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I. INTRODUCTION AND SUMMARY

A. THE RESEARCH PROBLEM

1. Prologue. This is a period of ms jor intellectual and
technological change in libraries. Amciug the many aspects of
this change, the applicatior of computers to library operations
is of recognized importance. Much effort is currently being
directed toward such use of computers. For example, there are
a growing aumber of files of bibliographic records which are
being provided in computer processable form by both public and
private organizations. Most forecasts of the library of the
future include on-line computer use as a key feature of the
library's operation. Attractive as such forecasts may appear,
there are numerous unresolved and often ill-defined problems
which must be solved before on-line systems can be effectively
applied to the acquisition, maintenance, and retrieval of
recorded informstion. This report presents the results of the
initial phase of a research study, the File Organization Project,
which focuses upon the on-line maintenance and search of the
library's central apparatus of bibliogrsphic control, the cat-
alog holdings record.

. Machine files are being sought and created as a feasible
solution to the problem of growth and complexity in the catalog,
as a response to the need for new and expanded services, for
their speed and convenience in access, and to replace human labor
in generating products such as book-form catalogs and bibliog-
raphies. What are the dimensions of the task of acquiring,
maintaining and using the very large data base? Why is it
desirable or even necessary that library files be accessible
on-line? What techniques can be recommended as efficient, eco-
nomical and acceptable for organizing and searching large files
in operating contexts?

o. The Economic Implications. This question about tech-
niques can be expanded into other questions. What methods
should be used to encode record content in the various parts
of the system -- input processing, storage, output? Whet
should the file structure be, that is, how will the records
be mapped into the physical storage and how should they be
related to each other? What should be the form and capability
of the search lenguage? What post-retrieval analysis and
processing capsbility should be provided to the system user?

To select appropriate techniques in answer to these
questions one must face all of the issues of evaluation which
are common to information retrieval research, that is, by
some method the cost c¢f the system must be considered in
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relation to its performance. Leaving aside the problems of
establishing the system cost, there remain myriad problems to

be resolved in establishing the performence of the system. For
example, how does one measure the effect of a systvem upon its
user? Can recall and relevance or similer such measures be
spplied? Should one consider in the performance of the system
the "non-users" of the system, or the questions that for various
reasons are not or cannot be asked of it? There are only certain
aspects of performance that cen be measured. The problem then

is to establish a relationship smong them in order to provide

a suitable measure; for example, how can system capacity, actual
use, average response times, response time variations, ete., be
combined in a performance measure? These questions can be in turn
expanded into still other questions. However, though they are
but a sample of the questions which do not at present have
operational answers, they are among the most important and they
form the context for our study.

On-line time-shared camputer systems present many desirable
features for library use: parallel operations in multiple
locations, response times to complex queries measured in minutes
or seconds, reduction in the manual labor required for the
maintenance of catalogs, etc. At the same time, man-effort is
required to design and implement these systems. Further, the
operating costs of an on-line system are high when compared to
those of a computer system organized for conventional batch
processing. That is, a batch processing operation can always
be organized in such a way as to be less expensive to operate
than an on-line system, on the condition that no cost be
sssigned to the processing delay incurred by the batch system.

An estimate of the operating cost of an on-line system
for a library cen be obtained by considering the major cost
factors of the system: the terminals, the mass-storage for
the bibliographic records, and the camputer time used. The
costs of terminals and the interfacing equipment necessary
to attach them to the central processor vary widely depending
upon type of gear, total number of terminal units, data transfer
rate, distance from the processor installation, and the like.
For purposes of rough estimation, however, a reasonable system
operating cost lies in the region of $2000 per terminal per
year. Due to the size of the bibliographic record and the
character of present auxiliary mass storage devices, the cost
of storing the data equivalent to that of one catalog card
ranges from $0.10 per record per year, to $0.60 or more. The
cost of the central processor allocated to the terminal network
during the time it is in use is similarly highly variable. At
present, these costs range from $2 per terminal hour to $10 and
beyond. '
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A library with 100,000 master bibliographic records to be '
accessed in an on-line mode might need 20 terminals or more with
an average ubtilization of 1200 terminal-hours per terminal per
year. Thus, the following minimum costs for such a configuration
can conceivably be incurred:

Terminals 20 @ $2000/yr. $ 40,000
Mass Storage 100,000 recs.
Capacity @ $0.30 ea. 30,000
CPU Time 20 term. x $1200/
Charges term. yr. @$2.00/
term. hr. __L48,000
TOTAL $118,000/yr.

