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FOREWORD

The problem of providing improved bibliographic access to the voluminous

medical literature is critical. The number of publications is growing rapidly.
New specialties and subspecialties appear. The increasing support of research

is resulting in a greatly enlarged output of findings. These and other factors

threaten to overwhelm traditional means of helping the scientific community keep
abreast of new knowledge.

The National Library of Medicine has felt acutely the need to improve upon

its own bibliographic techniques. It has needed a system which would satisfy in

creasing retrieval requirements and at the same time provide for the publication
of the Index Medicus and its byproducts. MEDLARS (Medical Literature Analysis
and Retrieval System) is the system it is adopting.

The study, design, and implementation of the MEDLARS project was per
formed under contract by the Information Systems Operation of the General

Electric Company. We have welcomed the General Electric Company's offer

to prepare this description of the system, and we are grateful for the Company's

permission to reproduce it.

Although this document is primarily the work of General Electric, many
of the ideas and concepts were provided by National Library of Medicine publica
tions and staff. Of particular note are the National Library of Medicine Index

Mechanization Project Report (Bulletin of the Medical Library Association, vol. 49,

part 2, January 1961) and the Library's recent Annual Reports.

Library and General Electric personnel have worked together closely on

this project, and continue to do so. Overall direction of the Library's participa
tion has come from Mr. Seymour I. Taine, the Project Officer and Chief of the

Bibliographic Services Division; contributions concerning aspects of the pre

liminary design, from Mrs. Claire K. Schultz, Consultant to the Library; de

tailed program assistance, from Mr. James P. Riley, who was initially re

sponsible for MEDLARS liaison, and from Mr. Charles J. Austin, Head of the

Data Processing Section; and assistance regarding the subject heading authority
lists from Winifred Sewell, Deputy Chief of the Bibliographic Services

Division.

MEDLARS will become operational early in 1964.

All of us look forward eagerly to that event.

Frank B. Rogers, M.D,

Director

National Library of Medicine
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I

INTRODUCTION

The National Library of Medicine dates back to 1836, when its predecessor, the

Library of the Surgeon General's Office, was established. The first large-scale in

dexing of current medical-journal literature using institutional team -approach methods

had its start in 187 9 with the publication, by this Library, of the first volume of the

first work to use the title Index Medicus. This was followed in 1880 by the first vol

ume of the first series of the Index -Catalogue of the Library of the Surgeon General's

Office .

In 1916 the American Medical Association started the publication of a Quarterly

Cumulative Index to Current Medical Literature . In 1927 this material was merged

with that of Index Medicus to form the Quarterly Cumulative Index Medicus. In suc

ceeding years, circumstances brought about other changes, with the result that two

indexes are currently produced: the monthly Index Medicus , published by the National

Library of Medicine, and the annual Cumulated Index Medicus , accumulated by the Na

tional Library of Medicine and published by the American Medical Association.

The preparation of the basic publication, the monthly Index Medicus , is a monu

mental task. In 1961 the publication averaged 450 pages in length and contained ref

erences to more than 10,000 articles per average issue. The annual total of items in

dexed has increased from 120,000 in the first annual volume (1960) to 140,000 in

1961 , and it will reach an estimated 250 , 000 in 1969 . A total of 14
, 000 journal issues

were indexed in 1961, and this figure is expected to reach 25,000 by 1969.

In addition to Index Medicus , the Library regularly publishes one special recur

ring bibliography, the Bibliography of Medical Reviews, and services assorted non

recurring requests for bibliographies of various complexities. It is expected to ex

pand the list of regularly-published bibliographies to a total of 50 by 1964. The non

recurring "demand" bibliographies will reach an estimated total of 2,500 in 1964 and

22,500 in 1969.

With the installation of MEDLARS, the Library expects to add monographs to its

list of source material to be indexed, and a total of some 5,000 English-language

monographs is foreseen for 1964. These will be combined eventually with foreign

monographs, and total of both should reach 13,000 by 1969. The grand total of articles

and monographs indexed is expected to reach 160,000 by 1964 and 250,000 by 1969.

The predecessor publication of the monthly Index Medicus was the Current List

of Medical Literature. Its preparation was a manual operation which increased in

difficulty as the publication grew in physical size and scope. In 1950, a shingling

technique, a method of manually arranging the publication's entries in sequence for

photographing, was adopted as the first step in the printing process. Shingling gradu

ally became a bottleneck, preventing future expansion. In 1960 a new mechanized

system was adopted for the publication of the Index Medicus .
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The mechanized system - which is the existing system - involves the use of

tabulating cards, upon which the citations are imprinted. The cards are also

punched with machine -readable sorting information. After machine sorting and

matching, the cards, suitably arranged, are automatically photographed with a

Listomatic camera upon rolls of film which are then cut and assembled into page

arrangement for printing.

Although the existing mechanized system offers distinct advantages over the

older technique, it is limited solely to a publication system. It cannot satisfacto

rily meet growing demands for rapid retrieval of complex requests specified ac

cording to multiple subject axes. Some way had to be found to accomplish more,

to do it better, to take less time, to operate more efficiently, and generally to

provide a greater all-round versatility.

This was the situation that led to the initiation of the MEDLARS Project.

That system is described in the following pages; in order that the reader be

allowed a comprehensive knowledge of MEDLARS he is introduced to the sys

tem as a whole, then by observing it at work, and then is given the technical

particulars of its individual components.
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II

WHAT MEDLARS WILL DO

INTRODUCTION

MEDLARS is designed for use by the National Library of Medicine to perform

various functions of literature analysis and retrieval. It will involve the use of a

digital computer and special composing equipment capable of providing excellent

typographic quality. Knowledge of the specific objectives of the system is basic to

an appreciation of what MEDLARS is designed to do and how it will be done. Ac

cordingly, this chapter begins by first outlining the objectives of the system. This

is followed by a description of how these objectives are to be met. In the descrip

tion, a brief overview of the entire system precedes a somewhat detailed examina

tion of the system's component parts.

MEDLARS OBJECTIVES

The objectives of MEDLARS may be summarized as follows:

• Improve the quality of and enlarge Index Medicus and at the same

time reduce the time required to prepare the monthly edition for

printing from 22 to 5 working days.

• Make possible the production of other compilations similar to

Index Medicus in form and content.

• Make possible for Index Medicus and other compilations, the in

clusion of citations derived from other sources, as well as from

journal articles .

• Make possible the prompt (a maximum of two days) and efficient

servicing of requests for special bibliographies, on both a demand

and a recurring basis, regularly searching up to five years of

stored computer files.

• Increase the average depth of indexing per article by a factor of

five, i.e., 10 headings versus 2.

• Nearly double the number of articles that may be handled annually

from 140,000 now to 250,000 in 1969.

• Reduce the need for duplicative total literature screening

operations .
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• Keep statistics and perform analyses of its own operations ,
to pro

vide the information needed to monitor and improve system
effectiveness.

• Permit future expansion to incorporate new and as yet not completely
defined - and hence secondary -

objectives.

An idea of the anticipated capacity and capability of MEDLARS over the present
system may be gained from Table 1 .

Table 1

Comparison of Capacity of Existing System and MEDLARS

Existing System MEDLARS

Item Current 1964 1969

Journal issues indexed 14,000 16,000 25,000

American monographs indexed -

5,000

American and foreign

monographs indexed
- -

13,000

Articles and monographs indexed 140,000 160,000 250,000

Recurring bibliographical

requests filled*
-

50 50

Demand (non-recurring) biblio

graphical requests filled
-

2,500 22,500

*
The bibliographies produced will be prepared at an average rate of three or

four issues per day; they will recur with periodicities ranging from one week

to six months .

OVERVIEW

Under MEDLARS, the regularly published products will continue to be, for the

foreseeable future, the monthly issues of Index Medicus , the annual Cumulated

Index Medicus , annual printings of Medical Subject Headings and List of Tournals

Indexed , and such recurring bibliographies as Bibliography of Medical Reviews . The

typography for these will be of a quality comparable to the currently published issues

of Index Medicus , through use of the specially-designed Graphic Arts Composing

Equipment (GRACE) . GRACE will compose finished copy on film suitable for offset

printing. In addition, demand (non-recurring) bibliographies will be produced to meet
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specific requests as they are received by the Library. Most demand bibliographies
and all statistical information prepared by the system will be printed by a standard

computer printer.

The various operations required to produce these publications may be logically

separated into three subsystems (see also Figure 1):

1 . Input and Conversion Subsystem

In this subsystem, journals, monographs, and other documents are re

ceived and indexed or cataloged; a "unit record", consisting of a cita

tion and its associated headings, is prepared for each article, book, and

serial title; search requests are received and prepared; and unit rec

ords and search requests are transformed into machine -readable form

with punched paper tape as the primary medium.

2 . Manipulation Subsystem

The heart of this subsystem is a high-speed, digital computer. It ac

cepts the unit records on paper tape, checks them for the presence and

correctness of those elements for which such checks are possible, does

some preprocessing to facilitate and speed the subsequent processing,

and stores the unit records on magnetic tape. In response to search re

quests, it searches its cumulation of unit records for those that qualify

for retrieval and edits and composes them for output on magnetic tape.

3 . Output Subsystem

This subsystem transforms the magnetic-tape output of the Manipulation

Subsystem into exposed film from which publications may be printed.

When high-quality typography is not required, the standard output of the

computer's mechanical printer is utilized.

The way in which the three subsystems ,
or groups of operations , will relate to

each other may be visualized in a capsule description of the operations of the system

as a whole: Journals received by the Library will be distributed to a staff of indexers

for the selection of articles to be indexed, the translation of foreign article titles,

and the indexing of article citations with appropriate subject headings and other tags.

Documents such as monographs will be distributed to a staff of catalogers who will

perform somewhat similar functions. A unit record will be prepared for each article

indexed and for each document cataloged. The unit records will be punched on paper

tape in a form suitable for computer input. The paper tape will be read into the com

puter, which will accept the information, process it, compress it, and store it on

magnetic tape. The unit records will be ordered in chronological sequence and will

be stored for at least a five-year period.

Once a month, for the publication of Index Medicus , the unit records placed

into storage over the past month will be expanded, sorted, edited, and rewritten in

final form on magnetic tape. Once a year the material will be merged for the

Cumulated Index Medicus.

5



The magnetic tape output of the computer will be used by the Graphic Arts Com

posing Equipment, which will compose each citation, properly arranged, on photo
graphic film. This film will be developed, inspected, and transmitted to the printer.
It will be used to make the offset plates from which the pages of Index Medicus will

be printed. Film will also be prepared for printing the annual Cumulated Index

Medicus and recurring bibliographies.

Recurring bibliographies may cover one or more clinical or research areas which

are responsive to the bibliographic needs of specialized consumer groups. Periodi

cally, the subject-heading parameters and output format requirements will be prepared

by search specialists and entered into the computer on punched parameter cards. An

increased depth of indexing, as well as the combining of the subject headings and

other search tags (such as relate to journals, authors, and year of publication), will

be possible. The magnetic tape output from the computer will be handled in the same

way as the tape produced for Index Medicus . The printed format of recurring bibliog

raphies will be flexible and can be similar to that of Index Medicus.

Requests for demand (non-recurring) bibliographies will be processed by a staff

of bibliographic searchers and be converted to machine -readable form on punched

paper tape. The tape will be read into the computer, which will then search its files

for the citations that meet the request requirements. These retrieved citations will

be properly arranged by the computer and then printed by means of the computer printer.

In some instances, the Graphic Arts Composing Equipment will be used for printing de

mand bibliographies.

All of these operations, plus storing information and preparing statistics neces

sary to monitor and improve system effectiveness, will be performed speedily. The

monthly issues of Index Medicus will require five working days for completion; both

recurring and demand bibliographies will be processed in one or two days, with prior

ity demand requests being given same-day service.

Broadly outlined, these are MEDLARS' operations. Let us proceed now to exam

ine them in more detail.

THE MEDLARS UNIT RECORD

An entry into the MEDLARS system will consist of a citation plus its associated

tags and is called a unit record. The unit record will be the fundamental entity pre

pared by the system. From the time that it is initiated until it leaves, it will both

activate and be acted upon by the system. However, the medium on which it is

stored, the language in which it is expressed, its syntax, its length, and the fre

quency of its occurrence will all change. There are two types of unit records: (1)

the journal article record and (2) the non-journal article record.

Journal Article Record

Journal article records will be the type of unit record associated with the vast

majority of citations appearing in Index Medicus. Journal article records will consist

of the following elements (see Figure 2).
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Author Vernacular Title

J3ranone FG:-JRapporti tra azione biologica delle radiazionl ionize anti,y
Cprocesso di invecchiamento e duranga delle vita .^fActa Neurol (Napoli)JL4:12'))
Aug 61)(W

Language AbbreviationMonth & Year Volume & Pagination

Journal Title

Abbreviation

^L
Translated Title

Interrelation of the biological action of ionizing radiations, the aging

process and longevity.

