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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, circulation

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 BAAILNC survey, together with their Iocation and abbreviations.

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

tion was possible.

ABBREVIATION FACILITY

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

AEDC Arnold Engineering Development Center
Tullahoma, Tennessee

AFCRL Air Force 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 AFB, Ohio

AFML Aerospace Materials Information Center
Air Force Materials Laboratory

W\ right- Patterson AFB, Ohio

xii



ABBREVIATION FACILITY

A IML Ceramics & Graphite Information Center
Air Force Materials Laboratory
Wright-Patterson AFB, Ohio

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

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

AFWL Air Force Weapons Laboratory
Technical Library
Kirtland AFB, New Mexico

AMC Aeromedical Library
USAF Aerospace Medical 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

ARD Aeronautical Research Laboratory
Technical Library

Wright-Patterson AFB, Ohio

ASDIRS Army Study Documentation and Information
Retrie val System

Army Library
The Pentagon
Washington, D. C. I

xiii



ABBREVIATION FACILITY

3A MIRAC Ballistic Missile Radiation Analysis Center
University of Michigan
Ann Arbor, Michigan

BCIC Binary Constitution Information Center
lIT Research Institute
Chicago, Illinois

B3DIAC Battelle- Defender Information Analysis Center
Battelle Memorial Institute
Columbus, Ohio

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

CDC AA U. S. Army Combat Developments Command
Library

Artillery Agency
Administrative Division
Fort Sill, Oklahoma

CDC CBR USA CDC CBIR Agency
Documnentary Library Branch
U. S. Army Combat Developments Command
Fort McClellan. Alabama

CPIA Chemical Propulsion Information Agency
Johns Hopkins University Applied Physics

Laboratory
Silver Spring, Maryland

DASIAC Defense Atom ic Support Agency Information
and Analysis Center

General Electric Company
816 State Street
Santa Barbara, California 93 102

I)ASA Field Defense Atomic Support Agency
Coninmand Field Command Library

Sandia Base
Albuquerque, New Mexico

xiv
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DASA lIeadquarters Defense Atomic Support Agency
Headquarters Library
The Pentagon
Washington, D, C,

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

DISC Defense Industrial Supply Center
Technical Library
700 Robbins Avenue
Philadelphia, Pennsylvania

DMIC Defense Metals Information Center
Battelle Memorial Institute
Columbus, Ohio

DPG Dugway Proving Ground
Technical Library
Dugway, Utah

EA Army Edgewood Research & Development
Laboratory

Edgewood Arsenal, Maryland

EPIC Electrical & Electonic Properties Information
Center

Hughes Aircraft Company
Culver City, California

ERDL U. S. Army Engineer Research & Development
Laboratories

STINFO Division
Fort Belvoir, Virginia

FA Frankford Arsenal Library
Philadelphia, Pennsylvania

xv



ABBRE VIATION FACILITY

FTD Foreign Technolo--y Division
Library Di vision
Air Force Systems Command
Wright-Patterson AFB, Ohio

Ft. Detrick Chemical Biological Laboratory
];'t. Detrick, Maryland

Ft. Monrnouth Technical Documents Center
Fort Monmouth, New Jersey

HDL Harry Diamond Laboratories
Technical Information Office
Washington, D. C.

IRIA Infrared Information and Analysis Center
University of Michigan
Willow Run Laboratories
Ann Arbor. Michigan

MEL Navy Marine Engineering Laboratory Library
Annapolis, Maryland

MPDC Air Force Materials Information Center
13919 \Vest Bay Shore Drive
Traverse City, Michigan 49684

NAFI Naval Avionics Facility
Technical Library
Indianapolis, Indiana

NASL Naval Applied Science Laboratory
Technical Librwry
U. S. Naval Base
Brooklyn, New York

Natick Natick Laboratories -- U.S. Army
Technical Library
Natick, Massachusetts

NAVUSL Navy Underwater Sound Laboratory Library
New London, Connecticut
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AIBBREVIATION FACILITY

NCEL Naval Civil lEnginee ring Laboratory
Technical Library Division
Port Hueneme. California

NEL Naval Electronics Laboratory
Technical Library
San Diego, California 92152

NMC Naval Missile Center
Technical Library
Point Mugu, California

NODC National Oceanographic Data Cente•r
Washington, D. C.

NOL Naval Ordnance Laboratory Library
White Oak, Maryland

NOLC U.S. Naval Ordnance Laboratory Library
Corona, California

Nondestructive Testing Information Analysis
Center

U.S. Army Materials Research Agency
Watertown, Massachusetts

NOO Naval Oceanographic Office Library
Suitland, Maryland

NOTS Naval Ordnance 'rest Station
Technical Information Department
China Lake, California

NPRA Naval Personnel Research Activity
Technical Library
San Diego, California

NPS Naval Postgradhuate School Library
Monterey, California

NRDL Naval Radiological Defense Laboratory Library
San Francisco, California

NRL Naval Research Laboratory
Technical Information Office
Washington, D, C.
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ABBIREVIATiON FAC ILITY

NSMS•/.S Naval Ship Missiles Systems Engineering Station
Technical Library Division
Port Hueneme, California

NUWS Naval Underwater Weapons Research and
Engineering Station

Library & Technical Information Division
Newport, Rhode Island

NWL Naval. Weakpons Laboratory

Technical Library
Dahlgren, Virginia

OPTEVFOR Operational Test & Evaluation Force
Technical Library
U. S. Naval Station
Norfolk, Virginia

Picatinny Picatinny Arsenal

Technical Library *
Dover, New Jersey

PLASTEC Plastics Technical Evaluation Center
Picatinny Arsenal

Dover, New Jersey

RACIC Remote Area Conflict Information Center
Battelle Memorial Institute
Columbus, Ohio

RADC Rome Air Development Center Library
Griffiss Air Force Base, New York

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

Recon Central Reconnaissance Applications Branch
Reconnaissance Division
Air Force Avionics Laboratory
Wright-P:atterson AFIB, Ohio
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REIC Ruadiution Effects Information Center
BuLtelle Memorial Institute
Columbus, Ohio

ISIC Rledstone Scientific Information Center
Redstone Arsenal, Alabama

SEG Systems Engineering Group

"rechnicai Information Reference Branch

Research & 'l'echnology Divis ion
Wright-Patterson AFB, Ohio

TAC Tactical Air Reconnaissance Center
Shaw AFB3, South Carolina

TPRC Thermophysical Properties Research Center
Purdue University
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USAMRA Army Materials Research Agency
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I. INTIRODUCTION AND SUiMMAR'I

1. PURPOSE OF THE STUI)Y

The purpose of this study was to obtain detailed information

relating to the mechanized systems being planned, developed, and used

within DooD technical libraries and information centers. The information

gathered was to be organized, analyzed, and documented to provide a

basis for the following:

Determination of the present status of mechanization in
the subject facilities

Assessment of the costs and effectiveness of the information
Systems

Definition or significant developed and developing techniques
and pr.oblem areas

Promulgation of the information to aid in the developmernt
and improvement of related systems.

In all, 76 facilities were studied during the period of this project.

These 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. D)etailed infor-

mation relating to the operation, the mechanized processes, program

svstems, files and routines, equipment used, future plans, and costs



of syratenms kt individual facilities is separately documented in individual

facility reports. Rleaders interested in the apecific data collected at

each of the 8ignificantly mechanized facilities are referred to these

reports. Thirty-five individual facility reports have been published

whiclh Include tile 33 with nmechanized systems as well as two nonrnech-

anized facilities. (The latLeL' were surveyed prior to the final decision

regarding the reporting scheme. ) Abstracts for each of the 35 reports

appear in Appendix B.

Summarizations of the above information and analysis relating to

the basic objectives of this contract are presented in this report.

Throughout the report, abbreviations are used rather than complete

names of the facilitieo surveyed. A glossary of the abbreviations appears

on pages vi through xiii.

2. STUDY APPROACII

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

Collection, and Data Analysis.

Pilot Intervicws in four librarics were conmpleted in July 1965.

The purpose of this phase was to establish a realistic and comprehensive

survey procedure to insure adequacy of the information to be collected.
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IntervieW4 were conducted at thle Jibrarivs at thle Bureau or ships,_ Ft.

Detrick, HIa rry Diamond Loboratories, aiid Foreign Technology Division

of tile Ali- Iorce Systemis Comimand. These were sel~ctvd because of

their proxin-ity und relatively advanced dlegre~e of mechanization.

The Win Collecti on Pýhasv began in July 1 965 Mn continued rot,

stevet, mni~ths. For this phase, the libraries and in-r1to ce0 r

were organized ink I1I a rens: Southeast: Southwest; Waghington, 1). C.

Hoston; Columibus- D-yton, Ohio; Northern California; Ann Arbor-

S-uiitons Hlay, Michigan; jindianaJpolis -Chicago; Nomw York -Phi adelphia;

Soutitern Californin; and, tile Desert Rlegion. Data wvere collected by

t%%o teanis, each (if which included a librarian and a computer specialist.

of thle 76 ficilities visitedj, 10 were Dol), 17 awere IArnty, 26 kvereý Navy,

and 23 were Air Force, F'acilities to be reported on in depth were

s~elcte W1( Qflt basis of tile degree of usnrg~e of, Computers Or of novel

applicatnio of other equipment, Each report was reviewed aitil approvvd

byv the facility concerned before publication.

Inforniation analysis began Winmid-IDecember 1965 anld Continued

for five rvonths, thic major activity being) inj the finial two iinhs This

fin'al report of tii~' project prusents tile resitlts of the analysis and a

SIlmm1 rQ' Gf thW infOrmationoll CIeCted.
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3. SUMMARY OF FINDINGS OF THE STUDY

(1) Status of Mechanization

Table 1 summarizes the mechanization status of the 33

facilities that have significant 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 facilities, 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

source of many of their problems. None used time-shared tech-.

riques; although TPRC has plans to do so, and Recon Central exper-

imented for a while with a teletype communication link between

hunman operators-one at the Central and one at the remnote com-

puter. (
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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 inverteci 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. For 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 search were encountered. One (e. g., NPS) is a

1-6



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 second 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

program 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. For 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 needs.

1-8



In their relationships with prograimmeers, the information

ceil ers had much ]ess difficulty than did the libraries. This can

be attributed 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 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 r'ommunication.

We believe that a more businesslike approach to the pro-

grammer and an effective cost control prograam 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) Costs of Mechanization

In almost every library studied, cost information on system

development was either not available, of questionable reliability,

or not comprehensive. In addition, there was "n almost universal

1-9



lack of concern about development costs on the part of the librar-

ians when these costs were not associated 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 does 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 p,'ogram-
ming for the library, and the library prograamming
costs were not separable from other costs.

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

I For those libraries with developing mechanized opelr-
ations, the costs arc 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-

ccrn about cost versus usefulness and value is probably the most

1-10



detrimental influence to the development of many of the systems

encountered. We believe that this criticism is valid in the major-

ity of systems studied.

lHeferencc to the individual facility reports will reveal a

number of examples of the acquisition of a system 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 eleements of system development

and operating costs, as well as to the resulting system effective-

ness (including satisfaction of user needs), is essential if the

above situations arc to be avoided. For this reason, we have

included a discussion of pertinent cost factors in the following

paragraphs.
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1. The purpose of assembling cost information is to measure

how resource consumption compares with resource allocation.

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

should reflect the judgement of management concerning the

relative value of each activity. This value judgernent should

include intangibles as well as tangibles. Applied to mecha-

nized processes, this means considering and including the

vailue of such elements as increased timeliness, flexibility,

and quality; broader and/or deeper search capability; greater

file detail; increased user satisfaction; etc. The elements of

value (both 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

effectiveness.

2. As the cost 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 selection of the most
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desirable courses of action while minimizing the effects of

unwarIrbln(ed optimism or undue pessimism. It should also

permit a more sensible and ord( -Ity considevation of futum-e

developments such as service 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-

ining groups).

3. Examples of elements that make up the overall cost of

mechanized processes are:

Library staff salaries (relative to the
mechanized process)

Materials cost

Equipment purchape or rental cost

Equipment space requirem ents

Maintenance charges

Computer time

Programnming cost (even if not charged to the

library)

Cost of contractor services

Cost of acquiring new skills

These cost elements should be as.fcmbled and related

to various units of the mechanized operation, such as cost

1-13



of maintenance and updrie lists, cost per acqutisition. per

item catnioged, per search, per dissemination, etc. These

figures will permit a cost analysis of the mechanized processes

in term's of budoet and, combined with the operation statistics,

a deter'miinntion of cost cffcctiveness. Finally, these figures

can be maintained froni year tc) year to develop a historical

cost basis for comparisons, decisions regarding fuIu're

allocations, staff alterations, and changes in service emphasis.

(3) Effectiveness of Mechanization

The following considerations have precluded a quantitative

determination of the effectiveness of the systems studied:

Factors of effectiveness for information systems
have not been generally agreed upon. (The National
Science 1F-'ound'Ation and AT[AS aVC c -r'lent ly con.-
ducting studies toward this encd )

The facilities which have mechanized processes
tihat formerly weve manual have generally not
aitenmpted to compare the two except in superficial
ways.

Examples of factors that do carry effectiveness information

and that should be used as -i basis for evaluating the effectiveness

of lnechanized information schemes are:

lhrough -put characteristics, including response time

for retrieval requcsts. (This is the actual litme irom
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receipt of request to delivery of the answer--not just
processing time. )

Types, nature, rrequenc'y of inpius and outputs

Cataloging rate

Resource requir'ements, such as manpower needs,
operator 8161i le el, Space, la;yout. etc.

Number of iiles stored in the computer and matitrials on
the Shelves

File capacity, level or detail, and breadth of subjects

File orgamzation

File load

File updating time

Error rate

Intera'rival time of various demands upon the system,
such as requests to catalog and retrospective search
request s

Backlog of requests

Cataloging bncklog

Number of users accommodated by the process

Nunuber of' requests

Number of queries adequateiv satished

|Recali and relevance ot search output.

User satisfactioa

These leastres ihoti !-.tlld be takeon `or worst, averago. and best

C a eCS, and then. co•)n•a Ce(d to -ialage ell e C1! xpcit i mC OOs and tuser 'r eds,
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The following comments characterize the qualitative evalua-

tion of effectiveness as assigned by the facilities' staff to their

own mechanized 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

time,- 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 mail, discharging and refiling returns,

and processing on the comnputer. 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 introduction of mechanized processing, the

Technical Information Reference Branch has been able to

produce a regular sernir-onuhly accessions list with no

[•I•II



increase in effort or manpower. In the eight years preceding

mechanization., the Branch was able to produce manually only

56 such lists. Be-ides 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,

correcting, 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 minult.es each to 300

student requests per" month. Formerly, 1-1/2 hours would

have been required for professional assistance with a manual

search. The mechanized, versus manual, literature search

saves about 500 manhours per month of the students' Lin-e.

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.



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.

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

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

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

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

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 n'e as nany reqtuests 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 documents, 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 maniy users were glad to get an excess of material.

8. The 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, ie 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 question 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



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 othkr clue words underlined

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

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

has immediate 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
12
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service is often erratic ana sometimes may become

unavailable for extended periods of time. In one case,

erratic service led to overdue notices being two weeks

late. In another case, the replacement of a facility's

computer required the library to return to manual metl-,,_)ds

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

ti-me and pro-ramm"e rS aovailabl-e. Ev~en undepr 41es -111

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 to produce an accessions

list by computer compared to three weeks by manual

methods).

1 -91



3. Changeover

Bringing a storage and retrieval system into operational

use is greatly complicated by the problems of file conversion,

Conmputer searching is eW'ective only it a substantial part of

the file to be searched is accessible to the computer. H-owever

the creation of machine files, 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 frustrating and dliscoUi'aging to both tihe user and

the scarcher.

4. SDI

The facilities that use SDI systems have unique problems

The miost difficult problem observed in developing an SDI

syste. 's the proper maturation of the interest profile.

Often. this difficulty is not given adequate attention, with

the result that participants soon become discou1raged by the

f ot i, of' i,'relex'ani informnat on and tIhe lack of cL siredl

inl-orniation. Experience has shown that in (he area of

1 -22



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 or the

difficulty in bringing a mechanized process into operation

can be attributed to insufficient staff for organizing the

system and preparing matorial 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 efforts toward meciuanizaation

(as well as their other activities) then (to those reporting to

administrative management.
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4. RECOMMENDED MECHANIZATION GUIDELINES

The experiences of many of the facilities studied suggest 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

Faster service

More search flexibility

Greater search scope

Lower personnel costs

Fewer personnel required.

(2) Determine whether or not these goals can be achieved more

econnmically by other methods than by mechanization--e. g., by

improvements to the existing manual system, or by obtaining

equipments such as EAM punched card machines for processing

and relatively inexpensive devices for retrieval such as the

"1peek -a-boo" systems. This type of equipment can be owned

and controlled by the information facility; thus, many potential

problems are avoided.
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(3) Determine the feasibility of computer processing7 mir

whether or' not SUChl an appr'oach will really achieve the desuired

goals.

(4) If compuRtCriP' poce-SSilug is to be attempted, consider how

th is can be done with a m Iinimurn1.11 Of inlter1fer'ence to thle Present

service, Aj much as possible, plan to use the existing formats

and schemes. Also, plan the system- so that in event of Computer

nonavailability for extendedl periods. or loss of computer services

altogether, the librarly operations will not be paralyzed. Specifically,

maintain man-machine convertible files such as punched cards to

brack up the machine memory and use inpUt anld output form-ats that

can also be created and handled manually.

(5) Determine with as much depth as practicable the way in

which thle conversion to the new system will affect thle exist ing

operation. Identify potential p~roblem areas such is personnel

ret raining, uiser education, organizat ion adjis~tment s * coziimu I-

nicat ions arrangements, space preparations, thle now system/old

system parallel operation period. etc. Develop realistic plans

for handling each of these.

(6) lkcaiui thle 8systen) (evolopnienl With a careful analYsis of

(lhe ex usimug sYsiem. This analyvsis maY indi uam c arei-c that
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could be eliminOated of. modified su.,t, alint la IlVy pait'ticilft-la'rv In

view or the diiffrevent capabilities of the mechanized pvnce~ s

VerY useful aids for this type of arialYsis are low vdiai'ts which

detail each operntional Ifunct-ion along with workload figures•

and Ihe individual rtISponsib) e for p)Vi0x'oin ny the function.

( ) The niechanized p[rocess developmenl should p oceed

based on the analysis and(ideally) with full mutual utnderstand ing

between the librarian and the programmer of what is to be

accomplished. This aspect of development was one of the most

poorly handled im the svystem studied during this project. The

potential for costlv errors and lost time inherent in a breakdown

Of the understanding i clearly extienSiVe. "To avoid such n

situalion, he particularly cc tain that the computer program

d~eelopers understand what is to be done and that there is no

se xious obstacle to good comm•utiicrt ions, such as t!e political

eiivironmet,. terminology problems, too manoy othe jol)s with

higher priority. etc One good ogi-inning is to obtain a wr iten

statement of work aId a work schedule from thie progra in

LlevelopeI's

(8) Start c olnve'rs1ion to neclhat nization with ka rel kt clvuh smiiall

part of tile s'stenl. thai call Continue to Ilictlionl mantiuall\ (iItlin

1.4itL, dtvelopii)(j i 1 ihase. (tAn ex :Iznnle 40 ib Is IS il p" P'o(liU( t I()l



of a book catalog or catalog cards.) A planned approach 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

effoNt requil'ed to convert 'he system's manual records to machine

records: for example, to what extent information on each catalog

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 tbime and resoureas will be available to complete it.

(i) 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 "fre•"

Relate these costs to:

The cost budget

Costs of the ohl system

Effectiveness of the new system

Modify the cost budget and direct the available resources to those

areas that the above analysis m1(1icates will yield the gvl-atest

return in terms of the goals established in step (1) above
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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 3f queries per user and/or user type

frequency of use of use of each thesaurus term

frequency of use of each file ;-ecord

peak demand periods

fil~e 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.



IL INPUT PR;CCESSING

For the purpo0  of this section, we have defined input processing

of documented information as the functions that take place from acqui-

sition to establishment of the information in the retrieval system. The

important functions are as follows:

Acquisition

Screening for retention and circulation

Cataloging/indexing

Transcription to machine-realable media

Verification and other forms of error control

Output of input data in various formats.

A representative process is y:r'. dented in Figure 1. Acquisitions

are first screened to eliminate duplication and to insure pertinency.

Using the thesaurus previously established for the facility, 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 systems 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.



Media -______Productionl Of -n of

of 11 it CataLo~y ________o List nl List
Facility EAM Paper Comn- I. P. Co0rn1- I. P. 1. P.

Cards Tape puter - pute r -

AYIT X
AFML X
AMS x x x
APL x x x
Battelle Information

Centers x x
BuSHIPS X X
AFCRL x
DELSIE X x
DISC x X X
EA X x
EPIC X
Fort Detrick x x x
FTD X
HDL X

MPDC

NMC
NAFI x
Natick X X
NOL X X x X x
NPS X
NSMSES X x x
Picatinny
PLASTEC X
Recon Central X
RSIC x x X
SEG X X
TPRC. X
Un. of Mich igt~I

Inforn-ation Centers X____ ____ ____-
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Table 2
Input Processing Summary

f Edit List File Corrections
a Charge Cards Replacement by

Corn- i.P. Reader/ Corn- Charac- Te rm Sub- Record 0,
puter Printer puter ter ,Group .

x x x x xx x

L
x x
x x x x

x x
x x x x x
x x
x x
x x

x
x x

x x x
x x

x x x x x
x x

x x
x x x x x

x x x x
x x

x
x x
x

x x x x
X x x

x x X X
X _ x x
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I. ACQUISITION AND SCREENING

The receipt. of a document initiates a number of adminisLrative

procedures such as filling out receipts, 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 system,

however, they made provision to have the document forwarded to the

requester before submitting 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, date,

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 usually based on their areas of interest. Some facilities, however

(e. g., HDL, NOL, BAMIRAC, IRIA, and VESIAC) maintain a careful

screening process, primarily accomplished by the information facility

staff. In some of these cases, selected members of the scientific staff

also perform an evaluation of soeie of the reports.

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

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

The first type has all or most of the repetitious information

and information field identifiers pretypecd on the form. Blank space

is left for the variable informnation. This type can be further divided

into the following kinds of workshcets:

A worksheet that in total is designed to correspond
in exact format to an ElAM card that will be !repared
from it. F-igure 2 gives an exami'Ae of this type as
used by AMS.

I



A worksheet that is arranged so that the data
entered on each line of the worksheet corres-
ponds to the entry to be punched on one entire
card. Figure 3 gives an example of this type
as used by NWVL in its original system (IBAII
7090)i Figure 4 shows a similar worksheet
used by SEG.

A worksheet that lists the required data or
refers to areas in the document for the data.
This type of sheet does not contain any
instructions or column guides for punching
the EAM card. Figure 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

R.O•tALI V IN l'VV~_ ii it o IL fle sys ..... •1,at%& .,. ,...it ti .,. Sit Sis.ti S.~.t.S.. i . ..

worksheet, is used only lo list descriptor data.

Descriptive cataloging, preparation of abstracts, and subject

analysis ar' e then performed, in varying order, and this information

is also entered on the worksheets. Some facilities attempt to '-educe

tie amount of informInation to be entered on the worksheets by r...r.ecing

data in the report itself (e. g. , title, author, abstract, etc. ) rather

than copying these data on the worksheets. The APL Document

Library uses this scheme, althnugh the input data sheet conlains

suffic iont space for the Library'. entry, shoSt d s'le be necessar=y .

The NOTS Library marks mporlant data on the title pages of a report,
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and tile indexer supplies descriptc, data on a tracing slip. The object

of Ihese shortcuts is (1) to cut downi on processinf, time by relieving

catalogers of unnecessary duplication, and (2) to clearly preseut tile

data to the keypunch operator.

:3. DATA TRlANSCRIPTION AND) Ei)T1NG,

(1) Data Transcriphon

The media employed for transcription of the input data

into machine-readable format are as follow:.

* Punched cards (e. g., NWL, APL, SEG)

Paper tape (e. g., FTTD, NPS, Ft. Detrick)

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

In both the examples noted for 3 abox e, the indexing

descriptor data resulting from Lhe si'bjecl analysis are separately

prepared for the system. Even in the cascs in which only one

input nnedium i employed, the indexing is accomplished sep-

arately by a specialist.
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(2) Data EditinL-

The input data are then proofed and edited by o1btaining a

listing and checking the data against the worksheets. Some

libraries obtain the listing by using a reader/printer. (SE1G

uses an iBM 407.) Others first convert thle data onto magnetic

tape and then obtain a listing of thV ,tUA. (NWL uses an i13M

14101 as an off-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 obtain an editing

printout of the dal~a as they exist on the magnetic tape. One

exception to this is NPS, who edit 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 APL Lirvary employs a specially nonptructed editing

printout to facilitate the location or errors. The printout,

which is shown in Figure 7, consists of 100 spaces to each line,

divided into 10 columns of 10 characters. Each line is also

numbered vertically. This system permits the editor to locate

the character numlber on the tape withoout tediously counting each

character across the line to identify the error. in systems

that permit replacement of a single character of an item in a

record, when the record length is significant, this method
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n-ieisu raid v reduc. '. the edlt ivir t~ Urrr'. ()!I thi' rlt hrr hand, 0-10

speclai .stric Liure o)f thp printout mjaKes iti niore difficult to readi

thus slowing down the editor and increasing the probability of

mising an cxigting error.

"Thle fotlowing. four general methods of error correction

were encountered:

R eplacement Of a single character of an
item or term within a record o.. g. , APL)

Replacement of a term within a record (e. g.

BUSIIIPS SIIARP- LARC)

i Heplacemetit of an entire snbgroup of
data within a record (e. g. , NWI,)

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

In general, it was observed that the longer the record,

the more likely it was to find a finer level of replacement

(e. g. , a single character) employed,

4. COMPUTE!r fNPUTr OPERATIONS

As indicated in tHic block diagram foi- input processing, liigu re

l, the descriptors assigned to describe the input are generally checked

manually at the beginning of the process. New descriptors are some-

times generated or some newly generated descriptorS may be rejected

-' . ') 9



-At th!:i phisi.!. ELve"ol oni t o 3 ia:-v !iiV -U,~~ Inde Pr MO . V U

(II r'; I n':: ,10M- n•,! -i y r e i-p lthi --- ar y V -v¾ !i §a` ChU -: -.is

vcll • sian add.tiomial check of a compuip,,._er I nii ilt "f Ihe l ti.c (;npu!t)

lip l-�r liit' thtsiII (II r Llilt't flit tium arvy. .-\ tiiii i• •,thod , f

checkig is the autionatic eninpartion of input t-C-'nis by 1.4ci (" lsdte

program against the thesmauru file in memory (c. g., 1'4t. Dcrik).

AI' , has demonstrated an effective way to use the cOlnputler Lc)

assist in input -checking. After the new accessionia data- have been

entered on the work taipe, the tape is run off against the master

dictionary. As a result of thts run, a printouL is obtained of all

descriptors used that are not in the master dictionary. The listing ks

then analyzed to determine which are incorrect and which are actually

new dose riptors. The errors are corrected by one of the four general

methods pr'cviously described. New descriptors that are accepted

.us'. . hcn . be addcd t... th,, et....r. This t ic s acct-np-H hiel in much

the sam1 way that the new docUwct.A work ta pe is created. WorkshCet2

are filled out, anW the new descriptors are transcribed into machine-

readable format on IAM cards. The cards are checked, and the

descriptors are convertcd to magnetic tape where they are used to

direct ly update the ihesatIus file (e. fg4. NWIL) or to update the

thesaurus file in conjunction with the document file illainteantKe rull

(e.g., NO1.).
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The number of ELAM 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 thc

document record contains bibliographic data, abstracts, etc. In the

original NWL system, where a maximum of 35 descriptors was

allowed per documeint, a maximum of 10 cards (of 4 basic types) per

record existed. In the new NWL system, there are 8 types of input

cards, which can result in over 400 cards being input for a single

document record. In the BUSHIPS SILARP-LAJC 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 cards per link., could laLhavc a range of 1,--780 cards oet

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

a maximum of 19 cards.

5. OUTPUTS

Outputs were obtained in one of three ways:

As a byproduct of preparing the input data

As a result of computer processing

* 3By combination of the two above
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An example of the first output 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. Once 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 system

(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 input tape. The BUSI-IPS LARC system obtains them from the

updated master 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,

obtaining 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 ýcatalog 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 Flexowriter to

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

cards on the Synchrotape machine and duplicates the required number

of copies. Ft. 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

,e. 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 distiibution. The mechanized

programs are also typically planned to provide the Lools 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.

9 The first type of system makes extensive use of the computer.

All data pertinent to serials (title, source, and procurement data,

publication 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 systern,

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.
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1. COMPUTER M ECTIANIZATION OF SERIAL CONTROL

Three installations, F't. 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 use

the computer to print out a list of holdings.

The computerized serial control system begins with 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 Figure 8.

To control the receipt of serials, Ft. Detrick and Redstone 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

tle of serials to record the transaction and to update the holdings record,

binding record, etc. The remaining cards at tI.c end of the period then

serve to generate claiming notices. Ft. Detrick also uses the data

recorded on the transaction cards to publish a monthly accessions list.

The BUSHIPS system, which is in a transition stage, does not employ

control cards. For each serial, all the routing slips required for the
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period are printed out. The remaining routing slips form the basis

for notifying the suppliers of shortages. Redstone Arsenal 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 computer run time. Users are not permanently assigned to -

a given copy number.

Redstone Arsenal prints out the periodical master file monthly

and semiannually 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 masterfile. All three, however, print, out a renewals list

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

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

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

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

produces a verification list of litles to 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 Ft.. Detrick and Redstone Arsenal produce binding

lists.

The following paragraphs describe serials outputs that are unique

to particular information facilities.
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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 regularly. 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 periodi-

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 iist soi,...,g the total active files and number of actual

subscriptions by journals, services, and newspapers.

2. THE EAM SYSTEM OF SERIAL CONTROL

The type of system in which the periodical collection is maintained

on EAM cards was encountered at HDL and Natick.

At HIDL, 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

3
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by expiration date and includes the full renewal record. The third

deck is 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 arranged by month, and, upon receipt of the

issue, the card is pulled and used as a circulation record. Cards

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

At Natick, the serials are checked in on a Nardex file, and miss-

ing issues are reordered. The EAM cards aFie used to generate F)

master list of serials, a renewal list, a binding list, and a current

titles 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. CIIRCIJIATION COINTHI'!),

Mlechanized c(ii'.cu l-it oiin toli! 'ro .•Istctms were Oper:ctionvla in 1h1'11

of the facilities studied (Picutinny A;senti . lludstone Arsenal, •ind

Natict.e) t tnd nider developni-it inI one (iNl-VSES).

The functions typicalyly' i'.luded in these systems are, as

follows:

Ovrduie item identification and production
of recall notices

InventorY list pi'oduction

Listings of items charged to a given

hbor'rCower

Listings of the circulation status and
stalistics of items.

Flow charts descrlibing the operating sytoinq nt' I PivnMI inn,

Redstone and Natih-k are presented mtl Figures 9, 10, and It. The

,ysteml) plalled for NSMSES uses 6i1'culalion cards which are R product

of the descriptive cataloging of technical reports. ThQse cards are

utilized manually as book slips. Picatinny and Rledstone Arsenals keep

their files on magnetic tape and use the cornputer to maintain tie files

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

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

and reader/printer to produce recall notices.
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Comparing the Rledstone 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

librarian, who adds any additionally required information to the card

(e. g., accession number of a particular report) 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 to 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 produce two circulation lists, 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 out to him.

