.

At Redstone, routing assignments for every copy of a serial are de-
termined at compuier run time. Users arc nol permanently assigned (o

a given copy number.

Redstone Arsenal prints oul the periodical master file monthly
and semiannuaily produces a list of holdings. BUSHIPS prints out the
master file but does not produce a list of holdings. Ft. Detrick, Red-
stone, and BUSHIPS, conversely produce a list of holdings but do not

print out the masterrile. All three, however, print out a renewals list

that indicate those serials due lo expire. Redstone Arsenal produces the

periodicals list five months in advance of the expiration date, and the

1S
DU

HIPS list is categorized into renewals required in two, three, and

four months. After the decision {0 renew has been made, Redstone

produces a verification list of titles 10 be renewed and new titles to

be ordered. As an aid in placing orders, Ft. Detrick produces a

separate serial supplier list containing all logistical data required for
ordering.

Both I*t, Detrick and Redstone Arsenal produce binding

lists.,

The following paragraphs describe serials outputs that are unique

to particular information facilities.

b

o e
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BUSHIPS produces and circulates a routing checklist twice a year
that shows those periodicals the Library has available for internal routing
to various Bureau Divisions, Branches, and offices for their review and
study. The user checks titles he wishes to receive regularvly. BUSHIPS
also produces a Routing Code Record, a listing that accounts for every

copy of the periodicals being received and indicates the Bureau codes

to which they are being routed.

Ft. Detrick produces a monthly First Copies List for new neriodi-
cals that gives title, issue, and date. This list is used for receipt

reports and subscription payments.

Redstone Arsenal produces a monthly list of claims, by vendor,
showing items not received, a yearly printout of foreign periodicals,
and a monthly list showing the total active files and number of actual

subscriptions by journals, services, and newspapers,

2. THE FEAM SYSTEM OF SERIAL CONTROL

The type of system in which the periodical collection is maintained

on ITAM cards was encountered at HDL and Natick,

At HDL, four decks a e produced, three decks of which contain

one card for each title. The first deck is arranged alphabetically by

title and is used for the list of holdings. The second deck is arranged




by expiration date and includes the [ull renewal record. The third
deck i8 arranged by source record for renewal purposes. The fourth
deck contains a card for each issue of each volume expected throughout
the year. These are then arvanged by month, and, upon receipt of the
issue, the card is pulled and used as a circulation rrecovd. Cards

remaining at the end of the month are used as a basis for claiming.

At Natick, the serials are checked in on a Kardex file, and miss-
ing issues are reordered. The EAM cards are used to generate a
master list of serials, a renewal list, a binding list, and a curreat
tities checklist that is utilized by the user to check items to be

continued.

Table 3 summarizes the mechanization status of serials control
and outputs produced by information facilities for which individual

reports have been written.
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IV, CIRCEHLATION CONTROL,

Mechanized circulation control systems were operational in three
of the facilities studied (Picatinny Arsenal. Redstone Arsenal, and

Natick) and under development 1n one (NSMSES).

The functions typically inzluded in these systems are as
[ollows:

Qverdue itemn identification and production
of recall notices

inventory list production

Listings of items charged to a given
Lorrower

. Liistings of the circulation status and

slatistics of items,

Flow charts describing the operating systems of Ricatinny
Redstone and Natick ave presented m Figures 9, 10, and 1t. The
system planned for NSMSES uses circulation cards which are a product
of the descriptive cataloging of techinical veports. These cards are
utilized manually as book slips. Picatinny and Redstone Arsenals keep

their files on magnetic tape and use the computer to maintain the files

4

and to produce circulation control lists. Natick, with a cheaper equip-

ment complex, keeps the information on punched cards and uses a sorter

e and reader/printer to produce recall notices.

4-1




Comparing tnhe Redstone and Picatinny systems, the flow diagrams
of Figures 9§ and 10 show that Picatinny begins by requiring the requester
to fill out a library request card. The card is then checked by the
libravian, who adds any additionally required information to the card
(e.g., accession number of a particular reportj and then has it key-
punched. Redstone keeps prepunched cards in its books; these are
duplicated, and the borrower's identification and the date due are added.
Picatinny punches the data on the card before finding out whether or not
the item is on the shelf and then must route the card te the keypuncher
again to record whether the item has been put into circulation or should
be marked for reserve. Redstone does not utilize reserve cards or

keep reserve information in its system.

Both Redstone and Picatinny prodice two circulation listg, one
arranged by call number of item and the other by borrower identification
(Redstone by borrower's name, Picatinny by borrower code number).
Picatinny also produces a reserve list and individual monthly statements

informing the user of items charged cut te him.