Radiation

Radiation Effects

Aging

Longevity

Italy

Review (7)

c
1

Subject Headings

Geographical

Type of Article

Tags

Number of Referencesj

Figure 2. Hypothetical Journal Article
Record
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Author's Name

Experience indicates that 1.5 percent of the unit records will have no authors,

59 percent will have a single author, 23 percent will have two, 10 percent will have

three, and 6.5 percent will have four or more authors.

Title in English

It is expected that 35 percent of the unit records will refer to articles
written

in English.

Foreign Language Title

This will be a vernacular version, always using the Roman alphabet. Some 65

percent of the unit records will cover foreign language citations.

Tournal Title

This will be abbreviated in accordance with a standard list.* Currently, some

2,200 journals are being indexed. This number is expected to increase to 3,000 in

1964 and 6,000 in 1969, with the increase expected to come primarily from foreign

language journals ,

Language

An abbreviation of the language in which the article is published will be taken

from a standard list. The current number of languages listed is 32; it is expected

to rise to 40 in 1964 and to 55 in 1969.

Tags

Tags which will describe the contents and form of the article will be provided

by the indexers . They will include the following .

• Medical Subject Headings

Medical subject headings which are published in Medical Subject Headings

(MESH)** are the only tags that may be used as headings in Index Medicus .

However, with an anticipated increase in the depth of indexing from two

tags per article, the physical size of the subject section of both the

Monthly and Cumulated Index Medicus would increase if each citation

were to appear once under each assigned tag. Hence, the indexer will

indicate which tags are most descriptive of the contents of each article.

In effect, there is one level of indexing for Index Medicus and two levels

*

The List of Tournals Indexed in Index Medicus (LJI) is a regular publication of the

Library .

**
National Library of Medicine, Medical Subject Headinas . 2nd Edition, Part 2 of

Volume 4, No. 1, January 1963, INDEX MEDICUS
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of indexing for both demand and recurring bibliographies. Thus, a specific
subject heading might be checked under one citation as appearing in Index

Medicus and for a second citation as not appearing in Index Medicus . It

is anticipated that each citation will have an average of 10 tags assigned,

but only an average of three of these tags will be checked by the indexer

as those tags under which the citation will appear in Index Medicus.

In addition to the tags in MESH, there will be other tags which never ap

pear in Index Medicus but are used for both demand and recurring bibliog

raphies. Some of these tags are described below.

Provisional Headings

"Provisional headings" will be new descriptors which may be re

quired to adequately describe an article. Examples might be tenta

tive or investigational drugs. Provisional headings will never appear

in Index Medicus but may be used for coordinate searching or as

headings in recurring bibliographies. If at a later date it is decided

that a provisional heading has general use, then it will be added to

MESH, and it will appear in Index Medicus.

Age Group Tags

These tags will be used whenever they are applicable.

Public Health Service Support Group Tags

These tags will be used to identify medical literature resulting from

grants authorized by the Public Health Service.

Geographical Tags

Such tags will be used, when applicable, to designate the country

about which an article is written (not the country in which the

article was written). There will be about 200 geographical tags.

Volume and Page Data

These will consist of information in standard bibliographic form.

Date and Year

This information may appear in various forms or arrangements and include

the year only (about 24 percent); the month and year (about 53 percent);

the day, month, and year (about 19 percent); and other designations

(about 4 percent) .

Entry Date

This will be the date that the unit record is received by the computer. The

computer will supply it automatically.



Non-Journal Article Record

Non-journal article records (NJAR) (Figure 3), the second type of unit record, will

be derived primarily from published monographs. They will represent the body of

material that the Library catalogs. When MEDLARS becomes operational, the Library

will discontinue the section of Index Medicus called "Recent U.S. Publications" and

instead cite cateloged material by subject and author in both the monthly and annual

volumes. The printed form of the citations will be similar, though not identical, to

the form of the citations entered for journal articles.

The non-journal article records will contain not only the elements required for

their citation in Index Medicus but also such additional elements as are required to

prepare standard catalog cards. Such elements will include the following:

• Title (substituted for journal title) .

• Edition note - information covering editions, printings, revisions,

etc.

• Descriptive holdings statement - information describing the issues

of serials available in the Library stacks .

• Place of publication.

• Publisher's name.

o Series note
- the title or description of the series of which the entry

is a part.

• Miscellaneous drop notes
- such information as caption title, titles

of specific editions, thesis information, and form of reproduction.

• The call number of the National Library of Medicine.

• Any additional entries and cross-references.

INPUT AND CONVERSION SUBSYSTEM

Introduction

Reference material must be selected and prepared for entry into the computer. It

must be done timely, to assure that the reference information in storage is always kept

up to date. Requests for bibliographies must also be prepared for entry into the com

puter. The requests must be precisely defined to enable the computer to retrieve the

relevant citations from storage and to format them properly for printing. These are the
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Transplantation of homografts of sclera on the eye of the dog

including volume determinations: an experimental study.

Author—(JOHNSON WA.) [Minneapolis] 1961. (450)illus.

^-Thesis (M.S. in Ophthalmology) -Univ. of Minnesota. / Citation

Misc. Note #1

^-Typewritten copy.

Misc. Note #2

X"W4A J72t)

Call No.

Transplantations

Sclera

Dogs

Thesis

Index Medicus

Headings

Non-Index Medicus

Heading

Type of Article

► Tags

Figure 3. Hypothetical Non-Journal Article Record



major tasks of the Input and Conversion Subsystem. The activities required to perform

may be divided into two categories, those associated with updating the computer files

and those associated with file searches.

Updating The Files

Journals received by the Library will be distributed to a staff of indexers (see

Figure 4) . For each article , an indexer will prepare a "data sheet" on which he speci

fies all of the descriptive tags and certain other unit record elements. The information

on the data sheets and other information from the journals (such as journal title) will

be utilized by a staff of input typists to prepare the unit records. The journal informa

tion will be typed only once, followed by all of the unit records for the journal, which

will equal the number of articles having data sheets.

The input typists will use typewriters that simultaneously produce typed copy and

punched paper tape that contain the same information, though in different form. Each

machine will have a program control feature that will simplify and reduce the typing

task by automatically providing control characters on the typed copy and the paper tape

and producing a fixed format on the typed copy. Typically, when the typist depresses

the control key prior to typing a unit record element, the typewriter carriage will return,

control characters will be typed, and the typewriter will tab once and stop. Each unit

record element will have a unique control character. The computer will be able to

identify the different characters when the paper tape is read in, thereby identifying

the different elements.

Periodically, reels of punched paper tape, the typed copy, journals and data

sheets will be moved together to the proofing area . The proofreading staff will check

the typed copy and indicate needed corrections . A separate paper tape containing all

the correction*; and necessary control information will be prepared. A complete unit

record, any element of) a unit record, or individual
words will be automatically added,

deleted, or changed by the computer on the basis of the instructions on the "correc

tion tape" . When the original reels of paper tape and their associated correction tapes

are read into the computer, the computer will not only make the specified corrections

but also look for other uncorrected errors. Any errors that it finds will be printed out

on the computer printer. This error information will be reviewed primarily by the

proofreaders to determine what corrective action is indicated.

File Searches

In addition to preparing unit records for entry into the computer, the Input and

Conversion Subsystem will also process requests for the retrieval of stored informa

tion that is already in the computer files. These requests will be of two broad types:

(1) those calling for the preparation of periodically printed publications, such as

Tndex Medicu* , and (2) those calling for the retrieval of bibliographic reference in-

information to satisfy the individual needs of Library customers, namely, requests

calling for the preparation of recurring and demand bibliographies.
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As demand requests (for bibliographic information) are received by the Library,

they will be sorted and distributed to a staff of bibliographic specialists called

searchers. These searchers will translate the requests into the language, syntax,

and format required by the system. In the same manner that indexers select those

subject headings that adequately classify an entry, the bibliographic searchers will

select the headings that identify the entry for retrieval. The retrieval criteria ele

ments will be listed and organized into the form of logical expressions following the

detailed demand request rules.

The demand bibliographic requests will be typed/punched by the input typists

in the same manner as the citations from medical literature. The typed copy will be

proofread, corrections made, and the paper tape read into the computer. The informa

tion retrieved by the computer to satisfy these search requests will be screened by

the searchers to make sure that it satisfies the original requests before being trans

mitted to the original requester.

Transition Period

During the first year of MEDLARS operation, the existing mechanized system will

continue to prepare Index Medicus and associated publications. The unit records

generated will, however, be fed into the computer's files for use in meeting future de

mand bibliographic requests. Early in 1964, such requests for bibliographies will be

met by the computer. When MEDLARS finally and completely supersedes the existing

system, it will have a backlog of stored information to call upon in filling idividual

demand bibliographic requests.

MANIPULATION SUBSYSTEM

Introduction

The high-speed, digital computer, which is the heart of the Manipulation Sub

system, will accept the unit records on paper tape as supplied by the Input and Con

version Subsystem, check the tape records for the presence and correctness of those

elements for which such checks are possible, perform some preprocessing and com

pressing operations to speed up the subsequent processing, and store the unit records

on magnetic tape. In response to search requests, it will search its cumulation of

unit records for those that qualify for retrieval, edit and compose them for output, and

deliver magnetic tape to the Output Subsystem.

In the performance of these tasks, the Manipulation Subsystem will utilize the

Honeywell 800 computer and associated tabulating equipments, and will be staffed by

Data Processing Section supervisory personnel, programmers, equipment operators,

and maintenance personnel.

The unit records and other data will be stored on reels of magnetic tape. These

tape files will be prepared, updated, and used by various computer programs which
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manipulate the files to provide the desired outputs. These programs will consist of a
number of component modules, each of which will be used on a demand basis, inde
pendently of the other modules. Operations will be scheduled in the interests of effi

ciency. In the material which follows, first the magnetic-tape files and then the

program modules are described.

Magnetic-Tape Files

The most important magnetic-tape files are described briefly. Working files
which will be temporary in nature are not included.

!• MESH Master File. This file will contain one record for each tag, "See"

entry, "See Under" entry, "See Also Related" entry, and "See Also

Specific" entry.

2. Annual MESH File. This file will have a format similar to the MESH Master

File but will contain only main heading and "See" and "See Under" data.

3. MEDLARS Dictionary Tape (MPT). This tape will consist of the following

small, separate files all contained on one reel of magnetic tape:

• Daily MESH File . This file will have a format similar to the MESH

Master File but will contain only main headings and no cross-

reference data .

• Tournal Record File (TRF) . This file will contain all pertinent

journal information including the dates when journals are due for

computer entry and their places of publication.

• Lands File. This file will contain the language abbreviation codes

and form tags for use as subheadings in listing monographs in

Index Medicus .

• Recurring Bibliographic Parameter File. This file will contain all

the parameters required to describe completely the format and con

tent of recurring bibliographies.

• Recurring Bibliography Print Heading File. This will contain special

headings used only for the printing of recurring bibliographies.

• Recurring Bibliography Selection Criteria File. This will contain

the criteria for selecting citations for inclusion in specific recurring

bibliographies.

4. Compressed Citation File (CCF). This file (see Figure 5) will contain all

of the unit records that the system has in storage. It will be searched to

obtain the citations needed to service demand search requests. The cita

tions will be compressed
- that is, certain unit record elements will be

stored in code form - primarily to facilitate economical, high-volume

storage .
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5. Processed Citation File (PCF) . This will contain unit records from which

the citations for Index Medicus and all recurring bibliographies will be

taken.

6. GRACE Tapes. These will be tapes prepared for use as the input to the

Graphic Arts Composing Equipment and will contain all of the necessary

control information for that equipment.

7 . Reguest History File . This will contain a chronological list of all of the

demand requests that have been processed.

8. Production Run Tape. This tape will contain all of the operational pro

grams used by the MEDLARS computer. Seven different program modules

will be stored on it and individually read into the computer on demand

(see Table 2 for a list of the modules and the files for which they are con

cerned) . The modules will be under the control of an executive program,

which will also be stored on the tape. Figure 6 shows the major inputs

and outputs of each module; these modules, as they will function, are

described next.

Input Processing Module

The Input Processing Module (see Figure 7) accepts on a daily basis the unit

records (A) with corrections (B) that have been prepared by the Input Subsystem and

prepares the two major information files maintained by the system: the Compressed

Citation File (T) and the Processed Citation File (U) . The module consists of five

submodules. Each submodule provides a working tape output or Intermediate Citation

File (E, J, M, and Q) which is utilized as the input to the following submodule, with

the exception of the Format Submodule (S) which provides the CCF and PCF files as

the end product of the module .

1. Paper-Tape Submodule. Paper-tape citations (A) and corrections (B) are

read in. Each journal record is unique and entered first for each journal

followed by all citations from that journal. The corrections and citations

are sorted and the corrections are made . The citations are then edited

and recorded in a standardized format called the Intermediate Citation

File (E).