Due to the fixed sizes of the various central processors
and auxiliary storage units now available, it is most likely
that the actual charges would be higher still. In any event,
it is clear that such costs are significant. There will be
real monetary impact on libraries resulting from improvements
in the processing cepacity of the computer system employed to
maintain and search the bibliographic files.

Should libraries undertake the development of such systems?
The question has in a sense become moot in that there are already
so many on-line system development efforts. Rather than attempt
to answer this very broad question, the File Organization Project
is directed toward an analysis and understanding of specific
issues of organization and search if an on-line system is used.
Such understanding should then contribute to the establishment
of the most appropriate blend of computer services for a given
library.

B. RESEARCH METHOD

The focus of our efforts in the File Organization Project
is to develop a facility for research and testing, one within
which experimentation with the many issues of on-line file
organization and search can be performed. In this first phase
of the project we have been concerned primarily with the design
of the facility and the implementation of its initial camponents.
Tn addition, to ensure the development of an adequate facility
we must establish central examples of the crucial issues which
are to be investigated. Thus, the research method has had the
following points: to define precisely the issues which will be
studied, to develop the facility within which such issues can
be studied, and to carry out +the initial research on these
issues.

-3 -
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Our approach has been to orgenize both the tasks necessary
to the establishment of a usable facility for testing, and the
tasks directly assigned to attacking the experimental issues in
such a way as to keep the tasks manageable and within reasonable
boundaries, hopefully without sacrificing the quality of the
ultimate results of the project. The elements of the facility
have been decomposed into separate units for ease and speed of
accomplishment, particularly where programming is involved. The
research issues have been compartmentalized and broken down into
isolable units so that their respective dimensions and sub-pro-
blems are delineated for the staff member assigned as problem
solver. An insight into the effectiveness of this approach can
be gained by a simple enumeration of the significant findings
and achievements of the first year.

C. SIGNIFICANT FINDINGS AND ACHIEVEMENTS

l. Facility for Experiment.

a. General. Equipment was obtained and an initial
software system was programmed and operated on a test basis to
demonstrate capacity to search (by author only) a file of 75,000
catalog records on-line. The system was expanded to supply
access to the central processor from two different mechanical
terminals at two remote locations on the Berkeley campus. Mass
storage equipment with capecity in excess of 200 million char-
acters was procured. The necessary adaptation units for inter-
facing with remote terminals were installed at the campus
computer center to support the activities of the project. Plans
were laid for extension and upgrading of the system to handle
the complex requirements of visual (CRT) terminals, now on order.

b. Programs. File structure design was specified
and programmed for an initial configuration of multi-level
index files linked to the master data base, using manufacturer
supported software. Search strategy development was initiated
and preliminary programming of Boolean search programs commenced.

c. Data base. Plans were completed for acquisition
and incorporation of an existing machine file and for the incor-
poration of bibliographic records requiring original conversions.
We expect that within a year our data base will contain in
excess of 120,000 records.

A logical record format for input conversion of catalog
records not in the existing machine file was designed and a
program written to accamplish conversion to a unitary storage
format.
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A storage format was designed having special features to
handle special characters and diacritical marks in any language
likely to appear in textual data, yet retaining convertibility
to and fram the Library of Congress' MARC IT communications
format.