NSMSES has under development a punched-card-oriented system

for control of circulation. The intended system operation is as follows;

M
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A manual record of all documents borrowed during a 24-hour
period will be kept by the clerk at the checkout point. This will show
the Julian date for that day, the accession number of the document, and

the serijal number and department number of the borrower,

When a document is relurned within 24 hours, the charge will be
deleted by scratching through the entry in the record. At 4:00 p. m.
each day, the checkout record for the previous 24 hours will be picked
up and taken to the data processing group to be put on EAM cards, The
next morning, two cards for each transaction will be filed manually,

one by employee badge number and one by document accession number.,

As documents are veturned, the cards will be removed from the
file. A 30-day loan or control period is assumed. Cards will be sorted
mechanically each day by Julian date, and the data processing group will
make a weekly sort for overdues and will print out in triplicate a list

showing accession number, borrower's number, and department
i) »

number.




Picatinny Circulation Control System

Tem e
T ]
Ly
e
LeRgay [ Il . (]
e oy AN

et raw
Lo Y

M A bgh
Preaae i,

“oun

°
‘-_r
e

L1

. Al o
£ T {meatsy cow A it i
Q}' aceeia e

FIGURE 9

smenes A

WG vt
WAt TN 4T
LR L]

LAY "
- L. p-@-———o--
rayrew - o
LT o orTe S
e r -
g

DARD WAl ttA PR By
COCUMI mANIEa OaiiA

100 ¢
evrTIn

Figure 1: Circulation control flow chart




Y

v

LOAN BOOK e

BOOK RETURNED | .

DUPLICATE
BOOK CARD
MINUS BORRWEH

1, OLD DUE
G

BOOK CARD
SHELVE BOOK

.

Re

CARD FOR
CMPU‘IER INPUT

FIGURIEE 10

dstone Circulation
Control System

L

UPDATE
CIRCULATION ANI

PUNVENTORY FIIEY

REGUEST
FOR BOOK
PULL BOOK
FRQY SHELF
KEYPUNCH
DUL DAME AND
BORROSER ID
CARD FOR
BOOK
KEYPUNCH
CANCELLATION
| CODE ON
| BOOK CARD
ol
RECALL AND
RENEWAL NOTICES

F

| WEEKLY
CIRCULATION
LISTS AND

STAW“




REQUEST FIGURE 11
"OR
BI(')OK Natick Circulation Control System
PULL BOOK
FROM SHELF
BORROWER SIGNS
NAME AND ID ON
PRE PUNCHED
BOOKCARD
FIIE CTROUIATION [MAKE CIRC CARD BY FILE BOOKCARD
CARD UNDER DUP BOOKCARD AND |___ UNDER AUTHOR
BORROWER BORROWER ID "*T (ACC NUMBRER FOR
AND DUE DATE REPORTS )
EAM | RECALL NOTICES Y
PROCESS | AND CIRCUIATION
STATISTICS LOAN BOOK
1
\ A
00K PULL CIRCULATION
CARD FRM FILE
RETURNED  ———~=# pEsTROY OR SAVE
FOR STATISTICS

l

PULL BOOKCARD
FRQM FILE AND
PIACE IN BOOK

;

RETURN BOOK
TO SHELF

b gl [0



V. THESAURUS GENERATION AND USE

In all of the mechanized systems studied a vocabulary ''thesaurus"
was utilized for subject indexing. The thesauri encountered varied
from a simple alphabetic listing of subject terms to complex generic
structures (hierarchical) with scope notes, cross references, and
"see'" and "see also" references. Some of the thesauri encountered
were for manual use only, even though computer techniques were used.
Others were stored in the computer memory where they were used for
the automatic assignment ot codes and for detecting errors in input

updating and search query formats.

Indexers and reference and retrieval staffs of the information
facilities are the principal users of thesauri. In these instances, the
user or search requester approaches the reference or retrieval staff
with his problem, and the staff member consults the thesaurus‘ for the

terms to use in query formulation.

In contrast to this procedure, the permuted and coordinate
indexes are examples of a sort of thesaurus that has been developed
primarily for the use of the information requester. The purpore of
these indexes is usually to permit the user to develop his own search
query and to perform his own search without having to work through

- the retrieval staff member.
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A wide variety of thesauri were encountered in this survey. A
summarization of the more significant types is presented in Table 4,

and these are further discussed in this sectlion,

1. THESAURUS DEVELOPMENT AND USE

In the developmeut of a vocabulary thesaurus, the facilities studied
in this survey typically accumulated their initial terms from material
being cataloged. In some facilities, however, these terms were added
to a vocabulary base consisting of portions of the DDC and/or the EJC
thesauri. In either case, this somewhat uncontrolled accumulation of
terms soon required the establishment of controls restricting the
addition of new terms and implementing a review of existing terms and
their meanings. Scope notes and cross-references were also introduced,
and terms were grouped and segregated into various structures. This
general pattern was not unusual even in the cascs of facilities ‘that
based their thesauri on those of DDC and EJC, such as Recon Central,