2. Journal Record File Submodule. This submodule (G) validates the

Journal Title codes received on input and adds the correct Journal Title

abbreviation to each citation. Simultaneously, any journals which are

overdue are detected and reported (F) . For each journal, the journal

record file (I) is updated with the latest volume and issue number re

ceived along with its publication date .

3. MESH Submodule. This submodule (L) validates all of the tags re

ceived on input and encodes the citations with equivalent compressed

codes which will be used for retrieval and processing. At the same time,

usage data on MESH Headings and other tags are accumulated (N) .
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File Usage for Each Program Module
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4. Recurring Bibliography Submodule. This submodule (P) uses the Recurring

Bibliography Selection Criteria File of the MEDLARS Dictionary Tape in

analyzing the daily citation load for participation in recurring bibliog

raphies. It marks those citations which qualify with appropriate recurring

bibliography numbers (Q) and if necessary updates the Recurring Bibliog

raphy Selection Criteria File.

5. Format Submodule. This submodule (S) formats the Compressed Citation

File (T) in six-bit code and also formats and composes the Processed Cita

tion File (U) in eight-bit GRACE code. This PCF consists of three sections:

(1) the Index Medicus Name Section, (2) the Index Medicus Subject Section,

and (3) the Author "See Lines" for Index Medicus.

Demand Search Module

This module (Figure 8) is designed to produce the bibliographic information neces

sary to satisfy the demand requests received by the Library. A programming limitation

is imposed by the fact that the search parameters cannot be established in advance.

Each request will be different and, as a result, a unique set of search parameters must

be established to satisfy each one. The citations cannot be called for by number; in

stead, the entire Compressed Citation File must be searched, citation by citation.

The inputs to the Demand Search Module are the paper tape containing the batch

of demand requests (B); the MEDLARS Dictionary Tape (C) , which will permit looking

up the compressed codes for the request search elements; the Request History Tape (M);
and the Compressed Citation File Tapes (G) , which will permit selection of citations that

will satisfy the submitted requests.

The primary output of the module will be the final magnetic tape (N) containing the

citations retrieved for each demand request. These citations will be in a format that

may be used aither for printing on the on-line printer or by the Graphic Arts Composing

Equipment. An updated Request History Tape (M) will also be generated by the Demand

Search Moduie. This tape will contain recent demand requests that have been processed

up through the current run of the computer.

Referring again to Figure 8, it will be seen that the Demand Search Module is di

vided into four submodules whose functions are as follows:

1 . Request Edit Submodule (A) accepts the paper tape (B) containing the daily

batch of demand requests and utilizes the MEDLARS Dictionary Tape (C) to

obtain the compressed codes for the search elements of the requester. It

edits the requests to produce two output tapes (D and E) formatted for use

in retrieving the citations that will satisfy the requests. It also selects

from the incoming search-request statements their most significant ele

ments in terms of retrieval criteria, placing the elements in computer

memory (F) .

2 . High-Speed Search Submodule (H) sequentially searches every record in

the Compressed Citation File (G) , using the table of significant elements

(F) selected from the requests as retrieval criteria. It produces an
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intermediate output tape or tapes (I). These tapes contain the citations

retrieved by this high-speed, gross search.

Logical Search Submodule (J) processes the intermediate output tape (I)

generated by the High-Speed Search Submodule against each of the re

quest statements (E ) in such a manner as to select only those citations

that logically satisfy the requests. The citations that are retrieved (K)

are written on a separate magnetic tape under their respective request

numbers .

Final Tape Preparation Submodule (L) accepts the magnetic tape contain

ing the retrieved citations (K) , updates the Request History Tape (M and

M ) by adding information from the Request Work Tape (P ) , adds

requester-identifying information to each request being processed, sorts

the retrieved citations by request number, and writes them out on the

Retrieved Citations Tape (N) .

Output Processing Module

This module (Figure 9) contains the computer instructions for producing Index

Medicus and recurring bibliographies. The inputs consist of Recurring Bibliography

Request Cards (B) , the Processed Citation File (C) , and the MEPLARS Pictionary

Tape (P and U) . The Recurring Bibliography Request Cards will tell the module what

recurring bibliographies are to be processed. The Processed Citation File will con

tain items with citations that were created by the Input Module.

The outputs of the module consist of a new Processed Citation File (E) and the

GRACE tapes (Z) . The new Processed Citation File will contain only those items

needed for the future processing of recurring bibliographies. The GRACE tapes go to

the Output Subsystem for final processing.

In the module, the files are searched, the required information extracted, and

the citations arranged in proper order for printing. The arrangement can vary in page

formatting, such as number of columns, number of lines, size of space before each

column, and different page and running headings. In addition, the citations can be

grouped in a number of ways and can have two different levels of group headings.

The Output module is divided into the following eight submodules:

1. Extract and Expand Processed Citations Submodule (A) takes the Proc

essed Citation File (C) and extracts from it the citations needed to

satisfy the parameters of Index Medicus or other bibliographic requests,

repeats each citation under every appropriate main heading, and prepares

the Expanded Processed Citation File (G) and a new Processed Citation

File (E) reduced in size .

2. Sort Submodule (H) takes the Expanded Processed Citation File (G) and

ranks its citations in the necessary sequence for printing.
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3. Format Recurring Bibliography Submodule (J) combines the sorted file

(I or I ) with selected headings from different subfiles of the MEPLARS

Pictionary Tape (P or U) to create GRACE files (K) .

4. Format Page for GRACE Submodule (not indicated on block diagram) is

used in the Format Recurring Bibliography Submodule (J) , the List of

Journals Indexed Submodule (T) , and the MESH submodule (W) to format

the information to be printed into "pages" for the GRACE files (K, K

andK2).

5 . Check for Good GRACE Tape Submodule (L) reads each tape with page

formats and ascertains that it is a "good" tape for release to the Out

put Subsystem (Z) .

6. Bibliography of Medical Reviews and Cumulated Index Medicus Sub-

module (M) takes a 12-month total of the Expanded Processed Citation

File (N) and the annual MESH File (O) and creates Expanded Processed

Citation Files (P and O) and MESH Cross Reference Files (R and S) for

the Bibliography of Medical Reviews and the Cumulated Index Medicus .

7. List of Journals Indexed Submodule (T) uses the Journal Record File from

the MEPLARS Pictionary Tape (U) and creates a GRACE file (V) which

may contain a complete list of all journals, and/or a selected list of all

journals indexed in a particular period.

8. MESH Submodule (W) takes the MESH Master File (X) and creates a

GRACE file (Y) containing headings to be printed out.

Report Generator Module

The Report Generator Module edits and composes the citations retrieved by the

Pemand Search Module and provides for printing them on either the computer printed

or GRACE. The module has the ability to sort unit records and to provide that all or

only selected elements of unit records be printed in a specified order and with

differing columnar arrangements.

The inputs to the module are (see Figure 10) the Retrieved Citation Tape (R) , the

MEPLARS Pictionary Tape (H) , and Request Parameter Cards (C) . The Retrieved Cita

tion Tape ,
which is prepared by the Pemand Search Module , contains the citations

necessary for satisfying the demand search requests being processed. The MEPLARS

Pictionary Tape is used to acquire the foreign language abbreviations for the search

requests and, as necessary, to supply the English equivalents of all the tags (which

are stored in their code representations) that were assigned to the retrieved unit

records. The cards contain the requesters' output formatting instructions.

The output of the module is one or more magnetic tapes (K, L) containing for

matted citations that are ready to be printed by the computer printer or to be proc

essed by GRACE for high-quality typography. A flexible printed format is available
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to the requester, including the choice of either high-quality or standard typography.

It is possible for a requester to specify, for example, that page headings be pro

vided, that citations be grouped by major headings, and that the columns be a parti

cular width with, say, three columns to a page.

The Report Generator Module is composed of the following four submodules:

1 . Edit Submodule (A) accepts the citations (B) retrieved by the Pemand

Search Module, expands them and formats them according to the re

questers' instructions (C) , and writes them on tape (P) with sort keys

added.

2. Sort Submodule (E) takes the output of the preceding submodule and sorts

the citations according to the specified keys, writing the citations on

tape (F) in their final printing sequence.

3. Medical Heading Code Extraction Submodule (G) accepts the sorted cita

tions (F) and utilizes the MEPLARS Pictionary Tape (H) to add to the re

trieved citations for certain demand search requests all of the tags as

signed to the articles cited. This submodule is used to process citations

for only those requests for which "extraction" of tags is specifically

requested .

4. Final Output Submodule (J) composes citations from the tapes (F and I)

produced by either of the two preceding submodules (for the tape from

the Sort Submodule, also adds required medical subject headings (H) into

complete lines of "print", providing on magnetic tape(s) (K and L) the

physical arrangement for the final printed output to be produced by the

computer printer or GRACE .

Statistical Module

The Statistical Module produces statistical reports on request. The period of

time that a report may cover is flexible and there are optional report formats. The

data from which the reports are produced are normally extracted from the Compressed

Citation File, which is prepared by the Input Processing Module, but may also be

taken from the MEPLARS Pictionary Tape. The design is flexible so that additional

reports may be obtained through only minor modifications of the module.

The reports which this module is presently designed to produce are:

• A listing of the title abbreviations and publication dates of those

journals actually indexed for Index Medicus during a specified

period .

• The frequency of use of each main heading whose total exceeds a

specified number.

31



• The number of English-language or foreign-language articles indexed,

broken down by language abbreviation, and including a subtotal for

each foreign language.

• The number of citations printed in the Subject Section, the number

printed in the Name Section, and the number of junior author cross-

references .

• The number of articles and citations appearing in Bibliography of

Medical Reviews .

The Statistical Module is divided into four submodules (Figure 11). In the

first submodule (A), the Compressed Citation File (B) is read and the data requested

(C) is extracted from it and placed onto a work tape and into temporary storage in

memory. The second submodule (P) sorts the extracted data. The third submodule

(E) processes the sorted information against the Journal Record and MESH files on the

MEPLARS Pictionary Tape (F) , generating a tape to be printed. In a final and alto

gether separate submodule (G) , the tape is printed on the on-line printer.

Other Program Modules

The remaining two modules on the System Program Tape are:

• The MESH Generator Module

• The File Maintenance Module

These two modules perform the system's "housekeeping" functions; they are

used solely for correcting and updating the MESH and Citation files, and only indi

rectly on the output of the system.

OUTPUT SUBSYSTEM

The principal function of this subsystem will be, to transform, by means of a

Graphic Arts Comporing Equipment (GRACE), automatic film processing and ancillary

equipments, the coded magnetic-tape output of the Manipulation Subsystem into

processed film from which a printer can produce a publication such as Index

Medicus (see Figure 12). (The responsibility for actually preparing the offset litho

graphic plates from the film and printing the designated publication is delegated to

another organization.) Publications not requiring high-quality typography will also

be produced, using the computer's on-line mechanical printer.

Graphic Arts Composing Equipment

The Graphic Arts Composing Equipment will convert information from magnetic

tape into intelligible images or characters on film. Its input will be electrical
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signals from a magnetic-tape transport operating fully under its control. These signals

will arrive in bursts of coded characters which represent a full line of legible type and

any combination of the 226 different alphanumeric symbols that will be provided will

be accepted. GRACE will set this "type" on film or paper at a rate in excess of 440

characters per second. An automatic film processor will process the film and paper

that GRACE prepares.

Prior to initiation of any production run, the GRACE operator will calibrate GRACE

and the automatic film processor by composing a test pattern on film (or paper) and

processing the product in the automatic film processor. Iterative checks will be made

until the test pattern is acceptable. These tests will not be restricted to the pre-

production period; they will be performed on a regularly scheduled basis, such as

after each 50 to 100 feet of film has been exposed and processed.

Each batch of film (or paper) leaving the automatic film processor will be in

spected and classified as "acceptable" or "unacceptable". Acceptable film will be

cut into page-size sheets and packaged for delivery to the printer. Unacceptable

film will be cause for corrective action of some nature, depending on the reason why

the film is unacceptable .

When photographic paper is, chosen as the output medium reproduction of the out

put copy will take place at the National Library of Medicine using commercially avail

able office copying equipment. Copy passing inspection will be packaged and mailed

to the customer.

Computer Printer

The copy produced by the computer printer will be used primarily to satisfy the

request for bibliographic reference material on specific subjects. Other uses will in

clude the production of statistical reports .

Pemand bibliographic reference material so produced will be inspected and then

referred back to the bibliographic specialists who processed the original request to

make sure that it satisfies the original request before being transmitted to the request

ing individual or organization.
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Ill

MEDLARS AT WORK

INTROPUCTION

The following chapters of this report discuss in technical terms what MEPLARS

will do, how it will do it, and the design and management considerations underlying
the system's development. This chapter projects the reader into the future to illus

trate some of the operations of the system. Its purpose is to provide a clearer under

standing of how the human and machine components of the system will function.

Scenes that could take place on any day at the National Library of Medicine

after MEPLARS is operational are briefly described. It will be assumed that the sys

tem has been implement! j precisely as it is now designed, even though relatively

minor modifications may be made. Since the descriptions will contain a minimum of

technical detail, :he reader may wish to refer occasionally to other portions of this re

port for related technical information.

