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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, Coasultant 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 opzrational early in 1964,

All of us look forward eagerly to that event.

B rank B Rogers s MDE
Director
National Library of Medicine
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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 1879 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

2:28 50081t 9608

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.




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 phot:ographed 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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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.

MEDILARS 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.



& Ke_aep stat.istics 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 2551000
American monographs indexed - 5,000 =
American and foreign

monographs indexed - - 13,000
Articles and monographs indexed 140,000 11608, 000505000
Recurring bibliographical

requests filled* = 50 50
Demand (non-recurring) biblio-

graphical requests filled = 2,500 228 5100

* 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 MEDIARS, 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 Journals
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.

S QOutput 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.




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 )

6
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Author Vernacular Title

ranone FG:-)Rapporti tra azione biologica delle radiazioni ionize anti,
processo di invecchiamento e duranga delle vita.\(Acta Neurol (Napoli
Aug 61

Month & Year Language Abbreviation Volume & Pagination

Journal Title
Abbreviation

/ Translated Title

Interrelation of the biological action of ionizing radiations, the aging
process and longevity.

Radiation

ARZ?riZtion o i Subject Headings \
Longevity ? Tags
Italy Geographical

Review (7) Type of Article J

( Number of References )

Figure 2. Hypothetical Journal Article Record



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.

Journal 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
tagé 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 Journals Indexed in Index Medicus (LJI) is a regular publication of the
Eibramny:

** 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 frcm 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 tc
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.

° Series note - the title or description of the series of which the entry
HiSE AP

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

of specific editions, thesis information, and form of reproduction.
L) The call number of the National Library of Medicine.

° Any aglditional 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

i



Transplantation of homografts of sclera on the eye of the dog.

including volume determinations: an experimental study

Title

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

Thesis (M.S. in Op};thalmology) - Univ. of Minnesota.

Misc. Note #1

Citation

/Typewritten Copy.

Misc. Note #2

Call No.
Transplantations e
e o Headings \
Dogs Non-Index Medicus > Tags
Heading
Thesis Type of Article /
Figure 3. Hypothetical Non-Journal Article Record
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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
Index 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.

13
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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

LS



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.

162
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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.

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.

MEDLARS Dictionary Tape (MDT). 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.

° Journal Record File (JRF). 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.

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.

s Request History File. This will contain a chronological list of all of the
demand requests that have been processed.

8e 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 sy 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.

15 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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Table 2

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.

B 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 retr.eved for each demand request. These citations will be in a format that
may be used zither for printing on the on-line printer or by the Graphic Arts Composing
Equipment. An updated Regquest 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:

ks 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).

20 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

24



Request-Edit
Submodule

l

Significant
Elements

:

High-Speed
G Search
Submodule

Logical Search
Submodule

Request
Statements

Retrieved
Citations
Tape

Request
Hist.Tape

Final Tape
Preparation
Submodule

Request

Updated
Work Ta

Req.Hist.

Pigure 8. Block Diagram for Demand Search Module

25



intermediate output tape or tapes (I). These tapes contain the citations
retrieved by this high-speed, gross search.

3 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 satistly the requests. The citations that are retrieved (K)
are written on a separate magnetic tape under their respective request
numbers.

4, 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 (D.), 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 MEDLARS Dictionary
Tape (D 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:

i, 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 MEDLARS
Dictionary Tape (D or U) to create GRACE files (K).

14 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, K1
and Kz) 3 :

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.

Tl List of Journals Indexed Submodule (T) uses the Journal Record File from
the MEDLARS Dictionary 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
Demand 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
MEDLARS Dictionary Tape (H), and Request Parameter Cards (C). The Retrieved Cita-
tion Tape, which is prepared by the Demand Search Module, contains the citations
necessary for satisfying the demand search requests being processed. The MEDLARS
Dictionary 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:

1l Edit Submodule (A) accepts the citations (B) retrieved by the Demand
Search Module, expands them and formats them according to the re-
questers' instructions (C), and writes them on tape (D) with sort keys
added.

243 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.

352 Medical Heading Code Extraction Submodule (G) accepts the sorted cita-
tions (F) and utilizes the MEDLARS Dictionary 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.

Al 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 MEDLARS Dictionary 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.
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F The number of English-language or foreign-language articles indexed,
broken down by language abbreviation, and including a subtotal for
each foreign language.

e 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 (D) sorts the extracted data. The third submodule
(E) processes the sorted information against the Journal Record and MESH files on the
MEDLARS Dictionary 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
L] 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.

Demand 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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MEDLARS AT WORK

INTRODUCTION

The following chapters of this report discuss in technical terms what MEDLARS
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 MEDLARS is operatioral are briefly described. It will be assumed that the sys-
tem has been implemente 4 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 AND CONVERSION SUBSYSTEM

We will take an imaginary tour of MEDLARS' operations and begin by observing
how the incoming journals are processed (see Figure 1, Journal Processing Flow Chart) .
To do this, we proceed to where the indexing staff is located on the Library's first

floor.

JOURNAL INDEXING

A few moments ago the Head of the Indexing Unit received 60 journals from the
Library's Technical Services Division. 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 Data 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 Data 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 MEDLARS 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 D).
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 Figure14). 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 MEDLARS Dictionary 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 MEDLARS Dictionary 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 MEDLARS
system, and the tape on unit 7 is being used in connection with GRACE's operations.

iz 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.

8 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 rea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>