NUWS, and NAFIJ,

In many instances, the facilities found the exclusive use of
generalized thesauri, such as DDC's and EJC's, to be unsuitable for
their needs because of variations in term meanings and a lack of
sufficient detail in their fields of interest. (For example, one who

deals with strategic information might consider satellites as a

-2
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Facility

Arrangement

Links

Number Codes
of terms of terins Ra
AIFML 10, 000 Hierarchical Nuimeric Link:
APL Hierarchical Alphabetic Not U
ASDIRS 600 Hierarchical Not Used Not L
BuSHIPS Hierarchical Alphabetic Both
Defense Logistics Studies
Information Exchange 2, 000 Hierarchical Not Used Not LU
Edgewood Arsenal 9, 500 Hierarchical Numervic Links
FID 7, 000 Hierarchical Not Used Not T
Fort Detrick 10, 000 Hierarchical Not Used Not U
IR1A 140 Hierarchical Alph. &Num. Not L
Naval Missile Center Hierarchical Not Used Not U
Naval Ordnance Lab 22,000 Alphabetic Not L
Non-Destructive Testing
Information Center 400 Alphabetic Numeric Not U
Naval Posigraduate School 8, 000 Alphabetic Aliphabeiic Nume
NSMSES Alphabetic Not Used Not L
NUWS Hierarchical Not Used Not U
Naval Weapons Laboratory 3, 000 Alphabetic Alphabetic Not U
RACIC Hierarchical Numeric Not U
Recon Central 8, 000 Alphabetic Nuwneric Not U
REIC 18, 000 Hierarchical Numeric Not U
PLASTEC Alphabetic Numeric Not U




I<s and
Role=

passR sy -
i nks

bt Use
bi Use

bih

bt Use
nks

bt Use
bt Use
bt Use
bi Use
bt Usc

bt Usc
neri
bi Usc
pt Use
bt Use
bt Use
vt Usc
bl Use

bl Use

TABLE 4

SUMMARY O REPRESENTATIVE THESAURI

Codes Links and/or Scope Notes Used in Computer
Roles Memory
Numeric Links Used Yes
Alphabetic Not Used Used No
Not Used Not Used Nol Used No
Alphabetic Both Used No
Not Used Not Used Not Used No
Numeric Links Not Used No
Not Used Not Used Used Yes
Not Used Not Used Not Used Yes
Alph, &Num. Not Used Used No
Not Used Not Used Used No
Alphabetic Not Used Not Used Yes
Numeric Not Used Not Used No
Alphabetic Numeric Not Used No
vol Used Not Used Not Used No
Jot Used Not Used Used No
Alphabetic Not Used Not Used Yes
Numeric Not Used Not Used No
Numeric Not Used Not Used No
Numeric Not Used Not Used No
Numeric Not Used Not Used No
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pelitical -geographical entity, while another might think of it only as an
orbiting object in the astronomical sense.) These two shurtcomings
are the primary reason for the lack of enthusiasm about efforta to

develop a common, comprehensive thesaurus.

Thesauri were developed by contract, by the information facilily's
staff, or by technical specialists in the specific subject areas. Examples
of contract-developed thesauri may be found at NSMSES, Bdgewood
Avsenal, Ft, Detrick, and Dugway Proving Ground. (One thesaurus
was developed by a contractor to serve both Edgewood and Dugway.)

In the majority of the libraries surveyed, the library staff itself
generated the thesaurus. Technical specialists were employed in

thesaurus development by most of the information centers,

Only two of the facilities studied had utilized a thesaurus developed
by another facility. NWL originally adopted NOL's thesaurus of
descriptors and codes, and NAFI combined the BUSHIPRS SHARP listing

with several others as a hasis for its own thesaurus.

The introduction and use of scope notes with a thesaurus was
generally thought to be an important development, particularly as a
system grows. Scope notes assist in identiflication of the exact term
to use in indexing and in formulating a query for mechanized retrieval.

If a thesaurus is to be stored within the computer's memory, however,




the scope notes may take up an uneconomical amount of 8pace. Some
facilities (e.g., NOTS) avoid this problem by including in the mechanized
thesaurus a cross-reference to scope notes actually contained in a manual

card file.