THE INPUT ANP CONVERSION SUBSYSTEM

We will take an imaginary tour of MEPLARS' operations and begin by observing

how the incoming journals are processed (see Figure 1, Journal Processing Flowchart).

To do this, we proceed to where the indexing staff is located on the Library's first

floor.

JOURNAL INPEXING

A few moments ago the Head of the Indexing Unit received 60 journals from the

Library's Technical Services Pivision. He has just finished distributing them, taking

into account journal language and content, to the 18 members of the indexing staff.

One of the staff is beginning to index a journal.

The indexer turns to the first article in the journal and scans it. He then in

serts a "data sheet" (see Exhibit A) into his typewriter and types his indexer-code

number, the article's pagination, and nine medical subject headings that he decides

are descriptive of the article. Removing the data sheet from the typewriter, he takes

a pencil and puts check marks in front of several of the medical subject headings, to

indicate that the article should be cited under them in Index Medicus , and also in

front of two of the other tags provided on the data sheet. Now he clips the data sheet

to the page opposite the one on which the article begins and turns to the next article.

When he has prepared data sheets for all of the journal's articles and has them clipped

in place, he puts the journal in the "out" container on his desk and reaches for

another journal.
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In a short while, a clerk with a small cart circulates among the indexers' desks

collecting the journals that have been indexed. She takes them to the office of the

Head of the Indexing Unit, who determines which journals should be reviewed by the

revisers for accuracy of indexing and which are to be transmitted directly to the

Library's Pata Processing Section without review. She places the journals on his desk

and removes two stacks of journals that he has already examined. One stack of

journals is marked for review and the other for transmittal. Now she passes the desks

of the revisers, distributing the journals needing review and collecting those that have

been reviewed. When she completes her round, only journals for transmittal are in the

cart. We follow the clerk as she takes the journals down the corridor to the Pata Proc

essing Section.

Conversion to Punched Paper Tape

The clerk enters the Input Area, which is in the room adjoining the Computer

Area. Standing in the hall, we can observe the activities in either area through a large,

semi-circular window. In the Input Area we see typists seated before paper-tape type

writers that can "read" and "punch" paper tape while producing standard typewriter

copy. The Head Typist takes the journals from the clerk and distributes them to the

typists. Several are given to the typist nearest to the viewing window.

The typist positions a journal and then, reading from its front cover, types its

Journal Title Code, the indexer' s identification number followed by her own, and then

the journal's volume number and date. These are simultaneously produced on the type

writer copy and on punched paper tape (see Exhibit B) . We see the tape being emitted

from the punch mechanism attached to the typewriter's left side and being accumulated

on a detachable tape reel. Next, she opens the journal to the first data sheet and be

gins to type information from the article and the data sheet. The article's "unit record"

is now being prepared.

As the typist prepares the record, she frequently depresses the "read" key on the

typewriter, causing the typewriter to follow instructions on the "control tape" feeding

through the paper-tape reader, which is the attachment directly in front of the punch.

This automatically formats and codes both the typewriter copy and the punched paper

tape. When the last item of the article's unit record has been entered, the typist turns

to the next data sheet contained in the journal to prepare the next article's unit record.

After all the unit records for the journal have been prepared, she tears off the copy from

the typewriter and attaches it to the journal.

The journal information and unit records for a number of journals are "batched" on

the same roll of punched paper tape. When a full roll is accumulated, the reel contain

ing it is dismounted from the typewriter and placed, with the related journals and typed

unit records, in a container which is taken to the proofreader. The proofreader proofs

the information on the punched paper tape by comparing the typed unit records with the

data sheets and the journal articles. When an error is found, the proofreader makes

the correction in red on the typed unit record and prepares a "correction work sheet"

which she attaches to the record. She then passes the journals, tape, and associated

documents to the correction typist.
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The correction typist uses the correction work sheet to prepare a supplementary

"correction tape" which, after final proofing, will accompany the original tape when

it is taken to the computer input station. The various journals, data sheets, typed

unit records
, and correction work sheets are retained in the Input Area until the com

puter has finished processing the punched paper tape. At such time, the journals will

be sent to the Library collection and the related materials will be discarded.

REQUESTS FOR BIBLIOGRAPHIES

Leaving the Input Area , we move down the hall to look in for a moment on the

activities of the bibliographic search specialists. Earlier, the Senior Searcher dis

tributed to the search specialists the 11 requests for bibliographies that were received

by the Library over the past eight hours. All are on the standard request form, "Request
for MEPLARS Literature Search", that the Library furnishes to those who use its serv

ices. Most of the requests were received on such forms. Some requests, those de

scribed in letters and received by telephone, were entered on the forms by the Senior

Searcher. We see one of the search specialists reading a request from a medical

school for a bibliography "comparing the treatment of histoplasmosis and coccidio

idomycosis with nystatin and/or amphotericin B" (see Exhibit C) .

When the search specialist concludes his reading, he withdraws a "demand

search data sheet" from the file on his desk and begins to fill it out (see Exhibit P) .

After specifying the request's number and his own identification number, he refers to

his copy of Medical Subject Headings to identify pertinent medical headings. Now he

lists the "elements" of this request on the form, writing them as medical headings

with codes. Next, he scans several reports containing information about relevant

citations stored in the system and several containing information about previous simi

lar requests. Then, after a moment of deliberation, he writes a search equation on

the form using the codes he previously listed. In effect, the equation tells the com

puter to search for citations with heading combinations of nystatin _or amphotericin B

and histoplasmosis or coccidioidomycosis . The request is, in other words, for all

citations that have been tagged with any one or more of the following pairs of head

ings: nystatin and histoplasmosis; nystatin and coccidioidomycosis; amphotericin B

and histoplasmosis; or amphotericin B and coccidioidomycosis. After also indicating

that the retrieved citations are to be arranged by author, the searcher clips the form

to the incoming letter and placed them in the "out" container on his desk. The

material will be taken to the Input Area , where the search information will be con

verted to punched paper tape for computer processing.

THE MANIPULATION SUBSYSTEM

Let us return to our former position at the window to observe activities in the

Computer Area (see Figure 14). This is a completely enclosed, separately air-

conditioned room designed to house the Honeywell 800 computer, its peripheral equip

ment, and the Graphic Arts Composing Equipment (GRACE). Looking through the view

ing window we see the console, or the human control for the computer, in the center
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of the area. Some of the larger equipments surrounding the console are GRACE, seven

magnetic tape drive units, and the computer central processor. The smaller equipments

close to the console are a paper-tape reader, a card reader, a card punch, and the com

puter's mechanical printer. The typewriter on the console is used by both the console

operator and the computer. The operator uses it to type in data and instructions for the

computer's operations. The computer uses it to type out requests for instructions and

notices about its operations.

INPUT PROCESSING

The console operator and his assistant have readied the necessary equipment for

placing into magnetic-tape storage the citations resulting from yesterday's indexing

activities. The MEPLARS Pictionary Tape was mounted on tape unit 2 and "work" tapes

were mounted on tape units 3, 4, 5, and 6. The work tape on unit 3 is actually an out

dated MEPLARS Pictionary Tape on which current files are to be written during the proc

essing. The tapes on units 1 and 7 did not need to be changed. The tape on unit 1 is

the Production Run Tape, containing all of the operational programs used in the MEPLARS

system, and the tape on unit 7 is being used in connection with GRACE'S operations.

1 . Conversion to Magnetic Tape

The assistant console operator obtains 14 reels of punched paper tape, con

taining batched citations, and 3 containing corrections for the citations. He

mounts one of the citation tapes on the paper-tape reader, threading the tape -end

through the reader mechanism and attaching it to the take-up spool. Following

this, he signals to the console operator that the equipment is ready. At the con

sole, the operator types instructions to the computer, telling it in code to follow

the Input Program on the Production Run Tape mounted on unit 1. Then he presses

the EXECUTE button on the console; we see the reel on the paper-tape reader

turn, and the computer writes into the input area of its high-speed memory the

citations read by the paper-tape reader. Now the computer (a) converts the in

formation on punched paper tape to computer language; (b) attaches journal in

formation to each individual citation; (c) adds a "sort key" to each citation to

indicate its processing order; and (d) writes the citations on tape unit 4.

The assistant console operator periodically mounts and dismounts paper

tapes on the paper-tape reader until the 11 tapes containing citations have been

read in. The citations being written out on unit 4 are collectively referred to as

the "Intermediate Citation File", a name which they retain during processing

until they are finally written on the tape on which they will be stored.

Now the assistant console operator mounts one of the correction tapes on

the paper-tape reader. Although it is not a required procedure, the three correc

tion tapes were saved until last. As in the case of citations, the computer con

verts the correction information to computer language, adds sort keys, and then

writes the information on the Intermediate Citation File. The computer does not

add journal information because it is already specified in the correction data.

Soon the last of the three correction tapes has been read into the computer.
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2 . Correction of Citations

After the last correction tape has been read into the computer, the operator

presses the EXECUTE button and immediately the reels on tape unit 4 turn as the

Intermediate Citation File is read back into the computer. Partly relying on in

formation stored in its high-speed memory, the computer (a) locates the citations

for which corrections are specified and makes the corrections; (b) prepares a

"main record" for each citation that includes all the information pertaining to the

citation except its medical subject headings; (c) prepares a "subrecord" for each

individual medical subject heading; (d) looks for logical errors in the citations

(such as the absence of a required code symbol) and notifies the operation of

such errors by means of "printouts" on the mechanical printer; and (e) writes the

Intermediate Citation File on unit 5 in the form of main records and subrecords.

3. Processing Journal Information

Now automatically, but with the console operator monitoring the operations,

the Intermediate Citation File and the Journal Record File on unit 2 begin reading
into the computer. Comparing the information on the two tapes, the computer (a)

determines if the journal title codes in the citation records are valid and notifies

the operator of invalid codes by printouts on the mechanical printer; (b) adds

journal place-of-publication codes and appropriate journal title abbreviations to

the records; (c) reports, through printouts on the mechanical printer, overdue

journals and journals received late; (d) updates the Journal Record File and writes

it on unit 3; and (e) writes the Intermediate Citation File on unit 4.

4. Processing Subject-Heading Information

The Intermediate Citation File is again read into the computer. The com

puter uses information stored in its memory to expand and sort the citation rec

ords and to arrange them in alphabetical order by subject heading. Thus formatted,

the Intermediate Citation File is first written on unit 5 , then it is read into the

computer along with the Medical Subject Heading File (MESH) on unit 2. The com

puter compares the information on the two tapes and this time (a) determines the

validity of the subrecords by comparing their headings with those in the MESH

File; (b) deletes subrecords with headings that cannot be matched and notifies

the operator of such actions by printouts on the mechanical printer; (c) adds

appropriate classification numbers (denoting structured subcategories of subjects

to which the headings in the records relate) and inserts subject heading codes;

(d) identifies and marks headings that qualify the citations for inclusion in

specific recurring bibliographies; (e) updates the MESH File and writes it on

unit 3; and (f) writes the Intermediate Citation File on unit 4.

5. Selecting Citations for Recurring Bibliographies

Now the Intermediate Citation File is read in, and the computer, using in

formation stored in its high-speed memory, sorts the records back into their
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original processing sequence, i.e. , one record for each citation arranged under

its proper journal. These are first written out on unit 5 and then read in as the

Recurring Bibliography Parameter File on unit 2 is read in. Using logical search

equations supplied by the latter tape, the computer (a) determines which cita

tions contain elements that satisfy criteria for any of 50 main recurring bibliog

raphies and any of their more particular sub-bibliographies; (b) marks those

citations that qualify by attaching appropriate bibliography numbers to them;

(c) updates the Recurring Bibliography Parameter File if necessary and writes it

on unit 3; and (d) writes the Intermediate Citation File on unit 4.

6. Storing the Citations

As soon as the Intermediate Citation File has been written on unit 4, proc

essing stops momentarily. The assistant operator labels and removes the two

MEPLARS Pictionary Tapes from units 2 and 3 and then replaces them with the

latest Compressed Citation File tape and the latest Processed Citation File tape,

respectively. With the tapes mounted, the operator presses the EXECUTE button

and processing proceeds. The Intermediate Citation File is read in and for each

of its citations the computer, using information stored in its high-speed memory,

prepares a highly compact citation containing only those elements necessary for

retrieving and printing the citations for search requests. These abbreviated cita

tions are added to the Compressed Citation File, and then the Intermediate Cita

tion File is read in again. This time the computer uses information in its memory

to format citations that will, after certain additional processing, be composed by

the Graphic Arts Composing Equipment. It adds these citations to the Processed

Citation File .

The addition of the citations to the two files completes the input process

ing operation. The citations prepared by the indexers on the previous day are

now in the computer's "primary storage", that is, they are on magnetic tape

ready for retrieval when needed. The entire operation required about 60 minutes

of the computer's time.