NSMSES has under development a punched-card-oriented system

for control of circulation. The intended system operation is as follows:
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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 serial number and department number of the borrower.

When a document is returned 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.

0 As documents are returned, 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

number.
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Figure 1: Circulation control flow chart
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V. THESAURUS GENERATION AND USE

In all of the mechanized systems studied a vocabulary "thesaurus"

was util!zed 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 informnation 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 section.

1. THESAURUS DEVELOPMENT AND USE

In the development 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 cases of facilities that

based their thesauri on those of DDC and EJC, such as Recon Central,

NUWS, and NAFT.

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
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Facility Number Arrangement- Codes Links
of terms of terms R.

AFML 10, 000 Hie rarchical Numeric Link

APL Hierarchical Alphabetic Not t

ASDIRS 600 Hierarchical Not Used Not t

BuSHIPS Hierarchical Alphabetic Both

Defense Logistics Studies
Information Exchange 2, 000 Hierarchical Not Used Not L

Edgewood Arsenal 9, 500 Hierarchical Numeric Link:

FTD 7, 000 Hierarchical Not Used Not T

Fort Detrick 10, 000 Hierarchical Not Used Not L

IRIA 140 Hierarchical Alph. &Num. Not L

Naval Missile Center Hierarchical Not Used Not L

Naval Ordnance Lab 22, 000 Alphabetic Not t

Non-Desti'uctive Testing
Information Center 400 Alphabetic Numeric Not -

Naval Postgraduate School 8, 000 Alphabetic i Alphabetic NuIE

NSMSES Alphabetic Not Used Not L
NUWS Hierarchical Not Used Not L

Naval Weapons Laboratory 3, 000 Alphabetic Alphabetic Not L

RACIC Hierarchical Numeric Not IL

Recon Central 8, 000 Alphabetic Numeric Not L

REIC 18, 000 Hierarchical Numeric Not IL

PLAS'rEC Alphabetic Numeric Not L



TABLE 4

SUIVMlA RY OF REPRESENNTATIVE THESAURI

Codes Links and/or Scope Notes Used in Computer
:s aHt Roles Memory
Roles

Numne ric Links Used Yes
flnis Alphabetic Not Used Used No

)t Use Not Used Not Used Not Used No

t Use
Alphabetic Both Used No

Not Used Not Used Not Used No
A Use

Numeric Links Not Used No
nks

Not Used Not Used Used Yes
)t Use

Not Used Not Used Not Used Yes
t Use

Aiph. &Num. Not Used Used No
t Use

Not Used Not Used Used No
*t Use.

Alphabetic Not Used Not Used Yes
* Usc

Numeric Not Used Not Used No
)t Usiý

Alphabetic Numeric Not US.d No
'nic~ri

40t Used Not Used Not Used No
* Us(

"4ot Used Not Used Used No
-xlphabetic Not Used Not Used Yes

t Us(
Numeric Not Used Not Used No

*t Us(
Numeric Not Used Not Used No

*t Usc
Numeric Not Used Not Used No

,t Use
Numeric Not Used Not Used' No

AI use



political -geographical entity, while another might think of it only as an

orbiting object in the astronom ical sense ) These two shortcom ings

are the primary reason for the lack of enthusiasm about efforts to

develop a common, comprehensive thesaurus.

Thesauri were developed by contract, by the information facility's

staff, or by technical specialists in the specific subject areas. Lxacnples

of contract-developed thesauri may be found at NSIVISES, Edgewood

Arsenal, 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 BUSHIPS SHARP listing

with several others as a basis 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 identification of the exact term

to use in indexing and in formulating a query forx mechanized retrieval.

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

5-5



the scope notes may take up on uneconomical amount of space, Some

facilities (eWg., NOTS) avoid thiR problem by including in the mechanized

thesaurus a cross-reference to scope notes actually contained in a manual

card file.

2. THlESAURUS CH ARACTER NISTICS

Cene rally, the thesauri surveyed were hierarchical term lists

arranged by subject categories. Some also had the terms arranged

alphabetically. (Among facilities that uee the hierarchical type of

thesaurus are APL, FTD, Ft, Detrick. Defense Logistics Studies

Information Exchange, Edgewood Arsenal, Dugway. BUSI-lIPS, and

AFML. ) Facilities with large collections of information on weapon

systems or chemistry usually have larger thesauri than other facilities

c.•,,.,c ind .viduatl identifiers, corixp mnu.ic, Vic. , are i' c luI ed ill the

Activities using permuted indexes usually substitute these for

thesauri, although "see" and "-see also" references are often Muilt

into these indexes (e. g. , HDL, OPTIEV'FORI).

The majority of the thesauri stkicled wvcr stored on punched

cards ald were not maintained in computer mevmory. Most of the

fa(ilities tlhat Store the thesAul1'1s Mn the computer memnory do so for

IwVO l'ea SOi5
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(1) To detect errors in term usage as it appears in the computer

input format in file updating and search routines. In this case, tile

computer automatically compares the incoming terms to the stoped

thesaurus and, if an invalid or misspelled term appears, it is

printed out in an error listing.

(2) To automatically asign codes 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-

cess ing.

The depth of indexing for both manual and computer-based systems

generally ranges from 4 or 5 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 AFM L's system, fewer

than 4 or 5 terims are assigned 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, except when assignment and teauslation of codes is

done automatically by the compuler.
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Standard subject headings are used in the technical libraries in

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

analysis centers, where portions of books or individual periodical

articles are indexed, descriptors are used.

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

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 of the facilities (e.g. Edgewood Arsenal) perform statistical

reviews of term usage to eliminate 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 may be found in the

individual .r-cility reports and as follows:

(1) Bureau of Ships

BUSH]PS has applied the EJC method in the development of

their thesaurus. In the course of thesaurus development, they



also considered the FROLIC method as proposed for the

David Taylor Model Basin but 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.

4 (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. Each 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

partly 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 riot maintained in computer memoriy.

j



(3) Infrared Information and Analysis Center

A Dictionary of IPIA Category Numbers has been established

which consists of approximately 140 descriptors in hierarchical

arrangement. Each descriptor is assigned a three-digit code for

storage and retrieval processes. Also, a Dictionary of 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

numbe rs.

IRiA~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



maximum length of the descriptor list is limited by the size of

the computer memory to 32, 768 words.

The t.hesaurus 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 five

hierarchical levels.

0 Originally, no limit was placed on the number of terms, and

no restrictions were placed on the terms to be used. Now, however,

terms must be selected from the glossary, and new ones may be

added only after careful consideration. Early 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

llthesaurus. Term definitions are being added as the thesaurus
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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.

(7) 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 performed 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 5 percent loss of r"l.vant

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 Information Retrieval, AD606192, Technical
Documentary Report No. fVIL TDR 64-152 July 1964, AP' Materials
Laboratory RTD, AFSC, Wright-Patterson Air Force Base, Ohio.
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50, 000 ternm.- 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 a rrangement and uses

niimeric 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 to correct input errors.

(8) Nondestructive Testing Information Center

The Center uses a, alphabetical listing of 400 terms which

is available 2or mant i use by ind•xers and information request ers.

T'erms are added as the need arises.

(9) Applied Physics Laboratory

APL followed the free vocabulary approach until June 1.965,

when terms in use were reviewed for inclusion in a formal the-

saurUS. The thesaurus is about one-third complete and upon com-

pletion will have two sections: an alphabetical listing of terms

(nonh ierarchical) including their meanings, synonyms, alphabetic

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

structures with a 1nodiled (?OSAV]] lisl ing of categorl-



(10) Foreign Technology Division

FTIYsthesaurus is arranged hierarchically in 56 subject

areas. It is maintained on the computer, -',here it is used for

checking input errors, Scope notes are included in the thesaurus,

although these have been 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 Ft. Detrick staff

members. The thesaurus has been published in three parts.

Part I 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 3 is 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 fostgi"aduate School

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

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

5-14



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

together with a uniterm code nuniber.

(13) U. S. Naval Underwater Weapons Research
and Engineering Station

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

thesaurus and COSATI listings are being used.

(14) U. S. Army Natick Laboratories

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

subject authority file.

(15) Plastics Technical Evaluation Center

9.PLASTEC uses a maximum of eight precoordinated terms

petr 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 documents, precoovdi-

nated term groups are created to reduce term usage and to

incresse specificity. Coordinaled terms are connected by a

hyphen and arranged in the printouts by the first term of the pair.

The higher-order term, which is generally a property or use-

oriented term, is placed first in the pair. A list of style rules

has been developed to assist toward consistent indexing. PILAS'EC's

hesau rus is not maintained in compuler memory.
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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 each document. A

printout of descriptors used in any one year is made as desired.

The NMCts thesaurus is not maintained in cemputer memory.

(17) U. S. Naval Ship Missiles s.9stems Engineering Station

The keyword thesaurus used by NSh'SES 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; since such groups may not lit into the space

available, the thesaurus contains abbreviations for them derived

from the actual documents and from MIL-STD-12B.

A keyword listing is printed mothl: 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 Conflict Information Center

Clue words underlined on extract cards are the basis of

Battelle's indexing system. These clue words are not subject head-

ings or keywords from a pre-established thesaurus but. are words
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which, in the opini-n of the specialist or scientist performing

the review, prov.de the best clues to the content.

REIC's clue word list contains about 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 caird 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 cssif icat ion number, and the higher-order hicrarchical

clue word file into one of the following six general subject areas:

bological scicnce, chemist ry, electronics and co-nmiunicaiion,

mobility, social studies, and weaiponS. RACIC is experimenting

wilh a coordinati index of clue words with accession number cross-

references established by links,

(20) Edgewood Arsenal

A word list of 12, 500 ierms was reduced by a contrnctor to

9, 500. The basic thesaurus was developed during two nonconsecutive

one-year contracts. In the first contract, an attempt was made to

r-enma in comlpat ible with Ihe DDC thesaurus, but this approach

resulted in 40,000 terms including identificrs. The thesaurus
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has been reduced to a compilation of terms used at Dugway at

well as edgewood. Additions are generated from indexing.

8•ased on use frequency counts, infrequently used terims have

beea dropped, and words used very frequently are reviewed for

fu rthe r 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 Weapons Laboratory

The NWL thesaurus, containing 2, r00 to 3, 000 descriptors

and approximately 3,000 identirlers, was based originally on

NWL's four- to six-letter code listing. New terms a'e reviewed

for potential importance. Codes are being dropped, and natural

language will be used in NWL's second -gencrat;ion systems. A

computer printout of descriptors and descriptor codes is made as

required. The thesaurus is maintained in computer memory to

detect input errors.
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Vl, FILE STRUCTURE

Two gener-lal classes of files were enlcoullnEred: sri'al ai nd

inverted. The grezit majority of I'ailities stuidi(ed tiLilize the inverted

f1lC In the•ar sual'ch pi'ocess aLd then i'r ov,; t to ai s l'rial file, often off-

line on punched cards, to pr'int bibliographic infornmation. corresponding

to retrieved accession numbers.

In the serial (direct) file, all information relating to documents

is stored in an ordcved sequence, usually by alphabetic or numeric

characters (aecession number, LC number, etc. ). Access to all in-

formation pertinent to a specific document. is gained by locating in mass

storage the block containing the correct unique identifier (accession

number. etc. ).

In the inverted file, such as the traditional card catalog of author.j

Or subjects, items are filed ill batches under the subject headines, le-

Scriptors, or authors. There are also various vombi1iatlons of these

Ilas i' file struetures that have been (devw oped in rpqcific eca ses:

The selection of file structu're is critical to a iihrary'v .s-eratiou.

F"i Ie strucituure can ci n lrflvi cc: the foll owinllp:

Fl7 tle mna i tte ii '. n e ''c-Cti vt'leSss

-1ct'tlcvi c ffcctivenc.-
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Staffing needs

Growth capabilities

Resource requirements.

Simpler and cheaper file updating and maintenance is generally

pos-.,.le with a serial file structure. Updating information can be

soz'ted by accession number and the appropriate file information blocks

located and updated in simple sequence, Maintenance of inverted files

is more complex, since the updating information pertaining to an 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 asssigned to each document. In its simplest

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

one of the required descriptors.

The chic.f 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, nevertheless, be examined. The factors



that make this exhaustive approach at all practicable are the high

processing speed and memory capability 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 NOL which reduces the amount of file

that must be searched. In NOL's approach, document records are

grodped serially ;nii uugh sort by common characteristics, and these

characteristics are identified by a binary code. NOL's strategy is to

separate extraneous material as quickly as possible and then to screen

promising material at finer and finer levels of discrimination until

only re-levant material remains. The method is based on comparison

of data in the single field of binary digits making up the grouping code

and rejection of the unwanted items on a statistical basis.

The essential feature of this method is the assignment of a ran-

dora pattern of bits (l's and 01s) to each descriptor in the dictionary.

The number of l's placed in each pattern is adjusted to be proportional

to the discriminating power of the descriptor, Terms with a high fre-

quency of occtrrence offer little selectivity, so dcey are encoded with

relatively few V's, and vice versa. The pattern for the totality of de-

scriptors that have been assigned to one particular document is formed

by superposing the patterns for each individual descriptor. Similarly,



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 search, 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

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 restlt 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 FILE

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

termine all of the accession numbers that pertain to each descriptor



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 Ft. 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

bibliographlic information, keywords in the abstracts, 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 hIformation

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

retrieval program planning because of the lack of versatility in search

criteria



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 systeln 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 search 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 FUNCTIONS

The basic functions of a mechanized retrieval system are defin, d,

for the purpose of this analysis, as follows:

Communication and refining of the request

Conversion of the request to machine-readable form

File 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 THIE 11EQUEST

Initially, the request for information is phrased in the user's

language. The question nay 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-

ante of a member of the facility staff is usually employed in formulating

requests for information. The staff member analyzes the request,

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

queries into the most suitable form.

I
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The formulation of a query commonly involves the filling out of a

query worksheet. One such worksheet (NWL) is presented in Figure 13.

This one allows the actual question to be entered on the form. Most

worksheets 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

(Edgewood--see Figure 15). The refined question is entered on the

worksheet using subject descriptors, qualifiers, a link and role relation-

ship, logical operators, etc. A thesaurus is generally used at this stage

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

abbreviations, etc.

3. CONVERSION OF DATA TO MACHINE-READABLE FORM

Before 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 (see 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 more familiar

with the mechanized system.



FIGURE 13

NWL Query Worksheet
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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

magnet.ic tape. Comniionly, 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

retrieved data, which is then taken off-line for listing. The off-line

step is used to avoid tying up the c.ý,L._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

retr,(-Rl sysr.r!ms. Only one installation, FTD, reported making any

extensive analysis of user requirementE in determining the quantity,

type, and format of the output data. In general, the following types of

output listings are produced;
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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 listing of codes or accession numbers. In such

a case, the card catalog must be searched, or the document itself must

be analyzed--a time-consuming process. Thus, from the standpoint

of the analyst and user, a search output should also consist 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 too-restrictive search or improper query, or if

too much data have been produced because the query was too general,

Ne can reýphrase the question and search the file again. A mechanized

(
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FIGURE 17

APL- Search Output

SlJ:'J-A Y'Y OF ,,ESI.LTS

SfA;CH PR 1 , T9 U T NUMIItJB ER
rl"li F Ic.ir 1',i 44AXImdm OF Hl l T'S

JPC 1 0 19"33
JPC, 2 0 0
JdC. 3 0 130
JPC'+ 0 5-
jo. U 9 0 306"'
JC. 6 0 183W
Joc. 1 0 5 02T'

JAC. 8 0 97"
JiC. 9 0 1060
J',C . 11) 0 73"1

.Jov I I A 1884"
JAC. 12 0 959'
J"C. 1 3 0 180
JOC. 14 0 226'
JPC. 115 0 14W"
JWC. 16 0 S 53"
.JC. 1 7 0 1076-
,Ioc. 1,1 01 " tt"•LJ

j )C, 19 0 5li4"

WE C 2.0 0 4 5 A a
,j" 2 1 0 8'.("

.' .999 P Y
, . 900 L 8"
. 2 ')0 21"

"3 "l0 39"

'7. "10

(
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ICENT IF ICA ITON

REQUEST RtQUESTOR STAFF MEMBER

000100 3526 MC

CCOE WORCS AIRC FLIG TEST

0002 CCCUMENTS FOUND

AGENCY ACCESSION
NUMBER

ASRC 166582

NASA 168302
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FIGURE 18

LIAITATICNS NOL Search Output

o_ TAFF MEMBER DATE SECURITY CIRCULATION

_ MC II 65 L)

,l• OO U) U

TEST

SECURITY OAIE IMPORTANT

LEVEL COCE WORDS

U 06 65 AIRE TELV ARTT FIRT

U 10 65 FLIG WINU EFFF ANGE

r 

.f 

#A
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FIGURE~ 19

APL-Search Output

1 05 1 it)q
UNCLA.,S I F-UED

POLY TLCHN IC, li'ST 11LJIE G~P F ikUjK LY N, Ot-PAN.I 11Nr uF Aii1LSPACI: IN-
GIN:L KI Ni., Ait.) APPL Itcv 1MECHAN~ICS.* iwT. * Pt AL-R-615', AFOSiz-04- 1786.

A iAjmr:Nl M'LlHiCO FOR CIJMPvFSSIBFLr. LAIINA'( rRJUNDARY LAYLRS ANO SCGME
APPLI..,ATIUNS), t3Y P.1,. LI11fY AND 11 FOX. SEPTIm3Eiý 1964., AV--AFISRk-
1-b 3.

Ail INT~vRAL METHOU t3ASED UN MOMENT fLCH-NIQ'JLS AND ESPECIALLY
USEFUL Ft;fR COMPAAZSSIoLt LAMINAR F-LOWS I S PRESENTEL). THE CJESCRIRIN,
PARTIAL Olf-FtiR.NTIAL hJUA1IujNS miýt FIRST TRANSFuNR1EL TO THE LLVY-
LELS VAR~IAbt~LS AND.t THL-N GONVEPRTLJ TO INTEGRAL CONDITIONS WITH NU
TO THt Tf-iE .4 PIOWE' AS A wEfGHINo F-ACTOR. A TECHNIQ)UE FOK HA.'JLJLN6
T~liL VARIATION IN TRANSPORT< PROPLRTIES WHICH kEXPLICITLY ARISES FRo
M GkLAIEk THAN 0 IS UESGýRIBLD. TI-It RESULTANT E~QUATIONS ARE APPLIED
FOR M Ut I, WITH THE COMMONLY EMPLOJYED FOUkTH AND F IF TH DEGRLL.
POLYN~OMIAL PKFtU ILLS F(,k VLLJC[ITY AND STAGNAT ION ENTHALPY. VYlE
DISTINCT CLASSI FICATION OF SIMI LAR AND NONSIMILAR FLOWS WITHIN THE
tSAMU ANALYTIC FRAiFwLIkK IS EMPHASIZLED. THlL ANALYS IS I S APPL IEO I-
A VAR I ETY uF F-LUWS FU1< WHICH MOKE ACCURAIL titSULIS ARL AVAILA13LL
AND IS FOUND TO YIELD) SATISFACTORY RESU)LLTS IN I.,LSI ("A SS. T!-L-P:--
FORE, I-Ht PRt SENT MIWTHUGJ IS C0NSID)Ekt:D ro imPRtJVE SLJMEdIIAI THlL
CUNVENrIONAL INrI:GR4L Mr-TIiOD (1i=0) WITHOUT EXCL-SSIV1E LAtIOR. (AU.-
THOR).

/+L I BY/+FUX/13o',,t/YEARý/1OtY1't)/ACC/U/-:AF-AFOSR-1-63/.P IB/
/COMPfREiSS IBLL/t. AM INAIý/13OUNJ.At1Y/LAYER/MOCJiWN IT/ECHNI ('UE /F.U IO/,Mt-
CHANI C /INTEGR~AL / SULUTI ON/ TECHNIQUE/ WALL /E XT EPNAL./FLOW/COND IT I tN/
NONSIMILAkF/ILOvy/AL-FLUID/
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system in which only minutes are required to rephrase a question

encourages the repetition of in-depth searches until the desired informa-

tion has been obtained. A manual system would soon discourage both

the user and the reference librarian.

6. COMPARISON OF RETRIEVAL FUNCTIONS

The following paragraphs compare the fumctions encountered in

the retrieval systems surveyed. Table 5 summarizes this comparison.

(1) Search Query Formulation

The basis for formulating a search query is the specification

of descriptors which may be related with the Boolean connectives

AND, OR, NOT, EQUAL, etc. The use of connectives appears

to be the most confusing aspect of mechanized retrieval. The

range and usage of logical and pseudological operators varies

widely from no usage (excluding the intrinsic AND requiring all

descriptors to be included for a match), as in the NPS system,

to the approximately eight connectives utilized by APL. APL- is

very consistent in their use of connectives, although this tends

to cause errors in coding.

NWL uses an AND/OR key in which the descriptors on any

one query card are all AND related, and AND/OR relationships

may exist between cards. Hlowever, this query technique is limited
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Key: C=Card Cat3log
P= Planned

LIBRARY Storage Equipment Number of Questions per Month per
Documents in Month

Corn- Drilled EAM Retrieval System Total Current Expected Current Expected
puter Hole Cards Present nVrly Rate

Optic'ly of Input
Sensed

Maps X 2x10 6 21,OL0

AMS Repromats 110, 000

APL. X 18K 8K

ASDIRS X X

BATTELLE Manual Card File
Tnfn C__nte v ___

BuSHIPS X Mles- 1200

CAMBRIDGE X
Defense Logistics X 6 K 1. 5K

Info. Exchange ........

DISC X 600BK__
Edgewood X X 35K 255a
EPIC X
Fort Detrick X

FTD X 40K 0K-70K_
HDL X-X
Mechanical Prop. X X

Data Center

Naval Postgrad X X 25K < 5K 300 25
School_-

NX 70K 20K 200

Non- Destructive X

Te'tina Center

NOTS X X 66K 25%
PICATINNY X 7K
JASTEC . X 7K
REDSTONE

TPRC X X --

University of Micn. X X
Info. Centers

7-17

Best AvCilbl Copy



Table 5

Storage and Retrieval

os per IThesnilu.s
......... A nariae Usqe d File oupt

iEXPected Code Natural for Inverted Direct Catalog Acc. Charge C.'ordinate Search __

Input C/B List Cards lIadex C!B AccA Biblio- Abstr. Desc
Checking and graphy

______ ______ _____ ______Code ___

__ _ _ _ _ _ _ _ _ _ _ _ _ B - X

x x x x x x x

X X X C X

x x x x x x x
________ ____EAM EAI_ __

_ _ x _ _x _ _ __ x P _

____ _x ___ x x x
x_ _ - x x __ __ _ _ x x x

_x _ x x K_ ___ __-,x

_ _ _x _ _ _ _ __ C X _ _ _ _ __ _ _

x x x x x x

xx P x x
-~X C X X_ _ x x x

x x x x x
x XX C x _ _ C - X X

___ x _ _ _ __x x

x Ix x x



to a total of three cards. Thus, where lengthy descriptors are

used (provision js made for "type 3" descriptors, which are

21 to 40 chara ters in length) so that only one or two descriptors

may be enteried on a single card, multiple queries for the same

question must be made up in order to employ the logical operators.

The following table indicates the usage of the AN1D/OI. key to

satisfy the relationships expressed between the cards.

Condition AND/ OR Keypunching
Card I Card 2 Card 3

One U',Lt' only 0 =

Card I ANI) Caird 2 1 1 -

Card 1 OR Card 2 0 0 -

Card 1 AND Card 2 AND Card 3 1 1 1

,_,id I i\NT) .Carl, .O '

A\N1) Card 3 I 0 0

Card I Oil Cara 2 OR Card 3 0 0 0

Card I AND Card 2 OR C-ird 3 1 1 0

Other information fac'iities (e.g., ITO and Ft. Detrick)

a iso use 11 MUST- Utern'ms. A "MUST'" oet'n nmust appeal- with one

or more of the other terms requested in order to qualify as a hit.

A •)m- (1) .s!a,_'lk : ,t punch, ,zcro (0) mtaeans lavc blank, lash ( )
"*n ,.!'s rt Zll;c ll



FTD also uses "qualifiers" in the retrieval program, A requester

can' "qualify" a query by date, country, classification, type of

document, number of term hits, and others.

Ft. Detrick combines its "MUST" relationship with such

qualifiers as all documents having x or more of the set of des-

criptors listed in the query. In general, the following types of

search questions may be accommodated by the computer program

for retrieving document references contained in Ft. Detrick's

Retrospective Search File:

(ABC, . .. n)--a request for all documents having
all descriptors, A and B and C, etc. (maximum of 20)
appearing together

(X, D, E, F, . . n)--a request for all documents having
x or more (maximum of five) of D, E, F, etc.,
appearing together. For example, if x is given by
the requester as 2, then the request is for at least
two ofD, E,F, etc. (i.e., D and E, or D and F,
or E and F, or D and E and F)

(-I, J, . . n)--a request for documents not having
descriptors I or J or n appearing

(-x, K, L, M, .... n)--a request for docunments not
having x or more (maximum of five) of K, L, M,
etc., appearing together as in the second item above.

The above criteria may be assembled together as desired.

but only in an AND relationship. For example, the specification

(A and B and C) AND (2 of D, E, or F) is allowable, but (A and 1

and C) OR (2 of D, E, or F") ib not allowed in a single search.

7-20
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The latter specification would require two ndependent searches,

the first excluding tihe -,<econd specification, and the second ex-

cluding the first. Note that muitiple searches, since they are

recorded independently, may result in redundant selections.

Edgewood Arsenal employs three Boolean operators: AND,

B3UT NOT, and OR. The last nmay be used with only two terms.

However, the operators are not applied until the end of the file

search. That is, the search produces accession numbers that

relate to all descriptors without regard to the operators. The

queries are then reconstructed to determine what Boolean re-

lationships exist in each query, and the output file is evaluated

and edited against these relationships.

Performing this operation at the end of the search, however,

requires assembling and then working with another file, which

Itts 1lio1'e input/0otiputi time to tne process. S1y<stemlis such as

Edgewood's are normally input/output limited; i. eý , tape-handling

time far exceeds the time required for the computer to process

the data, and the computer must then sit idle while inputing or

outputing tVI next rCcocd to or from tape. Consequently, con-

siderable time is spent in producing and working with a tape of

document hits, many of which must now be discarded. Two tests

of the Edgewood system operation have shown that approximately
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9 and 1 1 hours have been required for seaYc1h ,'uns of 60 and l80

questions, respectively, This ratio is greater by a factor of

approximately 10 than that of most other systems encountered.

Discussionas with the programming staff nt the Arsenal have

indicated that the main problem was the program requirement

for extensive repetition of data associated with the reformatting

of the search question. It is expected that rewriting this part of

the program will result in a time saving of 40 to 65 percent.

However, although this is a considerable improvement, the running

time is still greater than that being achieved by most others.

A contributing factor may be the computer--a Honeywell 400--

which is a medium-speed, small-core machine.

It should be noted that only 15 percent of the document

collection of approximately 25, 000 is presently included in the

file. To handle the enire collection, a new system approach may

be necessary, especially if a more powerful computer is not

available.

(2) Computer Availability

The availability of computer, time, and consequently the

response time for a search, varies widely. At NOL, computer

time is -nade available daily during prime hours. At APL, searches

are normally accomplished overnight but at times must be extended

7-22
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to two days because of unavailability of c'omputLer Lime; at NPS

it takes two days for a requester to rec(eive his bibloigraphy.

Lack of computer time availability and the low priority assigned

to the Library is causing Redstone Arsenal to think in terms of

weekly searches when it inaugurates its technical documents re-

trieval system. TPRC is installing a radio-teletype circuit with

the computer area located several mileb away. TPRC's opinion

is that much more time is spent in mailing and processing ri re-

quest, delivering and receiving materials to and from the computer.

and communicating the answer than is spent in computer running

time,

(3) Combination of Queries for Processing

As a part of their programming technique, all installations

combine queries into one search list, so that a file can be searched

in one pass. However, the number of queries that can be combined

in a single search operation varies from a low of 10 on one file

at FTD to 5,000 descriptor/role pairs nn the BUSHIPS SHARP-

LARC System. The most common limit is around 50 queries.

In most retrieval programs, the combined and reformatted queries

list is held in core during file scanning; therefore, core limitation

was the most quoted response to the question of what determined

tho sizo limitation of the search.
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(4) Thesaurtis Check i, Coputer-

An additional item round in many search tins was a check

of the coded or natural language descriptors in the query against

the thesaurus. Because an incorrect descriptor (either errone-

ously spelled or coded or nonexistent) would normally prevent any

document from responding to the query, such a ehvek is a valuable

part of a search run. The limited number of evaluations conducted

on existing retrieval systems reveal that a relatively high number

of errors occur at facilities where descriptor codes are used (e. g.,

BUSHIPS Project SHA RP--Evaluation of Indexing Procedures and

Retrieval Effectiveness, NAVSHII-S 250-200-3). This is one of a I
number of factors that prompted a switch to natural language by

BUSHIIPS and NWL in their new systems, The use of natural

language decreases input errors and is also more amenable to

computer error detection techniques, particularly because a

coding error often produces another valid (although incorrect) code.

(5) File Processing and ]nformation Retrieval

One of the few areas of agreement encountered during the

survey is the need to provide the requester with something more

than a list of accession numbers that satisfy the query. A typical

method is to provide b[A)iographic data as part of the search output

for each query, Some, such as Edgewood Arsenal, do not as yet

7-24



provide blb i•raphic data. The onivly utput data currently avail-

able to the requPster are the accession numbers of tile documents

found.

Ft. Detrick maintains an abbreviated bihliographic file that

contains the title and author (corporate and personal) for each

document. This file is used to add bibliographic information to

the list of retrieved accession numbers following the output of the

retrospective search run.

NOL has added a more inclusive bibliographic file to its

original system, which includes title, source, author, date,

numnber of pages, and contract number. As yet, this file does

not contain entries for all docunients in the subject file; therefore,

two outputs are produced, First, a coded output is produced

which contains the query data, accession numbers of hits,

agency, date, classification, and the four most important des-

criptor codes for each hit (see Figure i8). Then the output file

is run against the bibliographic file, and a combined output is

produced containing query data and bibliographic data for each

hit for which data exist in the bibliographic file.

The APL system, on the other hand, provides accession

number, full bibliographic inforrniation, abstract of the document,

and all associated descriptors for each selection (see Figure 19).
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An option is also available- that linuts the number of Selections to

be printed out. Each document entry in APL's serial file contains

all data pcrtinent to it.

Another difference being employed by API, is a scheme by

which it Is possible to obtain the number of hits that would be

generated for a query without getting a printout of the hits. 137y

u.wing this scheme, it is possible to phrase a query on various

levels to determine the amount of data available before asking

for the actual data. The benefits of this are partially undermined

by the loss In time, since it is now necessary to wait for the next

time the computer is available in order to obtain the document

data desired.

Some libraries separated subject matter and bibliographic

files, as was briefly discussed in Section VI, File Structure.

Adaptations of this met:hod are employed by NPS and BuShips.