2. Analytic Issues. Analyses were initiated on a number
of the most pressing issues, in particular the optimum length
of search keys, e.g., author name. This analysis will be used
in establishing index files and in guiding users in the minimi-
zation of keyboarding time and effort. This analysis represents
the first step in deciding how to allocate storage for both the
master file and the index files, based on the various critical
factors such as frequency of access, equipment access time, and
storage costs.

User aids were under development, in particular an algorithm
which will serve as the core of a sub-system Cesigned to process
and assist the terminal user in overcaming the effects of spelling
errors. Analysis of these aids will follow their development.

D. FUTURE DIRECTIONS

The general purpose of setting up the facility is to per-
form analyses and experiments in on-line file organization and
search of bibliographic records. ZExperimental facilities are
often needed to collect data and test hypotheses. 1In the present
instance such a facility is especially important in order to
record information about factors such as terminal user behavior
and the frequency of recurrence of requests, as well as to test
our analytical models against actual system operations.

This facility will enable us to experiment with users who
have real needs for information and thereby to relate our
research to its operational implications. To accomplish this,
we will place terminals in areas where they can be used by
library patrons. Both the placement and the period of use of
these terminals will be determined by the experiments planned.
It is anticipated that these terminals will remain in place for
at least three months to allow time for patrons to learn how
to use them.

A number of conditions must be fulfilled before such "live"
testing can be undertaken. The three most important are the
realization of the basic search and retrieval system organized
around the visual (CRT) displays and the basic internal record
formats, the internal (to ILR) experimental use of this system,
and the modification and improvement of the system prior to its
experimental use by library patrons. We expect that at least
a year and a half will be required before making the system
available for experiments with users outside the Institute of
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Library Research. This is because of the need for time to make
the system relisble and its use easy enough for it to be accepted
by library users. Thus, the second phase of the study will con-
sist primarily of a continuation of the "setting up" activities
concerned with the facility and the associated support components,
such as software for data base preparation and for file handling
and access. In addition, a considerable amount of development
and analysis is needed with respect to the following:

To expand the internal processing format to accammodate
augmented bibliographic records for non-monograph
materials.

To implement 'a data compression method to convert back
and forth from internal processing format to mass
storage format.

To expand the formats to encampass Cyrillic records.

To implement a reasongbly efficient program system as
a foundation for the ready development of user
interface progranms.

To implement user assistance routines such as those
providing proper name equivalence classes.

To implement storage allocation algorithms based upon
quantitative analysis of the file parameters.

Such & list can be indefinitely expanded. However, all
of the above have been given at least initial effort during
the current phase a.d we hope to accamplish work on all of
them during the coming phase. '
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ITI. FACILITY ESTABLISHMENT

A. GENERAL

A facility for experimenting with the on-line organization
and search of bibliographic records, requires equipment, pro-
grams, and data bases. Work has been performed during the first
phase to plan this facility and to begin development of it. 1In
addition, some analysis using the facility has been initiated.
An overview of the facility and its major components is sche-
matically depicted in Fig. 1

1. Eguipment. We plan to implement the facility on two
closely related sets of equipment: +the IBM 360 model 40 com-
puter system with mass storage and cathode ray tube display
terminals at Berkeley; and the IBM 360 model 75 with similar
peripheral equipment at Los Angeles. At present we are utilizing
two mechanical terminals in Berkeley. The Los Angeles system
has IBM 2260 displays.

2. Programs. Initial programming has been performed on
many aspects of the system. We will continue this programming
and implement it on both computer systems. The following are
examples of programming that has been done or that is planned:

a. Monitor system. At precent, monitor systems to
provide terminal operations are operative at both Berkeley and
Los Angeles. The systems are not designed to the same conven-
tions, however. In order to implement common programs to
operate within these systems, we plan to modify the Berkeley
monitor system to bring it into conformance with the more ad-
vanced Los Angeles monitor.

b. Data base programs. Programs are under development
both to provide the data base (both records and file structure)
and to search it. These programs are now being used for mono-
graphic files and will be used for journal article records.
Initially the file access programming has been restricted to
the development of a basic search aud retrieval system utilizing
temporary formats for monograph and journal article records.
Following this, we will extend the system to utilize our internal
storage format. This format has been fully defined for mono-
graphic records. However, it will be extended to include other
types of records in the file structure.