Pemand Search Processing

We have seen how citations are placed in storage. Since the computer's next

operation is to process the 11 requests for demand (non-recurring) bibliographies that

were received from the Input and Conversion Subsystem, we have an opportunity of see

ing how citations are retrieved from storage. This operation has a special significance

to a growing number of medical researchers, who are able to obtain, in a matter of a

day or two, individually tailored bibliographies covering both American and foreign

publications .

Preparing for the operation, the assistant console operator selects the reel of

punched paper tape containing the request information and mounts it on the paper-tape

reader. Next he mounts a work tape on tape unit 2, the current MEPLARS Pictionary

Tape on unit 3, and Compressed Citation File tapes on units 5 and 6. No changes are

necessary in the tapes on the other units. Meanwhile, the operator types instructions
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for the computer on the console typewriter. Now, with the equipment ready, the opera

tor presses the EXECUTE button on the console, the reel on the paper-tape reader turns,

and the processing of demand search requests begins.

1 . Conversion and Coding

The 11 requests are first read into the input area of the computer's high

speed memory. The computer reviews the information for logical errors, formats

it into processing sequence, and then writes it on tape unit 2. Meanwhile the

computer, using the console typewriter, informs the operator that the requests

require a search of the entire Compressed Citation File, which consists of all

the citations stored in MEPLARS' magnetic-tape memory. Accordingly, all 9 reels

of tape making up the File will need to be mounted and read into the computer.

Following this, the reels on tape units 2 and 3 turn as the MEPLARS Pictionary

Tape and the search elements of the requests are read in together. The computer,

using information from the first tape, substitutes codes for each search element

and inserts the number of citations the element would retrieve from storage if no

conditions were imposed. It places this information (element codes and related

citation counts) in its high-speed memory.

2 . Retrieving the Citations

Now the MEPLARS Pictionary Tape rewinds on tape unit 3 while the request

statements on tape unit 2 are read in. The computer places the element codes in

algebraic expressions and compares the expressions with the number of citations

that each would retrieve from storage. Based on this comparison, it then makes

a logical selection of only those codes that will most effecitvely limit the cita

tions retrieved to the kinds and number needed to satisfy the request statements.

The computer retains these "significant elements" in its high-speed memory and

writes the request statements on tape unit 4. Meanwhile, the assistant console

operator has dismounted the MEPLARS Pictionary Tape from unit 3 and mounted a

work tape in its place .

Next, the Compressed Citation File tapes on units 5 and 6 are, in that or

der, read into the computer. The computer compares the significant elements in

its memory with the compressed citations contained in the File and selects those

citations that contain one or more of the elements. We see the assistant console

operator alternately dismounting and mounting tapes on units 5 and 6 until the en

tire Compressed Citation File has been read in to be searched in this way. All of

the citations selected from the File during the search process are written on unit

3. Then, as the assistant operator replaces the tapes on units 5 and 6 with a

work tape and the current Request History Tape, respectively, the retrieved-

citation tape and the search requests on tape unit 4 begin to read in. The com

puter compares each citation with each request statement and, if a citation is

responsive to a request, appends the number of the request to the citation.

Following this, the computer writes the citations on unit 5, listing them under

their respective request numbers.
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3. Printing the Bibliographies

Now both the retrieved -citation tape and the request-information tape on

unit 2 are read in. The computer extracts formatting specifications from the

latter tape and adds them to the citations, and then writes the citations on unit

6. Promptly, the request-information tape is again read in, this time as the Re

quest History Tape is read in. The computer updates the Request History Tape

by adding data from the first tape and, as this is done, writes the tapes out

again.

Next, only the retrieved -citation tape is read in. This time the computer

formats the retrieved citations for each request according to the specifications
of the individual or group who submitted it. The formatted citations are written

on unit 5 , read back into the computer and sorted into printing sequence ,

written out on unit 6, and then again read in to be physically arranged into

"printed lines" , and finally written out on unit 5 in a form appropriate for the

mechanical printer.

THE OUTPUT SUBSYSTEM

As the computer is printing out the last of the demand search bibliographies, we

see the operator of the Graphic Arts Composing Equipment (GRACE) preparing it for its

task of composing citations on film for Index Medicus . A special test tape has been

mounted on tape unit 7, which is connected to GRACE, and a 100-foot roll of film has

been mounted in GRACE'S film magazine. We see the operator turn GRACE'S operation

selector switch, positioning it so that the equipment will run through the'CONFIPENCE

MOPE". Then he presses the START button and GRACE automatically reviews its own

operational condition for indications of malfunctioning components. None of the

trouble -indicator panels on GRACE is illuminated, meaning that no function errors

were found. The operator repositions the selector switch, presses the START button,

and this time the test tape is run through GRACE which, in turn, produces a "test

pattern" on film in the magazine. The operator removes the strip of exposed film,

places it in a container, and then hands the container to a clerk who takes it down

stairs to the Park Room Area .

The container is given to the operator of the automatic film processor. He re

moves the film strip from the container and feeds the film into the processor. The

processor automatically develops, fixes, washes, and dries the film. Soon we see

the fully processed film being emitted from the processor. Removing the film, the

operator inspects it, first under a magnifying glass and then with a densitometer, look

ing for errors in either photo-composition or film development. An error would normally

require an adjustment in GRACE or the automatic film processor. Finding none, he

notifies the peripheral equipment operator that test run results are satisfactory and

that operations may proceed.

Receiving this information, GRACE'S operator removes the test tape from unit 7

and in its place mounts a reel of magnetic tape containing citations for Index Medicus .
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The computer previously extracted these citations from the Processed Citation File and

expanded and formatted them for use with GRACE. He pushes the START button and GRACE

begins to "set" type by extracting a line at a time in coded form from the magnetic tape,

manipulating and decoding the information, and photographically recording composed

three-column pages of Index Medicus on the film in the magazine (see Exhibit E) .

After several minutes of processing, GRACE abruptly stops, which means that it

has found an error either in the information from the magnetic tape or in its own function

ing. A lighted indicator panel states: FLASH LAMP FAILURE. The operator turns the se

lector switch, presses the START button, and once more runs GRACE through the CONFI-

PENCE MOPE. Soon the number "211" appears on the flash lamp trouble -indicator panel.

The operator replaces flash lamp number 211. Finding that this corrects the problem, he

sets GRACE back into normal operation, first directing it to recompose the page which

was in process when the error was detected.

Processing continues for about an hour before GRACE stops once more. This time

the stop indicates to the operator that the 100-foot roll of film in the magazine has been

completely exposed. The operator removes the roll of exposed film and mounts another

roll in the magazine. As GRACE resumes operations, the exposed film is taken down to

the Park Room Area , where it will be developed by the automatic film processor, in

spected for quality faults, cut into page-size strips, given a final review, and then

packaged and sent to the printer.

CONCLUSION

This concludes our MEPLARS tour. We did not, of course, view all of the activi

ties and operations of the system. However, those we saw were illustrative of how the

system will function.
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IV

PESIGN CONSIDERATIONS

SYSTEM CRITERIA

INTROPUCTION

MEPLARS will incorporate and expand the features of the existing publication sys

tem at the Library and, in addition, will add a storage and retrieval capability to this

existing system. The authority list for Subject Headings would continue to be used for

the publication system. A question concerning the adequacy of this list for storage and

retrieval and, if adequate, how the headings would be utilized, however, had to be

answered and the existing MESH List modified as necessary.

MEPICAL SUBJECT HEAPINGS

When the present mechanized system was adopted by the Library in 1960, it was

necessary to revise and recast the then existing subject heading authority list. This

356-page volume represented the Library's experience over many years. It contained

about 4,500 main headings and 67 standard topical subheadings arranged in an alpha

betical listing of all main heading terms and contained extensive cross references.

Since MEPLARS has the added capability for storage and retrieval of citations

and also will require an increase in the depth of indexing, investigations were con

ducted by NLM during 1962 and certain revisions made to MESH. The second edition of

MESH (published in January 1963) contains a total of some 5,700 subject headings of

which 1,400 are new and 4,300 were used in the first edition. Thus, subject headings

were made more specific especially in areas of greater interest as evidenced by the

quantity of published articles.

The important innovations in the subject heading list included the appending of a

categorized list, revisions in cross-reference designation and structure and the dis

continuation of the use of topical subheadings. The decision to discontinue topical

subheadings was made reluctantly after much investigation. They are not really

adaptable to coordinate searching and with more specific main heading terms being

utilized, their disadvantages outweighed their advantages. However, 24 form sub

headings will be utilized with monographs in Index Medicus .

The major emphasis of MESH is on clinical aspects of medicine. The terms for

para -medical and non-medical sciences concentrate more on chemistry and anthropology

than on agriculture and sociology. MESH is based on the concept that subject catalog

ing of monographs and subject indexing of periodical articles are essentially like

operations. This conciliation of formerly incompatible methods has both positive and

negative aspects , but time and usage will determine the extent of the success of this

technique .
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HUMAN INPEXJNG

Although the computer and the manipulation subsystem are of central importance

to the operation of MEPLARS, the importance of the human indexing task performed in

the input subsystem cannot be overemphasized. MEPLARS could fail to meet its ob

jectives if the indexing were poorly or incorrectly performed.

The state of knowledge about language and meaning is such today that the in

dexing task cannot be mechanized for a system of this size and complexity. However,

the capabilities of the manipulation subsystem can also be used to facilitate and im

prove the task and art of indexing. It can be safely predicted that, as system person

nel gain experience and the body of statistics regarding system performance grows,

the computer and the information base available to it will become increasingly more

important tools in the task of improving system performance in general and in making

indexing more of a science than an art.

SEARCH REQUESTS

As already mentioned, the handling of search requests is just as important to

the success of the retrieval of information for demand bibliographies as indexing. When

it is remembered that these non-recurring requests for bibliographical information will

reach an estimated total of 2,500 in 1964 and 22,500 in 1969, the importance of satis

factorily retrieving such a mass of information from that stored in the computer files

cannot be overemphasized.

Four aspects of the search requests will determine their primary effect on the

MEPLARS system: (1) the complexity of the requests, (2) the volume of requests that

must be processed, (3) the amount of time allowed for the processing, and (4) the volume

of unit records retrieved.

The processing of search requests in a satisfactory manner will have its maximum

impact on the manipulation subsystem. Specifically, the effects will be manifested by

the number, kinds, and lengths of computer programs required, the way in which the

computer files are organized, the media required for storage of the file contents, and the

size and speed of the computer. The effects on the other subsystems will be no less

pervasive .

In addition to selecting headings that adequately describe the requester's needs,

the search request specialists must be able to denote the logical interrelations among

the retrieval criteria in a precise and unambiguous way. The way in which a search re

quest is defined must not only serve the needs of the bibliographic specialists, it must

also avoid complication of the typing task in the conversion part of the subsystem, so

as to keep to a minimum the number of typing errors .

The effects of search requests on the output subsystem will be primarily those

caused by the volume of unit records retrieved for printing and by the flexibility in

format and typography that the subsystem must be able to provide.
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SUBJECT HEAPINGS

The unit records and the search requests will be joined primarily by the subject

headings assigned to the citations. The ability of the system to retrieve those unit

records that are relevant to a requestor's needs will be directly related (1) to the number

and correctness of the subject headings appended to the citations and (2) to the subject

headings and the logical relations among them specified in a search request.

The greater the number of headings appended to a citation or search request, the

higher the probability that it will be retrieved when relevant to a request. However,

the probability of retrieving non-relevant or only peripherally-relevant unit records also

increases with the number of headings per citation or request. How to achieve an appro

priate balance has been a matter of speculation, debate, and experimentation for many

years. Pirect experience with the MEPLARS installation may provide the answer to the

question.

The increase in the number of subject headings per citation will have a second

important effect: The indexer will specify headings under which a citation will appear

in Index Medicus; the greater the number of headings thus specified, the greater the

number of pages in a given issue. The decision as to how many should generally be

specified will, to some extent, be a matter of policy, but in the individual case it will

rest with the indexer, and also, for some portion of his output, with the reviser.

COMPUTER SELECTION

Because the heart of MEPLARS is a computer, and because the requirements that

the computer has to meet are exacting, it follows that the determination of the type of

computer to be used and its specific characteristics were of primary importance in de

signing the over-all system. The procedure followed consisted of a study of the system

requirements, a determination of specific tasks, an investigation of file techniques,

and an evaluation of computer systems. The final selection was based on a cost-

effectiveness trade off, the latter being derived from the timing for a sample exercise.

SYSTEM REQUIREMENTS

The system requirements were the major factors affecting the detailed system de

sign. The transformation of these requirements into specific computer tasks and the

determination of the computer loads that they present, when subject to the constraints

of computer execution rates and of throughput requirements, determined: (1) the number,

complexity, and the length of the computer programs; (2) the organization of and in

formation flow among the computer programs; and (3) the number and content of various

files needed to implement the programs.