2. THESAURUS CHARACTERISTICS

Generally, the thesauri surveyed were hierarchical term lists
arranged by subject categories. Some also had the terms arranged
alphabetically, (Among facilities that use the hierarchical type of
thesaurus are APL, IFTD, Ft., Petrick, Defense Logistics Studies
Information Exchange, Edgewood Arsenal, Dugway, BUSHIPS, and
AFMIL..) Facilities with large collections of information on weapon
systems or chemistry usually have larger thesauri than other facilities
beeause mdividual identifiers, compounds, cic., are inciuded mn the

system.

Activities using permuted indexes usually substitute these for
thesauri, although "see" and "see also” references are often built

into these indexes {e. g., HDL, OPTEVFOR).

The majority of the thesauri studied were stored on punched
cards and were not mamtained in computer memory. Most of the

facilities that store the thesaurus in the computer memory do so tor
P ¥

WO 1'easons:
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(1) To detect errors in term usage as it appears in the computer
mput format in file updating and search routines. In this case, the
computer automatically compares the incoming terms to the stored
thesaurus and, if an invalid or miggpelled term appears, it is

printed out in an errorv listing,

(2) To automatically assign cedes to the input terms for computer
manipulation. This feature relieves the system operators from
working in other than the natural language form of the terms.
Besides assigning the codes, the computer also automatically
decodes the terms if they are to be listed in the output after pro-

cessing.

The depth of indexing for both manual and computer-based systems
generally ranges [rom 4 or § terms per document to 25 to 30 terms;
however, some facilities in the chemistry field used 80 to 130 terms for
some documents (e.g., [Edgewood Arsenal), In AFML'S system, fewer
than 4 or 5 terms are asgigned to each document. Above this number,

the computer automatically posts to higher terms in the structure.

There has been a trend away from the use of codes to represent
thesaurus terms, cxcept when assignment and translation of codes is

done automatically by the computer,

[&:]
'
-1




e S ——— Y g R e e e _

Tuefil

Standard subject headings are used in the technical libraries in

the cataloging of books and indexing of periodicals. In the information

g ol

analysis centers, where portions of books or individual periodical

e e ) H

articles are indexed, descriptors are used.

Links are used at BUSHIPS, AFML, and Edgewood Arsenal and

o

are considered valuable, Roles have been dropped at the facilities that

used them (BUSHIPS and AFML) because of lack of utility. (In the Wright-

Patterson and DuPont studies, it was found that the use of roles actually

decreased the possibility of retrieving certain documents.)

Some oi the facilities (e.g. Edgewood Arsenal) perform statistical
reviews of term usage to climinate unnecessary words and to substitute

new terms with narrower meanings for overworked terms.

3. EXAMPLES OF THESAURUS

Table 4 (page 5-3) summarizes significant characteristics of a
representative sample (21 facilities) of the thesauri encountered in the
survey. Detailed information on these thesauri inay be found in the
individual f~cility reports . and as follows:

(1) Bureau of Ships

BUSHIPS has applied the IJC methed i the development of

their thesaurus. In the course of thesaurus development, they

J_—’-ﬁ——
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also considered the FROLIC method as proposed for the

t

f David Taylor Model Basin bul decided that the EJC method
. provided a comparable indexing depth and flexibility without

the complexity of FROLIC,

The descriptors in the BUSHIPS thesaurus are used in the
form of seven-character alphabetic codes. The thesaurus is

arranged hierarchically and includes synonyms and scope notes.

The thesaurus is maintained on the computer, where it is

used to detect input errors.

@ (2)  Recon Central

Recon Central uses a keyword listing of 8,000 descriptors
consisting primarily of single words with a few double- and
triple-word descriptors. Tach descriptor is assigned a four-
digit numerical code which is used to identify the descriptor in
storage and retrieval operations. The keyword list is made up
partiy of FTD, DDC, and NASA keywords. The descriptors were
selected independently of the actual document collection; there-

fore, some of them may not yet apply to any of the present

collection. The thesaurus is not maintained in computer memory.




(3)  Infrared Information and Analysis Center

A Dictionary of IRIA Category Numbers has been established
which consists of appreximately 140 descriptors in hierarchical
arrangement. Each descriptor is assigned a three-digit code for

storage and retrieval processes. Also, a Dictionary ot Code Words

has been compiled which includes alphabetic codes, words, scope
notes, and meanings. The code words are assembled into compound
descriptors of a maximum of three words and are used to describe
the content of the document being indexed. The usage of the code
words within the document being indexed is defined by the category

numbers.

[

RiA's thesaurus is not maintained in computer memory.