Programming of file handling operations will continue
throughout the study. As soon as the basic search systenm is
in full operation, however, we will make it available for

internal (to ILR) use in the data base development effort. We
will augment the existing computer programs, dividing the

effort between the internal file handling operations and the
user interface procedures. To guide part of this augmentation,
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we are now developing a quantitative analysis of the effect of
file structure on retrieval operations. We will then develop
programs to set up the alternative file structures which our
analysis indicates to be of interest.

As soon as our basic search and retrieval system is fully
available, we will monitor the performance of the system users.
In this monitoring process, we will keep a precise machine-
readable record of the two-way interchange between the user
and the system. We are now planning how to keep and identify
this "history™ record so that useful analyses can be performed.

As an example, one such investigation to be carried out is
that of determining common errors which are made in keying
bibliographic data. In addition to using the terminal system
to obtain data on error, we will study our off-line data base
input operation to analyze the nature of errors which are made
in conversion keying. Following this we will develop automatic
correction routines and study their behavior. While the cor-
rection routines would have to be combinatorial in nature if
they are intended to be exhaustive, it is our hypothesis that
certain types of errors occur with considerably higher frequency
than do others, and therefore useful heuristic routines can be
developed even though they may be partial in their effect.

Such analyses are expected to lead to the development of
routines which can assist the non-expert user in obtaining the
materials he desires. Therefore, we anticipate programming
these routines and incorporating them as part of the search
system available to the general user.

We anticipate that large amounts of programming will be
required to provide the user interaction programs. To support
this programming we are developing the LYRIC processor (at
Los Angeles).* This processor will facilitate the rapid develop-
ment of the user interface programs. PILOT, a similar processor,
is being programmed in PL/1 at UC, San Francisco. Although we
anticipate that LYRIC will be preferable, we will experiment
with both processors.

c. Analytic programs. To support our research, many
special-purpose programs will be required. The analysis of error
mentioned above will require programs of this type. Others will
be concerned with analysis to investigate the issues discussed
in the Introduction, such as record encoding, file structure, etc.
These will continue to be defined .md developed throughout the

study .

3. Data Base Progress and Plans. The data base develdp-
ment, initiated during the current phase, will be continued.
The monograph records will comprise the largest portion of the
data base., As an initial data base for the project, we have

¥See Appendix IIT. -9 -
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utilized 75,000 catalog records which were available in machine
form from the Library of the University of California Santa Cruz
campus , and 40,000 records of the Mathematics Citation Index
available at Los Angeles. These records have been utilized in
their original format. However, we have been developing record
formats to be used on a continuing basis for the facility. The
record formats have been developed to be compatible with the
Library of Congress' MARC II format in order to provide the
greatest likelihood that the records and programs will be of
use to others. The results of this work are presented in
Section III.

We will continue to develop our data base in order to
obtain a file of a size that can support meaningful experimental
work with regular library users. Our objective is to obtain
an on-line file of at least 500,000 bibliographic records.
During the second phase of the project we hope to complete the
establishment of a file containing a minimum of 1/4 million
records, from three sources: by obtaining MARC II records, by
original input, and by converting the Santa Cruz records.

We have developed procedures for original input of mono-
graphic records. We are considering a production plan which
utilizes both on-line terminals for the search of the existing
data base and off-line terminals for the large scale keying of
original input. We have defined a statistical quality control
procedure for maintaining the accuracy of this input process.
During Phase II we plan to test, modify and re-test both the
extraction and the original input procedures.

Because there are a number of existing bibliographic files
in different machine formats, we have been investigating the
proolem of utilizing such files through the method of routines
for automatie conversion of such files to a common format. Our
first task has been to develop computer routines Tor converting
the Santa Crus format (a relatively simple format) to the MARC II
format (a complicated format). Through of dubious practical
value unless the file to be converted is of considerable size (we
believe it to be in excess of 100,000 records), the problem is of
considerable research interest since its basis is the recognition
by computer of the components of a bibliographic entry.