The major tasks of and primary loads on the system will be:

1. To accept unit records from punched paper tape, including

correction tapes that may be attached;
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2. To edit citations for storage in the system files;

3. To accept and edit demand search requests;

4. To retrieve, edit, and format for printing the citations to satisfy

demand search requests; and

5. To retrieve, edit, and format for printing those citations required

for recurring bibliographies, of which Index Medicus is the most

important.

FILE STRUCTURE

The fundamental problems in the design of a file structure and of techniques to

manipulate the files stem from the sizes of the files, the rates at which they grow, the

need to retrieve information from them within the constraints imposed, and the need to

update and to revise them. As explained in preceding paragraphs, these files will con

tain, in addition to compressed and processed unit-record information, program pro

cedures and data covering journal identification, subject headings, and historical

statistics .

The principal problem involved in the design of this particular MEPLARS area was

whether to use magnetic tape, random-access disks, or a combination of both for stor

age purposes. A cost-comparison study showed that, at an estimated yearly file

growth rate of 80 million characters, an additional disk unit would be required each

year if all the files were to be stored on disks. This was obviously too costly, so disks

were rejected as the primary storage medium and magnetic tape was selected for the

purpose .

But, even though disks were not an economical primary storage medium, some

combination of tape and disks could conceivably provide the most practical and effec

tive method of accessing the large storage of information involved. To evaluate such a

combination, a study was made of the two basic file -structure and retrieval techniques,

i.e. , a disk-oriented locator file in combination with a magnetic-tape file versus a se

quential file stored only on magnetic tape.

The basic difference between the two methods is that the disk-type locator method,

by utilizing information stored in the locator, partially or completely determines what

citations satisfy the retrieval criteria. It then retrieves the selected citations by pass

ing the entire citation file in review and processing the selected citation for final evalua

tion or selection. In the sequential storage on magnetic tape, the selection is made as

the citation file is passed and each citation is examined.

In the magnetic-tape sequential method, every file element is read into the com

puter from the tape and processed against the request logic. If the elements satisfy the

requestor's parameters, the citation is selected for output. The speed at which the file

is read determines whether the system is tape- or processor-limited. If the former, then

the tape read time is the total time for the demand request process. If the computer

processing time is greater than tape read time, then the total time is essentially equal

to the computer processing time.
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The concept of the locator file and its use is very complex and contains many

subtleties and variations. Such a file is more properly termed a locator index, as it is

an index to a file and not the file itself.

This locator index would be stored on disks and the citations on magnetic tape.

The index would contain tape and record addresses under an appropriate locator index

key. The system would contain 10,000 such keys, so the size of the locator index be

comes an important factor. In its simplest form, it would increase at the rate of 12

million characters per year and accumulate to 60 million in 1969. The size and con

stant updating of a locator for this application require that it be stored on disks to be

of practical value.

With a disk locator file, the logical processing of various elements contained in

the locator file would determine which citations satisfy, or partially satisfy, the re

quester's parameters. The analysis of typical requests and the file records satisfying

those requests showed that the number of records to be retrieved and their random loca

tion required that the entire file of tapes must be read, even when using the disk-type

locator method.

The final requirement in determining the design of the file structure was that of

retrieving and printing the various recurring bibliographies, including the monthly and

annual Index Medicus . This proved to be a simple study because, regardless of the re

trieval method applied, every citation had to be retrieved for lengthy processing, includ

ing sorting, formatting, and printing, indicating that the sequential tape method would

be more economical.

The conclusions drawn from the design study of file structures were:

1. Both retrieval methods would use the same citation file, but process

ing techniques would vary.

2. Both methods would require the reading of the entire file for the de

mand bibliography searches.

3. The total time required by the disk-type locator method, in a high-

hit-ratio application, would be the sum of the locator processing time

plus tape time .

4. The total time for the sequential (tape) method would be equal to

either the tape time or the processing time, depending upon which of

the two was greater. Calculations showed that the logical process

ing time using the sequential method would initially be less than tape

time, but as the number of requests on the system increased, the

processing time would increase above tape time, and eventually the

locator-disk method might be more practical.

5. The selected computer system should have a high-speed internal

processing capability.

As a consequence, it was decided to adopt the sequential (magnetic tape) method

of retrieval for initial operation, with the provision that it could be expanded to include

a locator disk index if and when it became necessary, without altering the file structure.

51



COMPUTER EVALUATION

To determine which of the many computer configurations available w^ld perform

the required tasks most economically, it was necessary to design a preliminary manipu

lation subsystem in order to determine what types of processing capability were needed.

Necessary requirements of such a computer included satisfactory performance,

reasonable cost, and availability on time. In addition:

1. A solid-state (transistorized) system was desirable because it uses

less electrical power, is more reliable than a vacuum-tube system,

and takes up less room.

2. A demonstration of performance reliability was required, to be ob

tained through the performance records of similar equipment.

3. A demonstration was required, through previous field use, of the ade

quacy of the programs, operational routines, subroutines, diagnostic

routines, compilers, and generalized sort and input/output routines

used by the system.

4. The computer had to be compatible with other equipments actually in

use or contemplated by the Library.

A typical equipment configuration would include at least one central processor

with 40,000 characters of core storage, six magnetic-tape units, a paper-tape reader,

a card reader, an on-line printer, and a card punch.

The first review covered 19 different computer designs. From these, seven were

eliminated because they were obviously too large or too small. Four more were elimi

nated because of limitations of design or availability. Narrowing down the list of the

remaining eight designs was accomplished through the use of a test problem.

TEST PROBLEM

A study was made of the types of computer tasks to be performed, and from this

the types of computer processing required to perform these tasks were determined.

From this analysis, a problem was designed that would be representative of this type of

processing.

The problem was submitted to the computer manufacturers involved. It specified

not only what had to be done but also how it should be done, since this was an evalua

tion of computer processing capability and not of programming techniques.

For each computer, optimum use was made of its processing capabilities in per

forming the task. However, programming techniques to the extent possible were elimi

nated as a variable. The computer operations required by the problem consisted, in the

main, of character comparisons, character look-ups, and data movement. The problem

solution also required both magnetic-tape handling and input/output capability.
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Emphasis was placed on central processor capability because a major portion of the

system loads will consist of character comparisons and processing.

The results were carefully checked and evaluated, including lengthy discussions

with vendors' representatives. In a few cases, problem solutions were not consistent

with the intent of the problem, and the manufacturers resubmitted the problem in the

manner requested.

From the results, a relative computer-processing rating was determined for each

design. In order to convert this rating into an absolute load factor for each computer,

the machine having the fastest problem-solution time was used to estimate the actual

total time required to meet the MEPLARS requirements. This load factor was then applied
to the relative rating established for each computer by the test problem. The estimated

total loads for each computer were determined by applying the ratio to the estimated

running times of the tasks specified by the system requirements.

As a consequence, only three computers merited further consideration. The costs

of the three systems were approximately equal. One was eliminated because it had less

processing capability than the other two; the second was ruled out because the manu

facturer could not meet the specified delivery date; the third and recommended computer

was the Honeywell 800 manufactured by the Minneapolis-Honeywell Regulator Company

THE OUTPUT SUBSYSTEM

The specifications for MEPLARS state that Index Medicus must be continued in

essentially its existing form, especially in terms of its typographical appearance. The

form in question was the eventual copy resulting from the use of Justowriter machines.

This requirement, coupled with the requirements for total monthly Index Medicus charac-

ter loads and the time provided for composition, as well as the variety of different

characters used during composition, established the three basic equipment capabilities

that had to be satisfied; namely, speed, typographical quality, and total character

complement. The equipment to be used had to be either one that was commercially avail

able or one that could be modified for the purpose.

SPEEP

The monthly Index Medicus printing load in characters will have an estimated

average growth rate of slightly less than 10 percent per year for the period from 1964 to

1969. A monthly load of about 13 million characters is predicted for 1969. This figure

was used to measure system performance.

A time limitation of 16 hours was derived from the over-all maximum time allowance

for the composition of Index Medicus . Approximately 15 percent of the 16 hours was es

timated as necessary for recomposition of parts of Index Medicus . Using the remaining

time as a basis for computation, it was determined that the output printer must have a

composition rate of 440 characters per second.
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TYPOGRAPHY

It was essential that the level of typographical quality for Index Medicus be main

tained at or above that which can be produced on a Justowriter or Varityper. It was also

desirable to consider utilizing type face with and without serifs and necessary that

characters be proportionally spaced. These requirements are not only a matter of

aesthetics but also involve legibility and significant space-saving advantages.

It was also desired that the lines of type be justified on the right, solely a matter

of aesthetics .

CHARACTER COMPLEMENT

Index Medicus uses some 170 different type characters on its pages, and this

represents a lower limit on the number of different characters required. Furthermore,

since Index Medicus will in the future require the vernacular or transliterated vernacular,

it was felt that some further characters should be provided in addition to those already

available. These characters are of two kinds: (1) letters, both capitals and lower case,

in various sizes; and (2) numbers, symbols, punctuation marks, and diacritical marks.

EQUIPMENT EVALUATION

Of the available typesetting or printing equipments on the market, only four types

were compatible to any extent with the requirements: cathode -ray tube computer

printers, paper-tape -driven typewriters, photographic typesetters, and mechanical com

puter printers. Further study of these indicated that the cathode-ray tube computer

printer would meet the speed requirement only, while the use of tape-driven typewriters

and photographic typesetters would require a large number of separate units to meet the

speed requirement. This narrowed the choice down to mechanical computer printers.

The two basic types of mechanical computer printers were studied in turn, and the

rotating-drum type was eliminated because of excessive cost. The chain type was more

reasonable in price, and it met the requirement for a font of at least 170 characters, but

the fonts were essentially limited to one size without proportional spacing, and the

printing speed was affected by the number of characters in the chain.

A detailed study was made of the characteristics of the chain-type mechanical

computer printer to determine whether relaxing the requirements to a total of 120 charac

ters would allow it to be used, or whether a specially designed photographic typesetter

should be adopted. The results of this study indicated that the use of a chain-type

mechanical computer printer would require the printing of 100 percent more pages for an

issue of Index Medicus than would a specially designed photographic typesetter.

As a consequence, it was decided to pursue the development of a special design

of photographic typesetter. The end product, the Graphic Arts Composing Equipment,

will be an off-line device that will accept magnetic tape as its input medium and pro

duce as its output exposed film suitable for lithographic plate-making after processing.
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This equipment is being specially designed and manufactured by Photon, Incorporated,

according to specifications prepared by General Electric.

SELECTION OF PATA CONVERSION EQUIPMENT

A few words are in order concerning the selection of the conversion equipment.

Three basic configurations were considered as follows:

1 . Use of an automatic character reader

2 . Use of punched cards

3. Use of punched paper tape

Automatic character readers were first considered. The input material as received

is not in the form required by the system nor can the type sizes and styles be controlled

It is not indexed nor can the citation be extracted from the printed matter by any exist

ing character readers. Thus, since the material must be at least re-typed, it is just as

easy and less expensive to prepare punched cards or tape while re-typing the material

as it would be to prepare the data for and to utilize a character reader.

The use of punched cards was next rejected as the primary input method for the

following reasons:

1. Existing card punch machines provide for typically 47 different

characters .

2 . The unit records are of variable length and each record will require

an average of five cards .

3. Close to 5,000 cards per day would have to be kept in the correct

serial sequence as they passed through proofing and correction

procedures .

Punched paper tape with proof copy was selected as the conversion medium. The

paper tape can be checked for errors by visual proof-reading of the printed copy, and

corrections can be made by utilizing a second tape. Paper-tape typewriters can pro

vide 88 unique characters and by utilizing a red/black color shift, the number can be

effectively doubled.
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V

MANAGEMENT C O N S I PE RAT I O N S

INTROPUCTION

There are many similarities among systems such as MEPLARS which utilize stan

dard digital computers and other equipments. This section describes the over-all

technical approach and schedule, summarizes the types of equipment and operational

personnel required, describes some of the more important operational details, and ex

plains some of the ways in which the system capabilities can be increased

TIME SCHEPULE

Many tens of man-years of human effort over a period of years are required to

conceive, design, and implement a complex system such as MEPLARS. It is difficult

to state precisely the point in time when MEPLARS was born. As the Library became

involved in the studies which formed a part of the Index Mechanization Project, the

whole concept of utilizing a computer as an integral part of the bibliographic retrieval

system was brought into sharper focus. Further evidence is attested to by the contract

signed with Pr. Robert L. Ledley in April 1959 "to conduct a study to investigate the

feasibility of using electronic digital computers for the publication of the Index Medi

cus and also as a basis for the construction of an efficient reference and bibliographic

service"

Encouraged by the support received from the Board of Regents and from the Na

tional Heart Institute, the Library made a formal proposal in the fall of 1960 to the Na

tional Heart Council to underwrite the development of a system with a computer base

that would "have profound effects in the direction of substantially reducing the biblio

graphical tangles of the literature problem". The assent of the National Heart Council

signaled the beginning of a period of activity to inaugurate the development of the sys

tem which is now in process. The MEPLARS timing schedule is shown and each step

(or phase) is briefly described.