(4) Naval Ordnance Laboratory

NOL uses a thesaurus of descriptors with alphabetic codes,
the latter made up of four-letter combinations. Early plans to
use links were abandoned. It was found that a larger number of
compound terms were needed than were originally anticipated to
keep improper selections to a minimum. There are 22, 000
descriptor codes in the thesaurus; 7, 500 of these are for subjects,
and the remainder cover equipment, trade names, projects, geo-

graphical locations, corporate authors, and other areas. The

_él?
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maximum length of the descriptor list is limmied by the size of

the computer memory to 32, 768 words.,

The thesaurus is maintained on the computer and is used to

detect input errors.

(5) Defense Logistics Studies Information Exchange

The Exchange set out to develop a glossary of indexing terms
acceptable to all DoD agencies. The DoD definition of logistics was
used as a basis for the glossary, which is now structured to ftive

hierarchical levels,

Originally, no limit was placed on the number of terms, and
no restrictions were placed on the terms tc be used. Now, however,
terms must be selected from the glossary, and new ones may be
added only after careful consideration. Tarly in 1965, a delailed
study was made of the glossary, and nearly all second-level terms
were eliminated. Terms that receive only occasional usage will
be studied for elimination. Currently, there are about 2, 000
terms; definitions will be added in the future.

(6) Army Study Documentation and Information Retrieval
Service

ASDIRS originally based their thesaurus on the ARMITERM

thesaurus. Term definltions are being added as the thesaurus

5-1




develops. There are currently 600 terms in the thesaurus; on the
average, 10 to 15 terms are assigned to each document. 'The

thesaurus is not maintained in computer memory.

(M Air Force Materials Laboratory

The AFML thesaurus was established on the basis of terms
derived from documents in the indexing process. Twelve or
thirteen terms are assigned to each document. Synonymous
terms were placed under the same machine codes from the
beginning of development. However, in a study performead at
AFIT, roles were found inferior in utility to links. The use
of links showed a reduction of irrelevant information by over

56 percent, while incurring less than § nercent legs of

1 +
L vaiit

information. The AFIT study recommended the dropping of

roles at AFML. While compound terms are used freely, only

one link per term is listed,

The use of many specific terms, especially in organic

chemistry, had increased the thesaurus to between 45, 000 and

Complete results of this study are given in An Evaluation of Links
and Roles Used in Informaticen Retrieval, AD606192, Technical

Documentary Report No. ML TDR 64-152 July 1964, Al Materials
Laboratory RTD, AFSC, Wright-Patterson Air Force Base, Ohio.

5-12
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50, 000 terms  To control this expansion, a fragmentation system
was developed for organic chemistry and other specific areas

that resulted in a reduction in the thesaurus to 10, 000 terms.

The thesaurus has a hierarchical arrangement and uses

numeric codes and scope notes.

A version of the thesaurus, consisting of a basic file of -
valid descriptor terms with numeric codes, is maintained on the

computer lo correct mput errors.

(8) Nondestructive Testing Information Center

The Center uses a: alphabetical listing of 400 terms which

ig available for mant use by ihndexers and information requesiers,

Terms are added as the need arises.

(9) Applied Physics Laboratory

APL followed the free vocabulary approach until June 1965,
when terms in use were reviewed for inclusion in a formal the-
saurus. The thesaurus is about onc-third complcte and upon com-
pletion will have two sections: an alphabetical listing of terms

(nonthicravchical) including their meanings, synonyms, alphabetic

codes, use information, and related terms; and a list of lield

structures with a moditicd COSATI listing ol categori:




]

(10) Foreign Technology Division

FTD's thesaurus is arranged hierarchically in 56 subject
areas. It is maintained on the computer, “~here it ig used for
checking input errors, Scope notes are included in the thesaurus,
although these have heen reduced by about 15 percent. COSATI
subject categories are used in information dissemination and

accessions listings.

(11) Ft. Detrick

The thesaurus, which was developed under contract, was an
empirical development resulting from a search of the open literature,
the document index process, and interviews with I*t. Detrick staff
members. The thesaurus has been published in three parts.

Part 1 is a complete listing of descriptors with codes, in
hierarchical arrangement; there are up to nine descriptors in

a hierarchy. Part 2 is a condensation of Part 1. Part 3is a
straight alphabetic listing of all descriptors with codes. There

are approximately 10, 000 descriptors. The thesaurus is maintained

in computer memory and is used for detecting input errors.

(12) Naval Postgraduate School

NPS's file of descriptors is maintained on punched cards,

and new descriptors are added as nccessary. There are 8,000

~-14

M

W




terms in use at present. Alphabetical histings of terms ave used

topether with a uniterm code number.

(13) U. 5. Naval Underwater Weapons Research
and Enginecering Station

A thesaurus is being developed., 1In the meantime, DDC's

thesaurus and COSATI] listings are being used.