U! •flese Systems, the blibi Ographiic file is mounted along with the

subject matter file. As hits are scored on the subject matter file,

the bibliographic file is stopped to the same accession number of

the hit, and the bibliographic data are simultaneously recorded.

In addition to this coordinated search, the BuShips system allows

for an independent search on the bibliographic file if this is desired.

The simplified block diagrnam below depicts the new l3uShips

retrieval system. 8
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/13tlp JIV COORDTiAT'S•D4 sARC.H
a•CL SORT &EDIT SRo

GRAPHIC rITE1
FIC

FILMSEARCH LIST OF
ACCESSION

AND QUERY

SORTED
QUERY

ECMer.te Indee

M I E~tII-F;'Clu(OFF-LDNE

SORTEaD 90RT & LboIted
QUERY GRAPHY OUi-
MEL BIlBLIO-OU

TBLI S~RULIST OF
GR Ak PHI C ACMESION

P'ý 10. AND QUERY

(6) PermuI11ted and Coor-dintate Fn(Icxes

1. Portnutvd Indexes

in1 a jpeVm)Uted fiideX, titLeS Of d0cum11en~tS are listed in

alphabetic order by title keyword, each title b-ing listed

as many times as *hcre are keywords in it, In order to

prevent words of no index value from being, listed, a pre-

determined group of words of this class (e. g., applications,
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* 4

work, thie, to. Ctc, ) arv set in the computLer ~pograil for

permutation suppression. Perinuicd Indexes are producedi

ond usedi at 10lf. and SFEG, and one Is u' development at NA El.

Ifl)'s index publication, known as the A13C Dictionary,

is printed from an updated master tope file of title-s taid/or

conceept statements. The -latter nre assigned to each docu-

meni. processed by staff ana-lysts mid t~ire based on Elie use

of iimportant. keywords. A sample page from tlie Dictionary

is shown in Figurr 20.

Copies of the Dictionarv ave maintained in the Library

for' xranual reference by both users and library sttaff. The

Dictionary provides a means for searching the documant

file. The user scans the Dictionary for the desired term

or tern-i8 (in mnuch the same way hie would scan a ca-rd

catalog arranged by subject terms) and obtains desired

~4oci 1141 Iiki. v'(-tF1'rŽi'ce eodi5 from it.

2. Coordinate ace

A coordinate index is a listing of keywvords (descriptors)

with corresponding d'ýctment references such ais accession

numbers. The searcher looks through the index for the

ccecs~ion numbers that appearundmcer zaU of the kocywovds hie

wvishes to "coordinate". A sample search would be
t4
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ultrasonic welds in missiles i . which the searcher would

select those accession numbers that appeared under all

three keywords.

Coordinate indexes are produced and used by RFIC

at Battelle, by NOTS, and by NSMSES, An example of

REIC's list is shown in Figure 20. This list is printed

twice, and both copies are bound together Mn one volume.

This is a convenient arrangement which permits the searcher

to simultaneously look at two terms, one for each list, to

determine if an accession number appears under both.

A mechanized form of coordinate index uses cards

with drilled-holes and a means for optical sensing

commonly referred at as the "peek-a-boo" system (e. g.,

the Termatrex system of USAMRA and the Keydex system

of Recon Central). This system utilizes plastic cards,

each representing an index term from the thesaurus.

Each document number that carries the index term is re-

presented by the position of a hole in the card. Documents

are retrieved by superimposing the index terni cards for all

terms in the query, observing the coincident holes, and

then reading the X and Y coordinates of the holes.

7
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F1GURE 21
REIC-Coordinate. Indes
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Each card can handle a 100 x 100 matrix and therefore

has a capacity for 10, 000 documents. The advantages of

this system are its relative simplicity, quick availability,

and comiparatively low cost. In addition, reading errors

are reported to be rzare.
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VIII. SELECTIVE DISSEMINATION OF YNFORMATION

The basic purpose of a Selective Dissemination of Information

(SDI) system is to discriminately inform users of new acquisitions in

their areas of interest by means of the same basic principle used in

retrospective searches, ie., search by subject content. By previously

establishing the user's subject interests (referred to as a user profile)

and applying these to the subject description of new accessions, specific

new arrivals of potential interest to the user can be identified. The

user can then be advised of, or have routed to him, only those items

that are relevant to his indicated areas of interest. In addition, the

facility can accumulate statistics for its SDI operation that will form

the basis for the following:

A better understanding of information needs of the various

j obs

A better definition of the areas of research

A method of identifying individuals with mutual or similar
intere sts

Four of the installations studied had SDI systems in operation.

These were Ft. Detrick, HDL, APL, and FTD. Two other SDI sys-

tems were in various stages of development at BUSIIPS and SEG. The

systems used at Ft. Detrick and FTD will be described as representa-

tive of the group.
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Figure 22 presents a generalized flow chart of an SDI system

applicable to both Ft. Deterick and FTD. The significant aspects in-

clude the following:

. The interest profiles

* A means for updatix the interest profiles to keep
them current and responsive

. A means of subject-indexing incoming materials
compatibly with profile development

. A mechanized means for comparing profiles with the
new material index terms

. A notification and/or circulation scheme

* Provision for feedback to maintain the viability of the
system and the satisfaction of the user. 4

1. FT. DETRICK SDI SYSTEM

At Ft. Detrick, each participant develops and submits his own

interest profile. The profile consists of the participant's name and

address, up to 10 languages of interest, and any number of subject

interests, using up to 400 medical subject tags to describe an interest.

This profile may be updated at any time with additions, changes or

deletions. In order to refine the participant's interest profile so that

a useful selection of citations can result from it, the Information

Division spends a considerable amount of time in personal conference

with the individual and in keeping records of what notifications he
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received, what he wanted, and why. The success of the SDT system as

measured by the satisfaction of the user appears to depend heavily upon

such personal treatment.

Trwe profile interest tags of all users are run agalnbt a tape of

medical citations specially prepared for Ft. Detrick by the National

Library of Medicine. The result is a printout on 3 x 5 cards of selected

citations for each User.

The selection of citations employs a system of "weights" in which

"weighted" numbers are assigned to each of thi user's profile interest

tags. In the descriptor tag versus profile interest tag match in a

citation, the preassigned weights of the matched tags are summed.

If the sumn equals or exceeds 10 (a program constant), then the citation

is listed for the individual's attention. Certain tags may be lieted as

MUST OCR NOT, and, in this case. the indicated action is taken without

regard for weight. If a match is found and the tag is a MUST, the ci-

tation will be selected regardless of weights or percent of matches.

If a match is found and the tag is a NOT, the citation will be bypassed.

The NOT operation overrides all other considerations, including the

MUST.

Formerly, the MAY method wxs also a selection option, but it

is no longer used because of its relatively poor discrimination. The

MAY method determines the citation descriptor tag versus profile

interest tag match as a percent of either the total number of descriptor
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tags per documen)t or profile tags per" individual, whichever is less,

and compares this percentage to a percentage factor that has been nrp-

determined by the participant. If a percent figure higher than this factor

resl Its. then the citation is listed for the participant's attention.

Once a citation has been selected on the basis of a particular

interest, it will not be matched against any other interests for the

same participant. Thus, the notification cannot be selected twice.

(I a participant's entire profile contains more than 400 tags, it is possible

to make more than one selection of a citation, since in this case the

program would make a second search of the citation file and would not

keep track of citations selected during the first search. ) Should a

citation meet the selection criteria for only one interest of a participant,

only the tags of the interest causing selection will appear on the noti-

fication card.

2. FTD SD1 SYSTEM

Selective dissemination of information at FTD is performed by

two nmethods. In the first method, a group of accessions lists supplied

monthly make up the notifications. Separate accessions lists are

produced for each subject area, n ad the user is sent those lists for

the subject areas indicated in his profile, In the accessions list, the

data under each subject are grouped by input type, which enables the
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user to rapidly select and use only the information that is of value to

his present work. The level of Information contained in the accessions

list includes accession number, title, author, source, descriptors,

and references.

The second nmethod shown in Figure 23 is concerned with the

dissemination of information by the FT)D system, better known as the

Central Inform-ation Reference and Control (CIRC) System. All of

CIRC's dissemination is semiautomatic (i. e. , it is computer supported)

and depends upon the existence of very specific and very detailed user

profiles. The user profile is a list of topic tags, or descriptors, that

describes the scope of a user group's interest. All dissemination is

based upon unit profiles. It was discovered that individual profiles

contained duplication and that it was more economical to have a profile

&se.J. V a un•. t, 0' rtt- LthaLn a-t'1A IUUI-VId-tia|. StIich a u1ll1 ifnay be Io , - -

of from two to ten individuals working on closely associated subject

areas. From experience, it was found that a unit profile averaged

approximately 1, 000 precoordinated topic tags. The system has been

running for about one year and is currently serving approximately

70 user groups throughout the United States.

Semiautomatic dissemination at FTD Is accomplished in several

ways. One is profile-controlled notification. This method is used for
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users who prefer to be kept aware of information that i6 rosponsive to

their areas of interest but do not wish to have the actual materials

automatically sent to themn. These people receive a notification once

a week that consists of the bibliographic level of information on each

article that came Into CIIRC which fits their use pattern and which is

,'(•n ,ý, ve to their pirorite.

Other u9ers)I prefer' proxy dissemination, in which case they re-

ceive the abstract or extract of each document responsive to their

profile. Somne users prefer to receive both, because the notification is

easy to screen and the proxies are useful as references.

It was found necessary to provide each user group with a control

for volume and specificitya Those user groups vary from just a few

people to dozens of people, so that the capability to assimilate raw

d.'ta, vrS cons IA.1,rably. The machine critc.ra that d teuni-n whal:

shall be sent to a apecific user can be varied by a clip level in the

program, mnd a diffe-rent setting can be applied for each user group.

With respect to specificity, there is a feedback program, primarily

automatic, which makes small demands on the users on a routine basis.

Figure 24 presents an excerpt from a weekly notification. Note

that an asterisk appears after some of the topic tag8. This infor-mi

the user that the article was called to his attention because these topi)xc

-- .
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sampling"). If the user soE desil-•P. thIist, topitc Ogs may be deleted

IrZ'oli his proil e c, or tAhe r to tag•,•m ilvly hv- a.dde-Id'(,
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FIG;URE 2,
WeekLy Notification

Before June 1965, notifications were prepared on standard print-

out pltper'. T1owe'ver, sinice that time a change ha , been made to card

stock (one vard per notification) which provides the recipient with noii -

firatiolns that cal b- ri led it) a StMidAI'd, nianual file box under- the indi-

Cated Subject headings. This nemw aethod (acddates retLrospective

"sachiling of materials slcctod for the utev IUy thie seniitutomatic

(disseminnltioln irogrialn.

"lhei'e is a iujui'terly, auto(natic review of a tiser's profile. The

machine prints out the user's profile, and next to each word a numbor

is i)-inlte(t that inlicateCs how many times that word was useful in ob)tain-

ing an article for the user.
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Although accurate data could not be acquired, the cost of SDI

systems is obviously high. Whether this can be justified in terms of

reduced effort on the part of the user and higher relevance and increased

quantity of material disseminated is highly questionable. User satis-

faction with SDI systems appeared to vary widely.

z
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IX. EQUIPMENT

This section discusses several mechanical aids, other than com-

puterk, encountered during the field surveys that are used for retrospec-

tive ;earching and information materials processing. This is not, how-

ever, a comprehensive review of available equipments. Such general

reviews may be found in the sources listed in the bibliography section.

Included in the discussion of each equipment is a detailed descrip-

tion of its application and some of the special advantages and disadvan-

tages experienced. In addition, a summary of computer equipments em-

ployed by each facility in their mechanized processes is given in

Figure 25.

Since the devices relate primarily to either retrospective search

functions or materials processing functions (e.g., catalog card produc-

tion), the following section organization has been established:

jLment for Information Storage and Retrieval

Terniatrex and Keydex
ACCESS
Filesearch
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FIGURE 25

Summary of Computer Equipments
Used by Surveyed Facilities

Facility Computer Type

AFCRL IBM 7044, PDP-1
AFIT IBM 1401

Army Map Univac 1004, Honeywell H-800
AS DIRS IBM 1401, 7090
APL IBM 7094, 7040
BATTELLE CDC 3400

BASHIPS IBM 7094, LARC
L J.ense

Logistics RCA 501
DISC Univac 1004
Edgewood Honeywell 200
EPIC Honeywell 200, G. E. 635
FTD IBM 7094, 1401

Fort Detrick Univac SS 11-90
Harry Diamond IBM 7094
Materials NCR 301
Mechanical Properties

Data Center IBM 1440

MEL IBM 1401
NAFI Burroughs 280, G.E. 225
NA'rTI,-.- G. E,. 225

Naval Missile Center IBM 7094, 1401
Naval Post Craduate

School CDC 1604
NOL IBM 7090
NOTS IBM 7094
NSMSES IBM 705, 1401
NWL IBM 7090, 1401
Picatinny IBM 7090, 1401
P LASTEC Honeywell 1401
Redstone IBM 7010, 1401, 1460
SEG IBM 7094, 7044
TPRC IBM 7094
Un. of Mich. Info.

Center IBM 1401
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Equipment for Materials Processing

Crossfiler
EDITOR -I
IBM 870 Document Writing System

1. EQUIPMENT FOR INFORMATION

STORAGE AND RETRIEVAL

(1) Termatrex and Keydex

1. General Description
I9

The TermatrexI and Keydex systems belong to a

class of equipment that utilizes coordinate indexing techniques

via the "peek-a-boo" method of visual term coordination.

In the visual coordination method, one vocabulary term is

assigned to each of any number of term cards. These cards

are made of tough flexible plastic material about 9-5/8 x

I 1 -1 / 2 in size. On each card., holes are drilled in identi-

fiable positions to represent information references (e.g.,

accession numbers) that relate to the specific term. A term

Jonker Business Machines, Inc., Gaithersburg, Md.

2 McBee Systems
a Division of Litton Industries, Athens, Ohio
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card has space for 10, 000 references, each of which may be

uniquely identified by using a grid overlay to de- •rmine the

vertical and horizontal coordinates. Thus, one such system

has a capacity of 10, 000 information sources, although this

limit can be increased simply by adding more independent

card files.

To retrieve information from the system, the user

selects cards corresponding to his desired index vocabulary

terms and superimposes them all together over a card-sized

light source. If a reference contains all of the selected terms,

its representative holes on the term cards will coincide, per- 4
mitting light to shine through. Coordinates of the lighted

holes, then, identify the retrieved references. A search

might proceed as in the following example:

Assume a search is to be made for information

concerning the utlrasonic testing of welds in mis-

siles. Three cards are selected: "Ultrasonics, "

"Welds, " and "Missiles." The "Ultrasonics'; card

contains holes representing all of the information

sources dealing with ultrasonics in the system;

"Welds, " all the information concerning welds; and
r
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"Missiles, " all information concerning missiles.

fBy overlapping "Ultrasonics" and "Welds, " the light

shines through only at those locations that identify

documents which contain information on both ultra-

sonics and welds -.. pi;obably in the relationship of

ultrasonic testing of welds. Note that references

dealing with only one of the terms are excluded. By

overlapping "Missiles" on top of the preceding two

cards, only those references pertaining to ultra-

sonic testing of welds in missiles coincide and are

p therefore selected. Further refinements are possible.

Steel welds in missiles can be selected by simply

adding the card for "Steel. " ''Ultrasonics'' can be

replaced by "X-Ray" for search in another direction,

and so forth.

Two or three minutes are said to represent a typical

time for conducting a search.

13oth the Termatrex and the Keydex equipments consist

of a precision drill and a file of plastic cards containing spe-

cial identifying features such as tabs, colors, and edge notches.

Holes are made in the cards with the precision drill, which
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is movable on two axes to the appropriate coordinates.

Coordinates are determined by a 100 x 100 grid. Accession

number 1427, for example, corresponds to a hole in the 15th

row and the 28th column. A warning device may be included

with the drill to reduce errors resulting from out.-of-sequence

drills. Color filters may be used to indicate, for example,

abstracts (green) and classified documents (red) by drilling

holes in the filter card corresponding to all documents that

do not apply. Thus, if a document is classified, no hole

exists for it in the filter; light shining through coincident

term card holes and the filter card appears red.

The Termatrex and Keydex systems differ in one signi-

ficant feature. Termatrex term cards are filed in some

pattern and located in the file by means of the tab on each

card. Keydex term cards, on the other hand, do not have

tabs, are usually filed randomly, and are located in the file

by means of passing a needle through the margin holes in

the fashion of the well--known McBee Keysort process. With

both T ermatrex and Keydex equipments, it is possible to

obtain peripheral equipment such as optical readers that will

automatically punch EAM cards or paper tape, automatic

term card punches that operate from EAM card reader-i



and thus copy EAM punched cards, gang punches for reproducing

several identical term cards simultaneously, etc.

As stated earlier, the capacity of a complete system Is 10, 000

information source references corresponding to an equal number of

hole positions on each term card. In order to accommodate a larger

number of references, as nnany card file systems are necessary as

there are multiples of 10, 000 references. Term cards belonging to

up to 10 different systems may be identified by a scheme of punching

the edge of the card in a specified position. This, however, does not

relieve the user of the necessity of conducting separate searches in

each system; that is, cards from one system cannot be intermingled

with cards from another system for a common search.

The chief advantage of the visual coordination system derives

from its characteristic of immediate visual identification of holes

belonging to references containing coinciding terms. However, the

drilling process and the later determination of the coordinates of

drilled hoies have been reported to be tedious and error-prone pro-

cesses if many holes are involved and if the only aid is the grid overlay.

2. Application

A Termatrex system is used by the Nondestructive Testing

Information Analysis Center.
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Recon Central has developed a retrieval system based upon the

Keydex equipment with two files of term cards, The information sources

are usually in the form of document abstracts which are stored on un-

punched aperture cards. The system provides a search requester with

lists of retrieved abstract accession uumi)er8 with correspondling

document titles, and, if desired, enlarged copies of the selected micro-

film chips. The system consists of the Keydex equipment and peripheral

equipment including an automatic term card reader and an EAM card

reader, both of which are capable of operating a Programmatic Flexo-

writer for printouts. The EAM cards are used to provide title in-for-

mation corresponding to the retrieved Information source code numbers 0
from the terml cards.

3. Cost

TernAtrex Sy stern: The Nondestructive Testing Information

Analysis Center purchased their Termnatrex equipment in 1 961 for

$3, 600.

Keydex System,; Recon Central purchased their Keydex equip-

ment and the peripheral equipment in 1961 and reported the costs as

follows,

$
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V riden Programmatic Flexowriter

Automatic Keydex Card Ileader $20.000

IEAM Cnrd Reader

lcydex System $ 9, 500

Miscellaneous Copiers and Viewers

4. Comments

Recon Central is generally pleased with the operation of its

system and has pointed out that it reprosent:a about one-tenth the

investment of a fully computerized system giving the same perfourmance.

The Central has further commented that the system as presently con-

structed meets the main requirements of getting information into the

hands of the requester in time to be useful; i.e., full response time is

less than one week.

Other forms of the "peek-a-boo" system have been developed

using different term card formats (including EAM card formats), but

a discussion of these is beyond the scope of this repovt.

(2) The ACCESS Systenm

I. General Description

Recon Central is currently considering an alternative

system that can be used in coordinate index applications,

ACCESS Corp., 1632 Paddock Road, Cincinnati, Ohio
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called the ACCESS System, This system utilizes cards

that are edge-notch-coded and provided with magnetic tabs.

In the selection process, an operator presses keys on twe

system's calculator-size console corresponding to a set

of terms to be Coordinated. When all of the term codes

have been entered, the system's selector mitomaticalty

raises a tray of cards to contact an energized electro-

magnet and then lowers the tray, leaving all of the cards

attached to the electromagnet. The previously selected

keys then cause rods to press down on the cards, pushing

away all cards not having corresponding notches (i.e.,

coordinated terms). The rejectud cards fall back into the

tray, and the selected cards may be removed for identi-

fication.

The ACCESS System has three basic units: a key.-

board console, a card notching device which is controlled

from the keyboard, and a selector unit. The selector holds

a tray of about 1, 350 cards, up to 100 selectors nlay be

operated simultaneously from the console. There is no

I
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limit to the numbe-r of trays and therefore no limit t•o the

number of cards. The searching of one tray takes only

about as long us it takes to press the selection keys.

The cards have 65 coding sites on each of two edges.

Only one edge may be searched at a time. The sites may

be arranged in fields, and up to 13 decades (0. 9 for each

decade) of digits may be encoded on an edge.

To use the system for coovdinatLe index searches,

one card is prepared for each document. Since only the

edge is used in the system, the body of the card could also

contain, for example, a film chip or an abstract plus

bibliographic information. The coding of terms on the

c..dtL 4.5 I.. t I Ube d.#1)0 t ot V 4sit.. lt thtvISP LI lo. Oo I , " 1 L) tLU,_-

matically nioich the cards, with the notching pattern for

each term dependent upon the number of terms in the

tliesaurus

Tihe maximum nmiber of terms assignabte to each

document determines the term capacity of the term thesau-

rus. This is because of the limited number of position

sites on the card for coding terms. For example, if a

111axlIM-0ln of 65 [.erm•m or document were- to be avssigned,
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then each term would have to correspond to each site,

yielding a thesaurus maximum of 65 terms. If, however,

only four terms were to be assigned to each source, then

1, 000 terms would make up the thesaurus. This is apparent

from the earlier statement that 13 coded decades were

available on an edge. These can be divided into four groups

(for the four terms assigned) of three decades each. Since

a three-decade group will permit numbers from 000 to 999,

1, 000 term variations are possible. A typical application

of this system would probably not require as many as 65

term assignments but would probably need more than four.

2. Cost

The price for the ACCESS System has been quoted

at less than $1, 800. Many variations of system use besides

coordinate index searches are possible. Using the system

for coordinate index searches is one of the less flexible

arrangements. If only one code per card were required,

for example, a trillion code permutations would be possible.

3. Comments

The chief advantages of the system are the random

filing of cards, the simple tochniques of preparing the cards,

and the unlimited file capacity. Since the cards are searched
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on the basis of notches, no order is required, and refiling

time is nearly eliminated. The card notching is a simple

mechanical operation compared to the drilling of visual

coordination cards, and it can be done automatically from

the keyboard. The file capacity does not have a limit, the

maximum being only whatever the user is willing to store.

Furthermore, the trays do not have to be kept separate,

and cards from different trays can be intermingled.

The chief limitation of the system with regard to

coordinate index searches is the inverse dependency of

term thesaurus capacity upon the maximum number of

terms to be assigned to an information source.

(3) Filesearch

1. General Description

The Filesearch is a system that stores documentary

information on 35-mm film, along with indexing codes,

and that has the capability foi later retrieval of the infor-

mation based on a single term query or a query composed

The descriptive material in this section is largely composed of
extracts from The lPilesearch System, a general information
manual by FMA, Inc., Washington, D. C.



of terms related by AND, OR, and NOT connectives. The

system consists of three elements, as follows:

* A Recording Unit that photographs documents and
their indexing information adjacent to one another
on reels of photographic film.

* A Retrieval Unit that searches the Index codes on
the file with an optical scanner and locates the
desired information via comparison registers.

* A. Flexowriter that is used to prepare the input
forms with indexing information.

Figure 26 illustrates the operation of the system.

The operational functions are identified as follows: 4
* Indexing

* Keypunching

0 Recording

* Retrieval

* File Structuring.

(1) Indexing

The indexing process consists of reviewing

the document and assigning a set of descriptive words

or numbers to it. These may vary from a single ac-

cession number to an assortment of terms giving
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FIGURE 26
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information about such things as the document's

date, classification, and subject. The indexing terms

may be numeric (e. g., Part No. A72-4521B). Index-

ing terms may be of varying length, may be assigned

in random order, and may be used in any quantity.

Index terms are entered on a coding form, each

preceded by a special letter that identifies the type

of term (e. g., date or contract number). Thus, the

date January 24, 1927, might be written D12427,

while a contract number appears as C12427.

These characters may be preprinted on the

coding form as in the example in Figure 27. Some

other special characters used are the parenthesis

sign, which indicates the beginning of indexing infor-

mation for one document, and the slash or virgule,

which is used for descriptors exceeding six char-

acters in length.

(2) Keypunchin

Indexing information from the worksheet is

punched on an edge-punched card using a Flexowriter.
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FIGURE 27

Coding Form - File Search Systern

ANALYSIS

ACQUISITION NO. vA MON DAY AUTIOR

CONT.•ACT NO.
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LiE u [? •r- i-I-n11 02J.1

FMA, INC
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An illustration of one of these cards is given in

Figure 28. Six bits on the card represent each alpha-

numeric character, and a seventh bit is used for

checking for odd parity.

(3) Recording

The document to be recorded is placed below

the Recording Unit viewer, and the edge-punched card

is inserted into a slot in the unit's control panel. The

document is then photographed page by page simul-

taneously with the hole pattern appearing on the edge-

punched card. Figure 29 is an illustration of the re-

sulting format on 3.-mn - The• ie•s r•p .

to 200 feet of filn which will record up to 6, 400 pages

on one reel.

(4) Retrieval

A request for information is indexed using th;-

same format as for documents. The request index

terms are keypunched on an edge-punched card and

inserted in a slot in the retrieval unit. The holes in

9
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FIGURE 28
Index Card -File Seai-ch Systern
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FIG U RE 29
Document Re cording Format

Pile Sea i'ch System
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the card are optically read and converted to electrical

pulses, whicio are stored in a set of comparison

registers,

A f~im r'eel is mounted on the Retrieval Unit,

and the film-i is optically read. TPhe pulses from the

re~ading process are compared with the request cri-

teria in the comparison register, and the reel is

stopp)ed each time a correspondence occurs. The

comparison registers may be associated with one

another by AND, OR, and NOTr connectives and may

be required to function in the following three differ -

ent ways:

To mnatch the code on the film exactly
With Umi~t of the request

To accept code on the film- that falls
between limnits (e. g. , all documents
after June 1, 1963 and before June 1, 1964)

TPo function in continuity with one anothier
so that a descriptor that begins in one
register can be continued inito the next
(for termns larger than seven characters).

A sim-ple request that illustrates these opera-

tions is one for all doc-uments dealing with elect ro-

optical companies that make laer excludingule
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lasers, described in documents publi shed between

,Ianuaryl, 1060 and j1aiIua r. I 1 961. The association

indicates how the r'equest terms are to he logically

connected with one another: the functions ifndicate how

the registers are to compare the code from the film

with that of tile request, Figure 30 illustrates this

process.

Any of the search descriptors ctn be dropped

from the search by turning off the corresponding

register switches, Thus, if a search does not pro-

duce a hit, it can be made more general by cancelling

one or mnore descriptors.

"The system provides for categorical searhlies

by coding a "superdigit" chatacl-er (typed as an

asterisk). This will preclude a comparison with

corresponding characters read from the film. Thus,

•l1 documents on physics can be retrieved hy search-

ing on QC***** or all on Optical Instruments hy s~e-i'h-

ing on QC 373**. Another example is the ease of

searching when using an author's name where the

spolling is questionabl e, such ai Ns Millar, IMuller. or
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Moller. Such a request would be coded M*LL*R

and AND-ed with other descriptors.

(5) File Structuring

The system has the capability of searching a

reel of randomly sorted material by any element of

their index code, thereby producing a new structured

file from the old. In this fashion, the results of a

search can be recorded on a reel of tape automatically.

2. EQUIPMENT FOR MATERIALS PROCESSING

(1) Crossfiler

1. General Description

The crossfiler is a solid-state digital processor capa-

ble of performing the following functions: (1) catalog card

record multiplication on punched paper tape which can be

used to produce a set of catalog cards with segregated entry

headings, and (2) tape duplication.

The first function is complited by detecting headings

that will be used for each card in a set Thorn a punched paper

tape record of a catajog _ard. After each heading is punched
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out on a secondary tape, it is followed by a reproduction of

the complete card recor-d. Thus, for one card record in-

put, the Crossfiler punches out the representation of a com-

plete set of cards with appropriate headings formatted at

the top of each card in the set.

To perform the second function, the Crossfiler simply

reads the input tape and simultaneously punches out a dupli-

cate.

The Crossfiler consists of the following:

0 An optical bidirectional paper tape reader,
which has a re•d•ng speed of 110 ch!ara-... +-
per second

A mechanical paper tape punch with a punch-
ing speed of 110 characters per second.

Processor digital logic.

There is no memory in the Crossfiler. It generates

by scanning, detecting, and punching the detected infor-

mation; it then reverses the input tape to the beginning of

the record, and reads the record again and punches out the

complete record information.



2. Application

The Crossfiler was designed arid built by the Itek

Corporation for the Technical Library of the Air Force

Cambridge Research Laboratory. Rather than purchase a

computer, the Library had the Crossfiler developed because

of its relatively cheaper cost ($25, 000 compared to

$100, 000) at the time of development. However, this large

cost difference no longer exists, and the Library will phase

out the Crossfiler after the necessary computer programs

are developed.

The Library applies the Crossfiler output tape to a

Programmatic Flexowriter to produce catalog cards,

charge cards, card pockets, and an accessions list and then

stores the paper tape record for a future book catalog to be

produced by computer. A significant feature of the system

is its use of a natural language format with nontyping char-

acters rather than codes to define information fields.

3. Cost

The following chart presents a cost analysis of the

use of the Crossfiler at the Cambridge ,ibrary.
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COST ANALYSIS OF CROSSFILER-PRODUCED CARD SETS*

Percentage of total Crossfiler
processing capacity 100% 50% 25%

Total number cards produced

in 1 year 806,400 403,200 201,600

Total number of card sets
produced in 1 year 115,200 57,600 28,800

Machine cost per card 3 .6ý 1. 21

Final cost of machine-produced
cards 12.3 12.6¢ 13,2ýý

Final cost of machine-produced
card sets 82. 7ý 86.7€ 90. 9ý

Percentage of total Crossfiler
processing capacity [2.5% 6.25%

Total number cards produced
in 1 year 100,800 50,400

Total number of card sets

produced in 1 year 14,400 7,200

Machine cost per card 2.40 4. 8

Final cost of machine-produced
card-- 14.4ý 16.8¢

Final cost of machine-produced
card sets 99.3ý $1.16

Figured on using a Crossfiler exclusively for card set production.
Based on a $25, 000 machine cost and 10-year depreciation. Ex-
tracted from: Automating Cataloging Functions in Conventional
Libraries, Paul J. Fasana, Itek Corporation published in Li-
brary Resources and Technical Services, Volume 7, Number 14,
Fall 1963.



(2) EDITOR-I

The EDITOR.-I is a small digital data processor that has a

two-character memory buffer, a character counter, and a

high-speed tape reader and punch. It has two significant

capabilities, as follows:

A Flexowriter may be connected through the
buffer, permitting a two-character delay be-
tween the pressing of the key and the punching
of the character. Thus, if the word data was
to be punched on the tape, the d and a would be
keyed but would be stored in the Editor without
any corresponding action to the tape. When the
t is keyed, the d would then be taken out of
storage and punched on the tape. This delay per..
mits an operator to correct character errors
that are immediately detected.

For editing, a paper tape may be mounted on the
high-speed reader, and the location of a pre-
viously noted error may be typed in the unit's
console. The Editor will then advance at 500
words per minute to the error position, mean-
while copying the correct material on a new
tape. When it reaches the error, it will stop
and permit the operator to enter the correct in-
formation from the Flexowriter keyboard. It
can then be instructed to proceed to the next
error.