Though data base development is not one of the central
concerns of our study of on-line file organization and search,
there are significant problems involved in such development,
and the inescapable requirement to develop a data base has
immersed us deeply in these problems. BecBuse many of these
Pproblems are of general interest but are not dependent upon
the rest of our work, we have dealt with our solutions to them

separately in Section IV.

L, Analysis of File Structure. An analysis of file

structure was initiated recently. Our objective is to create
- 10 -
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an analytical model of the retrieval system, which will de-
lineate the relationships between access time, the cost of
direct-access storage and the strategy for allocating space.
Initially this study will be limited to trade-off analyses
between a few variables. We will then test the model by
orgenizing the file in the menmner indicated and check the out-
come of the predictions. This model will, for example, provide
information on when it is more economical to divide a logical
index file into two or more physical index files, in mass
storage. To support this work, we have observed the relationship
between the length of the beginning portion of an identification
key (e.g., author name) and the degree of uniqueness this
identification provides in the retrieval of records from the
Santa Cruz file. For certain purposes, the key might ultimately
be composed of portions of several fields of the record (see
Chicago search code¥).

In order to make it possible to experiment with alternative
file designs, we must have flexible programs which are capable
of maintenance and retrieval without re-programming even though
the file structure is modified. To accomplish this, we will
continue the attempt to develop a structure which is capable of
containing a wide range of content, and from which any record
or sequence of records can be retrieved by using a common re-
trieval routine. The programs have been designed to be para-
meter-driven, so that changes in file structure may be easily
accommodated.

5. Other Analyses. We have barely begun to identify and
study the central issues associated with on-line organization
and search. Among these, the grouping of records or parts of
records by similarity or other relations pertaining either to
subject content or to user need, has received growing emphasis
in the Project.

We have programmed the first of a set of routines for the
equivalence class coding for author names, title words and other
substantives (reported in detail in Section III).

Associative indexing by statistically-generated means, as
a technique for providing improved retrieval, can be effective
for material which is indexed in depth, i.e., with a large aver-

age number of agsigned index terms per document. We plan to
investigate the utility of such associative techniques on mono-

graphic records, which by present cataloging practice have a much
lower average number of assigned index terms per item - i.e., sub-
ject headings per document. As part of this study, the subject
headings in the file will be analyzed for characteristics such as
distribution by date of publication, co-occurrence, and the num-
ber of headings per document.

*ngne, Charles T. '"Tagging Codes." Chicago, University of
Chicago Library, Feb. 190T. (u%g?blished report) various pagings.
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Our work on formats tailored to the various system functions,
i.e., input, processing, ete., leads naturally to concern for data
compression techniques. Our concern here is to provide efficient
representations of the records when they are in the mass storage
device. We plan to initiate a task to analyze the applicability
of known data compression techniques in terms of their encoding
and decoding effort together with the resulting amount of space
required to represent bibliographic records.

B. EQUIPMENT
1. Characteristics. In selecting a system for our exper-

iments with bibliographic data, we must trade off the following
six. desirdble characteristics:

a. The maximum amount of large-capacity, random-access
storage capacity that can be attached to a central processor.

b. The least difficulty in attaching remote terminals,
of both the mechanical and cathode ray tube (CRT) variety.

¢c. Machine logic capable of handling the maximum
number of individual characters in order to facilitate handling
of the wide range cf typographic characters encountered in
bibliographic data.

d. That to the utmost extent possible, system software
especially in the realm of physical I/0, be provided by the
manufacturer of the machine.

e. That this full system be available on a time-shared
basis during as much as possible of the regular working day.

f. That it be the most common system in use for
bibliographic data, in order to share software.

In choosing between the two systems available to us at the
Berkeley campus camputing center (an IBM 360, model L0 and a
CDC 6400), the IBM 360 provided the better compramise among this
set of desired characteristiecs.