(14) U. S. Army Natick Laboratories

DDC's thesaurus is used in conjuction with Nalick's own

subject authority file.

(15) Plastics Technical Evaluation Center

’ PLASTEC uses a maximum of eight precoordinated terms
per document. An alphabetical printout of previously used terms
forms the thesaurus. New terms may be added as necessary,.

Terms are coded for information storage and retrieval,

When a term is used in more than 25 documentis, precoordi-
nated term groups are created to reduvce term usage and to
increase specificity. Coordinated terms are connected by a
hyphen and arranged in the printouts by the flirst term of the pair.
The higher-order term, which is gencrally a property or use-
oriented term, is placed first in the pair. A list of style rules

has been developed to assist toward consistent indexmg. PLASTEC's
p £

v
™

thesaurus is not maintained in computer memory.

4
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(16) Naval Missile Center

NMC uses DDC's thesaurus, with added terms as required.
A maximum of five descriptors is assigned to cach document, A
printout of descriptors used in any one year is made as desired.

The NMC's thesaurus is not maintained in computer memory.

(17) U. S. Naval Ship Missiles Systems Engineering Station

The keyword thesaurus used by NSISES is NAVWEPS
DD 24650, 2nd edition, prepared for NSMSES by a contractor who
will continually revise the thesaurus. A keyword may consist of
several words; gince such groups may not {1t into the gpace
available, the thesaurus contains abbreviations for them derived

from the actua. documents and from MIL-STD-12D.

A keyword listing is printed monthly from the master file
of the retrieval system. (There is no separate thesaurus main-

tained on the computer.) A maximum of four keywords may be

assigned to a document,

(18, 19) Battelle Memorial Institute--Radiation Effects Infor-
mation Center, Remote Area Contlict Information Center

Clue words underlined on extract cards are the basis of
Batlelle's indexing system. These clue words are not subjecct head-

ings or keywords from a pre-established thesaurus but are words

-16
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which, in the opini.n of the specialist or ascientist performing

the review, provide the best clues to the content.

REFIC's clue word list contains aboutl 18, 000 words at present,
and about 1,000 new terms are being added each year. They are
numerically keypunched on EAM cards, coded, and filed by hand in
a card file that is manually updated continuously as new clue words

are reflected, Filing of the cards is by code number.

Each clue word used in RACIC's files is keypunched on an
EAM card. Also punched on cards are card sequence number, a
clue word classification number, and the higher-order hierarchical
clue word file into one of the following six gencral subject areas:
biologica!l science, chemistry, electronics and communication,
mobility, social studies, and weapons. RACIC is experimenting
with a coordinate index of clue words with accession number cross-

references established by links,

(20) DEdgewood Arsenai

A word list of 12,500 1terms was reduced by a coniractor to
9,500. The basic thesaurus was developed during two nonconsecutive
one-year contracts. In the first contract, an attempt was made to
remain compatible with the DDC thesaurus, bul this approach

resulted in 40, 000 terms wicluding identifiers. The thesaurus

-17
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has been reduced to a compilation of terms used st Dugway a8
well a8 edgewood. Additions are generated from indexing.
Baged on use frequency counts, infrequently used terms have
been dropped, and words used very frequently are reviewed for

further breakdown.

The thesaurus is not maintained in the computer memory,
A hierarchical format is used. Links are used although they are
not considered worthwhile on the 35, 000 items now in the collection.

The Library believes they might be helpful when the collection

grows to around 100, 000 items.

(21) Naval Weapous Luboratory

The NWIL thesaurusg, containing 2, 500 to 3, 000 descriptors
and approximately 3, 006 identifiers, was based originallyon
NWL's four- to six-letter code listing. New terms ave reviewed
for potential importance. Codes are heing dropped, and natural
language will be used in NWL's second-generation systems. A
computer printout of descriptors and degeriptor codes is made as
required. The thesaurus is maintained in computer memory o

detect input errors.
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V1. FILE STRUCTURE

Twao general classes of files were encouniered: scrial and
mverted,  The great majorily of facilities studied ulilize the inverted
Nle in their search process and then resort Lo a sevial file, often off-

line on punched cards, Lo print bibliographic information corresponding

to retrieved accegsgion nummbers,

In the serial (direct) file, all information relating to documents
i1s stored in an ordered sequence, usually by alphabelic or numeric
characters (accegsion number, [.C number, ete,), Access to all in-
formation pertinent to a specific document is gained by locating in mass
storage the block containing the correct unique identiflier {accession

number, ote,).