The control console has the following three sets of

keys on it:
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Set 1 - Copy, Insert, Delete, Justify

Set 2 - Line, Word, Character, Sentence,
Paragraph, Record

Set 3 - 1,2,3,4,5,6,7,8,9,10,20,30

The selection Copy,. 9 Lines would cause, for example

lines of the old tape to be reproduced followed by a stop for

the operator to insert new or corrected information.

(3) IBM 870 Document Writing System

1. General Description

The IBM 870 Document Writing System is a wired

program, punched-card-oriented system which per-

mits the printing of several programmed outputs

simultaneously with card-punching or card-reading.

It also has provision for punched tape input. Possible

outputs for library applications are as follows:

* Orders

Order status reports

Claim notices

Receipt and checkin

Cataloging forms
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Book pockets and labels

Shelf list cards

Announcements and notifications

C irculation control forms

Statistics.

The system consists of an IBM 836 Control Unit

and an IBM 866 nontransmitting typewriter. A second

typewriter may be connected to the Control Unit for

simultaneousiy typing in a different format. The Con-

trol Unit contains a card reader/punch and a tape

reader and will produce an output from any combi-

nation of keyboard, punched cards, and punched tape

inputs. A second card punch may also be connected

to the Control Unit. Auxiliary equipment often used

with the 870 System are the 082 Sorter and/or the

085 collator.

Figui •s 31 through 33 illustrate three outp,$

forms that --e produced simultaneously on the

870 System using keyboard input. These outputs con-

sist of a set of punched cards, an order record, and

a purchase order. Figures 34 through 36 illustrate

9
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FIGURE 31

IBM 870 Systemn OutPutS9
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F1IGURE 32

IDM 870 System Outputs
Printout
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FIGURE~ 33
1PM 870 System Outputs
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three other outputs--a typed letter, punched cards,

and a request record. The cards and request records

were produced at the particular stage in the typing of

the letter when the information requested was speci-

fied..

Figure 37 illustrates a system flow for an appli-

cation of the 870 System. This system may be char-

acterized by the following general procedure:

(1) After processing a request, the order
clerk selects the prepunched cards per-
taining to the vendor to be used from a
file of vendors' cards.

(2) The clerk next selects an order card,
order memo card, author card, title card,
shelf list card, and source card. These
are placed in the order given behind tVe
vendor card. All of these latter cards
are blank except for a card identification
code prepunched in column 75 of each
card.

(3) All of these are sent to the keypunch oper-
ator, who punches each of the cards with
information taken from the original re-
quest form. (Some of the information is
automatically duplicated from one card to
the next.)

(4) The order memo card is then filed, and
the shelf list card is removed to be held
until after the purchase order is written.
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f.ill, It...P , hi I ,,,

Se'•tez ef- ^9. .19

Rancl Corporation
1700 Main St.
Swita Monica, California

Gentlemen,

The IBM W&shington Systems Center is Interested In
obtaining a copy of the following publication which we
believe you may be able to supply. The publication is

BELLMAtN R. 1E.
KALABA, R. E.

A NOTE ON NONLINEAR SUMMADILITY
TECHNIQUES IN INVARIANT IMBEDDING,
RAND RM3397PR FEB 63

This item is needed by our Systems Engineers in
connection with their current projects. We would appreciate
your assistance in sending us thin publication, invoicing
us for any charges due or suggesting another source for
this material.

Thank you for your consideration.

Sincerely yours,

IBM Washington Systems Center
Library

DCE es z
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IW 870 Systern Outputs
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FIGURE 36
IBM 870 System Outputs
System Request Record
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FIGURE 37
IBM 870 SystemFlow Diagram~
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(5) The remaining cards are read by the 870
Control Unit to produce the purchase order
and other desired formats as indicated.
Cards are then filed by vendor and order
date.

(6) When an order is received, the cards are
pulled from the vendor file. The order is
checked in against the purchase order card.

(7) The received orders are then sent to the
cataloger, who prepares a worksheet of
usual cataloging information. The work-
sheet, blank book, call number, subject
heading, abstract cards, and the cards of
step 6 are all sent to the keypunch opera-
to r.

(8) Call number, number of copies received,
and cost are added to the purchase order
card and are automatically duplicated on
the shelf list card. From the shelf list
card, the title, call number, author, and
accession number are duplicated onto the
book card. Call number and accession
number are duplicated into the call num-
ber card, which is also manually punched
with the number of subject headings as-
signed and the number of catalog cards to
be printed. The subject heading cards
and abstract cards are manually punched
with the necessary information..

(9) Catalog cards are then printed using a
programmed format for 3 x 5 cards.
(LC cards are not to be used.) For this
printing, the subject, author, title, source,
call number, and abstract cards are used.
These cards are then used for special out-
put listings such as SDI notification and
KWIC indexes.

(10) The various cards are filed, completing
th r es.



A detailed description of the IBM 870 Document

Writing System may be found in the following pubii-

cation:

The IBM 870
Library Administrative Processing System
for Federal Government Libraries and
Special Information Repositories, published
by IBM, Technical Publications Department,
White Plains, N.Y. 10601.

2. Application

The Mechanical Properties Data Center employed

the IBM 870 System prior to the installation of its pres-.

ent computer system.

3. Cost

The Center experienced the following monthly

rental charges for its 870 System and some of its

auxiliary e2quipment:

834 Control Unit $ 124

866 Typewriter 35

101 Electronics statis-
tical machine 275

026 Keypunch 60

083 Sorter 112



X. BIBLIOGRAPHY

The following bibliography is divided into six sections. The first

section covers DoD information systems other than the Defense Docu-

mentation Center (DDC). The second has references concerning or

published by DDC. The third section lists references concerning

Government information systems other than those of DoD.

The remaining three sections list additional bibliographies,

directories of libraries and information centers, and general references

to mechanization processes in libraries.

Bibliographies of publications relating specifically to the facilities

studied may be found in the individual facility reports.
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"ABLE (Agricultural Biological Literature Exploitation); Repovt of
Task Force ABLE; A Systems Study of the National Agricultu ral,ibrary and Its U sers, " submitted by Earl Hloisington. U. S.
Department of Agriculture, National Agricultural Library,
March 1965,

"Advances in Mechanization of Patent Searching: Chemical Field,"
by B. E•, Lanham, J, Leibowitz, and 14, .1. Koller. Patent
Office, Washington, D. C., April 1956. Research and Develop-
ment Rleports No. 2.

Atomic Energy Commission. Atomic Energy, Nuclear Science and
Tecl-nolog-. Subject headings used in conjunction with the
QCD book classification schedule. Technical Library,

U. S. Atomic Energy Commission, Washington, D. C,, 1960.
"Automation and the library of Congress: View of a Unive rsity

Librarian," by 'R. H. Parker. Library Quarterly, Vol. 34,t
July 1964. pp. 232-234.

"Automation and the Library of Congress: View of an Information
Scientist, " by .1, M. Hayes., Libria."y Quartery, Vol. 3,1,
July 1964, pp. 229-321.

"Automation and the Library of Congress: View of the Chairman of
Survey Team," by G. W. King. _ibrary Quarte'lJy, Vol. 34,
July 1964. pp. 234-239.

"Centralized Pi-oc.ssing of Technical Information at the Scientific
and Technical Information Facility, " by C. L. fIothgeb. In
Automation and Scientific Communication, Pat 2, 1963.
pp. 277-278.

"Computers and Books at the Manned Spacecraft Center Library,"
by E., Hinkle. Special Libraries Association, Texas Chapter
Bulletin, Vol 5, No. 3, 196l4. pp. I I- 13.

Conf'rence on Machine Readable Calatog Copy L ibrl- rzv of Congress
Infori-ation Bulletin No. 24, January 18, 1965. pp. 33-3,1.



"Current Research and Development in Scientific Documentation
No. 11." National Science Foundation, Washington, D. C.,
November 1962. NSF-63-5. AD-403518.

Federal Department Libraries. A Summary Report of a Survey and a
Conference by Luther H. Evans and others. The Brookings
Institution, Washington, D. C., 1963.

"From the Library of Congress: Automation Report Published," by
E. E. Hamer and A. McCormick. ALA Bulletin No. 58,
March 1964. pp. 184-186.

"Government Technical Report Depositories: A Review." National
Science Foundation, Washington, D. C., 1963.

Guide to the Subject Indexes for Scientific and Technical Aerospace
Reports (STAR), Issue No. 1. National Aeronautics and Space
Administration, Washington, D. C., April 1964.

Guide to the Subject Indexes for Scientific and Technical Aerospace
Reports (STAR). National Aeronautics and Space Administration,
Washington, D. C., February 1965. SP-7016, Rev. 1.

"The HAYSTAQ System: Some Experimental Results." Available on
a limited basis from the Office of Research and Development,
U. S. Patent Office, Washington, D. C. R&D Technical Notes
No. 2.

"Library of Congress: Automation Urged for Bibliographic Control,
but Not Prescribed as a Panacea," by J. Walsh. Science,
Vol. 143, January 31, 1964. pp. 452-455.

"Library of Congress Project," by G. W. King. Library Resources
& Technical Services, Vol. 9, Winter 1965. pp. 90-93.

"Library of Congress Sponsors Experimental Demonstration Involving
Use of Tape-Producing Typewriter for Versatile Automated
Printing." Council on Library Resources, Inc., Washington,
D. C., May 4, 1964. Recent Developments No. 129.

Machine Term Vocabulary AIAA, STAR, CSTAR. Documentation,
Inc., 1964.
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"Mechanization of Services and Functions in the Library of Congress.
Library of Congress, 1960.

"Mechanized Serial Record at the Atomic Energy Comrinsion lHead-
quarters Library," by A, I. Lebowitz and W, A. Kee. Docu-
mentaLion Progress (S1A Doe. lI)iv ), Vol. 7, November 1,')(A.
pp. 4-5.

Medical and THealth T-etated Sciences Thesaurus. U. S. Department of
Health, E-ducation, and Welfare, Public Health Service, Washing-
ton, D. C., March 1963. Public Health Service No. 1031.

Medical Subject Headinga. Index Medicus. National Library of
Medicine, Waslhington, 0. C._, January 1965.

"MEDLARS Project," by J. Becker, ALA Bulletin No. 58, March 1964,
pp. 227-230.

"The National Library of Medicine Index Mechanization Project,"
National Library of Medicine, Washington, D, C.. lBulletin
Medical Library Association, Vol. 49, No. 1, January 190l,
Pa rt 2.

w .S.c,,,l and Other Library Progranms of the U. 3. Office of
Education," by F. L. Schick. Special Libraries, Vol. 5,3,
October 19G2. pp. 482-848.

"Problems in Mechanizing tile Search in Hxamining Patent Applications.
U. S. Department of Commerce, Sales and Distribution Office,
Washington, D. C. n.d. R&D Report No. 3.

"Programming and Coding Techniques Used in MEDLARS, " by Anne C.

Davis and Frank E. Booth. Automation and Scientific ComnImuni'-
cation, 1963. pp. 223-224.

"A Progress Report on an Experiment on Semiautomatic Indexing
Conducted by the A PC Division of Technical Information Extension,
by John Sherrod. Automation and Scientific Comnmnication, 1963.
p. 215.

"Uhe Recording of o-ro conresS Bliioggraphical 1)alta in Machine
', by baw renc'' F,. Hucl('ldand. Council on Library Resources,

Washingwton, D. C., 1965.
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"Role of a Small-Scale Computer under Study at the Library of Congress."
Library Journal, Vol. 87, October 1, 1962. p. 3417.

"The Scientific and Technical Information Program of the National
Aeronautics and Space Administration," by M. S. Day. In
Literature of Nuclear Science: Its Management and Use. Atomic
Energy Commission, 1962. pp. 361-377.

"Standard for Descriptive Cataloging of Government Scientific and
Technical Reports." Committee on Scientific Information,
Federal Council for Science and Technology, Office of Science
and Technology, Executive Office of the President, Washington,
D. C., December 1963. PB-181605.

"STAR Catalogs on Punched Cards and Magnetic Tape," by J. H. Berbert.
National Aeronautics and Space Administration, Washington, D. C.,
December 1961. NASA Technical Note D-1153. AD-268742.

"Subject Heading List." National Agricultural Library. Superintendent
of Documents, Government Printing Office, Washington, D. C.

"Subject Headings Used by the USAEC Division of Technical Information."
by Charles W. Hargrave. Fourth Revised Edition. U. S. Atomic
Energy Commission, Technical Information Service Extension,
Oak Ridge, Tenn., 1962. TID 5001.

"Technical Information Services of the United States Atomic Energy
Commission. Atomic Energy Commission, Washington, D. C.,
1962. TID 485.

Thesaurus of Descriptors: A List of Keywords and Cross-References
for Indexing and Retrieving the Literature of Water Resources
Development. U. S. Department of the Interior, Bureau of
Reclamation, Denver, Colo., October 1963. Tentative Edition.

"Use of Paper Tape in Automated Printing of Library of Congress
Cards," Library of Congress Information Bulletin No. 23,
May 4, 1964. pp. 201-203.

"Utilization of NASA-Generated Space Technology by Midwest.-rn
Industry," by H. M. Gadberry. Midwest Research Institute,
1962. QPR-2.
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IV. BI3LIOGBAPIIILS

"Bibliography of Directories of Sources of Information. " International
Federation for Documentation (FID), 7 Hofweg, The Ilague,
Netherlands.

"Bibliography of Foreign Developments in Machine Translation and
Information Processing," by Josephine L. Walkowicz. National
Bureau of Standards, Washington, D, C,, July 10, 1963.
Tcchnicai N'ote 193. AD-411483,

Bibliography of Non-Periodical Literature on Documentation and
Information. Maxwell Scientific International. Docunmentation
and Supply Center, 1-8 St. Clemients, Oxford, England, 1965.

"Bibliography of Use Studies," by Richard A. Davis and Catherine A.
"Bailey. Drexel Institute of Technology, Graduate School of
Library Science, Philadelphia, Pa., March 1964. AD-435062.

"Computer Literature Bibliography, 1946-1963," by W. W. Youden.
National Bureau of Standards Miscellaneous Publication No. 266.
Government Printing Office, Washington, D. C.

"Library and Documentation Journals. " International Federation for
Documentation (FID), 7 Hofweg, The Hague, Netherlands.

FID- 336.
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V. DIRECTORIES

Bibliographical Services Throughout the World, 1950-1959. UNESCOts
International Advisory Committee on Bibliography, New York,
N.Y, UNESCO Publications Center, 801 Third Avenue, New
York 22, N.Y.

Guide to the World's Abstracting and Indexing Services in Science and
Technology. National Federation of Science Abstracting and

Indexing Services, Washington, D. C.

"A Guide to U. S. Indexing and Abstracting Services in Science and
Technology." Science and Technology Division, Library of
Congress, Washington, D. C, National Federation of Science
Abstracting and Indexing Services, Washington 3, D. C,,
June 1960. Report No. 101.

"Specialized Science Information Services in the United States."
National Science Foundation, Washington, D. C., October-
November 1961. NSF 61-65.

"Specialized Science Information Services in the United States: A
Directory of Selected Specialized Information Services in the
Physical and Biological Science." Battelle Memorial Institute.
National Science Foundation. PB-158969.
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VT. MECIIANIZAIJON IN LIB I3ARIES

"Acquisitions: Sources and Tecniques, " by E. B. Jackson. American
Documentation, Vol. 3, 1952. pp. 94-100.

"- And a Few Machinrq," by S. W, Smith. Library Journal, Vol. 74,
July 1949. pp. 1944-1947.

"An Approach to the Library of the Future," by 1-. Thayne Johnson.
Hughes Aircraft Company, Documentation Research Section,
Culver City, Calif. In Special Libraries, Vol. 53, No. 2,
February 1962. pp. 79-85. P13-164023.

"Automatic Classification and Indexing for Libraries?" by D, V. Black.
Library Resources & Technical Services, Vol. 9, Winter 1965.
pp. 35-52.

"Automating the Serial Record,'" by Joseph Becker. ALA Bulletin,
Vol. 58, June 1964, pp. 557-560.

"Automation and the Reference Librarian," by J. H. Shera. RQ(ALA
Reference Services Division), Vol. 3, July 1964. pp. 3-7.

"Automation, Here We Come," by Ri. D. Franklin. Ohio Library
Association Bulletin, Vol. 34, July 1964. pp. 13-14.

" Automation in Libraries, Theme of a Meeting at Purdue University,
Lafayeltc, indiana." Library of Congress Inforimation Bulletin,
Vol. 23, October 12, 1964. pp. 580-581.

"Automation in the Reserved Books Room," by E. E. Weyhrauch.
Library Jou'nal, Vol. 89, June 1, 1964. pp. 2294-2296.

"The Automation of Library Systems," by G. W. King. In Libraries
and Automation, edited by 13. E. Markuson, 1964. pp. 233-244.

"Basic Concept of Data Processing for Libraries," by R. A. Parker.
In National Conference on the Implications of the New Media for
the Teachingof Library Science. Proceedings of the Conference
held at the Sheraton-Chicago Hotel, Chicago, Illinois, May 27-29,
1963. Univ. of llinois Press, 1963. pp. 102-113.
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"The B3ibliographical Control of Microforms, " by G. A. Schwegniann,Jr. Library Trends, Vol. 8, 1960. pp. 38q-390.

"Boeing Slip: Computer Produced and Maintainc ' Printed Book Catalogs,
by Edward A. Weinstein, and Joan Spry. Automation and Scientific
Communication, 1963. pp. 233-234.

"A Book Catalog for Libraries- Prepared by Camera and Computer,
by Rlobert C. Jones, The junior College District, St. Louis, Mo.
Reprinted from Library, Resources & Technical Services, Vol. 9,
No. 2, Spring 1965. pp. 205-206.

"Cataloging in a .,arge Reports Organization," by E1. J. Aronson.
American Documentation, Vol. 3, 1952. pp. 1141-117.

"Cataloging-in-Source .... A Symposium. " Library Resources and

Technical Services, Vol. 4, 1960. pp. 2 6 9 - 2 8 4 .

"Circulation and the Computers," by J. Becker. ALA Bulletin, No. 58,
December 1964. pp. 1007-1010.

S"Computer Applications for Libraries," by G. A. Mann. Arizona
Librarian, Vol. 20, Summer 1963. pp. 11-16.

"Computer Circulation Work: A Cost Study of the 357 Data Collection
System," by R. E. McCoy. Library Resources and Technical
Services, Vol. 9, Winter 1965. pp. 59-65.

"Co,-nip|t ir C(n irot of -Seriais Declaarect Fcasibte by L,_a Jolla. Library
Journal, Vol. Vý7, September 15, 1964. pp. 3282-3283.

"Computer Techniques and Library Processing," by Morton N.
Wasserman and Irwin L. Isert. ITT Communication Systems,
Inc., Paramus, N,J., November 22, 1963.

"Computer Usage in Selected Libraries in the Washington Metropolitan
Area," by J. B, Moffett. Catholic University of America,
Thesis (M. S. in L. S), 1963.

",omputeriztd Book Catalog at Florida Atlantic University," by J. lv.
Perrault, College and Research Libraries, Vol. 25, May 1964.
pp. 185-197
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"Computcriz( d Cataloging: 'File Computerized Catalog at Florida
Atlantic University," by J. Perreault. Library Resources and

Technical Services, Vol. 9, Winter 1965. pp, 20-34,

"Computers in 1984," by A. Samuel. Special Libraries, Vol. 56,
January 1965. p.58.

"Continuous Conveyor Processing," by J. R. Hunt, ALA Bulletin,

No. 54, October 19t60. pp. 764-768.

"Control and Inventory of Classified Documents," by C. G. Stevenson.
Special Libraries, Vol. 51, November 1960. pp. 499-500.

"Co-operative Cataloging," by A. H. Chaplin. Library Association
Record, Vol. 55, 1953. pp. 275-278.

"Corporate Author Cataloging and the Technical Report Literature,"
by W. T. Brandhorst. American Documentation, Vol, 15, 1964.
pp, 35-46.

"Data Processing Aids in Acquisitions Work," by Louis A. Schultheis!3.

Library Resources and Technical Services, Vol. 9., Winter 1965.
pp. 66-72.

"Data Processing Equipment for Library Use in Clerical Tasks and
Dissemination of Information," by Donald 1-i. Kraft. Illinois
Libraries, Vol. 44, No. 9, November 1962. pp. 587-592.

"Data Processing in the Decatur Public Library, " by Mary T. tlowe
and Mary K. Weidner. Illinois Libraries, Vol. 44, No. 9,
November 1962. pp. 593-597.

"A Data Processing System for Circulation Control at the Illinois Stata
Library: A Preliminiary Report," by John G. W. McCord.
Illinois Libraries, Vol. 44, No. 9, November 1962. pp. 603-607.

"Dialogues with a Catalog," by I), R. Swanson. In Iibrary. Catalogs;
Chaning Dimension, University of Chicago, Graduate Library
School. University of Chicago Press, 1964. pp. 113..125. Also
in Library Quarterly, Vol. 34, .June 1964. pp. 113-125.
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"The Economics of Book Catalog I -oduction, A Study Prepared for
Stanford University Libraries and the Council on Library
Resources, b R. M. Hnayes and 11. lvi. Shoffner. Hughes
Dynamics Inc. , Advanced Information Systems Division,
Sherman Oaks, Calif., May 31, 1964.

"tElectronic rransmission for Interlibrary Loans," by E,. F. King.

American Documentation, Vol. 11, January 1960. pp. 32-39.

"Estimating Data Processing Costs in Libraries,: by H. L. GOriffin.
Colle. e and R[-search Libraries, Vol. 25, September 196,4.
pp. 400-403.

"Experience in Man and Machine Relationships in Library Mechanization.
by Gretchen W. Koriagin. American Documentation, Vol. H5,

No. 3, July 1964. pp. 227-229.

"Flexowriter and Catalog Card reproduction. Perfect Solutions for
Short Runs?" by F. J. Witty. D. C. Llbrary', Vol. 2U, July 1957.
pp. 2-4.

"Human Voices on Automation in the Library," by Rx. N. Young.
Special Libraries, Vol. 55, November 1964. pp. 645-646.

"Infornmation Storage Requirements for the Contents of the World's
Libraries," by J. W. Senders. Science, Vol. 141, 1963,
pp. 1067-1068.
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Systems Approach Combining Traditional Library Features and
m~lechanizedI Coiputer Processing," by il. S. W\rhite. Automation

and Scientific Communication, 1963, pp. 287-288.

"1131VI 870 Library Administr'ative Processing System for Feder'al
Government Libraries and Special Informaiion Repositories."
IBM Data Processing Application.

"The Impact of Electronics upon Cataloging Rulep, " by C. D, Gull.
In International Conference on Czttaloginý Principles: Report.
International Federation of Library Associations, i963.
pp. 281-290

"Tntelligent Woman's Guide to Automation in the Library, A Symposium,"
edited by J. II. Shera. Wilson Library Bulletin, Vol. 38, May
1964. pp. 7,11-779.
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"An I nve'-tigation into the Application of Data Processing to Library
Rules," by D. A. Culbvrtson, 1oW.9 A. Schultheins, A. Sievand,
and !=)onatd B3oone. !ourroughs Corporation, Brooklyn, N. Y.. atid
Univ. of Illinois, Library, Urbana, It, ° December 5, 1962.
PR 1644,11.

"A Joint College/Industry Library with Automata. " Harvey Mudd
College, Science and Engineering, Claremont, Calif. Reprinted
by the Council on Library le3sources, Inc., Washington, D. C.
1 96,1.

"Libra riis and Data Processing, Where Do We Stand?" by J. S. Metin.
(raduate School of Library Science, Univ. of illinois, 1964.

"Libraries and the 'Uppercase Limitation', '' by V. W. Clapp. In
Libraries and Automation, edited by B. E. Markuson, 1964.

pp. 54-55.

"Libraries in the Space Age, " by Joseph 1E. Karth. Specivl Libraries,
Vol. 53, No. 8, October 1962. pp. 462-465.

"Li.brary Autonmation with Data Processing Equipment," by Donald H-.

Kraft. International Business Machines Corporation, Chicago,
II1., 1964.

"Library Education Faces the Challenge of Automation," by W. C.
Simonton. In Canadian Library Association Conference Proceed-
incs, Winntptg, Canada, 196?. pp. 46-51.

Library Egvaluationr, by Wayne Stewart Yenawine. Syracuse Univ. Press
1959.

"Library Goals and the Rlole of Automation, " by I), 11. Swanson.
Special Libraries, Vol. 53, 1962. pp. 466-471.

"The Library of Tomorrow," by Marjorie Griffin. In Proceedings of
the Eighth Annual Convention of the Society of Technical writers
and Publishers, San Francisco, California, April 13-14, 1961.
Society of Technical Writers and Publishers, Inc. , Columbus,
Ohio,

"Library Public Services in the Age of Data Processing," by 1-. W.
Cordell. Florida Libraries, Vol. 15, June 1964. pp. 11-14.
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Machine Compilation and EIditing of Printed Alphabt-tical Solb ject
Ilndexes. " by Vladimir Slamecka. American Documentation,

Vol. 15. No. 2. April 1f964. pp. 132- - 13

"Mechanization in a Now Medical School Library: I, Acquisitions and
Cataloging," by H. T. Divert. Modiral ib , rv A .oi.,i,,t

Bulletin No. 53, January 1965. pp. 15-25.

Mechanization in Documentation: The Ijlinistry of Aviation Technical
informat ion and Libirary Services," by 1-I. F. Vessvy. ASLAIB
Procrodingls Vol. 18, November 1964. pp. 341-354.

Mechanizatimon of Library Procedures," by II. Sarvarrick. Bibtiotekarz,
Vol. 25, Jianuary 195B. pp. 5-8.

"Mechanization of Magazine Order-," by L. Fetbe iman. National
Association of Secondary School Principals, Bulletin No. 413,

November 1959. pp. 120-122,

"Mechanized Document Control: A Review of Somen Recent Research,
by F. W. Lancaster, ASLIB Proceedins. Vol. 16. No. 4,
April 1964. pp. 132-152.

"Mechanized Indexing Methods and Testing," by J, O'Conner.
Association for Computin~g M~achinery Journal. Vot, 11,

October 1964. pp. 437-449.

"M,.hanizcd Svcial Record at the Rand Corporation," by R. Drasuin,
Dncumintation Prourcss (SLA Voc. Division). Vol. 7,
November 1964. pp. 2-3.

"Mechanized Se'ial Record at the University of California, San Diego,"
by (;. Vdovin wnd others. Documentation Progress (SLA Docu-
mentation Division), Vol. 7, Novemuberp 1964. pp. 7-8.

"Mechanized Serial Record at the Washington University School of
Medicine Library, " by E. BProdnman and E'. A, Moore.
Docukientation ol-_frolre ss (SLA Documentation Division), Vol. 7,
November 1964. pp. 5-6,

"A New Era in Library Technology," by Ilans A. Lustig. Businessý
Automation, 1964. 1. 37.
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"New L+-ra rv Sceienc, . A M an- Majchii n ar-ermlI!," by I) S.
t:Xl[;•rtaon, PNLA Quarterly, Vol. 29, October 1964. pp. 25-31.

New [Ahbrar'A "L chrology." by R, !;, |li Rry. Li_1)1 vt-y Joulii

Vol. 84, May 1, 1M9.9 pp. 1307-1389.

"NS V Awards Grant fo' FlPoject to Ihv,,np ComputerV Latalioging•

library Journal, Vol. 88, November 1 !163. pp. 41182-4,183.

"Of New Libraries and Futuriqtii Libraries." by C. C, Gorchel.,
Collee and Research I.,brarie, Vol. 25, July 196,4. pp. 267-268.

"lPar'tiat t.Abrary Automation wiLh the Filevowvriters Automatic WriLting

Machine," by G. nI. Luckett. ilbary Iesources & Technical
Services, Vol. 1, Fall 1957i pp. 207-210.

"Planning, Organizing and Implementing Mechanized Systems in a Space

Technology Library," by Lawrence I, Chasen. Automation and
Scientific Commun'cation,0 1963, pp. 30,3-305.

Proceedings of the 1963 Clinic on Library Applications of Data Proces-
BiA. Univ, of Illinois, Graduate School of Library Science,
May 1964.

"Producing Indexing Aids Such as a Dictionary or Thesaurus from a
Single Punched Card Deck," by J. F. Tinker and If. 11. Smith.
Automation and Scientific Communication, 1963. pp. 173-1741.

"Promise of Automation," by 11. A. Simon. Penn Library Association
U......... Vl . 20. f e b 'u arv 119 I I. , 7 ' . . . . .

"P'ospects foi, Mechanization, +' by ". •.. IVIorse. College and Rlesearch

Libraries, Vol. 25, March 1964. pp. 115-119.

"Punched Cards in the Libra'y. " Data Processing, Vol. 5, No. I,
January-February 1963. pp. 26-33.

"Racine*s Telel ype System Changes Library Thinking," by F. Wegeman,

LibraryJour'nal, Vol. 75, July 1950. pp. 1222-1224.

"[Rapjid Seiectors-An Autonmatic Library," by J. C. Green. 11i)[,

l)ociment No. 17, No, 3, 1950. pp. 66-68.
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1 k i P, Y'~ .i 1 M" Fi 8~~~'.V~~~r
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(Xth- 'I. pp- -h ý#- I P Il '1 a 004.

!W~Vi'fl ' N1;i I". of %kork On 114 01'() g-MI1n7. tifof of NMat- mii , a l 1w n i Spi ri a
Lihp:, rv," 'v C. D, Gi ull. A nit-rV-in Iwte1i 'nVl7

Sotnev Approacirs' to Nice Imizafit 10o1 of Terlinical Informat11ion1 PrTOCl'5Sinj.

Sv9Ieius '', toy .1 . Recker., Ill Prnc'fldinlg of tho'' Mdr('.ý Al IANMl
Co,'(e r,,ncv onl Scijentific an~d *Fechnical Infor-mation, I 960, pp. 9 ý 2 0

"Son-ic Observationsi on Mc'chani-.-ation of Li-brar y Processe's. by E. M.
MeIt-ormiek. Aiitownivton ;in( Scvientific Communic.aiton , 1 9W1

p. 195.

" Special Libraryv of the Futirv," by W . .1. H-and anld others. Special
Libraries, Vol. 12, January 1951. pp. 13-18.

"Sitaffing a Cornputer- Ba-wd LibraryW ' by 1lIM. 1-10'Ilifge P. Libarye Jotimnal, Vol. 8I9. July 19614. pp. 2738:-2739,

"Stroamlining 'echniecal Processes." bY E, I, L~ecky. KiLucvc
Library Association Blulletin No. 23, JuY 1959. pp). 153-54.

"Studes elatd t Caaloging Problems," !v 1* T. .1. Pu~bester. In

Lihrnrv Ca ta logs: Changing LDimension, Univ. of Chicago,
Graduate Library School, University of Chicago Press, 196,4.
pp. 97-105, Also in Liray101,ry Vl 34, January 1984.
PP. - I7On

'Suplniettto the I it"iM Type (650 Progr- i Libra rv l''port ",' by Calvin
1-.~ 'Wt)'gh , Paul itorst., and othevs. Washington Univ. . Seattlo.
Wkish. , AuMgust 1961 L- 112 1.