Investigations

Preliminary

Pesign

Petailed Pesign (in process)

Implementation
(in process)

1

1961 1962 | 1963



Investigations started in November 1960 with the Library obtaining the temporary

services of a full-time Systems Analyst to assist in examining and defining the prob

lem. Puring February 1961, specifications and a covering letter of invitation were

mailed to commercial and non-profit organizations to request proposals for the study,

des.ign, installation, and trial operation of an electronic data -processing capability

for the organization, storage, and retrieval of bibliographical citations to the medical

literature. The objectives of this new system (MEPLARS) were divided into two cate

gories: those considered to be of primary importance, and a secondary group of longer

range significance to the Library.

Twenty-five proposals were received by the Library during April 1961 and were

reviewed by the Library and the Public Health Service. The General Electric Company's

proposal was finally selected and negotiations were held and a contract for the Pre

liminary Pesign effort was ready for Contracting Officer approval by mid-June. At this

point a delay ensued as a result of procedural aspects of the appraisal and contracting

mechanisms .

The Preliminary Pesign was started by General Electric in August of 1961. The

team effort consisted of an average of six people from the General Electric Company.

This team consisted of a system analyst, system engineers, a computer program de

signer, a human factors specialist, and a library consultant. This team, working very

closely with selected Library personnel, studied and amplified the system requirements,

determined possible system and subsystem configurations and recommended the system

configuration which best satisfied the needs of the Library. (Several of these investi

gations are described in Chapter IV.) The Preliminary Pesign was completed January

31, 1962.

The acceptance of the Preliminary Pesign concepts by the Library meant that the

system performance capabilities were defined and the Petailed Pesign of the system

could proceed.

The Petailed Pesign effort (see timing schedule shown on previous page) was

started in February 1962 and called for the designing and engineering of the system,

the ordering of long lead-time items, and the planning for the system implementation.

As of this writing, the Petailed Pesign is nearing completion and Implementation has

begun.

It is planned that the system will be fully operational in January 1964. As men

tioned in preceding paragraphs, there will be a transition period of a year during which

the new and old systems will operate in parallel. Puring this period, the indexed

journal article citations will continue to be processed for inputting to the computer,

where they will be stored in the computer citation files. This will make it possible to

start the operation of MEPLARS with a file of citations available for retrieval from

storage .

In retrospect, the investigations conducted by the Library, their specifications,

and the Petailed Performance Specifications prepared by General Electric were in toto

a most creative and important part of the program. Even though these tasks repre

sented a small dollar investment, they provided the firm foundation which determined

the size and capabilities of the system.
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The concept of dividing the system design into two categories by the Library

ithose considered to be of primary importance and those considered to be important but

in the future) is a factor to be considered by those groups contemplating the design

and implementation of similar systems. The category considered to be of primary im

portance consisted of the storage and retrieval system and the publication system. The

responsibility for these two problems was vested with the Bibliographic Services Pivi-

sion and its Chief was named as the Project Officer of the program. Since the mechan

ized publication is presently in operation, future loads could be estimated with some

assurance. Even though retrieval was not as well defined, its loads would initially

have less impact on the system. While emphasis was placed on these two major prob

lems, other smaller, less complex problems as well as future requirements were also

considered to assure that the new system would not become obsolete but could expand

to accomplish additional tasks.

This approach, which is in reality evolutionary in nature, means that the most

important tasks would be investigated and solved first and then other tasks would be

taken in turn. The proper design approach for a new system is indeed a difficult, task

and requires firm direction.

EQUIPMENT

The major items of equipment which will be utilized by the personnel operating

the system consist of input paper-tape typewriters, a Honeywell 800 computer, the

Photon Inc. , Graphic Arts Composing Equipment, and the film processor. Neither the

long and arduous equipment investigations nor the procurement procedures will be dis

cussed here (although the computer selection is described in Chapter IV) .

OPERATING PERSONNEL

The mechanized system presently in use at the Library requires about 40 man-years

per year. MEPLARS will require approximately 60 man-years per year. Working time for

both systems is limited to an effective six-hour day, single-shift operation, a five-day

week, and a 250-day year.

Ihe Bibliographic Services Pivision of the Library will have the operating respon

sibility of MEPLARS as its primary function.

SYSTEM OPERATING TIMES

One of the most important objectives of MEPLARS is to provide timely system out

puts so as to reduce literature -screening functions external to NLM. It was realized
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that an improvement in the efficiency of producing Index Medicus would not only allow

for other operations to be performed by the Library but, in addition, free consumers

from having to make certain independent bibliographic researches.

Under the present mechanized system, the throughput time of journal articles is

22 working days. This is the total time elapsed from the receipt by the Library of the

last journal with an article to be included in a monthly issue of Index Medicus, until

the delivery of the film containing that article to the printer. MEPLARS is expected to

reduce this time to five working days .

The five-day throughput time and its distribution among the three MEPLARS sub

systems established a major parameter affecting the selection of equipment and the de

sign of system procedures and configurations. The allocation of the time is as follows:

Input and Conversion Subsystem, 1-1/2 days; Manipulation Subsystem, 1-1/2 days;

and Output Subsystem, 2 days. The possibility of at least a partial overlap in the

times for the last two subsystems effectively increases the time allowed each.

The servicing of the various recurring bibliographies will be scheduled in advance.

Plans call for their being available for transmittal to a requester no more than a single

working day after their scheduled preparation.

The total time allotted for processing demand bibliographies is no more than two

days. It is expected, however, that at infrequent times some requests for demand

bibliographies will require immediate processing; that is, a throughput time of less

than two hours from receipt of request to transmittal of bibliography. This may require

the addition of a special priority arrangement in the system operations .

It is also expected that the response-time requirements for bibliographies of

either kind may be relaxed by up to two working days during the time when a monthly

issue of Index Medicus is being processed by the computer and the printer. Puring a

corresponding processing of the Cumulated Index Medicus , the response-time require

ments may be relaxed by up to seven working days.

The time required for computer operations may be of particular interest because

in many ways the efficiency of the system is geared to the processing speed of the com

puter. Estimated average operating times to perform the usual daily tasks expected in

1964 are given in Table 3. It should be noted, however, that the times indicated are

approximations based in part on factors that are subject to change or about which only

preliminary information is available.
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Table 3

Computer Time Requirements' by Type of Usual Paily Task, 1964

Estimated

Computer Time Required
Type of Paily Task (in minutes)

Input Processing 65

File Searching for Pemand Requests 40*

Output Processing for Pemand Requests 30

Processing of Recurring Bibliographies 90

Preparing Tape for 1/2 2nd of Monthly Index Medicus 25

Statistical Runs 10

Conversions 15

Assemblies 15

Pebugging 30

Tape Puplication 20

Training 10

Other 10

Total Time for Paily Tasks 360

*

Assumes 8 tapes .

MISCELLANEOUS OPERATING PETAILS

A number of other considerations important to the management of MEPLARS should

be mentioned. These include the correction of errors, provision for automatic search

expansion, and provision for request histories.

CORRECTION OF ERRORS

Errors to be corrected can be categorized as (1) those that the computer detects

and (2) those detected by humans .

The computer will be programmed to check, when possible, for the presence and

correctness of all elements required by citations, search requests, and programs. Ihe

computer will print out the errors for correction by the staff.

Provision will also be made for the detection and correction of indexing, conver

sion, and other input errors by the inspection of indexing and by proofreading.
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PRE-SPECIFIEP SEARCH EXPANSION

It will be possible for a requester to have the computer expand a search by writing

out a complete statement of each of up to three subsearches to be executed, if necessary,

in serial sequence in order to provide the required number of citations. This search ex

pansion will reduce the time to satisfactorily process requests.

HISTORIES

Provision will be made for the storage, on a machine -readable medium, of all

search requests processed by the computer. Any additional information required will be

appended to each request or filed in such a way that it can be retrieved with the request.

This will make it possible to analyze such historical data and generate statistics as

needed.

In addition to the substantive content of a request, the record of search requests

will include the requestor's name, organization, and address; the date and time of re

ceipt of the request in its original form, the date when the processing of the request was

completed, plus the total time required to process it; the type of request; and the batch

number, if requests are batched for processing.

The processing of requests for data and analyses of this kind will almost always

have a low-priority status .

SECONPARY OBJECTIVES

Although immediate emphasis has been placed on the storage and retrieval system

and the publication system, the secondary future long-range objective requirements must

be examined and considered in the initial design and implementation of the system.

These secondary objectives are: (1) the requirements for a national, decentralized,

medical bibliographic system; (2) the possibility of storing and retrieving graphic images

of textual material; and (3) the mechanization of other Library functions.

NATIONAL, PECENTRALIZEP MEPICAL BIBLIOGRAPHIC SYSTEM

The fundamental reason for the possible need for a national, decentralized, medical

bibliographic system is the expected rise in demands for service, particularly with re

spect to demand search requests. It is expected that this load will become so great that,

unless provided for in advance, it will tie up telephone lines, build up waiting lines, and

introduce intolerable delays in responding to requests.

There are at least two obvious ways in which the increased load could be handled.

One would be to increase the capacity of MEPLARS to process the requests, coupled with

an increase in communication lines, and possibly coupled with remote input/output

facilities located at centers of large demand.
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The other solution would be to decentalize the actual servicing of the requests

through the use of remotely located search capabilities. The input processing (ac

quisition, indexing, conversion, and storage for retrieval) would all be done centrally

at the National Library of Medicine. But the magnetic tapes comprising files that

could be searched would then be reproduced by the Library and distributed to the re

motely located search centers.

Any study of the need for and feasibility of such a system would, of necessity,

require the determination of the true needs of those whom the system would be designed

to serve .

STORAGE ANP RETRIEVAL OF GRAPHIC IMAGES

As MEPLARS evolves and more consumers utilize the proposed system, the present

Interlibrary Loan procedures and system will require modifications to handle the in

creased loads. Puring 1961 over 100,000 requests were received and 2 million pages

of copy were provided. These loads, although large, are now handled by a manual

microfilming system utilizing one Xerox Copy Flo machine and one Xerox 914 Copier.

An investigation of the present and future requirements in this area has resulted

in recommendations regarding the next steps to be taken.

MECHANIZATION OF OTHER LIBRARY TRANSACTIONS

When MEPLARS is operational, emphasis will shift to the adding of functions to the

system. It is planned that additional journals will be indexed, the serial record will be

automated, and catalog cards will be prepared on the Graphic Arts Composing Equipment.

Other tasks that can be accomplished by the system will be automated as time and man

power permit.
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SUMMARY

Starting some time during early 1964, MEPLARS will provide the National Library

of Medicine with an improved central medical information service that will benefit

"consumers" who are primarily in the fields of medical research, education, and prac

tice. It will give direct support to the Nation's medical research program by handling

the vast and increasing quantities of published information produced by the medical

scientific world.

To this end, MEPLARS will provide the Library with a high-speed, data-

processing facility that will:

• Reduce the time required to produce Index Medicus .

• Improve the quality of and enlarge Index Medicus .

• Make possible the production of other bibliographies similar to

Index Medicus in form and content.

• Make possible the prompt and efficient servicing of requests for

special bibliographies on both a demand and a recurring basis.

• Keep statistics and perform analyses that will provide the in

formation required to monitor and improve the system's

effectiveness .

• Reduce the need for medical literature -screening elsewhere that

would duplicate the Library's service.

The MEPLARS system will accept and process both indexed data and biblio

graphic search requests on a daily basis. It will have a very large storage capacity

and it will be capable of high-speed searching. It will provide on-line computer

printing and off-line, offset-printing-quality camera copy at a reasonable cost. It

will be capable of monitoring its own operations periodically. It will be possible to

adapt the system to other secondary objectives that will satisfy future requirements

of the National Library of Medicine.
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EXHIBIT A

Tournal Pata Sheet

(Preliminary)

Opt. Pagination Senior

Author

Code

SUBJECT ANALYSIS NON IM —CHECK TAGS

Code No. NIM IM Heading Code No. _J Heading

\ll///ril>/lfh//, type of article

«jft
RKVTKW

AQE GROUPS
—
ferences

281,907 History

Experimental (lab) study"5Q3P06

')02RO^

116459

INFANT, NEWBORN (to 1 mo.)

IMFAiNT (l mo. to 2 vrs. )
CHILD (2-12 yrs.)

ADOLESCENCE (15-18 yrs.)