In the inverted file, such as the traditional card catalog of authorsy
or subjects, items are filed in batches under the subject headings, de-
scriptors, o authors., ‘There arce also various combinations ol these

basic file structures that have been developed ia specific cnges

«
5,

The sclection of file structure is critical to a tibrary's speration,

File structuwre can greatly wllucnce the following:

File maimnteoance eficetiveness

Retrmiowval offectiveneoss



Staffing needs
Growth capabilities

Rescurce requirements,

Simpler and cheaper file updating and maintenance is generally
possanle with a serial file structure. Updating information can be
sorted by accession number and the appropriate file information blocks
located and updated in simple sequence, Maintenance of inverted files
is more complex, sincc the updating information pertaining to en ac-
cession numbered entry must be entered under each term to which the

entry is indexed., However, file search is generally much faster using

the inverted file,

1, SERIAL FILE

The common method of searching a serial file is to examine it
record by record and to check for the presence of the required des riptor
or descriptor combination assigned to each document. In its simplest

form, the criterion for rejection of an item is the nbsence of at least

one of the required descriptors.

The chizf drawback to this method is that, although the probability
that any given item In the file will be relevar .o the query is quite small,

every item in the file must, neveriheless, be examined, The factors

M



that make this exhaustive approach at all practicable are the high
processing speed and inemory capahility of the computer. These char-
acteristics permit the combining of a number of queries so that only

one pass through the {file is needed for the several queries.

A scheme is employed at NOI. which reduces the amount of file
that must be searched., In NOL's approach, document records are
grouped serially in « cough sort by common characteristics, and these
characteristics are identified by a binary code, NOL's strategy is to
separats extraneous material as quickly as possible and then to screen
promising material at finer and finer levels of discrimination until
only relevant material remains. The method is based on comparison
of data in the singie field ol binary digits making up the grouping code

and re¢jection of the unwanted itemis on a statistical basis,

The essential feature of this method is the assignment of a ran-
dom pattern of bits (1's and 0's) to each descriptor in the dictionary.
The number of 1's placed in each pattern is adjusted to be proportional
to the discriminating power of the descriptor. Terms with a high fre-
quency of occurrence offer little selectivity, so chey are encoded with
relatively few 1's, and vice versa.  The pattern for the tolality of de-

scriptors that have been assigned to one particular document is formed

by superposing the patterns for cach individual descriptor, Similarly,
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the pattern assigned to the batch (up to six documents per batch) is
formed by superposing the patterns for each document, The query

patterns are formed in a similar manner.

During a secarch, each of the batches is successively compared
with the list of query patterns. Unless the binary field of the batch
code contains a 1 in every position where the query has a 1, it will be
rejected, If a match occurs, then the next level of screening is per-

formed, which is to compare the code of each of the documents in the

[y

batch against the query pattern, Again, only those documents that pass

this screening go on to the next level, which is to compare the individual

query terms against the document terms. Thus, the final result is a

list of just those items that are pertinent to the query and no others.

The extent to which the above variation overcomes the input/
output limitations imposed by the series file structure was not quan-
titatively determined by the survey. This technique, however, when
combined with strategic storage of records based on frequency of use

of descriptors, could result in significant savings of computer time,

2, INVERTED I'TLE

The usual method for searching an inverted file is to first de-

termine all of the accession numbers that pertain to each descriptor

M
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and second to determine if a given accession number appears the
proper number of times to satisfy the Boolean criteria (AND, OR, NOT
operators), The result of such a search is a list of accession numbers
which must then be related manually or automatically to another file

(a serial file) to obtain corresponding bibliographic information, ab-
stracts, etc, The latter file is usually maintained on EAM cards or
other media external to the computer in order to avoid using a large
amount of memory space for what is usually only a printing operation,

The I't. Detrick search scheme is typical of this type of approach.

The main disadvantage of searching only the inverted file is that

«**

it limits the search to descriptors. Other items of interest, such as
bibliographic information, keywords in the abstracis, titles, etc.,
cannot be searched automatically., The solution for this is to increase
the variety of files, but this approach complicates the programming
and the system operation, A particularly difficult situation arises
when several different types of information facilities are compelled by
economics to utilize the same general retrieval program. Examples
of this situation are the University of Michigan analysis centers (IRIA,
VESIAC, and BAMIRAC) and the Electronic Properties Information

Center, EPIC has rejected the use of inverted files for its generalized

retrieval program planning because of the lack of versatility in search




3. FILE ELEMENTS

Another aspect of file structure, which affects computer search
and update time and compactness of the files, is whether or not the

document file should contain subject data (descriptors), bibliographic

data, and abstracts, The APL Library is an example of a systemr that

stores all three together for each document., NWL in its original sys-

tem included subject and bibliographic data and in its new system is

adding abstracts, NPS and NOL exemplify libraries that maintain

separate subject and bibliographic files. In these systems, the bibli-

ographic file is only searched for documents that were called out during

the search run on the subject file, FTD maintains a coded subject file

whose gearch output lists the document numbers of the hits obtained,
While the approaches varied, most of the facilities studied believed

that, at the minimum, bibliographic data should be included in the

search output,
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VII. STORAGE AND RETRIEVAL