2. Main Frame. The central processing unit (CPU) of our
360/40 has a 128K byte memory. Of this, the Operating System
takes approximately 30K. The remaining core storage is divided
into two partitions. In one of these (approximately 20K in size),
utility programs are run (such as tape copy operations). The
remaining 80K bytes are available for other applications. It
is in this larger second partition that we operate when on-line.

3. Mass Storage. The concept of the on-line system nec-
essarily involves the use of randam-access mass storage. Three
types are generally available for 360 attachment: drum, disk,
and magnetic strip (also called éata cell). Drum storage was
rejected becaurs of its limited capacity. Magnetic strip storage
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was considered, but rejected for use during Phese I of the pro-
Jject because of persisting hardware failures. (These problems,
we understand, are currently being corrected.)

Given our requirement for very large random-access storage,
the IBM 231k disk storage facility appeared particularly satis-
factory since it is a supported unit in terms of IBM software
and has high operational reliability. This device provides a
maximum storage capacity of 233 million characters. However,
the device's effective capacity is approximately 150 million
characters since some space is required by the system in order
to store the operating system programs and control data. The

. access time (i.e., the average time required to position the
access device to the desired record) for the device is 100 milli-
seconds. The data transfer rate (i.e., rate at which data is
moved between the device and core storage) is 312,000 characters
per second.

4. Terminal Equipment.. In our experiments, we have planned
that inquiries made to the file will be processed over remote
terminal equipment. This means that processing programs must
operate in a tele-processing enviromment where several terminals
are busy at the same time. Since the transfer rate of characters
over phone lines to a terminal is relatively slow, the computer
central processing unit (CPU) while servicing one terminal is
waiting virtually all of the time. It is this waiting state or
unused CPU time that makes time-sharing with multiple terminals
an attractive alternative, since with the attachment of a few
additional terminals the CPU is utilized more fully, with little
noticeable increase in delay time to individual terminals.

Currently, we have two mechanical terminals attached to the

360: & Teletype model 35 ASR and an IBM 2740 communications
terminal. Data transfer rate to each terminal is approximately
12 end 15 characters per second, respectively. Each has a pri-

vate line connection over voice-grade telephone lines. The
teletype can read and punch paper tape, a feature useful in
situations where data can be prepared before going on-line, in
order to obtain the maximum input rate when on-line.

Mechanical terminals, as we have indicated, produce hard
copy output which in some instances may be desirable. However,
in our early work it has become evident that the slowness of a
mechanical terminal as it types ocut, character by character, the
results of an inquiry, does not meke it particularly attractive
for most library retrieval applications. Therefore, we are now
plenning to connect CRT terminals for inquiry and display of
search results. As a shared task among several ILR projects
we have completed an exhaustive inquiry into the characteristics
of currently available CRT's. A major drawback at this time is
that, with the exception of extremely expensive terminals, the
maximum number of displaysable characters is under 100, a number

not nearly sufficient to meet our capacity requirements for the
-13 -
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display of bibliographic data. Even so, the high volume of data
output associated with bibliographic search makes it desirable to
incorporate CRT's as soon as possible, in order to facilitate
testing on a basis superior to that achievable with the mechan-
ical devices.

C. COMPUTER PROGRAMS

Three levels of programs are required for the facility we
are developing. On the first and most general level is the
monitor system which provides for remote terminal operation.

The second level programs carry out the various operations of
file generation, organization, maintenance, retrieval and dis-
play. The third-level contains programs which analyze the per-
formance of the system, to guide its development. The second
and third level programs do not necessarily operate in an on-line
mode,

1. Terminal Monitor System.

a. Introduction. During the course of the year we
have developed an experimental Terminal Monitor System (TMS)
which is designed to facilitate both communication between remote
terminals connected via phone line to the Computer Center's
IBM 360/40, and data transfer between the 360/40 and the sattached
disk storage facility. All files are maintained on ILR's private
disk facilities and are not accessible by other 360 users.