Technical Sei-vices- of the University of South F'lorida Library,, A Re~port
onl I'esent Practices 13V Maurice F. Traube r. Columbia Universit%-,

New York1\1. NY. 9

'ToCha n e-ltorisit'sIc of Circulation -indl Their Pffec t cn tI lnienplrmrncn
tat ion of M-echianize-d Ci ulk111atioub Conutrol hS R 'i. kv.
ýr rkeswel1 . College and Be1SI-1ca rLu 1~ibaries , Vol. 25. 1Ii vI914.
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"University of Colorado Libraries Utilizing Three Automatic Typing

Machines and Two Typist-Operations to Produce Rleference
Cards." Wilson Library Bulletin, Vol. 39, October 1964.
pp. 126--.

"University of Missouri Library Automates Circulation Procedure.
Library Journal, Vol. 90, January 1, 1965. pp. 85-86.

"The Use of Flexowriters in Documentation Centres .and Libraries,"
by H. 11. Bernstein. UNESCO Bulletin for Libraries, Vol. 16,
1962. pp. 79-85.

"Use of the Friden Flexowriter in the Library of the Atomic Energy
Research Establishment, Harwell," by G. W. J. Wilson.
Journal of Documentation, Vol. 20, March 1964. pp. 16-24.

"Using Advances in Technology to Make Library Resources More
Available," by R. R. Shaw. In Student Use of Libraries,
American Library Association, 1964. pp. 72-82.

"Will Circulation Libraries Become Obsolete?" by R. K. Waldron.
•ibrary Journal, Vol. 84, February 1, 1959. pp. 386-388.

"Will the Machines Take Over?", by R. R. Shaw. Library Journal,
Vol. 76, July 1951. pp. 1085-1087.

10-18



Appeii

Distribution

by COSA.TI Sub

COSATI SUBJECT _NUMBER OF FACILITIES ANDRE

I CATEGORIES Books Periodicals

Mjr -Medium Minor Maioi Medium Minor
Aeronautics 14 9 17 13 6 17

Agriculture 3 0 11 3 0 7

Astronomy/Astrophysics 7 11 9 6 10 9

Atmospheric Sciences 6 15 13 7 9 15

Behavioral/Social Science 9 10 13 7 13 10

Biological/Medical Science 11 7 19 10 6 18

Chemis try 22 15 10 20 17 8

Earth Sci, /Oceanography 8 14 16 9 9 16

Electronics,/Electr. Enar. 29 12 9 30 11 6
~ne rgyColive rs~o *

non-vpropu live) 2 8 13 2 6 13
Materials 14 17 11 16 16 10
Mathematical Sciences 21 1 21 '1 11 22 , .

Mech., Indus., Civil and 1 12 17 11
Marine Eineerin13 17 11
Methods and Equipment 9 18 13 8 18 30

Military Sciences 9 15 16 9 11 16

Missile Technology 19 10 11 20 9 0

"Navigation, Comm., De- 13 i2 11 9 13 10
tection/ CounuV rmeasures

Nuclear Sci. 7/echnology 14 112 13 _8

Ordnance 9 1i 14 9 ii 1 4

PIy iCs 27 13 6 25 15 5

Propulsion/Fuels 9 11 14 9 :1 14

Space Technolo 13 14 15 11 13 15



_j p_endix A-I
pendi. Distribution of Facilities

onbof l by COSATI Subject CategorySubje c

.MBER OF FACILITIES AND RELATIVE.SIZE OF COLLECTION
-RELA-- Periodicals -_ Technical Reports

_1.Unclassified Classif MIo
- -jo M ia Medium Minor Majpr Medium MnMinor

13 6 17 13 8 17 11 6 17

3 0 7 3 0 9 3 0 10

6 10 9 6 8 10 5 5 13

7 9 15 6 12 15 5 12 12

. 7 13 10 3 12 10 2 9 8

10 6 18 9 8 17 7 9 11

*.* 20 17 8 19 15 11 17 13 8

9 9 16 7 10 15 7 9 15

2 "1- 30 11 6 2 9 13 6 25 14 "5"_ ..

- 2 6 13 6 6 16 6 4 15
---- 16 16 10 18 17 9 13 18 5

1 - 16 22 5 16 18 9 11 14 9

12 I 17 11 j 9 17 16 7 16 12

8 18 30 12 18 11 11 14 8

9 11 16 15 7 15 17 7 11

- 20 9 9 21 13 6 23 11 6

9 13 10 15 10 10 19 11 5

- -. 13 18 16 14 18 12 12 1 10

9 11 z4 1i6 t f 7 16 12 8
_2515 5 23 19 5 21 16 4

,,|9 11 14 9 18 12 9 16 10

__ 1 _ .. . -•-•I•_ 31514 .14 1 3 11 151MEW



Appendix A - 2

This section contains the COSATI Subject Category breakdowns

of the collections of most of the facilities visited. Breadkdowns are

not incleded for those facilities whose collections consist primarily of

specialized data.

S



COLL ECTION OF TI II.

DASA iNFORMATION AN) ANALYSIS CENTER
8 1 6 STATVE STIREET

SANTA BAR1.BARHA, CALIFORNIA

BOOKS RE'PORTS, IUncl.
PHIRIODICALS REPORTS, Class.

COAT CA r'" RI TechnicalCOSAT1l SUBJE'CT CATmGO~iES Ihia
-• fReDorts

I - Largest Aspect Book
Books

"2 - Middle Aspect .0 Unci. Class.

3 - Siallest Aspect

Aeronautics

Agri cultu re

A stronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science

Biological/Medical Science 3

Chemistry 3

il Earth Science/Oceanography

E'lect tonics / Electrical Engineerin

Energy Conversion (noi-propulsive)

Mathematical Sciences

iMech., Indus., Civil & Marine Eng.

Methods and Equipment

Military Sciences

"Missile Technology

Navi galion, Conmm. , Detection/ 3
CQote rm e as~u r os
Nuclear Science/Technology 1

Ordnance

Physics 3

Propulsion/ Fuels

Space Teclmo].ogy

I I I I



COLLECTION OF TH E
ARNOLD ENGINEERING DEVELOPMENT CENT-! ER

TECHNICAL LIBRARY
TULLAHOMA, TENNTSSEE

BOOKS .__ _REPORTS, kxcx 72, 000
PELIODICALS , REPORTS, Class.

COSATI SUBJECT CATEGORIES (I Technical

1 - Largest Aspect Books I
0

2 Middle Aspect Uncl. Class.

3 - Smallest Aspect -

Aeronautics 1 1 1 1

Agriculture

Astronomy/Astrophysics

Atmospheric Sciences 1 1 1 1

Behavioral/Social Science

Biological/Medical Science

Chemistry 3 3 3 3

Earth Science/Oceanography

Electronics/Electrical Engineering 1 1 1 1

Energy Conversion (non-propulsive) 2 2 2 2

Materials

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng 3 3 3 3

Methods and Equipment 2 2 2 2

Military Sciences

Missile Technology 1 1 1 1

Navi ation, Comm. , Detection/
ICoune, re asure s

Nuclear Science /Technology 2 2 2 2

Ordnance

Physics 2 2 2 2

Propulsion/ Fuels 1 1 1 1

Space Technology 1I

Lm||



COLLE'CTION OF TilE

TECHNICA L LI1311ARY
EDWARDS AFI13, CALIFORNLA

BOOKS REPORTS, Unel.
PI1'.IODIICAL5 ItEPOIRI'S, Class.

COSATi SUBJECT CATEGORIES U_ Technical

I Largest Aspect Books "4

2 . Middle Aspect 0. Uncl Class.

3 - Smallest Aspect

Aeronautics 1 1

Agriculture

Astronomy/Astrophysics 3 3 3

Atmospheric Sciences 3 3 3

Behavioral/Social Science 1 1 3

Biological/Medical Science 3 3 3

Chemistry 1 2 3

Earth Science/Oceanography 3 3

Electronics/ Elcctrical. 1E-.ngineering 1 1 3

Energy Conversion (non-propulsive) 3 3

1 , 2

Mathematical Sciences 1 3 3

Mlech., Indus., Civil & Marine Eng. 1 2 3

Methods and Equipment 3 3 3

Military Sciences 3 3

Missile Technology 3 3 3

Na Vigtion, Com-m11. , i)etection/ 3 3 3
Cou ntermeasures ... ........

Nuel ear" Scienc-/'l'eohnology 3 3 3

Ordnance 3 3

Physics 1 2 3

Piropul sion/ Fuels 3 3 2

Space Technology 2 3 2



COLLECTION OF THE

PE I'FENSFi LOGISTICS SITUDIirS INFORMATION EXCHANGE
ARMY LOGJSTICS MANAGEMENT CENTER

FORT LEE, \VIRGINIA

BOOKS REPORTS, Uncl.
Pr-l;JIODICALS REPORTS, Clas,.

COSATI SUBJECT CATEGORIES E echnical

I - !Largest Aspect Books

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect __

Ae roniaut ics 3333

Agriculture

Astronomy/Astrophysics

Atmospheric Sciences

Behavioral/ Social Science 1 1 2 2

Biological/Medical Science 3 3 3 3

Chemistry

Earth Science/Oceanography

Electronics/Electrical Engineering 3 3 2 2

Energy Conversion (non-propulsive)

Materials

Mathematical Sciences 2 2 1

Mech., Indus., Civil & Marine Eng

Methods and .quipment _ 1 1 1

Military Sciences 3 3 2 2

Missile Technology

Navigation, Comm. , ietectionT-

Nuclear Science /Technology

Ordnance 3 3 2 2

Physics

Propulsion/Fuels 3 3 3 3

Space Technology 3 3 3 3



COLLECTION OF Ti..

AIR FORCE OFFICE OF SCIENTIFIC I1ESEARCH
WAS4HINGTVON, 1). C.

BOOKS i0 -2-72. REPORTS, Uncl.
PERIODICALS 3ItPOiTS, (:Iass. __3:,jl_

COSATI SUBJECT CATEGORIES Technical

I - Largest Aspect

2 - Middle Aspect Uncl Class,

3 - Smallest Aspect __,

Aeronnutics 1

Agriculture

Atmospheric Sciences 3 3 3 3

Behavioral/ Social Science 2 2 2 2

Biological/Medical Science 3 3 3 3

Chemistry 2 2 2 2

Earth Science/Oceanography 3 3 3 3

Electronics / Electrical Engineering I 1 1 1

Energy Conversion (non-propulsive) 3 3 3 3
M aterials __ ,_ - ____

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng. _

Methods and Equipment

Military Sciences

Missile Technology

RNa-vIo-u, Commi., Detection- _7

Nuclear Science/Technology 2 2 2 2

Ordnance

Physics 2 2 2 2

Propulsion / Fuels 2 2 2 2

Sppce Technology I 1 1 l



COLLICTIO OF TIlE

AIR FORCE MATERIALS LAROMATORY
WRIGHT- PATTE-_ RSON AI3, 0H110

BOOKS RIEPORTS, Uncl.
PERIODICALS 1lEPOI'I'S, Class.

COSATI SUBJECT CATGORIES 1 STechnical

1 Largest Aspect Doo -

2 - Middle Aspect Unci Class,
tip

3 Smallest Aspect

Aeronautics

Agriculture_

Astronomy/Astrophysics

Atmospheric Sciences

Bea Vioral/Social ScI1_ce

Biological/Medical Science

ChemisLtry

Earth SeiencelOceanography

Eledt to1nics/Electrlical Engineering

Energy Conversion (non-propulsive)

Materials .. .. ..

!VIathcmatical Sciences

Mech., Indus.. Civil & Marine Eng

Methods and FlIquiprfent 3

Military Sciencesn

Missile Technology

"NaviIIation, C0mn1. , Detection]

Nuclear Science/Technology

Phlysics

P y puls ion / Fuel s

S, ace Technology



COLLECTION OF TIIE

AIR FORtCE INSTITrUTE OF- TECHNOLOGY
WRIGtr- PATTERSON AFB, 011O

BOOKS HL.75. f1U- . REPORTS, Uncl. 25, M.
PI1HIt)DICAIS _ 1,250 .ttles REI'PORTS. Claqs._.

COSAI'Pi SUBF;,ECT CA'Ii-GOoHIi,'S ts Technical

I La rgest Aspect Books

2 - Middle AJ-3pect 'g U . Class.

3 - Smallost A.spect 1

Aeronautics i 1

Agriculture 3 3 3

stronomy /Astrophysics 2 2 2

AtmospSheric 8tences 2 2 2

Behavloral/Soctal Science 2 2 2 2

Biological/Medical Science 3 3 3

Chemistry 3 3 3

Earth Science/Oceanography 3 3 3
Electronics/Mulctrical Eingineering I I I

Energy Conversion (non-propulsive) 2 2 2

Mite i-Is I 2 2 2
Mhtthozvatical Sc-ien~ces t 1I

Meelh., 1I.dus., Civil & Mariine Eng. I 1

Methods and Equipment 2 2 2

Military Stcences 3 3 3

Missile Technology 1 I !
Naiatiou, Co1 e., otccti0ou 2 2 2

Nuclear Science/Techlnology 1 1

rdn ance 2 2 { 2 2

Physics 1 1 l

P ropul sion / Fuel 1 s

Space Technology 1 1



COLLECTION OF THE
AECRNAUTICAL RESEARCH LA13ORATORY

TECHNICAL LIBRARY
WRIGHT-PATTERSON AFB, OHIO

BOOKS REPORTS, Uncl.
PERIODICALS REPORTS, Class.

S~Technical
COSATI SUBJECT CATEGORIES Te.c rtsl

1 - Largest Aspcct Books

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect

Aeronautics 2 2 2

Agriculture

Astronomy/Astrophysics

Atmospheric Sciences

Behavioral/ Social Science

Biological /Medical Science

Chemistry 1 1 1

Earth Science/Oceanography ______

Electronics/ Electrical Engineering -

Materials

Aathematical Sciences 1

Mech., Indus., Civil & Marine Eng

Methods and Equipment

Military Sciences

Missile Technology

Navigation, Comm. , Detection/ 1Count ermeasures

Nuclear Science/ Technology

Ordnance

Physics 1 1

Pi-opulsion/ Fuels

Space Technology 3 3 _!



COLLECTION OF THE
U. S. ARMY MAP SERVICE LIBRARY

BETHESDA, MARYLAND

BOOKS IREPORTS, Uncl.
PERIODICALS REPORTS, Class.

COSATI SUBJECT CATEGORIES Technical
SRep0lorts

I - Largest Aspect Books

2 Middle Aspect 0 Uncl. Class.

3 - Smallest Aspect ....

Aeronautics 1 1 1 *

Agriculture 1 1 1 *

Astronomy/Astrophysics 2 2 *

Atmospheric Sciences 1 1 *

Behavioral/ Social Science 1 1 *

Biological/Medical Science 1 1 *

Chemistry 1 1 *

Earth Science/Oceanography 3 3 3 3

Electronics /Electrical Engineering 1

Energy Conversion (non-propulsive)
Materials

[Mathematical Sciences 1

Mech., Indus., Civil & Marine Eng. 1 I

Methods and Equipment 2 2

M ilitary Sciences 3 3

M ssil.e Technology I 1 *

Navigation, Comm. , D"etec• 6 '----*
.ount ermea ures

Nucteav: Science /Technology 1 *

Ordnance __

Physics

Propulsion / Fuel s

Space Tcchnology

* The Total of all these subjects represent less than 150/c of our total
Library holdings.



COLLECTION OF THE
U. S. ARMY COMBAT DEVELOPMENTS COMMAND LIBRARY

ARTILLERY AGENCY
A ?MINISTRATIVE DIVISION

FORT SILL, OKLAHOMA

BOOKS REPORTS, Uncl.
PERIODICALS REPORTS, Class. _

COSATI SUBJECT CATEGORIES W Technical
SReports

1 - Largest Aspect Bo-k

0
2 - Middle Aspect -4 Uncl. Class.

3 - Smallest Aspect

Aeronautics 3 3

Agriculture _3 3

Astronomy / Astrophysics 3 3

Atmospheric Sciences 2 2

Behavioral/Social Science

Biological/Medical Science 2 2

Chemistry .... ... 3 '3"

Earth Science/Oceanography 3 3

Electronics/ Electrical Engineering 2 2

Energy Conversion (non-propulsive) 3 3

Materials 2 2

Mathematical Sciences 2 2

Mech., Indus., Civil & Marine Eng. 2 2

Methods and Equipment 1 1

Military Sciences 1 1

Missile Technology 1 1

Navigation, Comm.m Detection/ I IC ounl e rnai l"e•,

Nuclear Science/Technology 2 2

Ordnance 1 1

Physics 2 2

Propulsion/Fuels 2 2

Space Technology 3 3



COLLECTION OF THE

USAF AEROSPACE MEDICAL CENTER
AEROMEDICAL LIBRARY

BROOKS AFB, TEXAS

BOOKS REPORTS, Uncl.
PERIODICALS REPORTS, Class.

COSATI SUBJECT CATEGORIES r lechnical SRepo rts

I - Largest Aspect Books :it

2 - Middle Aspect . Unc. Class.

3 - Smallest Aspect

Aeronautics 2 2 2 2

Agriculture

Astronomy/Astrophysics 1 1 1 1

Atmospheric Sciences 2 2 2 2

Behavioral !Social Science 2 2 2 2

Biological/Medical Science 1 1 1 1

Chemistry 1 1 1 1

SEarth Science/Oceanography 3

Electronics/Electrical Engineering 1 1 1

Energy Conversion (non-propulisive)

Materials

'Biometrics Mathematical Sciences 1. 1 1

Mech., Indus., Civil & Marine Eng.

Methods and Equipment 3

Military Sciences

Missile Technology

Navi ation, Comm. , Detection/Cou11qer'-neasurjQs
Nuclear Science /Technology I

Ordnance

Physics__ 1 1

Propulsion/Fuels

Space Technology11 11



COLLECTION OF THE
ARMY STUDY DOCUMENTATION AND INFORMATION RETRIEVAL SYSTEM

ARMY LIBRARY
THE PENTAGON

WASHINGTON, D. C.

BOOKS REPORTS, Uncl.
PERIODICALS REPORTS, Class.

COSATI SUBJECT CATEGORIES Technical

1 - Largest Aspect Books ")o

2 - Middle Aspect .. k. .

3 - Smallest Aspect

Aeronautics

Agriculture

Astronomy /Astrophysics

Atmospheric Sciences

Behavioral/Social Science 2

Biological/Medical Science

Chemistry

Earth Science/Oceanography

Electronics/ Electrical Engineering

Energy Conversio.- 'P'41-O s -'v'

Materials

Mathematical Sciences

Mech., Indus., Civil & Marine Eng.

Methods and Equipment

Military Sciences 1

Missile Technology

Nagation. Comm, ,Detection1
Coun. ermegasures
Nuclear Science/Technology

Ordnance 2

Physics---

Propulsion/Fuels

Space Technology ..



COLLECTION OlR THE
AERONAUTICAL CHART AND IN FORMATION CENTER

TECHNICAL LIBRARY
SECOND AND ARSENAL

ST. LOUIS, MISSOURI
BOOKS 1_R EPORTS, Uncl.
PERIODICALS RlEPORTS, Class.

COSATI SUBJECT CATEGORIES TechnicalSel~orts
I - Largest Aspect Boo~sBooks

2 - Middle Aspect 0 Uncl. Class.

3 - Smallest Aspect

Aeronautics 3 1 3

Agriculture

Astronomy/Astrophysics 1 1 1

Atmospheric Sciences 3 3 3

Behavioral/Social Science 1 2 2

Biological/Medical Science 3 3 3

Chemistry

Earth Science/Oceanography 1 1 1

Electronics / Electrical Engineering 2 1 2

Energy Con ves 1on knon-propulsive)

Materials 3 3 3

Mathematical Sciences 2 2 2

Mech., Indus., Civil & Marine Eng. 3 2 3

Methods and Equipmnent 2 2 2

Military Sciences 2 2 2

Missile Technology I1 1 1

Navigation, C_-m Detection/ 3 3 3
Cofneirmeasures ,.

Nuclear Science/ Technology 3 3 3

Ordnance

Physics 2 3 2

Populs iOn/Fuels 3 3
-SpacC Techinotogy11 1



COLLECTION OF TIHE

[HARRY DIAMOND LABORATORIES
TECHNICAL INFORMATION OFFICE

WASHINGTON, D. C.

BOOKS _. ,_R REPORTS, WRMk pý10 000
PERIODICALS _tff REPORTS, Class,

COSATI SUBJECT CATEGORIES Technical
'~~& jprts

1 - Largest Aspect Books

2 - Middle Aspect Uncl. Class.

3 - Smal •.st Aspect

Aeronautics 3 3 3 3

Agriculture

Astronomy/Astrophysics 3 3 3 3

Atmospheric Sciences 3 3 3 3

Behavioral/Social Science 2 2 2 2

Biological/Medical Science 3 3 3 3

Chemistry 2 2 2 2

Earth Science/Oceanography 3 3 3 3

Electronics/Electrical Engineering 1 1 1 1

Energy Conversion (non-propulsive) 1 1 1 1

Materials 2 2 2 2

Mathematical Sciences 1 1 1 1

Mech., Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment 2 2 2 2

Military Sciences 1 1 1 1

Missile Technology I 1 I

Navi ation, Comm. . Detection/ 1 1 1 1Counqcnermigure§ - -

Nuclear Science /Technology 1 1 1 1

Ordnance 1 1 1 1

Physics 1 1 1 1

Propulsion/Fuels 3 3 3 3

Space Technology 2 j 2 22



COLLEICTION OF THIFT

U. S. ARlMY EDGiEWOOD RESEARCH & DEVELOPMENT LABORATORY
TECHNICAL LIBRARY

EDGEWOOD ARSENAL, MARYLAND

BOOKS RE_ _ PORTS, Uncl.
PERIODICALS REPORTS, Class.__ .

COSATI SUBJECT CATEGORIES Technical"• Regport s
1 - Largest Aspect 1ooJs3".o
2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect _

Ae ronautics __3 3 3

Agriculture 3 3 3 3

Astronomy/Astrophysics 3 3 3 3

Atmospheric Sciences 2 2 2 2

Behavioral/Sodial Science 2 2 2 2

Biological/Medical Science 1 1 1 1

Chemistry 1 1 1

Earth Science/Oceanography

Electronics/Electrical Engineering 2 2 2 2

E ', -, " Conversion 9,o,-,, . ..... -"" 2 2 2

Materials 1 1 1 1

Mathella"tical Sciences 1 1 1 1

Mech., Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment 2 2 2 2

Military Sciences I 1 1 1

Missile Technology 2 2 2 2

Nav¶ation. Comm. , Dctcction/
Counwermeasures 3... 3 33

Nuclear Science/Technology 2 2 2 2

Ordnance 2 2 2 2

Physics 1 1 1 1

Propulsion/Fuels 2 2 2 2

Space 'i'echnotogy 3 3 3 3



COLLECTION OF THE
U. S. ARMY RESEARCH & DEVELOPMENT LABORATORIES

STIN VO DIVISION
FORT BELVOIR, VIRGINIA

BOOKS R O75, QiR. R•I-1:'OTS, Uncl. 71,a24
PERIODICALS 47 IREPORTS, Class. 15,

COSATI SUBJECT CATEGORIES Technical

I - Largest Aspect Books

2 - Middle Aspect . Uncl. Class.

3 - Smallest Aspect

Ae*ronautics

Agriculture

Ast ronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science

Biological/Medical Science 3 3 3 3

Chemistry 2 2 2 2

Earth Science/Oceanography I I I I

Electronics/Electrical Engineering 1 1 1

Energy Conversion (non-propulsive) I I

Materials I 1 1 1

Mathematical Sciences 3 3 3 3

Mech., Indus., Civil & Marine Eng. 1 1 1 1

Methods and Equipment

Military Sciences

Missile Technology ..-
Navigation, Comm. , Detection/

Nuclear Science/Technology 2 1 1

Ordnance I

Physics 2 2 2 2

Propulsion/Fuels

Space Techznol.ogy 3 3



COLLECTION OF THE
"FOMEIGN TECHNOLOGY DIVISION

I.T.A RlY DIVISION
AIR FORCE SYSTEMS COMMAN)

WRIGHT- PATTERSON AFD, OHIO
BOOKS I I•F'OI3TS, Uncl.
PrI:U1ODICALS _U. .POItTS, Class.

COSATI SUBJECT CATEGOOIL ES Te lc~hnicai S.... i u3• )ts
1 - Largest Aspect 3ooks

2 - Middle Aspect .0 Unlcl. Class.

3 - Smallest Aspect __

Ae ronautics i 2 2 2

Agricuitu re 3 3 3 3

Astronomy/Astrophysics 1 2 3 3

Atmospheric Sciences 2 2 2 2

Behavioral/Social Science 2 2 3 3

Biological/Medical Science 3 3 3 3

Chemistry 2 2 2 2

Earth Science/Oceanography 2 3 2 2

ELectronics/ElecLrical Engineering I I I I

Energy - onve rsion (non-propul sire) 2 2 1 1

Materials 2 2 2 2

Malhematical Sciences 2 2 3 3

Me , Indus., Civil & Marine Eng. 1 3 3 3

Methods and Equipment 3 3 2 2

Military Sciences 2 3 1 1

Missile Technology I I 1 1
Navigation, Comm. , Detection/ 2
Co emtrmcasu ..........

Nuclear Science/Technology 2 2 1 1

Ordnance 3 3 2 2

Physics 1 1 2 2

Propulsion/Fuels 1 1 1 1

SI Space Technology _ _ .... __ 1



COLLECTION OPFTHE
UNITED STATES ARMY COMBAT DEVELOPMENTS COMMAND

TECHNICAL IB RiARY
FORT MCCLELLAN, ALABAMA

BOOKS REPORTS, Unci, 500
PIERIODICALS REPOIITS, Class.

COSATI SUBJECT CATEGORIES Technical

I - Largest Aspect Books

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspet Oct

Ae ronautics 3 3

Agriculture 3 3

Astronomry/Astrophysics 3 3

Atmospheric Sciences 2 2

Behavioral/Social Science

Biological/Medical Science 2 2

Chemistry 3 3

Earth Science/Oceonography 3 3

Electronics/Electrical Engineer-n 2 2

Energy Conversion (non-propulsive) 3 3
Ilate vial s IF .... 2 2

Mathematical Sciences 2 2

Mech., Indus., Civil & Marine Eng, 2 2

Methods and Equipment I 1

Military Sciences 1

Missile Technology 1

"Navigation, Con-mm., iteio,/ ..

Nuclcar Science/Technology 2 2

Ordnance

Physics 2 2

P_' _ _ _sio /. F_ C_ S 2 2

Space Technotogy 3 3



COLLECCTION OF THE
JOHNS HiOPI1KINS UNIVERSITY APPLIED PHYSICS LABORATORY

CIIEMICA L PROPULSION IN FORMATION AG ENCY
SILV]"'R SP1RING, IVIARYLANND

130OKS I-:;POrTS, Vxwj. :35, 000
PI.lUODIICAS cE PORTS, Class.

COSATI SUiJI.I ECT CA'TEGO[i- VS lTechnical

I - Larg est Aspect Books -"

- Middle A.\pect Unci. Cla. s

3 - SmallestAspec!

Aeron.. atics 2 2

Agriculture

Ast ronorny/Astrophysics 3 3

Atmospheric Sciences 1 1

Blhavnioral/Social Science

Biological/Medical Science 2 2

Chem istry ...... -_I I

I li th Science/Oceaniog'aphy 3 3

E1cectronics/Electrical Engineering 3 3

PE1 r'gy Collve 1s ion (non-pr 'opul si veC) I

Materials I I

Mech., Indus., Civil & Marine Eng. 2 2

Methods and Equipment I I

Military Sciences 2 2

Missile Technology I I

Naxil ion, CowmW., Deteon-.3

Nuclear Science/Technology 3 3

Ordnance I I

lPhYvScs 2 S

I 1'O puI S ion / Fu el s I

> . S)aIC ( T,:cliioI. gy _______ _______________ !i



COLLECTION OF THE

U. S. NAVY MARINE ENGINEERING LABORATORY LIBRARY
ANNAPOLIS, MARYLAND

BOOKS 11, pOp REPORTS, Uncl. 65. 00
PERIODICALS REPORTS, Class.

COSATI SUBJECT CATEGORIES Technical
_ Re2orts

1 - Largest Aspect Books
02 - Middle Aspect M Unc. Class.

3 - Smallest Aspect

Aeronautics

Agriculture

Astronomy/Astrophysics

Atmospheric Sciences

Behavioral/ Social Science

Biological/Medical Science

Chemist1 -y _ 1 1 1

Earth Science/Oceanography 2 2 2 2

f1.AonLcs/ElccLIical E-ngineerin 1

Energy Conversion (non-propulsive) 2 2 2 2

Materials 2 2 2 2

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng 1 1 1 1

Methods and Equipment 2 2 2 2

Military Sciences 3 3 3 3

Missile Technology
Navi ation, Comm. , Detection7
Coun e rme asires 2 2 2 2

Nucik- Science/Technology 3 3 3 3

Ordnance

Physics

re,4&• Fiiel s 2 2 2 2

Space fcchnology _____



COLLECTION OF THE
JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
8621 GEORGIA AVENUE

SILVER SPRING, MARYLAND
BOOKS 25, REPORTS, AkJ#,. l90
PERIODICALS 15,O00 REPORTS, Class.

COSATI SUBJECT CATEGORIES U) Teohnitca
~~Repts

1 - Largest Aspect Books

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect

Aeronautics I 1 1 1

Agriculture 3

Astronomy/Astrophysics 1 1 2 3

Atmospheric Sciences 1 1 1 3

Behavioral/Social Science 3 3 2 3

Biological/Medical Science 3 3 3 3

Chemistry 3 3 2 3

Earth Science /Oceanography 1 1 3 3

Electronics/Electrical Engineering 1 1 1 1

Energy Conversion(non-propulsive) 3 3 3 1 3

Mate rials 2 2 1 2

Mathematical Sciences 1 1 2 3

Mech., Indus., Civil & Marine Eng. 2 2 3 3

Methods and Equipment 3 3 3 3

Military Sciences 3 3 3 2

Missile Technology 1 1 2 1

Navigation, Comm. , Detection]T 1 1 I
Counterm easires _

Nuclear Science/Technology 2 2 1 2

Ordnance 3 3 2 2

Physics 1 j1 1 1

Propulsion/ Fuels 1 1 2 1

Space Technology _ j 1 2



COLLECTION OF THE

TECHNICAL INFORMATION SERVICES OFFICE
BENET RESEARCH AND ENGINEERING LABORATORIES

WATERVLIET ARSENAL
WATERVLIET, NEW YORK

BOOKS 50oUp REPORTS, Uncl. 10.500
PERIODICALS 210 REPORTS, Claso.

COSATI SUBJECT CATEGORIES Technical
ReDor'ts

1 - Largest Aspect BooksI)
02 - Middle Aspect Uncl. Class.

.. 3 -Smallest Aspect ••..

Aeronautics

Agriculture

Astronomy/Astrophysics _.