1. SYSTEM I'UNC TIONS

The basic functions of a mechanized retrieval system are defincd,
- for the purpose of this analysis, as follows:

Communication and refining of the request

Conversion of the request to machine-readable form

IYile search

Analysis of retrieved material

Preparing the response and communicating it
to the requester,

. The block diagram of Figure 12 depicts a typical retrieval system flow,

2, COMMUNICATION OF THIC REQUEST

Initially, the request for information is phrased in the user's
language. The question may be transmitted verbally or in written form
and may be formulated with or without the assistance of an information
facility staff member. In most facilities surveyed, however, the assist-
ance of a member of the facility staff is usually employed in formulating
requests for information, The staff member analyzes the request,

discusgses it with the requester, and finally structures the query or

queries into the most suitable form,
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The formulation of a query commonly involves the filling out of a
query worksheet. One such worksheet (NWL) i1s presented in Figure 13,
This one allows the actual question to be entered on the form, Most
workshecets require only the subject descriptors and qualifying informa-
tion (e.g., limits on date of publication of pertinent documents), as shown
in Figure 14 (NPS), or are tailored for machine data conversion
(idgewood--~see Figure 15). The refined question is entered on the
worksheet using subject dzscriptors, qualifiers, a link and role relation-
ship, logical operators, etc, A thesaurus is generally used at this stage

to obtain the correct terms for translaling and for checking for synonyms,

abbreviations, etc,

3. CONVERSION OF DATA TO MACHINE-READABLE FORM

Belore the query data can be entered onto some standard input
media, such as punched cards or paper tape, a formatting step is
usually necessary. Although some facilities (e.g., NPS) have arranged
to use a portion of the query formulation worksheet (seec Figure 14),
the majority require a new worksheet (the program coding sheet) as
shown in Figure 16. In some cases, the staff searcher and query coder

are different members of the staff, with the latter being morce familiar

with the mechanized system,
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FIGURE 14
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After coding, the query is punched onto cards or paper tape,
checked for errors, and then applied to the computer for conversion to
magnetic tape, Comunonly, a printout of the query data as they appear

on tape is obtained for checking and editing,

4, FILE SEARCH

The computer may now check each query for validity (format,
consistency, etc.), check the descriptors against the master dictionary
(thesaurus), and combine the queries of a class into one integrated
search which is then used to examine all the records in the master file,
The conclusion of the file search is usually an output tape containing the
retrieve-d data, which is then taken off-line for listing. The off-line
step is used to avoid tying up the csu.puter for a simple print operation
of a bulk file of, say, EAM punched cards containing detailed bibliographic
information. (Types of files and associated retrieval schemes were dis-
cussed in Section VI of this report, File Structure,)

The output data are formatted in as many ways as there are
reiricval sysioms, Oniy one instailation, FTD, reported making any
extensive analysis ot user requirements i determining the quantity,
type, and format of the output data, In general, the following types of

output listings are produced:




e

A summary list containing the number of hits found
for each query (see Figure 17)

A coded list that contains the accession numbers of
all hits found for each query and may also contain
other coded data (see Figure 18)

A list that contains bibliographic data for each
accession number listed and sometimes additional
information such as abstracts, descriptors, etc,
(see Figure 19)

A list of numerical data,

5. ANALYSIS OF RETRIEVED MATERIAL

Regardless of the form of the retrieved output, the staff searcher
or the user must analyze the information in order to determine its
relevance. This task becomes quite difficult if the retrieved output
orm contains only a iisting of codes or accession numberg, In such
a case, the card catalog must be searched, or the document itself must
be analyzed--a time-conswming process, Thus, from the standpoint
of the analyst and user, a search output should also congist of titles
and, if possible, abstracts. This sort of listing permits a browsing
process that is an efficient version of that done in a card catalog,

If a searcher feels that the information he desires is not in the
output obtained due to tovo-restrictive search or improper query, or if
too much data have been produced because the query was too general,

he can rephrase the question and search the file again, A mechanized

7-10
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FIGURE 17
APL- Search Outiput
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FIGURE 18
LEMITATEICNS NOL Search Output

TAFF MEMBER OATE SECURLTY CIRCULAT ION

A 5 M e 0 VSl B

S

MC L) 65 B
U) 00 ur u

TESTY

SECURITY DATE IMPORTANT