?1fi/,S7
600355 Toxicologic Report

>AMjw)/m
Popular

QUI 00

\'.'*7C?. AGED (66 yrs. & older)

-V-CoOl PllEGiWNCY

7ZVZ

^7777

EXPER. ANIMALS(BI.B2)-SPec.fY

RACE -(I)- Specify

GEOGRAPHIC HEADING-Specify

W/////////M
496455

401225

401212

401214

401216

401218

401220

401222

401224

401226

401228

179242

092262

092270

092288

PHS SUPPORT GROUPS

Publ ic Health Service

Nat. Insts. of Health

NCI (Cancer)
NHI Heart)

NIAID (Allergy)
NIAMD (Arthritis)
NICHHD (Chi Id Health)
NIDH (Dental HealthT
NIGMS (Gen.Med.Sci.J
NIMH (Mental Health)

NINDB (Neuro.-Bl ind)

Oiv.of Research Facilities

Bureau of Medical Services

BSS-Communi ty Health

BSS-Envi ronmental Health

'///////////////PROVISIONAL HEADINGS
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EXHIBIT B

Unit Record on Typed Copy

(Hypothetical Example of Foreign-Journal Article)

1/ | ANP I 0911

I
I 14-3 *Aug 58 R/

c/ ■z\i

I

*1

A/ |
GRANONE FG: Interrelation of the biological action of ionizing

radiations, the aging process and longevity. Acta Neurol (Nap) 14:A12,

Aug 58 (It)

V/ j Rapporti tra azione biologica delle radiazioni ionize anti, i

processo di invecchiamento e duraga della vita. |

V I . I
000123 | *(27) | I
271025 | | |

032508 | | I

032201 | I I
001111 I I

i

V I R/

Unit Record Information on Paper Tape

• » ♦ #-»*•■ « • » » • ♦ » «

• » • » » • •»

«

% *. - i *
__

« «- «. * * • « « • » • • ♦ ♦ • » *

• • *■ • %

65



EXHIBIT C

Request for MEPLARS Literature Search

(Preliminary)

Requester's Name and Address

** Li Cut <3iJi~*- 6Lc-<_

Requester's Specialty:

| | A. Research [ j P. Student

1 1 B. Clinical | | E. Other
_

I y\ C. Education

Affiliated with:

If engaged in work connected with PHS or other grant, please specify grant number:

Problem Statement:

Number of Citations Required:

| | Small (1-25) \7_ ] Medium (26-100)

Large (over 100) Specify:

Language (s) Preference

Specify:

Ao /{lJ^jUk-A-&-j-^-
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PEMANP SEARCH PATA SHEET

Request Number Searcher's No. Number of Citations

Retrieved 3Z

Number of Citations

Sent ,27

Pate

//3//c>3

REQUEST ELEMENT PEFINITION

Code Pefinition Frequency Code Pefinition Frequency

Ml

M Z

M3

t*4

AMPHOTERICIN 8

Ht<STOPU)SMcS\$

coccib/o /Dowycss/s

/s

86>

49

Search Equations:

/?: (Ml + IAZ)* (/<1<3 + M4>)



EXHIBIT E

GRACE CIM Page

(Preliminary)

TAENIA

PSYCHOANALYTIC THERAPY

(A 01)

Psychotherapy and psychosnalysis BOULANGER JB. Can Men

Asa J 6:123-6. Jun 61 (Fr)

Psycho-analysis of a stammering girl. BALKANYI C. Int J Pay-
choanal 42:97-109. Jan-Apr 61

Introjection, reprojection. and hallucination in the interaction

between schisophrenic patient and therapist. CAMERON N

Int J Psychoanal 42:86-96, Jan-Apr 61

The compensatory work of transference. EVAN S. Psychoanaly
sis 48:19-29. Summer 61

A tranaference manifeetation of male homosexuals. FINE R. Psy

choanalysis 48:116-20, Summer 61

The disguised cry for help: narcissistic mothers and their children.

LOVE S. et al. Psychoanalysis 48:52-67, Summer 61

The rule of sbstinence in psychoanalysis SCHEUNERT G. Psyche

(Stuttg)15:105-23.May61 (Gerl

Anxiety concerning change, as seen in the psychotherspy of schizo

phrenic patients—with particular reference to the sense of per-

sonsl identy SEARLES HF. Int J Psychoanal 42:74-85, Jan-

Apr 61

Countertransferencecrisisin auicidal sttempts. TABACHNICK N:

Arch Gen Psychiat (Chicago) 4:572-8, Jun 61

The analytic screen: an instrument or an impediment in the

psyeho-snslytictechnique VESZY-WAGNER L. Int J Psycho
anal 42:32-42, Jan-Apr61

Seating position ss nonverbal communication in group analysia.
WINICK C, et al. Psychiatry 24:171-82. May 61

PNEUMONIA, INTERSTITIAL

PLASMA CELL (E 05, L 11)

On a home infection with interatrial pneumonia. ABEGG W.

Praxia 49:50-3, 21 Jan 60 (Ger)

Pneumoniadueto Pneumocystis carnui. KOCHMAN R. Hartfuah

58:292, 1 May 60 (Heb)

Pneumocystis camii pneumonia. Report of a case and review of

the recent literature. WILSON JF, et al. Pediatrics 25:468-

76, Mar 60

Pneumocyatia camii pneumonia associated with hypogammaglo
bulinemia McKAY E. et al. Lancet 2:713-5. 31 Feb 59

PROTEUS

Biological properties of a B. Proteus vulgsris strain resistant to

nicotinic scid thioanilide MARKOV KI, et al Z Naturforsch

(B) 16B258-9, Apr 61 (Gerl

New concepts on the lysotype of Proteus hsuseri: lysotype I. Zbl

Bakt (Origl 182:49-56, May 61 (Fr|

chemistry

Gelstinase sctivity of B. proteus vulgsris HUBAREV EM, et al
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GLOSSARY

COMMON ABBREVIATIONS

CCF

EPCF

GRACE

ICF

JAR

JRF

LANDS File

LJI

MDT

MESH

NJAR

PCF

RED List

Compressed Citation File

Expanded Processed Citation File

Graphic Arts Composing Equipment

Intermediate Citation File

Journal Article Record

Journal Record File

Language and Subheadings File

List of Journals Indexed

MEDLARS Dictionary Tape

Medical Subject Headings

Non-Journal Article Record

Processed Citation File

Request Element Definition List

DEFINITION OF TERMS

ALPHANUMERIC - A contraction of "alphabetic-numeric"; characters which may be

letters of the alphabet or numerals or their symbols.

BINARY

BIT

- A number system using only two symbols, the digits one and zero.

- A contraction of "binary digit". The smallest unit of information,

corresponding to either one or zero.

CLASSIFICATION NUMBERS - Numbers added by the computer to a citation's subject

headings to indicate their location within hierarchically struc

tured categories of related subjects.

CODE - Information presented in the language that the computer can under

stand and handle; to code is to put into machine language.

CODING - A list of successive computer operations in code for solving a

given problem. Also the act of writing a prepared list in code.

CONTROL TAPE - A removable loop of punched paper tape that feeds through the

reader mechanism on the input typewriters. It contains informa

tion that automatically formats and codes typewriter output.

COMPUTER WORD- A group of 48 bits which the computer manipulates as a unit
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CONVERSION - The process of changing the representation of information to a form

usable by the computer, e.g. , converting it to machine language

on paper tape .

CORE MEMORY - The computer's high-speed memory in which information is stored

internally on magnetic cores.

CORRECTION TAPE - Punched paper tape containing corrections to citations which are to

be entered into the computer.

DEBUGGING - The process of determining the correctness of a computer routine

by test operation.

EDIT - To check, validate, and/or rearrange information; it may involve

the deletion of unwanted data, the selection of pertinent data, or

the insertion of additional data .

FILE

GRACE

IM TAGS

- An organized collection of information arranged or classified for

convenient reference. (Files in machine language on magnetic

tape are listed in the next section of this Glossary.)

- The Graphic Arts Composing Equipment, a photocomposition device

that converts information from magnetic tape into latent typo

graphical images on photosensitive film or paper.

-

Descriptive tags assigned to an article, monograph, or other docu

ment by an indexer or cataloger under which the article, monograph,

or other document is to be listed in Index Medicus.

INSTRUCTION

ITEM

- A machine "word" or set of characters which tells the computer to

perform a certain operation.

- The contents of a single message, such as the author's name or the

place. of a journal's publication.

LOGICAL OPERATIONS -

Computer operations which are logical in nature , involving a

logical "and", logical "or", their negations (not "and1', not. i:or")

and decisions .

MACHINE LANGUAGE - Information in the physical form that a computer can handle,

such as properly coded information punched on paper tape or cards

or in electrical or magnetic form on magnetic tape.

MAGNETIC CORE - A doughnut- or ring-shaped storage device in which binary informa

tion is represented by the direction of magnetization.

MAGNETIC TAPE -

Tape coated with a magnetic material which can store information.

MODULE
- Part of a program (see PROGRAM).
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NON-IM TAGS - Descriptive tags assigned to an article, monograph, or other docu

ment by an indexer or cataloger under which the article, monograph

or other document will not be listed in Index Medicus. Such tags

may be used as retrieval criteria for servicing demand and recurring

bibliographies.

OFF-LINE -

Operating independently of the computer.

ON-LINE -

Operating under the direct control of the computer.

OPERATION - A specific action that the computer will perform whenever the in

struction calls for it.

PARAMETER - A quantity to which arbitrary values may be assigned, such as the

number of columns requested in the printing of a demand

bibliography.

PERIPHERAL EQUIPMENT
-

Auxiliary machines (e.g. , magnetic tape handlers) which may

be placed under the direct control of the computer.

PRIMARY STORAGE - The main internal storage of the computer.

PROGRAM - A sequence of steps or coded instructions to be executed by the

computer to solve a given problem. A program may be divided into

"modules", which, in turn, may be divided into "submodules".

Also, a submodule may consist of several "routines", each of

which may be made up of two or more "subroutines" . The relative

number of operations involved and their specificity generally deter

mines which term applies. To program is to plan the steps neces

sary for the computer to solve all or part of the problem.

RED LIST -

Request Element Definition List, the elements of a demand search

request which are put into an equation (s) by the searcher and used

by the computer in retrieval operations.

REQUEST STATEMENT -

Request information in machine language, including requester's

identifying information, the search equation (s) , and output

formatting instructions .

ROUTINE
- Part of a submodule (see PROGRAM) .

SEARCH ELEMENTS- Tags and other terms and their symbols as used in search equations.

SEARCH EQUATION
- An equation prepared by the searcher using the symbols of search

elements and logically indicating the types of citations requested.

It is a symbolic representation of the retrieval criteria for a search

request.

SIGNIFICANT ELEMENTS - Search elements which are of greatest value as retrieval

criteria in a high-speed, gross screening or search of the stored

citations to service a particular request.
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SORT - To arrange items of information into a particular order.

STORAGE - A device for retaining information in machine language. "Memory"

usually means storage inside the computer.

SUBMODULE -

Part of a module (see PROGRAM) .

SUBROUTINE - Part of a routine (see PROGRAM) .

SUBSEARCH - An expanded or more general form of a search equation for purposes

of retrieving more citations than the initial search equation yields.

TABLE -

Synonymous with FILE.

TABULATING EQUIPMENT
-

Equipment using punched cards.

TAG - A descriptor of the contents of an article or a document which is

assigned by an indexer or cataloger. Medical subject headings,

age group designations, and language designations, for example,

are TAGS.

TRANSITION PERIOD - The first year of MEDLARS operation when the existing mechan

ized system will be producing Index Medicus and associated pub

lications as usual and citations will be entered into MEDLARS'

files for storage and future retrieval.

UNIT RECORD - A citation plus the tags assigned to it by an indexer.

MAGNETIC -TAPE FILES

ANNUAL MESH FILE - Contains one record for each tag, "See" entry, and "See Under"

entry.

COMPRESSED CITATION FILE (CCF) - A compact unit record file which is searched in

servicing demand search requests.

GRACE TAPES -

Tapes prepared for use as the input to the Graphic Arts Composing

Equipment.

MEDLARS DICTIONARY TAPE (MDT) - Consists of six files on one reel of magnetic tape,

in the following sequence:

1 . LANDS FILE - Contains language abbreviation codes and form

tags for use as subheadings in listing monographs in Index

Medicus .
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2. RECURRING BIBLIOGRAPHY PARAMETER FILE - Contains all the

parameters required to completely describe the format (number

of columns, lines to a page, etc.) of recurring bibliographies.

3. JOURNAL RECORD FILE - Contains all pertinent journal

information.

4. DAILY MESH FILE - Contains only medical subject headings.

5. RECURRING BIBLIOGRAPHY PRINT HEADING FILE - Provides

special headings for the printing of individual recurring

bibliographies .

6. RECURRING BIBLIOGRAPHY SELECTION CRITERIA FILE - Contains

the criteria for selecting citations for inclusion in specific re

curring bibliographies.

MESH MASTER FILE- Contains one record for each main heading, "See" entry, "See Under

entry, "See Also Related" entry, and "See Also Specific" entry.

PROCESSED CITATION FILE (PCF) - A unit record file which contains preprocessed cita

tions for the output required to produce Index Medicus and all

recurring bibliographies.

PRODUCTION RUN TAPE - Contains all the operational programs used by the MEDLARS

computer.

REQUEST HISTORY FILE - Contains a chronological listing of all the demand search re

quests that have been processed over a given period.
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DEFINITION OF SYMBOLS

Magnetic Tape

Cards

Computer Printouts

Computer Operations

Paper Tape
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