Atmospheric Sciences

Behavioral/Social Science 3 3 3 3

Biological/Medical Science

Chemistry 2 2 2 2

Earth Science/Oceanography

ct is]ecri'ca_ Engineerin• 3 3 3 3

Energy Conversion(non-propulsive) 3 3 3 3

Materials 1 1 1 1

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng. 1 1 1 1

Methods and Equipment 1 1 1 1

Military Sciences 2 2 2 2

Missile Technology 1 1 1 1

Navigation, Comm. , Detection/ 3 3 3 3
Co•n•e rmeasure s

Nuclear Science /Technology 3 3 3 3

Ordnance 1 1 1 1

Physics 2 2 2 2

Propul sion/ Fuels 3 3 3 3

Space Pechnology 2 2 2 2



COLLECTION OF THE

TECHNICAL DOCUMENTS CENTER
FORT MONMOUTH, NEW JERSEY

!3OOKS 40 000 REPORTS, Unc]..
PEIRIODICAL_,S 1. 100 REPORTS, Class. 3 0

COSATI SUBJECT CATEGORIES Technical
Renorts

1 - Largest Aspect Books

2 - Middle Aspect Uncl. Class,

3 -_Smallest Aspect _ ,.

Aeronautics 3 3 3 3

Agriculture

Astronomy/Astrophysics 2 3 3 3

Atmospheric Sciences 2 3 2 2

Behavioral/Social Science 3 3 3 3

Biological/Medical Science 3 3

Chemistry 1 2 2 3

Earth Science/Oceanography 2 3 2

Electronics/ Electrical Engineering 1 1 1 1

Energy Conversion (non-propulsive) 2 3 3 3

Materials 2 3 1 2

Mathematical Sciences 1 2 2 3

Mech., Indus., Civil & Marine Eng. 2 3 3 3

Methods and Equipment 3 3

Military Sciences 3 3 2

Missile Technology 3 3 2

Navigation, Comm. , Detection/ 3 3 3 1
Counii ermeasulres
Nucicar Science/Technology 3 3 3 2

Ordnance 3

Physics Fuels
Propuls ion/ Fuels

$,,~ "• ! $n ! $ m



COLLECTION OF THE
DEFENSE ATOMIC SUPPORT AGENCY

HEA DQUA RTE RS LIBRARY
THE PENTAGON

WASHINGTON, D. C.

BOOKS REPORTS, Unci.
PERIODICALS REPORTS, Class.

COSATI SUBJECT CATEGORIES Technical
Reports

1 - Largest Aspect Books
02 - Middle Aspect -4 Uncl. Class.

3 - Smallest Aspect

Aeronautics 2 2 2 2

Agriculture

Astronomy/Astrophysics

Atmospheric Sciences 2 2 2 2

Behavioral/Social Science

Biological/Medical Science 2 2 2 I

Chemistry 2 2 2 2

Ear-h Science /Oceanography

Electronics! Electrical Engineering

Energy Conversion (non-propulsive)

Materials 2 2 2 2

Mathematical Sciences 3 3 3 3

Mech., Indus., Civil & Marine Eng.

Methods and Equipment 3 3 3 3

Military Sciences 3 3 3 3

Missile Technology 3 3 3 3
Navigation, Comm. , Detection/ 2 2 2 2
Couternierasures __e______..__

Nuclear Science/Technology 1 1 1 1

O-i'nanice 3 3 3 3

Physics I II I

Pr opulsion/Fuels 2 2 2 2

Space Technology 2 2j2 2



COLLECTION OF THE
U. S. ARMY BIOLOGICAL LABORATORIES
FORT DETRICK TECHNICAL LIBRARY

FREDERICK, MARYLAND

BOOKS REPORTS, Uncl. 2
PERIODICALS REPORTS, Class. 2

COSATI SUBJECT CATEGORIES Technical
SjReD rts

1 - Largest Aspect Books
0

2 - Middle Aspect Uncl. Class.

3 -_Smallest Aspect ___

Aeronautics 3 3 3

Agriculture 1 1 1 1

Astronomy /Astrophysics

Atmospheric Sciences 2 2 2 2

Behavioral/ Social Science 3 3

Biological/Medical Science 1 1 1 1

Chemistry 2 2 2 2

Earth Science/Oceanography 3 3 3 3

Electronics/Electrical Engineering 3 3 3 3

Energy Conversion (non-propulsive)I

Materials 3 3 3 3

Mathematical Sciences 2 2 3 3

Mech., Indus., Civil & Marine Eng. 2 2 3 3

Methods and Equipment 3 3 3 3

Military Sciences 3 3 1 1

Missile Technology 3 3 3 3

Navigation, Comm. , Detection! 2 2 2 2
Countermeasures
Nuclear Science/Technology 3 3 3 3

Ordnance 2 2 3 3

Physics 2 2 2 2

Propulsion/Fuels 3 3 3

Space Technology 3 3 3 3



COLLECTION OF THE
BATTELLE-DEFEN DER INFORMATION ANALYSIS CENTER

BATTELLE MEMORIAL INSTITUTE
COLUMBUS, OHIO

BOOKS REPORTS, Uncl.
PERIODICALS REPORTS, Class.

COSAT1 SUBJECT CATEGORIES Techsnical
FReD~rts~

1 - Largest Aspect Books

02 - Middle Aspect Unci. Class.

3 - Smallest Aspect

A e ronautic s 1

Agriculture

Astronomy/Astrophysics 3

Atmospheric Sciences 2

Behavioral/Social Science

Biological/Medical Science

Chemistry 3

Earth Science/Oceanography

Electronics / Electrical Engineering 1

Energy Conversion (non-propulsive)

Materials 3

Mathematical Sciences 3

Mech., Indus., Civil & Marine Eng. 3

Methods and Equipment 3

Military Sciences 1

Missile Technology I
"Navigation, Comm. , Detection/ 1
Counermeasur•cas .. .
Nuclear Science/Technology

Ordnance 3

Physics 2

P ropul sion / Fuels 3

SI)acŽ 'rcchnology 2

* In the form of Extract Cards.



COLLECTION OP THE
-DEFENSE METALS INFORMATION CENTER

'BATTELLE MEMORIAL INSTITUTE
505 KING AVENUE
COLUM13BUS, OHIO

BOOKS REPORTS, Uncl.
PERIODICALS REPORTS, Class.

COSATI SUBJECT CATEGORIES Technical ,S_ Reports
I - Largest Aspect Books o

02 - Middle Aspect Uncl. Class.

3 - Smallest Aspet -__

Aeronautics

Agriculture

Astronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science

Biological /Medical Sciencee Chemistry .. 3

Earth Science/Oceanography

Electronics / Electrical Engineering

Energy Conversion (non-propulsive)
Materials

Mathematical Sciences

Mech., Indus., Civil &. Marine 3ng. 3

Methods and Equipment 2

Military Sciences

Missile Technology 3
Navigation, Comm. , Detection/
CotLfermeasures _

Nuclear Science/Technology

Ordnance

Physics

Propulsion/ Faels

Space Technology 3

* In the form of extract cards.



COLI.ECTION OF THlE

AIR 1FORCE TECHNICAL LIBftARY 2302
W RIeGHT'V-PAT'VTE RSON AIFB3, OHflO

BOOKS R__ _EPORTS, Uncl.
PERIODICALS REPORTS, Class.

COSATI SUBJECTIC CATEGORILES C Technical

I - Largest Aspect

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspeci: t,

Ae ronautics 1 1 1

Agriculture

Astronomy/Astrophysics 2 2 2 2

Atmospheric Sciences 2 2 2 2

Behavioral/Social Science 2 2

Biological/Medical Science 2 2 3 3

Chemistry 2 2 3 3

Earth Science/Oceanography 2 2

Electronics/Electrical Engineerin 2 2 2 2

E'nergy Conversion (noin-propulsive) 2 2 2 2

Materials 2 2 2 2

IVA -1 LLt;:!tZ01 0Ud i C i 01(W4t-! b

Mech., Indus., Civil & Marine Eng. 3 3

Methods and Equipment 3 3 3 3

Military Sciences 2 2

Missile Technology 1 1 1 1

Xavgi.atioi, Comm., Detection/ 2 2 2 2Couin•er~measur~es 2 2- 2 2__

Nuclear Science/Technology 3 3 3 3

Ordnance 3 3

Physics 2 2 2 2

Propulsion/ Fuels 1 1 1 I

Spacc 'T echnology 1 1 1



COLLECTION OF' THE
AIrt FOvCfE wEAPONS LABORATORIY

TECHNICAL LIBRA R.Y
vIR.iTLAND AFB, NEW M.EXICO

130OKS R__EPORTS, Unci.
PERIODICALS REPORTS, Class.

COSATI SUBJECT CA'IEGORIE, Technicalg eD J•fts _*_
I - Largest Aspect Books u

2 - Middle Aspect Uncl. Class.

3 - SmallestAspect --

Aero'autics 3 3

Agriculture

A st ronomy /Astrophysics 2 2 2

Atmospheric Sciences 3 3 3

BehavioralISocial Science

'Biological/Medical Science 3 3 3

Chemistry 3 3

Earth Science/Oceanography

Electronics I Electrical Engineerin 1 2 2

Energy Conversion (nonl)ropulsive)

Materials 3 3 3
Mathemat.{ca!Sc~iences ! 2 3

Mcch., Indus,, Civil & Marinc Eng 2 2 1

Methods and Equipment 3 3 3

Military Sciences 3 1

Missile Technology 1
Navig~ation, Comm. , Detection/ 2

Nuclear Science/Technology 2 2 1

Or dnance 3 3 2

Physics 1 2 2

Propulsion /Fuels

Space Technology 22 2 2

* Unclassified and classified reported toetcthe..



COLLECTION OP 'lTH I.:
REMOTE AREA CONFLICT iNFORMATION CENTER

BATTELLEE IVIElviO1lAI- INSTITUTE
505 KENG AVENUE
COLUMBUS, 01110

I3OOKS !__IHuIORTS, Unci.
PIIRIODICALS _RElPORTS, Clas8.

COSATI SUBJECT CATEGORIES j Tc-hnii,

I Largest Aspect Books

2 - Middle Aspect . Unc Class.

3 - Smallest Asp

Ae rontautics 2

AgI-icultuI'e 3

Astronony]A strophysics 3

Atmospheric Sciences 2

Behavioral/Social Science 2

Biological/Meedical Science I

Chemist,,y I

Earth Science/Oceanography 3

Electronics/Electrical Engineering I

En e rgy Conve rsion (non-propul sive) 2

Materials 2

Mathematical Sciences 2

Mech., Indus., Civil & Marine Eng. 1

Methods im,(I lqCuli)m-ent 2

Military Sciences I

Missile Technology 3
-'.ation, Comm. , Detection/ .

Nuclear Science/technology 3

Ordnance

Physics 2

4 Propulsion/ Fuel s 3

Space Technology 3

* hi the form of Extract Cards.



COLLECTION OF THE'
U. S. A-LMlY MATEIRIALS RESEA1RCH AGENCY

TECI-INICAL LIBIRA.RY i3ftANNCI-I
WATERTOWN, MASSACHUSETTS

1BOOKS __EPOI(TS, Uncl. 70 00f
PERIODICALS 7.. REPORTS, Class.

COSATI SUI3JI'CT CATI';GOR•I!j;S Technical

I - Largest Aspect Boo

2- Middle i\spoet U 1 .CIasi~lidlo ~poc .• Unel. Class.

3 - Snallest Aspect

Aeronautics

Agricultutre

Astronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science

Biological/Medical Science

Chemistry 2 2 2 2

Earth Science /Oceanography

Elect ronics / Electrical Engineerin 2 2 2 2

iE:nergy Conversion (non-propul sive)

,,Materials 1 I 1

IVlI •t I, 1111 I *I tiL L I |. J k L .I 12I * • 1 J |i I

Mech., Indus., Civil & Marine Eng.

Methods and Equipment - l

M ilitary Sciences 3 3 3 3

Missile Technology

NTavigation, Comm. , Detectio-7FC f)M l• to rm easu.rle s .. . .... . .. . . .... ....... ......... 4.. ... ..

Nuclear Science/Technology2

Phyic 22

sp'.ace Technology
0 rda e t1 --- 7-'-]



COLLECTION OF THE
U. S. NAVAL SHIP MISSILES SYSTEMS ENGINEERING STATION

TECHNICAL LIBRARY DIVISION
PORT HUENEME, CALIFORNIA

BOOKS REPORTS, Uncl.
PERIODICALS REPORTS, Class.

COSATI SUBJECT CATEGORIES - Technical
"Reports

1 - Largest Aspect Books
02 - Middle Aspect Uncl. Class.

3 - Smallest Aspect

Aeronautics 3 3 3 3

Agriculture

Astronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science 3

Biological/Medical Science

Chemistry

Earth Science /Oceanography

Electronics/Electrical Engineering 1 1

Energy Conversion ýnon-propulsive)

iViaterials

Mathematical Sciences 2 L 2 2

Mech., Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment

Military Sciences 2 2 2 2

Missile Technology 1 1 1 1

,Navigation Comm., Detection/ 1 1 1 1

Nuclear Science/Technology 2 2 2 2

Ordnance 1 1 1 1

Physics c 2 2 2

Propulsion/ Fuels ]
Space Technology 2 22, 2



COLLECTION OF TIHE

U. S. ARMY NATICK LABORATORIES
TECHNICAL LIBRARY

NATICK, MASSACHUSETTS

BOOKS i6' 00_ REPORTS, Uncl. 75 UO
PERIODICALS I.Jl Q REPORTS, Class. 2,0

COSATI SUBJECT CATEGORIES Technical
CTJ ReDorts

1 - Largest Aspect f Books
I o02 Middle Aspect - Unc. Class.

3 -Smallest Aspect .....

Aeronautics

Agriculture 1 1 1

Astronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science 1 1 1 1

Biological/Medical Science 1 1 1 1

Chemistry 1 1 1 1

Earth Science/Oceanography I 1 1 1

Electronics/Electrical Engineering 3 3 3 3

Energy Conversion (non-propulsive)

Materials 1 1 1 1

Mathematical Sciences 2 2 3 3

Mech., Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment 3 3 3 3

Military Sciences 3 3 3 3

Missile Technology
Navi ation, Comm. , Detection/
_Con e rmarsnus
Nuclear Science/Technology l 1 1 1

Ordnance 3 3 3 3

Physics 1 1 1 1

Propulsion/ Fuels 3 3 3 3

Space Technoiogy 2 2 2 2

4,



COLLECTION OF' THE
BUREAU OF SHIPS TECHNICAL LIBWI-RY

18th STREET & CONSTITUTION AVENUE, N. W.
WASHINGTON, D. C.

BOOKS 3Q0 OOQ REPORTS, Uncl. _
PERIODICALS 760 titles REPORTS, Class. s, U00

COSATI SUBJECT CATEGORIES TechnicalSRepor'ts

1 - Largest Aspect Books -

2 - Middle Aspect -4 Uncl. Class.
a)

3 - SmallestAAspect

Aeronautics

Agriculture

Astronomy/ Astrophysics

Atmospheric Sciences

Behavioral/Social Science 3 3

Biological/Medical Science

Chemistry 1 1 3 3

Earth Science/Oceanography 3 3 3 3

Electronics/ Electrical Engineering 2 2 1 1

Energy Conversion (non-propulsive)

Materials 3 3 2

MaThematical Sciences 3 3

Mech., Indus., Civil & Marine Eng. 1 1 1 1

Methods and Equipment

Military Sciences 2 2 3 3

Missile Technology

Navigation, Comm., Detection/ 2 2 1 1
CounlertneasUr e_•_

Nuclear Science/h echnology 3 3 2 2

Ordnance

Physics 3 3 3 3

Propulsion/Fuels 3 3 3 3

Space Technology



( rCOLLECTION OF THE
OPERATIONAL TEST & EVALUATION FORCE

TrECHNICAL LIBRARY
U. S. NAVAL STATION

NORFOLK, VIRGINIA
BOOKS 500 REPORTS, Unct. 35.000
PERIODICALS 1fo0 REPORTS, Class.

COSATI SUBJECT CATEGORIES Technical

I - Largest Aspect BooksrBooks

2 - Middle Aspect Unci. Class.

3 - Smallest Aspect

Aeronautics 2 1 2 2

Agriculture

Ast ronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science

Biological/Medical Science

Chemistry

Earth Science /Oceanography I

Electronics/ Electrical Engineering 3 3

Energy Conve rsion (non..prooul sive)I

Materials

Mathematical Sciences

Mech., Indus., Civil & Marine Eng.

Methods and Equipment 1 1

Military Sciences

Missile Technology 2 2 2 2

"Navigation, Comm., Detection/ 2 2 2 2
Counte rm__e asp re s
Nuclear Science/Technology

Ordnance 1 1

Physics

Propulsion/ Fuels

Space Technology 2 2 2 2



COLLECTION OF THE
U. S. NAVAL WEAPONS LABORATORY

TECHNICAL LIBRARY
DA HILGREN, VIRGINIA

BOOKS ._, REPORTS, Uncl.
PERIODICALS . REPORTS, Class, 5

COSATI SUBJECT CATEGORIES Technical

1 - Largest Aspect Books

2 - Middle Aspect ., Uncl. Class.

3 - Smallest Aspect

Aeronautics i1 1

Agriculture

Astronomy/Astrophysics 1 1 1 1

Atmospheric Sciences 11 1

Behavioral/ Social Science 3 3 3 3

Biological/Medical Science 1 1 1 1

Chemistry 1 1 1 1

Earth Science /Oceanography 2 2 2 2

Electronics/ Electrical Engineering 1 1 1 I

Energy Conversion (non-propulsive) 3 3 3 3

Materials 1 1 1 1

Mathematical Sciences 1 1 1 1

Mcch , Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment 1 1 1 1

Military Sciences I 1 1 1

Missile Technology 1 I I 1

Navigation, Commn. , Detection/ 3 3 1 1Co 11e rm e asur_, s_

Nuclear Science/Technology 2 2 2 1

Ordnance 3 2 1 1

Physics I 1 I I

Propulsion/Fels 1 1 _ 1

Space Technolo 91 I 1 1

I I I I I l l l l I l I l I l I l



COLLECTION OF THE
PICATINNY ARSENAL

TECHNICAL INFORMATION BRANCH
DOVER, NEW JERSEY

BOOKS 2 REPORTS, Uncl. 50 000
PERIODICALS Q REPORTS, Class. 100 000

COSATI SUBJECT CATEGORIES I Technical

1 - Largest Aspect Bo Hto

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect __

Aeronautics 3 3 3

Agriculture 3

Astronomy/Astrophysics 3 3 3 3

Atmospheric Sciences 3 3 3 3

Behavioral/Social Science 1 2 3

Biological/Medical Science 3 3 3

Chemistry 2 1 1 1

Earth Science/Oceanography 3 3 3 3

Electronics/ Electrical Engineering 2 1 1 1
Energy Conversion (no-propulsive) 3 3 3 3

Materials J 1 2 1

Mathematical Sciences 2 3 2 2

Mech., Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment 2 2 2 2

Military Sciences 1 I 1 1

Missile Technology 1 1 1 1

Navigation, Comm. , Detectioni/ 3 3 2n•ID erm e~au egs_

Nuclear Science /Technology 1 1 2 2

Ordnance 1 1 1 1

Physics 2 2 2 2

Propui s io1n/Puels 3 ,3 2 2

Space Technology L 3 3 2 2



COLLECTION OF THE
TEC•CINICAL INFORMATION REFERENCE BRANCH

SYSTEMS ENGINI.,"RING GROUP

RESE ARCH & TECHNOLOGY DIVISION
WRIGHT-PATTERSON AFB, OHIO

BOOKS REPORTS, Uncl. 1
PERIODICALS REPORTS, Class. 4

COSATI SUBJECT CATEGORI.ES Technical

I - Largest Aspect Books ' t

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect

Aeronautic s 1 1

Agriculture

Astronomy/ A strophysics 1 1

Atmospheric Sciences _ 1

Behavioral/ Social Science 2 2

Biological/Medical Science 2 2

Chemistry 1 1

Earth Science]/Oceanography I I
Electronics/Electrical Engineering 1 1

Energy Conversion (non-propulsive) 1 1

Materials 1

Mathematical Sciences

Mech,, Indus., Civil & Marine Eng, 1 1

Met)-ods and Equipment 1 1

Military Sciences 1

Missile Technolo I I

Navigation, Comm., Detection/ 1..Cou•i erm ca sures ............ I l

Nuclear Science/Technology 1 1

0 dnan ce 1 1

Physics 1 1
Propulsion /Fuels 1 1

Space Technology .-[ 1 1



COLLECTION OF THE

TACTICAL AIR RECONNAISSANCE CENTER
TECHNICAL LIBRARY

SHAW AFB, SOUTH CAROLINA

BOOKS REPORTS, Unel.
PERIODICALS REPORTS, Class.

S~Te chni cal

COSATI SUBJECT CATEGORIES TRec n-ts

1 - Largest Aspect Books-

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect

Aeronautics 2

Agriculture

Astronomy / Astrophysics

Atmospheric Sciences

Behavioral/Social Science

Biological/Medical Science 2

Chemistry 2

Earth Science /Oceanography 2

Electronics/ Electrical Engineerin 2

Energy Conversion (nonj-propulsive)_

Materials

Mathematical Sciences 2

Mech., Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment 2

Military Sciences 2

Missile Technology 2 2 2 2

Navigation, Comm., Detection/ 2
Couin erm easure-t_,_
Nuclear Science / Technology 2

Ordnance

Physics 2

Propulsion/ Fuels

Space Technology -!



COLLECTION OF THE
RELIABILITY CENTRAL

ROME AIR DEVELOPMENT CENTER
TECHNICAL Li3{A rlY

GRIFFISS AIR FORCE BASE, NEW YOYiý

BOOKS REPORTS, Uncl.
PERIODICALS REPORTS, Class,

COSATI SUBJECT CATEGORIES Technical

t - Largest Aspect Books

2 - Middle Aspect 0 Unci Class.

3 - Smallest Aspect

Aeronautics

Agriculture

Astrono0MyIAtrlhs c
Atmospheric Sciences

Behavioral/Social Science

Biological/Medical Science

Chemi stry

Earth Science /Oceanography

Electronics/Electrical Engineering 1 1 1

Energy Conversion (non-propulsive)iF

Materials

Mathematical Sciences

Mech., Indus., Civil & Marine Eng. 3 3 3 3

Methods and Equipment 2 2 2 2

Military Sciences

Missile Technology 2 2 2 .2

Navigation, Comm., Detection2
Co une rmcasures 2 2 2 2

Nuclear Science/Technology

Ordnance

Physics

Propulsion/ Fuels _

Space Tech. .Iogy 2 __2 2 2



COLLECTION OF THE
REDSTONE SCIENTIFIC INFORMATION CENTER

TECHfN ICAL LIBRARY
REDSTONE A RSCTNAL, ALABAIVAl\

1OOKS REPORTS, Uncl.
P ERIODICALS REPOHTS, Class.

COSATI SUBJECT CATEGORIES Technical"g ~ReD orts
I - Largest Aspect Books 0

2 - Middle Aspect ,O Unct. Closs.

3 - Smallest Aspect

Aeronautics 2 2 2 2

Agriculture

Astronomy/Astropihysics 2 2 2 2

Atmospheric Sciences 2 2 2

Behavioral/Social Science

Biological/Medical Science

Clhemistry 2 2 2 2

Earth Science/Oceanography 2 2 2 2
Electronics! Electrical Engineerinp 2 2 2 3

Energy Conversion (noi-propulsive)

IV-&-i, I 2

MNathernatical Sciences 2 2 2 2

Mecli., Indus., Civil & Marine Eng.

Methods and Equipment 2 2 2 2

Military Sciences 2 2 2 2

Missile Technology 2 2 2 1
Naation, Comm. Detection/ 2 2 2 2

Nuclear Science/Technotogy 2 2 2 "

Ordnance 2 2 2 2

Physics 2 3 2 2

Propulsion / Fuels 2 2 2
Space Techinology 1 2 12



COLLECTION OF THE
ARMED FORCES .ADIOBIOLOGICAL IIESEA RCH INSTiT UTE

NATIONAL NAVAL MEDICAL CENTERA
B3ET1HESDA, MARYLAND

BOOKS REPORTS, Uncl.
PERIODICAI.S IR EPORTS, Class.

COSATI SUBJECT CATEGORIES Technical

I - Largest Aspect

2 - Middle Aspect Unci. Class.

3 -Smallest Aspect

Aeronautics

Agriculture 3

Astronomy/Astrophysics 3

Atrmospheric Sciences 3 3 3

Behavioral/Social Science 1 1

Biological/Medical Science 1 1

Chemistry1

Earth Science/Oceanography

Electronics/ Elect rical Engineering 2 2 2

Energy Conversion (non-propulsi ve) 2 2

Materials 2 2

Mathematical Sciences 1 I

Mcch., Indus., Civil & Mal'ine Eng.

Methods and Equipment 2 2 2

Military Sciences 3 3 3

Missile Technology

N••vi'rat zi -o n m. , Detection 3"

Nuclear Science/Technology 1 ___

Ordnance

Physics I 1

Propulsion / Fuels

Space Technology 33



COLL ECTTON 01;' TI i F
R~i)ATIO EVEC"V INORNMIVION, CENTE'Rj'
B.ATTE'LLE NiEMRA fNSTL' t,

Col'Jmmi~is, 01110)

BOOKS ____RE'POflTS, UniL ______

i I-TUIAO CALS ui:'ws 1sLCO;A.TI SUBiJr•CT CATI:GO1RIN'S T~hi
Lnrgusi. A'sped ---I - lBooks~

2 - Middle Aspeel Ulnci. Ca

13 - Simniesi__Aspect ____ ____

Ag rict t~ure

Astrunorny/Astrophysics

Atmospheric Sciences 3 1 2

IBehavio rat/ Social Science

Biological /Medical Science

Chemistry 3 2 2 2

* 1!Earth Science/Oceanography

Electronics/ E'l eel rical yEngineci ring 3 1 12

E'nergy Conivfi'sion (nion--pr~opuýlsive)

Ma.thematical Sciences -

LVIecl. , Indus., Civil &. Marine Enlg.

Methodis and Equipment 32 2

Military Sciences

Missile Technology 2
Navigation, Comm. , Detection!
cojip niaue
Nucleari Science/Technology 3 2 2

Ordnance

Ph vsic s

IpZo1)uI s iofl /I'llels

cc -111olog



COLLECTION OF THE
PLASTICS TECHNICAL EVALUATION CENTER

PICATINNY ARSENAL
TECHNICAL LIBRARY
DOVER, NEW JERSEY

BOOKS __ 220_ REPORTS, Uncl. _

PERIODICALS 215 REPORTS, Class. 700

COSATI SUBJECT CATEGORIES Technical
1 - Largest Aspect Books

2 - iddl Aspct Ucl. lass

3 - Smallest As___

Aeronautics 2 2 2 2

Agriculture

Astronomy/Astr ophysics

Atmospheric Sciences

Behavio -/Social Science

Biological/Medical Science 3 3 3 3

Chemistry 2 2 2 2

Earth Science/Oceanography

Electronics/ Electrical Engineering 1 1 1

Energy Conversion (non-1prapul sive),

Materials 1 1 1 1

Mathematical Sciences

Mech., Indus., Civil & Marine Eng. 1 1 1 1

Methods and Equipment 2 2 2 2

Military Sciences 3 3 3 3

Missile Technology 1 1 1 1

Navigation, Comm. Detection/
Coe ieerm e,_asUres-

Nuclear Science/Technology 2 2 2 2

Or dnan ce 2 2 2 2

Physics 3 3 3 3

Propul sion! Fuels

Space Technology 2 2 2 2



COLLECTION OF THE
NONDESTRUCTIVE TESTING INFORMATION ANALYSIS CENTER

U. S. ARMY MATERIALS RESEARCH AGENCY
TECHNICAL LIBRARY

WATERTOWN, MASSACHUSETTS
BOOKS RE'PORTS, Uncl._
PERIODICAL' REPORTS, Class.

COSATI SUBJECT CATEGORIES B sTechnical S~Report s

1- Largest Aspect

Middle Aspect Uncl. Class,

3 Smallest Aspect 0 _

Aeronautics

Agriculture

Astronomy /Astrophysics

Atmospheric Sciences

Behavioral /Social Science

Biological/Medical Science

Chemistry 1 1

Earth Science/Oceanography

Elect ronies I Electrical Enginee rinu III

Energ'y Conversion (non-propulsiv'i.;

Materials 111 11

Mathematical Sciences 1 2 3 3

Mech., Indus., Civil & Marine Eng. 3 3 3 3

Methods and Equipment 3 3 3 3

Military Sciences 2 2 2 1

Missile Technology 3 3 3 3
"N , Detection,7-N-T "'l,.. io . ,.n- - .
Co.,, -- leassures

Nuclear Science/ Technology

Ordnance 3 3 2 2

Physics 1 1 1 1

Prouulsion/Fucls 3 3 3

Space Technology 3 3 3 3



COLLECTION OF THE
NAVAL UNDERWATER WEAPONS RESEARCH

AND ENGINEERING STATION
TECHNICAL LIBRARY

NEWPORT, RHODE ISLAND
BOOKS I0,00 R1EPORTS, Uncl. 10 000
PERIODICALS 345 REPORTS, Class. 43. 000

COSATI SUBJECT CATEGORIES Technical
* ReDports

1 - Largest Aspect Books

2 - Middle Aspect . Uncl. Class.
0•

3 - Smallest Aspect _ _ .

Aeronautics

Agriculture

Astronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science

Biological/Medical Science

Chemistry

Earth Science/Oceanography 2 2 2 2

Electronics/ Electrical Engineerin 1 2 2 2

Energy Conversion(non-propulsivc) 3 I 3 3 3

Materials 3 3 3 3

Mathematical Sciences

Mech., Indus., Civil & Marine Eng. 2 1 3 3

Methods and Equipment

Military Sciences i 1 3 3

Missile Technology 2 1 2 2

Navigation, Comm., Detection/ 2 I 1ýountermeasures 2. 1 1.

Nuclear Science/Technology 2 2 2 2

Ordnance zl. 2 2 1 1

Physics 1 1 3 3

Pr-opulsion / Fuel.s 3 0 3

Space Technology ] ,



COLLECTION OF THE
NAVY UNDER1WATER SOUND LABORATORY LIBRARY

NEW LONDON, CONNECTICUT

BOOKS REPORTS, Uncl. 4
PERIOI)ICALS 467 REPORTS, Class.

COSATI SUBJECT CATEGORIES Technical
Re orts

I - Largest Aspect Books

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect

Aeronautics 3 3 3

Agriculture

Astronomy/ Astrophysics 3 3

Atmospheric Sciences 3 3

Behavioral /Social Science 3 3 3

Biological/Medical Science 3 3

Chemistry 3 3

Earth Science/Oceanography I - 1

ElecL[OuLits / Electrical Engineering 1 I

Energy Conversion (non-propulsive) 3 3

Materials 3 3 3

Math,'.rialical Sciences 2 2 2

Mcch., Indus,, Civil & Marine Eng. 1 1 1

Meth(,d• and quicnient 3 3 3

Military Sciences 3 3 3 3

Missile Technology 1 1 1 1
Navigation, Comm. , Detection/ 1 1 1Coun er-nmeasures

Nuclear Science/Technology I 1

Ordnance 22 2 2

Physics 1 1 1

"Propulsion/Fuels 2 2 2

Space Technology __3 1 _ _____



COLLECTION OF TIHE
U. S. NAVAL RESEARCH LABORATORY

TECHNICAL INFORMATION OFFICE
WASHINGTON, D. C.

BOOKS A REPORTS, Uncl. _
PERIODICALS _4.0ijitles REPORTS, Class.

. . ... ,. .,Technical

COSATI SUBJECT CATEGORIES Tecorts
R=.ports

1 - Largest Aspect
0

2 - Middle Aspect M Unci. Class.

3 - Smallest Aspect

Aeronautics 3 3 3 3

Agriculture

Astronomy/Astrophysics 2 2 2 2

Atmospheric Sciences 2 2 2 2

Behavioral/Social Science

Biological/Medical Science 3 3 3 3

Chemistry 2 2 2 2

Earth Science/Oceanography 2 2 2 2

"Electronics/ Electrical Engineering 1 1 1 1

Energy Conversion(non-propulsive) 3 3 3 3

Materials 3 3 3 3

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment

Military Sciences

Missile Technology 3 3 3 3

Navigation, Comm. , Detection/ 1 1 1 1
Count e lrmeasutre s
Nuclear Science/Technology 2 2 2 2

Ordnance 3 3 3 3

Physics I 1

IP'ropulsion/Fuels 3 3 3 3

Space Technology 2 2 2 2



COLLECTION OF THE
NAVAL RADIOBIOLOGICAT. DEFENSE LABORAWORY LIBRARY

SAN FRANCISCO, CALIFORNIA

BOOKS REPORTS, Un-A.

PERIODICALS REPORTS, Class.

COSATI SUBJECT CATEGORIES Technical
w Rep)orts

1 - Largest Aspect o

0
2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect 04

Aeronautics 3

Agriculture 3

Astronomy/Astrophysics 2

Atmospheric Sciences 2

Behavioral/Social Science 3

Biological 1Medical Science I

Chemistry 1

I Lith SciClcc t~C.tJ .L 4 L4 J tIJ

Electronics / Electrical Engineering 3

Energy Conversion (non-propulsive)

Materials 3

Mathematical Sciences

Mech., Indus., Civil & Marine Eng. 3

Methods and Equipment

Military Sciences 2

Missile Technology 3

Navingation, Comm. , Detection/ 1
C-.oun[e 1-ilc a s urles

Nuclcar Science/Technology I

Ordnance

Physics CS

N P ropulsion /Fucls 3

Space Technology 31 1 L



COLLECTION OF THE
U. S. NAVAL POSTGRADUATE SCHOOL LIBRARY

MONTEREY, CALIFORNIA

BOOKS _• fL__ REPORTS, Uncl. I__. j•
PERIODICALS 2,400 REPORTS, Class.

COSATJ SUBJECT CATEGORIES Technical
- Repo.rtS

1 - Largest Aspect BookS
02 - Middle Aspect Unci. Class.

3.- SrnallesLtAspect ....

A e ronautics 1 1 1 1

Agriculture 3 3 3 3

Astronomy/Astrophysics 2 2 2 2

Atmospheric Sciences 2 2 2 2

Behavioral/Social Science i 1 1 1

Biological/Medical Science 2 2 2 2

Chemistry 1 1 1 1

Earth Science/Oceanography 1 1 1 1

'lectronics/ Electrical IEngineerini 1 1 1 1

Energy Conversion(non-propulsive) I1 1 1 1

Materials 1 1 1 1

Mathematical Sciences 1 1 1 l

Mech., Indus., Civil & Marine Eng. 1 1 1 1

Methods and E'quipment 1 1 1

Military Sciences 1 1 1 1

MissIv Technology 1 1 1 1
Navigation, Comm. , Detection/ 1 1 1
Co,.ut erm easures
Nuclear Science/Technology 1 1 1 !

Ordnance I I 1 I

Phy~sics11 1

Pi opulsion/Fuels 1 ! _1

I _' ___a ce Technology _I 1 T 1



COLLECTION OF TilE
U. S. NAVAL PERSONNEL RESEARCH ACTIVITY

TECHNICAL, LIBIRARY
SAN DIEGO, CALIFORNIA

BOOKS Il;EPORTS, Unci.
PERIODICALS REPORTS, Class.

COSA'I SUBJECT CATEGORIES U Technical

1 L.zagctjt Aspect Books

2 - Middle Aspect 0 Uncl. Class.

3 Smallest_ AsCLCo__

Aeronautics 3 3

Agriculture

A st ronorny/Astrophysics

Atmospheric Sciences

Behavioral/Social Science 1 1 1

*Biological/Medical Science 3 3

Chemistry

Earth Science/Oceanography ,,_3_,

ElecLronics/Electri cal Engineerin 3 3

Eno rgy Conve rsion ( non-propulsive)

Materials

MLathematical Sciences 1 2 2

Mech., Indus., Civil & Marine Eng.

Methods and Equipment 3

Military Sciences 2

Missile Technology 3
Navwation, Comm. , Detection/ 3 1
Counl errucasures

Nuclear Science/Technology 3 3
Oruinanu C

SPrlopul ion I ,' / el, __ I
Space "lc hnology I .. , 3



COLLEcrION OF Tll iE
U. 0. NAVAL ORDNANCE TEST STATION

TECITHNICAL INFORMATION DEPARTMENT
CHINA LAKE, CALIFORN•A

BOOKS R__PORTS, Unci.

PEIlOLDICALS RE'PORTS, Class.-

COSATI SUBJ EC'r CAT EGOUI ES Tc-hfnical

I - Largest Aspect Books

2 Middle Aspect t Unc. Class.

3 -_Smallest Aspect

Aeronautics 1 1 1

Agriculture

Astronomy/Astrophysics 3 3 3 3

ALa-ospheric Sciences 3 3 3 3

Behavioral ]/Social Science 2 2 2 2

Biological/Medical Science

Chemistry 1 1 1 1

Earth Science/Oceanography 2 2 2 2

El:Ccctr-onics/fElectrical EngineerinA I I I I

Energy Con-version (non-p1rop)ulsive)

Materials 2

M iuthematical Sciences 1 1 1 1

MVlech., Indus., Civil & Marine 1ng. 2 2 2 2

RI efhods and Ehquipment

Military Sciences 2 2 2 2

Missile Technology '_i_1 1_1

Navi ation, Comm. , Detectionl,
.Cou -T -

Nuc'lcax" Science/Technology 3 3 3 3

Ordnance 1 1 1 1

lccvTics I 1 2 2

!.':,)jjCC Tec hnnology - ____2__ 2_____ 2_____ 2_____



COLLE'CTION OF Till::
NAVAL ORDNANCE LABOIRA~TORY

TECHNICAL LIBItLAY
WHITE OAK, MAARYLAND

BOOKS 3200 REFOMITS, Uncl. 0.Q.
PlIIlOl)lICALS , q00Q REPORTS, Class.. .

COSATI SUBJECT CATEGORIES I Technical

I - Largest Aspect Bc,
0

2- Middle Aspect Uncl. Class.

S.. ...3 - Smallest Aspect

Aeronautics 3 3 3

Agriculture

Astrononm-y/Astrophysics 3

Atmospheric Sciences 3 3

Behavioral/Social Science

Biological/Medical Science

Che~mistry 1 I 3 1

Earth Science/Oceanography 3 3 3 3

V1lectronics/Electrical Engineering 1 1 1 2

l:1iorg, ConveMsion ( 10on-pi'opl si ve)

Materials 2 2 2 2

Mathematical Sciences 2 3

Mech., Indus., Civil & Marine Eng. 3 3

Methods and Equipment 2 2

Military Scicw',es 2 3 3

Missdle Technology 3 3 2 1

Navi.ation, Comm. , Det.ction/ 3 3 3 2

Nuclear Science/Teclinulogy 2 3 3 3

Ordnance 3 3 I
1h ~; 1 '2 i

* Propulsion!l'els / FlIe 2

Slpace Technologly 3 3 3



COLLECTION OP TIll,
U. S. NAVAL ORDNANCE LABORATORY LIBRARY

CORONA, CAI.,TI"ORNfA

flOOKS _RLEPORTS, Uncl.
PRIJIODICALS R EhPORTS, Class.

COSATI SUBJECT CATEGORIES Technical

I Largest Aspect ook
0 .Unci. Class.• -Miud .e Aspedla•."

3 Smallest Aspect -_

e2ronautics 2 2
A g ri.cul turle

Astronomy/Astrophysics 2 3 2

Atmospheric Sciences 2 3 2

Behavioral/Social Science 3 3

B1iological/Medical Science 3 3

Chemistry 1 1 3 1

Ea rth Science/Oceanogra phy 3 3
-•• _olc./ lc :'c l i ii 1 1 1 i

Energy Conve rsion (ion-p ropul si ve) 3 2

Materials 2 3 3

MaIithematical Sciences 1 1

Mech , Indus., Civil & Ma'ine Ing. 1 2 2

Melhods and rquipmcn2 2 2

Mi\ilitaiv Sciences 3

Ml i'.•sie UFechniotouy 2
Na V>i F.it ion, Corn ni{. , '" etaectioni1" 1

N ucl ear Sciefice /Technology 2 2 9

Gi i l'clll " 2 { 3
3 2

o lS) n/FL I 1: 1 2

2 -.



COLL LCTION OFTill
NAVAL OCEANOGPuAPI-lIC OFFICE LIBRARY

SUITLANOD, MARYLAND

BOOKS _0.0 IIEPOI'ORTS, Unci.______
PER:IOD)ICALS . -..j-ju Iit Ie SM -EPoll r class._____

COS'AT'1 SU BJECT CATEGORi 13s Tci

I- Largecst A~spect IJuk
2- IMiddlc A~spect U)II Cas

3-Smallest Aspect____ ____ __ __ ____

Aeronautics 3 3 ___ 3

Ag xfi CiiLu1r'e 333

kst ronomy /Astrophysics 333

Atmnospher'ic Science, ~ 3 3 3

Bchavioi'al/SocLal Science

VBiol ogi cat/Medical -Science 2 2 2

Chemist ry

]-:loci 'omli cs /1El ecti. id Enginee Im _______.

1Lf:loIrZ (Ioniversi Oil (i~on pIopu1lle) I Io)
Ma2 terials _ _ _-

Sz~c'a c a ienc(.S 2- 2

IVI ch, ,I I u(ls. , Civil & Mla yin- Eng.______ ____________

M&o1tiods and L'L11ICt 2uuml

flIj~zsllc I1t-chutid 1  )

Nav galcor C011. Oetect iolT3

S- I'- -

II -3- 3 j 3

p -0 -______ .--..- _____

ii ' ~ I3



COiI. F[CTION OF1" TI L'

U. S. NAVAL MISSILE CENTER
TECHNICAL LIBPA IRY

POINT MUGU, CALIFORNIA

BOOKS 30, 000 PE-PORTS, kk. 134, 801
PERIODICALS 550_ _ EPORTS, Class.

COSATI SUBJECT CATEGORIES -Technical
-w- R eports

1 - Largest Aspect Books

2- Middle Aspect Uncl. Class.

:3 - Smallest Aspect _

Aeronautics 1 1 1

Agriculture 3 3 3

Astronomy/Astrophysics 1 1 1 1

Atmospheric Sciences 1 1 2 2

Behavioral/ Social Science 2 2 2 2

Biological/Medical Science 2 2 2 2

Chemistry 3 3 3 3

Earth Science /Oceanography I I 1 1

Electronics /Elect rical Engineering I 1 1 1

Energy Conversion (non-propulsive) 3 3 3 3

Materials 2 2 2 2

Mathematical Sciences 1 1 1 I

Mech., Indus., Civil & Marine Eng. 2 2 2 2

i-Methods and Equipment

Military Sciences 3 3 3 3

Missile Technology 1 1 1 1

Navi ia tion, Comm. , Detection/ 2 2 2 2
Coun e rmeasures ., -_.2_ 2 2

Nuclear Science/Technology 3 3 3 3

Ordnancoe 3 3 3 3

Physics 1 1 1 1

Propelsion/Fuels 2 2 2 2

Spacc Technology 1 1 1 i

.--- .,



COLELCTION O1 Til
U. S. NAVAL CIVIL ENGINEERING LABOIRATORY

TECHNICAL LIBRARY
PORT HUENEME, CALIFJOR:NIA

BOOKS REPORTS, Uncl.
PE-IODICAIS R__EPORTS, Class.

COSATI SUBJECT CATEGORIES U_ Technical
m Reports

1 Laigcst Aspect Books
02 - Middle Aspect Uncl. Class.

3 - Smallest Aspect __

Aeronaulics

Ag ricultu re

Ast ronomy/Astrophysics

Atmospheric Sciences

Behavioral/Social Science

*Biological/Medical Science 2 2 2 2

Chemistry 2 2 2 2

Earth Science/Oceanography 2 2 2 2

Electronics/ Electrical Engineering 2 2 2 2

Energy Conversion (non-propulsive)

Materials 2 2 2 2

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng. 2 2 2 2

Methods and Equipment

Military Sciences 2 2 2 2

Missile Technology

Navigation, Comm. , Detection/_C~oun e rmc asu-e s

Nuclear Science/Technology 2 2 2 2

Ordnance

Physics 2 2 2 2

Propulsion /Fuels

Space Technology



COLLICTION O;F' TI L
U. S. NAVAL AVIONICS FACTLTTY

TECHNICAL LI131RAFRY
INDIANAPOLIS, INDIANA

BOOKS ___ REPORTS, lIncl. 18, 000
PERIODICALS 45q RE-PORTS, Class. 7. 0f0-

COSATI SUBJECT CATEGORIES Technical

1 - Largest Aspect BkD

2 - Middle Aspect Uncl. Class.

3 - Smallest Aspect ___.)

Aeronautics 1 1

Agriculture

Astronomy/Astrophysics

Atmiospheric Sciences 3 3 3

Behavioral /Social Science

Biological/Medical Science

Chemistry 3 3

Earth Science/Oceanography 3 3 3 3

Elect ronics / Electrical Engineerin 1 I I I

Energy Conversion (non-propulsive)

Materials 2 2 2 2

Mathematical Sciences 1 1 1 1

Mech., Indus., Civil & Marine Eng.,

Methods and Equipment 2 2 2

Military Sciences 3 3 3 3

Missile Technology 1 1 I I

-NaVigation, Comm. , Detection/ 2 2 2 2
CounLt e rm easures
Nuclear Science/Technology 3

Ordnance 3 3 3 3

Physics 2 2

P oI,!! I sion/ Fuels

Iace "l'Iechil )ogy 2 2 2 2

2 2= _



COLL. !CTION 01., "111 L
NAVAL APPLIED SCIENCE LA 13OHATORY

T'ECrNiCAi_, LIBiRARY
U. S. NAVAL BASE

B3ROOKLYN, NEW YOIRK
BOOKS .15,000 _I.'PORTS, Uncl. 15. 000
PI'HI11ODICALS __50_ _I_):PORTS, Class.

CO3ATI SUBJECT CATEGORIES TechnicalS~ Reports

1 largcst Aspect BooksBooks

2 Middle Aspect Jj Uncl. Ciab.

3 - Smallest Aspect j_
Aeronautics 3 3 3 3

Ag riculture

A st ronomy 1A st rophysics 2 2 2 2

Atrnospheric Sciences 2 2 2 2

Behavioral/Social Science

Biological/Medical Science 3 3 3 3

Chemistry 2 2 2 2

Earth Science/Oceanography 2 2 2 2

Electronics/Electrical Engineering 1 1 1 1

Energy Conversion(non-propulsive) 3 3 3 3

Materials 1 1 1 1

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng. 2 2 2 2

M ethods and Equipment 3 3 3 3

Military Sciences

Missile Technology 2 2 2 2

Navi ation, Comm. , Detection/ I 1 1 1
Coun-t erincasures _,

Nuclear Science/Technology 2 2 2 2
Or-1:-> c

Phy- _,_- I 1

Po on!/Fuels 2 2 -2 2

',,-hnoioag 2 2 2 2



COLLLECTiON OV TIlE
NATIONAL OCEANOGRFAPHIC DATA CENTER.

WASHINGTON, 0. C.

BJOOKS RFIPORTS, Unci.
PERIODICALS R EPORTS, Class.

COSATI SUBJECT CATEGORIES RechnicalSRe.0orts
1 - Largest Aspect Books

2 - Middle Aspeci - Uncl. 1 IKmaK.
Data

3 - Smallest Asect .....

Aeronautics

Agriculture

Astronomy/Astrophysics

Altmospheric Sciences

Behavioral/Social Science

Biviogicai/Mew.cal 6clence 3 3 3 2

Chemistry 3 3 3 2

Earth Science/Oceanography 2 2 2 1

Electronics / Electrical Engineering

E'nergy Conversion (non-propulsive)

Materials

Mathematical Sciences

Mech,, Indus., Civil & Marine Eng 3 3 3 2

Methods and Equiupment 3 3 3 :3

Military Sciences

Missile Technology

Navi ation, Comm. , Detection-
Cotn .rme slires
Nuclear Science/Technology

Ordnance

Physics 3 3 2

P ropul sion/ F uel S

Sla.te Technology"___ _.

I I I I I I I I I I I I I I -, , -'



CY)LLEC [ION OF TI'L%
DUGWAY P WOVLNG GIOIUND

TELICI-hiNIC-VL L i_,i £t tIt ¥

DUGX'WAY, UTAH

1C•0OIS REPORTS, Uncl.
PERIODICALS RE PORTS, Class.

COSATI SUBJECT CATEGORIES Technical
"o _...Rep orts .I - Largest Aspeci Books

2 - Middle ixspect 0 Uncl. Class.

3 - Smallest Aspect 04___

Ae rona utics 3 3 3 3
Agriculture 3 3 3 3

Ast ronomy/Astrophysics 3 3 3 3

Atmospheric Sciences 2 2 2 2

Jcthavioral/Social Science 3 3 3 3

Biological/Medical Science I 1 I 1
Chemistry 1 1 1 1

Earth Science/Oceanography 3 3 3 3

Electr'onics /Electrical Engineering 2 2 2 2

Energy Conversion (non-propulsive) 3 3 3 3

Materials 3 3 3 3

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng. 3 3 3 3

Methods and lEquipen!It " 2 ' 2 2 2

Military Sciences 1 1 1

Missile Technology 2 2 2 2
Navigation. Comnm. , Detoction 3 3 3 3
Colite rmcasures 3- 3_
Nuclear Science/Technology 2 2 2 2
O rdnanacc 2 2 2 2

Physics 2 2 2 2
P•.,Oul stop. / V! s Ia 33 3 3

Space Technology 3 3.3 3



COLLECTION OF THIE
USA CDC Ci3R AGENCY

DOCUMENTARY LIBIRARY T3HI\NCi-1

U. S. ARMY COMBAT DEVELOPMENT COMMAND

FORT IVCCLE LLJ\N, ALABAMA

BOOl,0S 0 REPORlTS, Unci.

PFRIODICALS . 25.. REPOR'TS, Class. ,__ljtjj

,I-

COSATI SUBJECT CAT EGORI ES Enl',,chni(al

1 - Largest Aspect Books

- Middle Aspect Unc'. CIa sS.

3 - SmallestAcct •L

Ac ronautics 3 3 3 3

Agriculture 3 3 3 3

Ast ronomy/Astrophysics f

Atmospheric Sciences 3 3 3 3

Behavioral/Social Science 3 3 3 3

Biological/Medical Science 1 I 1 I

Chemistry 1 1 1

Eat-th Science/Oceanography 3 3 3 3

Ele•cronics / Electrical Engineering 2 2 2 2

Pnergy Conversion (non-propulsive)

Materials 3 3 3 3

Mathematical Sciences 2 2 2 2

Mech., Indus., Civil & Marine Eng 3 3 3 3

Military Sciences 1 1 1

Missile Technology 2 2 2 2

Navi ation, Comm., Detection.
CotmiQrmcaI' res _i___

Nuclear Science/Technology 1 1 1 1

OI dnance 2 2 2 2

Phvs irs 1 ! 1

/F2 - 2 2 2 2

SpacTechnology

- ------------- -~~ - -- ~ '.- -

I .



CflL1- F9CTICIN OF T1 Ii_
F llANK'! Uh)A AWSŽENAL LI11i1A1RY
P1IIILAL)ELPIIIA. PENNSYLVANIA

B1 OOKS It 12POR~TS, 1ucJ =* 100.00
1)1:1I1OUICALS 700 ILPOrioS Cias s.

coL).A.\ i SU 11.1LC'T CATI2GOIZU ~I .JT,~ic
I - L~argest Aspect

2 iviliddlu' Aspe'ct £ n Uc CIa.-;

31 - St-lialcet AspcCI__________ ____

Ac~romnat.ic s

:\stromiiiy/Ai~truphysics

Atinos'phevic Scit-nees

Blinhvioralf9ocialU Science 3 3 3 3

Biological /Modica1 Science

Chemistry I II

F~arth Science /Oceanography ____ ____ -

F:Iecli-Oinis/El~ectrical Ehligilneerin II

pitelrgy Collve vs iOil (n1on-p ronul s ive)

Mater ials 2 2 2 2

Malthematical Sciences I I I I

Moch., Indus., Civil & Marine E~ng. 3 3 3 3

IVlethod5s and lEcittinmnt 2 2 2 2

Military Sciencesf

NMissile Technolo1gy 3 3

NUCleahik ScielicelTechriology 3 3 2) 2

Ordnaticc 2 2 2 2

Phvsics11 11
p riult s io /41)e

Sp~acv Technology j3 31 3 - 3



DiEFEN SE, tPi~HX[- FLY (TEN 1'1i'

PHIILADJELPHIA. i P\:N.S)YLANLA

I ~ A~-pu~:t Books~--tI

Aei\ronautics 3- 3 ___

13fl:ool-A: /medical Science ~I_____

lActtrvitP~cs/Eletcti ic~i Engineering

A~w luY COOVCr-Sion (Ioa-011 Iou iŽ

N-ailr -i(al Sciences

M.cci., indus, Cilv;i & Ma~rine Eng I I

otlfI~incl anid lEcqtipmoinft 2

11 Icv ' ý,-c ieiices 2 22
I (- T uc.hf) 0 ogv 3_____ ____

-&0 .j I 3g-UL

Ntic-U'a Sc ivticc/Ticchnology ___________

Orgdnaince 3 3

esI .

roi IO It s 10on o I Et e

ii i ~CiiA1igV -y _______ ii.iii..



- - ii..A'. IS .

Ht~~~~~~~ us, Ul ,____HI'

CO':\fT SIAO ICi( I C'A Hi..(IM v h rwh..g~

- ~ II IbVila I

Reai Srnal/ ciafiju-iee 2_______

Ichen- vioix /Nhl t uIY

I'arth Suience'/Occanogur;phy 3 2*

Eleictronics/ Eletctrical E~ngivviQnŽgf tI
l*orgy (Ns yn' ivs ~n (non p ropi q iva ) 3 I

MVech , Idti~s., Civil & Marilne Enig. 3 3*

M i1"loti ScILlIces 22

k~olisxll TIeehno1lipv .

C) I ~Y(In II C01111

Physics 1 1 2

I) ropkIion 111/ 1'tcl S 2

As re lateud At\Iiiii WeXapon Effects or' AtornifK Weapon Techiolt gy
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DOCUMENi CONTROL OATA --.

,- .INA,,S-- J,. , ,, , *.. r,- ..-- .- -." . . . .. . J- .-- ,'- T - " , ..

BOOZ ALLEN APPLTED RESEIRCI-1, INC. Unclassified
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Mkechanization Study of the U.S. Armny Harry Diamond Laboratories
Technical hiformation Office, Washington, D. C.

4 *.eCn. f' N- I I- 1f1 -4' 1-r,r'. ..-. .. t--

Final Report of on-site survey

G. A. Kershaw, D. Crowder, J. E. Davis, E. G. Loges,
E. Merendini, S. M. Thomas

,, 0  'tembe1r,l966  61 2

DSA-7-15489 914-1-Z

AD 640 101

10 A VA ILAPILITY L-MITATION NOTICES

Distribution of this Document is unlimited

11 9UPI'L tMENTARY NOTES 12? SPONSORFACN MILIAAY ACIiviii'
Defense Supply Agency

None IDefense Documentati-n Center
Cameron Station, Virqinia

,I Afl~tf~rv

Mechanized library functions are performed on the IBM 7094
and 1410 computers using the Approach-By-Concept (ABC) storage
and retrieval systemn. At present, mechanization is applied only
to technical reports. The four outputs are accessions lists with
supplementary KWIC Index, catalog cards, the ABC Dictionary, and
current -awareness notifications. These notifications are provided
as a res•ul of the M.artin Conmpany contract for analyses of cu•rrent
open-source publications in selected subject areas. Because of
file organization problenms encountered 'n the first-generation mod-
el of the ABC system, a second-generation model was developed
which will become operational in the near future. Periodicals are
presently controlled with the aid of EAM techniques - ith a view to
computerization in the near future. The Library staff states that
the program has developed smoothly, with problem areas being
worked out before they became serious.
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Central Information Reference and Control (GI1C) is used at

the Foreign Technology Division (FTD) to provide computer-con-

trolled dissemination, production of accessions lists, selective

listings, and retrospective searches of a data base of foreign tech-

nical documents and publications. CIRC is a large-scale, semi-

automatic systemn designed and implemented through the combined

efforts of FTD, the System Develoopm,-ent Corporation, and other

DoD agencies. The system is expected to provide improved service

to the user; literature searches are faster and much more comnpre-

hensive than they were before.

DD ; '1473 UnclassI tied

I - -LII. .- -.- f,. lh ,.



1.LINK A ~' LINKS9 LINK C
91F, W(aitn 010 ~ *-9

Digital Computers
Information Retrieval

(1-1. I 1 NA I '.V At .It I IV Fele Isi p sti.. a.~ nd n~fdt-t.rp .II, v94 915 9.'19 -- If 9 9I % 0 a4 o..i Is. at I'llI. l~*i . r.d ..~d "I .99.99, I.

I. ..- . 9,~.i ~ .9. 
1

,,ih.t9 *' *"~ Ill "I.~Itsbfirell rerqu-te~9 r ,'..,v ,.hI utam '"' . h.

P1t 111n.' I .Fo' ''I I to. All-4f It A~ 1104 UsI-f tile fol "I9F,..'' 1 ( '. nnnutI t . ...... 9999I ..- I91 .Its ...........,..n .. I tit,

,,I%. 9 .. I' -.9 ' . 19,9 .1. -1-11 1"11 Be 99.9 he 99 . It troy MI9I)C lo, *e',.f .9..9 9
9.1- .,. . - .0- 

1.  
' M tl to I-'~9il'9 'j,

9
'9' ... * ."',A9''9 4"

999...... 1. *1.~ .. isi, .dp. . -Iq,,~ hei taq.,,,
*~~~~~~~~~~ e..',,. 9, ds- 'l Iv- N W Off. 99 9,9.. 999999 .5q 96

9.1 .~ d . 9~t* 11 e ... 99 ille'~' , I a ll 1- - 1i ..-.... .. . 9 n1 95 ., r.I.l. i Il

* ~ ~ ~ ~ ~ ~ " - I9 .. ... ,9 r. . I 9..9. Is. ,~ t l .999 '9.999' f 9 3 INs-

"* , "h u;; .. I l .1 1 ,, I I I. u n.: A l lr n 1 1 . 0 4 , 5 9 9 .' 9 . 1 . 1 . r . 9 ' r , 1 9 . a 
1

~~~~~~~~~~~~~~~~~~~'' I. .91K 91 9991 ~* (~. 99. 199 91*9 -IhP 9.1 P, N~ k il Iy u AR,, I Ia rie a l..t I 9* .9'...... I ''i"'rt'.
~~~~~ I to. 1! 0"1. 1, 11 99- t9..9 is9 I99 11;41.'1 ~ 9h 11959.11 '1 99.5,5999 9699999

9 9''9 A69 ,999999I'19.9 999 IN 9 .9 116111.19999 999 At, l"nI hI~ 9 I 1 v19 il 99,'9 . - of1.1

$".1 Il 9, RI titI' 9 j' I- nt... IIfle a...P f. In e l- o l 9 ' I .f99999 I",' .9' a9~9"i94 Iei9.9'f..9. I f I- ).W'99

'9~~~~~~~~~~~~~~~~~~~ A 11%' I'R99,99* ,9999I~ r9999 ~.. 99 9999999199 E E9ll: Kely an.Il sibi99'i 9*PI *~' 9 995 flosin a of n I..19'9

-I 0 .- .,.., at .IP h t in file., I,.,9~ ' ...s9 9, M. I-r too -.
... .. dd. - ol lopw9499 9 --5 t I -; r.,, 9pp9 -e I9.f9 r. tay ,...p

"I- a." "I.'i9 1199' *4'99 a99919'9 . a( 1 1,0I. 999h'too of9, to'.g9 9*"Il '.59999

Ao~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~99I~~ R- , o rrNao4Kifir1- wntaeI9.tle tti olgismf.."jon1lfplw-o

j,ý-rI-OBes -v.-bt Copy , nIf-fr



Uncl assi f ted
Secuititv (lnw-ii cAil u.

DOCUMENT CONTROL OAIA - R& )

BOOZ ALLEBN APPLELID RESEARCH, INC. Unclassified
4733 Bethesda Avenue
Bethesda, Maryland 20014

Mechanization Survey of the Army Biological Laboratories,
Technical Library, Fort Detricl, Maryland

4 ' rnpr - F Po, i% I Vl, , I... - P - .... - .... '
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The Technical Information D)ivision of the U. S. Army
Biological Laboratories has three mechanized programs:
Selective Dissemination of Information (SDI), Serials Processing
System, and Retrospective Search File. The SDI Program uses
magnetic tapes from the National Library of Medicine to generate
monthly lists of journals and monographs that match the interest
profiles of participating scientistq The Serials Processing
System provides a list of the journal holdings for periodical con-
trol. The Retrospective Search File of about 8, 000 document
records is used for bibliographic searches, for inventory control,
and to produce book catalogs and accessie:, lists. Input to this
file is confined to Fort Detrick and contractor reports. All three
progranla systems are run on the UNIVAC SS-II computer. A new
uni-t record, comparable to DDC's record, I, planned for the
Retrospective Search File. The SDI Program is expected to grow
to about 350 participants, and information from ]3iotogical
Abstracts and similar publications will be added to the input cita-
tion files.
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The mechanized systemn used in the Technical Library aL the
Bureau of Ships (BUSHIPS) is called the SHips Analysis and
Retrieval Project (SHIARP). SHARP is a computer-oriented
information storage and retrieval system developed to resolve
some of the problems inherent in the handling, storage and
retrieval of scientific and technical literature at the BUSHIPS
Technical Library. The IBM '7090 computer was used during
the deve.lopment and early, operati,-ona sta,• -,s f +. ,e SH IA,, sysI'-;
conversion to the Livermore Atomic Research Comnputer (LARC)
at David Taylor Model Basin has been completed. The COml)utel'
is being uscd to automate bibliographic searches; subject matter
searchies; coordinated searches; issuance of library catalog cards
and accessions bulletins; control of periodicals and journals; and
other aspects Under develol)nient, such as complete automatic
generic computer searching, automatic posting of descriptive ternms
by the computer in the indexing procedure, and user interest
r'egisters. Both the Libi 'y and the users appear to be satisfied
with the results of the sy,-,enm programs that are operational.

* Bureau of Ships is IMV lknowIi as Ship's Systems Command.
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Qluest. throIuh: U. S.NaVPl U derwater W ena 14o-ze rcll & L lgi-
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Defense Supply AgencyNone lDefense Doc-unientati-m Cenater
Camerin Station, Virrlinia

k- I Al , t I

At present, mechanizalion of the Library nt the Naval Under-
water Ordnance Station (NUOS)Y'is limited to the use of a Flexo-

writer which prepares accessions lists and catalog cards for books
and reports. Queries for inforrnation concerning NUOS's docu-
mented fields of interest are handled by the Technical Informnation
Division which maintains a file of all NUOS reports and lists
their reports by category on EAM punched cards. It is anticipated
that the Library will expand rapirdy in the future as the -esult -f

the Siation's developing preeminence in the field of underwatel"
ordlnance research. Future plans call for the deve-lopmelint of I

computer program for the control of classified documents and for
the production of a book catalog.

The Station has recently been renamed "U. S. Nav.al Under-
water Weapons Research and Engineering Station".
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"TI l.,ibrary at the Natick Laboratories uses EAM punched card
sorting techniques in circulation control and in the g-eneration of

mast,, il,|dings lists of puriodicals and journa .s, sui&-criptioll

,u-v~ka , binding lists, and a current titles checklist. T1he EAM

plinnch'd cards are also being applied to a survey of title usagre.
A l'ie\,'•'riter tape is used to produce catalog cards. Also in
process is the subject indexing of the Laboratories' notebooks on
EAAM cards. Under the Army Technical Library Improvement Study,

shudv, 11nu,"'iiin 11vnw acquisistionS awig"nst uscui profiles. "'is pro-
pr'onl Wrill prohnlhiv use IIIe l1,ahi"at~or•e-W C. F; '2-25 1 Onlutei-. !;u11111'e

plans call for the introduction of the Southern Illinois University
sy~teii of circulation, Con•siderntion is also being, given to the

initrkOdtiction of a computer and the IlIIM 870 system whichl will

g r'eatly dininili s l ie Libriitry' S del)endence oil Natick's ceiti'l I
-.,¾iauuteitr secti~an . I('al I izat iO f 0 these Ikla1 1 Will depend tpon th(
12 -Ft Lb 0! thle Libya rny' lcsioiisbilities, the addition of pkblfessionals
it) the Library's staff, and available space witliin the Libravy for

the npceaSSrv ('y ip ipen.
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The Nondestructive Testing Information Center uses the
Termatrex system of coordinate indexing to identify and retrieve
desired abstract cards and (documents in their collection. The
system uses visual coincidence ("peek-a-boo") term cards in which
holes are drilled in specific locations to represent documents

,)Osesil. a aricla 4+em. "Iunint -' -lnid by agroup

of desired terms may be retrieved by superimposing the term
cards and observing the resulting coincident holes. The present
set of cards is capable of handling up to 10, 000 documents.
Expansion beyond this capacity requires an additional deck of term
cards that must be processed and searched separately. Since the
Terrnatrex system is an economical, rapid retrieval system that
fills the Center's needs, no plans have been made for the application
of computer techniques.
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The Data Center employs the IBM 1440 in the search and retrieval
of its data files. The files are maintained on EAM cards but are
to be converted to disk during a search. The Center formerly
utilized the IBM 101 Statistical Machine and the IBM 870 Document
Writing System. The Center has data relating to more than
1/2 million material tests of metals and plastics. Use of the
computer has permitted the Center to cope with the increasing
demand on its services without increasing its budget by the same
order of magnitude.
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Defense Supply Agency
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By use of the IBM 7094-7044 computer system, the
Technical Information Reference Branch of the Systems Engineering
Group produces catalog cards, Selective Dissemination of Informa-
tion notification cards, and a noncumulative semimonthly accessions
list with a KWIC index. The computer program that produces these
outputs utilizes information from document unit records entered on
EAM punched cards. Since tCe introduction of mechanized pro-
cessing, the accessions list with KWIC index has been produced on
a regular semimonthly schedule with no increase in effort or man-
power on the part of the Branch. Prior to mechanization, the
Branch found it impossible to produce a list for distribution even
on a monthly basis.

DD .P?!A1473 Unclassified



Digital Computers L34 4KSC;..

IndexesI

; 4 '.14.1.... I N A Z444 11 A 1 1 .41% - 1 4to w s, oh - gi ono w u - 1 -1..4.. .. . ..
44 444 4 4. 4~44 t~4 ****~ "' 4 4 34pt - "3 Iu.3.4 M W.quI-.; ;I .I. 4."44 ~ .f4..

4444.~.4 4**4 Is, I.,~43

I..4) t..p,.. .11he li..,g3,i~
e. .. .. .. 1 4 ~ ~ -, '4 . 1 ''* f .. 3 , t . i l ed, ,. 4 " A lI p l * t e - ,4h o

4.i It)*~ I3' 44 4. 
3
',.. .)p .4 .. ;.. I434 44 -3 .4.44) , I.4

4'. 434I..I4I I..

4 4)' )J333 3 3 .4443 . 3) .. 1 -# 1-... 1 4. 1ti nsle. V 4 -. 4

.4 .4~94 4 . .I,~ .44........'94.3. I 4 . iiI ARV A[t I4444 34., I444 Y- I4443 , ... ),.4) , 44 fo n.4 - f444.

fl- lal-afm ic,. ....44. 4. 444444pa4k

t ofA .N 44,14i.4I f4i4.) 44A.44444 3444.3 f,14 .. 1 r444
4 

.- I ,f. 4. w.I**w'.. . f. Il

33 *34.44 .)' ..... .... 3 .e~. L 3...4 '4l .1-4, 4.4,e 4

4443. m
4

%343 si omnv,' PA Proit r. .4 .44 .444 I 4.. . .4.4.....' lestl - 444-P I). f...4 t .434. 44,444

4. 24 I ~4 4 44. 4 444144444 ".4.' 443w.4 . m, 44lt I 4.4 3 43,,4443445444 4441444 . 44444444..~).44

f,. 4-1 .s I'4'4 I.4 444 W4 Rf).-n. 3.4' 444.4,t ar s-.itl.l.,3o vigfi o

'F~~- 0-ft 4.4)*4r. Owl 44 host. 3-07 ai' 
4  

-I ...4 44, .",I4 ,,a% I4.-d44.%
4,..Ri3I 3'ia)l 344.344443.343.4444., .344

h%. that% w, %e.A 41 O '4) 4'ttI" l.. d
I 444 %4443. 4 V.,

4
'W '~' Ih A4, 444, a4.144 .44,.) ln 1 de-. 'a ' ti.fl o44444V 4 44444l.444 i4 rh.' 444 r

V . RAI %1'111! 1 111' Alt% Nflit(l3~ I,4. S 2 Fn -P44A
3

44 lit's,44) % r.n I .l44 .4 4.44

4'4'4.4444.4n 4.444 4 !4444 , e.s 4- I.4 4.4 31e than4444 Il, Kl_ 4RD K., 44444444. 44414444 is3 ca44 l 34444

~ .tn...41 . .C ell 44t.4l an l C O4 I~ ~ P Y i.= ~ 3.4 ~.4a 444. 4 U44 4,) ~ 3. ,4 d

... 4 4 4.4 44 . ,J,.*4.. 3.,, .9 44444 '4444144 34.4.4 44344 4'44. 444-44S t(,*,* 4j~444f4 4441



Uncl as.lf led

DOCUMENT CONTROL DATA R&D

13OOZ ALiLEN A131 I:.1J D RESE/A11lt, .IN(. U.nIC Ias S S I IJ
4733 Bethesda A-v elluLe
Bethesda, Mar;' land 2001,1

t 'n-• - •,,r , . .. .. .r. .. . .
Mechanization Study of the U.S. Ariny Picatininy Arsenal
Technical Library, l)over, New Jer'sev

4 1"Cl.' # Err t -I- -I l.

Final Report of on-site survey
tA -. 0f%.

G4 A. Kershaw, D. Crowder, J. E. Davis, E. G. Loges,
B. Merendini, S. M. Thomas

September, 1966 47
"ft. . '., 0'n . O .in -- 1 .- - .-- fv

DSA-7-15489 914-1 -I 1

AD 640 106

Distribution of this Document is unlimited

F r. 47A MY '41 Ifi 2 00-4ý -- 141N M-L - A" I A*,.i Defense Supply Agency
None I Defense Documentat .,n Center

- Cameron Station, Va rqinia

The circulation of books and technical reports (both

classified and unclassified) at Picatinny Arsenal's Library
is mechani',el by the 1BM 7090 awd 1401 conputers, prod',,cinlg
seven outputs. At present, mechauized preparation of catalog

cards, maintenance of catalog authorities, prepa ration of
bibliographies and acceisions lists, routing of periodicals,
and control of classified reports are under development.

Routing of periodicals ihould be operational early in 1966.

An SDI system is under consideration. Work measurement

and standard time data studies on the efficiency of the system

indicate that the mechanized circulation system is much more

efficient than the previous manual one.
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Undtir contract to the Center., Franklin Institute processes

R&D i'eports Cor hlnput to tihe Honeywell 140 computer. The

outputs are used for control purposes. ThC computeLr pirograml

is limited to alphabetization and arrangement functions. No

machtine retrieval ias been attempted. The index contains
document numbers which rl'ere to a storage location at PL_,Ast EC.

Without a companion vohume of citations related to these nuihibers

(which does not exist at present), the Index is of no value to an

outside reader cand is therefore not distributed.
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The Technical Library has developed a unique sem imechanized

process for the production of catalog cards, charge cards, card

pockets, and accessions lists, and a machine-readable punched

paper tape record for a future computer-produced book catalog.

This system was originally based on a special purpose digital

processor, called the Crossfiler, which multiplies catalog card

records, inputed on punched paper tape and supplies entry headings

for each of the copies. Actual printing is done on a Flexowriter.

The Library recently began employing the PDP-1 computer to

perform this task and has phased out the Crossfiler. A periodical

control system is being developed utilizing the Laboratory's

IBM 7044 computer. The library plans to convert its paper tape

records to magnetic tape for computer production of a book catalog

and computer-run retrospective searches.
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A mnechanized system is used by the Naval Postgraduate
School Library for bibliographic control of its technical documents
collection. Descriptive and subject cataloging information is stored
on magnetic tape, and literature searches are made. The program
used, called SABIRZ,is written in assembly language for the CDC
1604 computer. Automatic data processing equipment is also used
to produce title and subject lists of the Library's holdings of perio-
dicals. The Library is satisfied with the mechanized system with
regard to retrieval relevancy, recall, and usefulness of the end
product.
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The Naval Mis.- '"! Center Library uses the IBM 7094 -and
I1M 1401 to produce a cumulative monthly and annual catalog of
the technical document collection. This catalog is printed out in tWr
parts: source and subject. The mechanized system used at the
Center is the Technical Library Program Series. A mechanized
system for circulation control will be introduced in the near future,
If demands on the Library intensify, the computer will be used for
literature searches in the docurnent collection. This could be
initiated easily, as the subject descriptors for each document are
already on the tapes. Efficiency of the Documents Branch is con-
siderably enhanced by the system because the catalog is produced
very quickly after the monthly input is completed.
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The Techunical Library at the U. S. Naval Ship Missiles Systems
Engineering Station (NSMSES) employs data processing equipment
in the indexing of all materials regardless of subject or format. The
indexes are printed out in book form by computer. A statistical
inventory of the collection is maintained automatically, and inventory
of a collection of microfilm cards is also maintained by computer.
IBM 705 and 1401 computers are employed in the mechanized system.
Although the costs of file conversion to the system were high, the
large volune of data being processed appears, in the Library's
opinion, to justify the use of computers.
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Four of the information centers operated by the Battelle

Mremorial Institute were included in the libr'ary mechanization
h.ý;udy, IipRt. C-DC 3100 compute- is u.Sed f0r any nmechanization
although this was not extensive at: the time of the survey. A Flexo-
writer is used by BDIC to produce a monthly list of documents for
security classification downgrading and by REIC to produce a monthly
accessions list with abstracts and coordinate index, and a semian-
nual cornpilation of government-sponsored contracts relative to ra-
diat:ion-effects research, RACIC uses Flexowriter edge-punched
cards to produce a security log of secret ca rds in the file, DMIC
uses a Termatrex coordiinate index system to store and retrieve
references to government-sponsored contracts Of interest to the
Center. \ --ILG uses a mechanized process to punch EAM cards which
are used to produce a listing of clue words and a listing of reports
with accession numbers. REIC has also initiated the development of
Sthesaurus. RACIC has mechanized its listing of clue words and is
experimenting with a computer program to produce a clue-word co-
ordinate index from a file of IEAM punched cards. All four centers
consider that their manually produced and searched files of extracts
arc prcteerable to a computeriz(ed system. H-owevCr, Lhey feel that
additional mechanization of their printed outputs would be desirable
a.s a time-saving feature wherever it would prove economical.
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"1ho A"r !,orCe Insi ltute 0! . hno ,,' A -i) L.ibr ry uses a-, 1,1n0
1401 computer to produce a list of ,journal holdings, alphabetically
arranged and provided with an abbreviation glossary. At present.
one list has been produced and circulated, Input to the sysieni is
EAM cards with joutrnal dais. Beeuse of difficulties in obtaining
use of the computer--which is not owned by the I.ibrary--within a
reasonable time, the Library has decided to abandon computer
mechanization and to use instead Librar"-owncId Flexowriler equip-
ments interfaced with supplemental EAM card punch, sorter, and
reader.
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Inform-ation storage and retrieval functions at the Recon
Central are partially mechanized by a systemn comnposed of "'peek-a-
boo"' coordinate index cards, a Flexowriter automatic typewriter
with an EAM punched card reader input and an autom-atic "'peek-a-boo'
card reader, and various types of copying devices. The stored
information is primarily in document abstract form. on m-icrofilm-
chips that are on unpunched aperture cards. The system produces
for a search requester lists of retrieved abstract accession numbers
with corresponding document titles, and, if desired, enlarged copies
of the selected microfilm- chips. Recon Centrý-Tl estimiates that cost
investment in this somiautornated system is about one-tenth) that of a
fully comaputerized system- giving the same performance in their
application.



XF wPLINK A LINK( a LINK C
14W933 ~ 99 ~ 9

DataI
Do cumentat ion
Electronic Accounting Machines
Information Retrieval

14.; UR.1 10 ,1

_______-1--I0
I I ~ ~ ~ ý4 1...141%9 1. 1 1¶ 33 .Il If A,.- 1P N 1 nn9I.,33s 999.... .If99 F . 39399w a .3.9..9 ........ .1 9999 ..". 96 . .. 1.

3
..v. ,.,9. I til ,r

...9 ....99 r,.p.r in -.. I-. if. O k I l"f l

*. 9. I9 l. . .. 3. 3919 9999 :,,-. .11 .0 ,416.4.,
It ..... 11 I,,.- le . 11IO I,.~9,... A-

9 . 3 ,.9..,.,'.3I . -.. -..,.,.. h%. 139 I_39file99',3

939 49 -1 "199. ... 3....... ..-.... ..... .... 1 4~'9 '13 NI9.., M IIIAPV A 1FY .o i

it. .0 ". 9199 4 All'; I.9, RAC999. r:e. Fill.- on a,*.1,33 I99 itov,, .,, fil

.3 ........ .. 3... -I,. Ow9399 ,9. 9d9..99 'Ao3,r f ,-f.Jnf lt...Sot

- .n 9 ,, .. 19 f.3 I.* ...o-., .. ... A lt'S FaA le 1ýi rapra.*. -33 49 $Is-- ablolt,v I9 %i.1- -sort3 %olh

1.1 ..... I ., h999 .3 t3* 93999 9w9hich9 pstrog 9I3', 3 te 99993te alt9 993, I ~ .99 S,.,33

*All'. "N3 t'93 3.Ii Th"~iI ~ ,9 .93 .99..9,9 99.~ .93349.9939399999 3.9 . 11.r9 9 Ill 9.- 3e t. .193 0. .. 3 3.,"' 3,9,9439

.99 .P.9 ... t99 I*~9 I~.* KF' We MDR! .99.9 w3ie.*3I�h ivli t -nfil

.'- Lpj " tI -- I -~9999 0-199. - tht9 , 99. 3 , .9 ..9 I% 9 - 3, P99 n~ ..3 3... .......9,a de It 3 9-
% i 3 3t'3r *,3I,3f3~ 3 ,It~ 93.I t3~ .39 919. 93-- - 9j, 1, i- .3 -pi spgni3 99.m -,o tr~b 3am mil39 ot.9,.

1,9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ d 99- Ill,93.9,9 ~ :
9

9,l 9 9,. . 99 ,993993 K. I R)~ l~ 99
3  

9. 19939343, 999499g;
1 

.3m9d9q99

fl.999931141: It99999993999 U.,.l hn I.e. 4l,9 Wi wil I� (.I ,, l, anr94. 334 91 999 9 ... 1.4 9399 sot 9m 3 9. 491 , .9 'm , a I a.

,9399r,193,99,3-Irl SS9.3WI 3.39994.199 4.99 999 49'9~9 93 33993

% 1. 3Al 3,11 1i1;1 IAJ'It I 3Ml3? A.':
3 . .3w.. It,,.. 3 i 5~9999 3,99- 9-a439f99 I39 I",99 , 9. . 9 9.93

-~ 9199999399,.. n .,I Ow9 ref. 3t 3994 t 199l99999 I9993 ::~ 933399.99,.3. f99

3~B s 9.993,A3% *j4.3 9 39399399 ,'. .9C O PY9 3~3wl 9.333999339S 993.399 f9~ 99,3999



Unclassif ied
ýQcU~llYt (Ch.lsficillIntl r

DOCUMENT CONTROL DATA R&D
NA, I IN A 'q ,.,,4 I. It IT j, Ll *h .. a-." , 1..,, '. . .. I ... . . .... '. I. . ....

130. Z ALLEN APPiLIED RESEARCH, INC. Un.classlfied
4733 Bethesda Avenue F .-
Bethesda, Maryland 20014

Mechanization Study of the Reliability Central, R:ome Air Develop-
ment Center, Griffiss Air Force Base, New York

4 n~ff' D 7 No -I% ,P ýI -'j"', ,,,", d-, I

Final Report of on-site survey

G. A. Kershaw, D. Crowder, J. E. Davis, E. G. Loges,
E. Merendini, S. M. Thomas

S.eptember, 1966 35 4
-, '- -A Q. flfl. .. ( 4a ffN'fý'- ... n,

DSA-7-15489 914-1 -21

AD 640 116

10 A V'A IARIA•.•|Y LIMITATIN 40*TIE9

Distribution of this Document is unlimited

Il UPPLFUIaENTANY W % 12 SPONSP IING MILITARY ACTIVITY

None Defense Supply Agency
Defense Documentati.,n Center
Cameron Station, Virqinia

Compuier rnechanization of the Reliability Central (RC)
at Rome Air Development Center (RADC) is currently being
designed and partially implemented, by contractors. RC will
be an information center but will not ordinarily distribute source
documents. It will retain hard copy from which raw data on
electronic parts have been obtained, and it will maintain the
raw data in computer files and will manipulate and interpret
these data to produce handbooks in various summary forms to
be widely distributed throughout the scientific community. It
will also entertain queries for information obtainable from the
data base but not ",'und in the handbooks. The progr'am will
be operated on the RC computer complex following the test
operation planned for March 1967.
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Computer moec anization at the U.S. Navy Marine

Engineering Laboratory (MEL) Library presently consists of

production of a journal listing on an IBM 1401 computer from

punched cards. When the computer file of information on

reports is expanded, it will be the data base for bibliographic

searches and retrieval of information. This data base will be

maintained and processed by the Information Storage Package, a

series of computer programs developed by the Applied Physics

Laboratory of Johns Hopkins University. Tl !!MEL Library feels

that, while the Information Storage Package is useful, a universally

accepted information system would be more beneficial for all

aspects of library mt-chanization; with such a system, centralized

cataloging might become feasible.
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An RCA 501 computer is used by the Defense Logistics Studies
Information 'Exchange to produce a thesaurus, deniand biblio-
graphies, code listings, and the Annual Departtment of Defense
Bibaiogrphyof Logistics Studies and Related Documents. A
card catalog file is maintained but will probably be discarded
within 5 to 10 years. The Exchange has applied for status as a
DoD Information Analysis Center; it has also been assigned an
additional mission of maintaining a DoD Inventory of Technical
Data and Related Efforts. Development of the thesaurus will
continue, and the Annmal Bibliographies and Quarterly Supplements
will be printed by GP•O from data on magnetic tape as soon as
ecluipment becomies available at GPO. A survey conducted in
1J63 indicated that patrons were satisfied with the services
provided by the Exchange.
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The Naval Weapons ikaboraiory (NWl\,) Technical Lk ibrary

is redeveloping a n-echanized system that uses the 11NM 7090

and 1401 computers for the IIVI B70 Q ocument Writing System

and the IBM 7030 computer (STRETCIt). Mechanized processes

in the IBM 7090 System provide for the establishment and

maintenance of a master file for reports and the search of this

file to satislfy requests froir Library users. The 870, 7030

.ysieln is expected to increase the timeliness of accession

bulletins and catalog cards, increase the efficiency of Lihrary

procedures (Descriptive cataloging, Typing, and keypunch are

cond inoe(I H110 0 one step), and ,,TVe 111 L a ore Con.rol

over procedures(e. g., punchecd cards instead of worksheets

will be sent to computer operations, and generation of accessions

hulletins and catalog cards will no longer involve computerP
()porel lions).
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The Army Map Service (AM3) Library uses a Univac 1004

computer to produce map acces is lists and bibliographies
froni punched cards containing printed text. Also data on a Map

Reproduction (Repromat) File are punched onto cards and trans-

ferred to magnetic tape on a Honeywell H-800 computer. This

tape is used to produce a high-speed printout of the Repromat

Tabulation semiannually and a monthly listing to update the semi-

annual tibulation. It is felt that the mechanized Repromat File

system should be modified in a number of ways for greater

efficiency.
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The Libary at the Naval Ordnance Laboratory (NOL) uses the
IBM 7090 computer for information storage and retrieval of its
technical reports collection. All technical reports are even-
tually entered on microfilm, with the present collection totaling
about 150, 000. However, only documents received from 1958 to
the present are available for computer searches. Plans call for
an annual listing by EAM techniques. of periodicals received at
NOL. During fiscal 1966, punched card preparation will be com-

ilcb.d. In aocdtion, NOL and the Applied Physics Laboratory at
J,'inns Hopkins are considering the possibility of cooperatively
p'I oducing an aoimual listing of periodicals available in technical
libraries in the Washington Marylad area. There is also a
study being conducted at present to determine the feasibility of
a printed book catalog, The computer program has provided
more exhaustive searches and more detailed subject analysis
of reports and has eliminated the time lag in processing subject
infornmation.
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The Edgewood Arsenal Technical Library uses a retrieval system

designed and developed for the Library by a contractor. The con-
tractor indexes and processes documents on punched cards, and
tapes generated on the Contractor's IBM 1401 are converted to
Honeywell 200/400 tapes for use on EA's Honeywell computer by
National Institutes of Health and Army Map Service. Search out-
puts enable the user to obtain desired items from the Library by

use of the pertinent call numbers. The addition of an alphabetic

printout capability of the existing systeni is now in the operational
testing stage. The hopes of the designers of the system to provide

half-day response to user questions have thus fai- been frustrated

by several factors, including the high cost of operating the system

and its low speed,
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Bly use of the IBM\ 7094, the Materials Laboratory 1,erforms

.se-i rcelie andl pro duces the IKWIC index- section of the ''Ma-
teri~als Tnformnition B~ulletin. " Under contract to the Materials

Laboratory, thesaurus nmaintenan ce, keyword inde.,c printing,

andi data-base updating are performed on the NCR 304 computer

at the University of Dayton. The use of deep indexing with links

and roles formed the basis of the system; after evaluating the

value of links and roles, however, roles were- eliminated. A

lMiracode system *just recently purchase(! will be used to store

'aerats Laboratory information. Several stu dies covering

specific areas of this system. have been conducted. Currently,

thle Center is sending questionnaires to certain groups after

running searches for them- to determ-ine the value of each search.
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TI'ie objetei.ives of thie Avmy Study Documeintutioii and Infornmation
Rietrieval S ' ston(ASEDJR-S) aro to provride a centrcal library of Arm-y

Studies readily accessible in the Pentagon. At the present timec, a
bibliographic quarterly catalog Of Army11 studieS and a permui~tect

descriptoi'/tittc index are pirovwicd. Thec catalog of Arm-y studies is
produced using an IBM 14101 comiputer, anid the 1)erniuted descriptor

title index t(o the catalog is producecd using an IBM 7090 comnputer.
The cenitralI library3 of A.-n cvsldi~hcs vill provide a reference card

file andI thle Timtc ret-rieval ;;ysteni for easy subject access to

the collect ion. 'Plie bibliographic catalogr is distrilifl-ed Army-wide

andl has been favor-ably re-ceived.
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The Naval Ordnance Test Station Library uses the IBM 7094
in the handling of itF document collection to produce catalog cards,
bibliographies, accessions lists, and coordinate index cards.
Bibliographic data on Flexowriter tape punched by the Library

AX .AA. 7

converter serves as the major input to the system. Descriptors
are k(eypunched directly onto cards. Inclusion of abstracts and
annotations on the contents of reports is planned. Eventually
certain specific terms will be posted automatically to more general
terms. hi addition, efforts are being n-ade to control the vocabular)
and structure it under large subject areas. All programs may be
written in FORTRAN IV for possible use with other computer sys-
tenis. Aithough the mechanized searching is useful for some ques-
tions, the Library staff states that manual searches of the computer
prepared coordinate index cards and browsing through the card
catalog are still more effective in a large portion (75%) of the work.
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The data files at the Thermophysical Properties Research
Center (TPRC) are stored on magnetic tape and are used for

mechanized retrospective searches and to produce the original
copy for the Center's "Retrieval Guide to Therinophysical

" 't lre • '-ll [ erature" n.- liation. ln ie near f,,
ture, the Cenlter will be connected directly to Purdue's coM-
puter center vio a UHF radio circuit. Partly because of the
relatively frequent changes in computer equipment, the Center
has limited its use of mechanized processes. The Director
believes that at present his staff can perform most searches
faster by manual reference than by machine.
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The Electronic Properties Information Center (EPIC)

at Hughes Aircraft Company utilizes mechanized processes

for storage and retrieval of informuation. Outputs of the

mechanized system, which is designed for the Honeywell

200 computer, are a printed file of materials with related

properties, an accessions list, and a search printout of

retrieved bibliographic citations with abstracts. A new

system being developed for EPIC's mechanized activities

is being designed for the General Electric 635 computer;

this is part -)f - gencraliz.ed inforination retrieval system

being developed for several related activities at Hughes.

EPIC is very satisfied with the results of its mechanization

programs.
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The fl~edstoiie Scientiific Informiat ion Center (rtSIC-) is
engaged in a nwn11.01 ci tort to mec haniz~e its L ibraryv operations using
IBM 7010, 1,160i, and 14~l01 comipute us. I'll( total integratvd effort.
is know., as A LPI IA (All~in-ated Literature Pr'ocessing, I landling and
A nniv~qiq Q zvston0 wm hichi i-, n .,nri'i g-v-,tem nonrat ins filn ahat chrcl
tvansaction hasis . TheIi sYsteml iS HI fir'st- g~leneal ion StUAg e of
development, Mcchan iz7At ioll of RSTC is he i ng d eve1 oped under
contract by General E"lectric. Ai prescuLt. 010 n-IWeehaiZ~d rOLtil)C-S
for the acquisition and ci cciilation -if hookis, periodical control, and
the Patroln File aric hilnl\ operntia i zIi . RSi C lt 5( r-cci vc's NASA\
tapes and utilizes them- in litecruiiz' vSearCchs. lit addition, NASA
hettdquartei's is s3ponsoring -an itirormat ion auitomation project ini
Which 11SIC is p.articipatingp. This is ;I a 11 ")t ot~jm- test of the ('i Trrem-

su e oct ive (Ii s 501natn-fi og f in for mat ilol hasedc oil HI MS S DI p rog rainls
Several prop~rams are being planned or developed for inechanizatioii
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DistribuLian of this Document isi uin1imitod

None Defenso Documnc~tatA fl Center
Cae*n S a .- n .n. *eni-

Threc inforniation and aiia1l-ss centers of dhv IlwitlttC Of
Sciunce, and Technology, Univers ity of Mtlciliga,., utilizc the
comnptiter land EAM facilities of the- Institliitc s Covipiutation
Deparwiieiit for, retrieva I of bibliog rupimic referencevs based
upon tile Com~putation Departm-ent's generalized retrieval
svstem-. TFhe threie centers invu reEitfia rvd Lnfor'nltior AnnI v~i-
Cc !itc' (I HIA), VE LA \ Soi sitc nforiratjdn AnalyVsis Cenite r
(VEý4STAC). and Han1 istic MNi~i~re Radtat ~on Anal sis Center
(HA MI It!C). RLtA u~tilIZCS the MeChalniZ,_%ediLl'ieva I programll
which LSCS .-Il IUIM 1 401 compuIter, to I)I-OuCIe two liskings.
\TESIAC is in the-- pilot st apic of produicing donmand hib~l og raphies
tiging tile niechanized inforn-ation retriova I programt. BAMIRAC
'itil izes an opuLonal arranicmncnt of mianwal, F-X NI. and mnechan-
iz ed techniques to p-ov'ide clernatid bib Iig ra phi c's includ cing alI) -

structs, Thle developmient oIf In genc ra ~ iiazed re eval )-o -i m
for all thre-c center's has elimlinated tile nleed for tile mo1re Costly
process ()I uilainit I llilne Z7 Spec mu iized progr.am1 for ea~ch Center'.
B~ecauset of cent er t~in-i a ritic's. this gcneral pm'ogr'ani fits. each
Ce'nter'rs requinreanents withokit signlificanIlt difficulty.
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Seven of the facilities stored their tiiesauri in comr-puter

minemory and used them for automaltiC error control andl/or codc

conversion for natural language input. Only three found links and

roles to be worth the added programming complexity.

Elighteen facilities stored their search files in an inverted

form (e.g. , a file ordered by descriptors) and four in the direct

form (. g. , a file ordered by accession numbers). Searching a

direct file can be a long procedure since the file must include a

record for each ,cquisition in the library. Each of these records

must be searched in seriai sequence to determine if it has the

desired combination of descriptors. An inverted 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. For this reason, the use of direct files in

mechanized searching is unusual, although direct files are often

used after an inverted file search in order to obtain bibliographic

information relative to the retrieved accession numbers.

Two kinds of retrieval system philosophies which employ

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

1-6



plt'ogi'an m that se'\'c a in tIltitulk of farC11itIC.S. ('lheSC:cyt? neralized

prograrns represent a considtkrable cost economy, since a single

program deviIopmeni can be used by several facilities. The gen-

eralizcd programn approach can make the difference between b1ing

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

none at all. )

Almost all of thie libraries complained of a Pool' undoerstanding -

of library problems on the part of (he 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 th'mselves only after the

system was operating and improvements more difficult to under-

tak•. 7im example, Boolewi sea,'ch cap-abtliliCs were sometimles

designed .into the retrieval program with severe, although vniruten-

tional, limitations. One buch limitation was the inability of the

program to relate both the AND and the Ot operalors. Also, the

capability for search complexity often seemed far more sophis-

ticated than necessary to satisfy the actual user's needs.

l-8l
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