IMS has a time-sharing design which allows multiple terminals
to operate seemingly at the same time. It allows the user to-
carry on a limited dialog with the camputer, and will wait for
the user to enter his response before continuing processing.

IMS operates as a user subsystem of the manufacturer-supported
Operating System/360 (0S) in a partition of core storage of
approximately 80,000 bytes.

TMS performs five general functions:

(1) Text entry: the establishment of new files which can
later be processed.

(2) File search: retrieval and display of records fram
within wn existing machine file.

(3) Text editing: addition, replacement, and deletion of
character strings, individual records, and blocks of records
within an existing file.

(4) Compilation of source programs: conversion to execu—
table instructions from source language (FORTRAN, PL/1, and 360
Assembler) entered in the manner of text.

- 14 -




(5) 1Interface to special user-written routines: capability
for terminal user to load and execute special-purpose programs.

The logical structure of ™S is built around a set of two
supervisory routines which maintain control over a series of
processing programs (called processors). It is the processors
which perform the file handling functions listed above.

b. BSupervisory routines. One of the two supervisory
routines (TXIO) has the function.of coordinating input/output
operations to the terminals attached to the system. It does
such things as directing message transmission to the proper
terminal, and the analysis of which user has sent a message
when one is received. It also performs error recovery and
recording (when a transmission error has occurred), character
code translation on both incoming and outgoing messages (since
each different type of terminal has its own character code),
and messege attribute and length analysis.

The other supervisory routine (BASE) is the overseer of
both TXIO and the set of processors. Its function is to bring
a processor into core storage when needed by a terminal user.
After loading & processor, the BASE routine delegates control
of the terminal to the processor, which then communicates directly
with TXIO to accomplish terminal input/output. If more than one
terminal requests the same processor for simultaneous use, the
BASE routine does not load another copy; both terminals use the
same copy. The arrangement which allows sharing of a processor
in this way is called "re-entrant coding". The amount of core
storage in use at eny one time is thus a function of the number of
terminals on-line, the space required by each terminal's pro-
cessor, and the degree to which terminals are sharing processors.

Processing programs are of two sub-types: 1) utility pro-
cessors, which perform general functions and are used by many
users and 2) specialized processors written by terminal users
for their own file handling applications.

ec. Utility processors. Currently there are seven util-
ity processors. The specific instructions for existing processor
use, showing the formats of both TMS messages and terminal user's
responses, appear in the Terminal User's Manual (See Appendix II).
The first three processors are used for general file handling
operations. The last four are used in the development of new,
user-written processors. The processors are:

(1) Text processor. Enables the terminal user to create
a new file. Each record in this file is 80 characters in length,
of which 76 characters may contain user data and U4 characters
the key by which a record can be retrieved.

(2) Search processor. Used to display one or more records
fran an existing keyed file. It has the ability to search on

the full key or on a portion of a key.
- 15 -




(3) Edit processor. Used to edit existing files. It is
possible to perform replacement, additiorn, and deletion functions
on character strings within a record. In addition, one can also
add or delete entire records.

-(L4) Assembler language processor. Here a source language
file created as text is given over to the 360 Assembler to
generate object (machine language) instructions. This, and the
following PL/1 processor, are used to generate new programs which
may become part of the processor library.

(5) PL/1 Language processor. Used to generate object code
fran PL/1 source langusge stored as text.

(6) A link processor. Has as its input object code (gen-
erated from either the PL/1 compiler or the Assembler) and gen-
erates a new (or replacement) processor.

(7) LYRIC. A processor for user interaction routines,
which is not yet fully implemented (See Appendix III).

d. Specialized processors. Currently there are
approximately ten specialized processors. The most important
of these, the file handiing programs, are discussed below.

All processors exist as load modules, and are maintained as
individual members of & partitioned file. Each processor is
planned to be re-entrant, so that multiple use does not require
separate copies of & given processor. A terminal user writing
a specialized processor must adhere to several conventions: He
must observe standard calling conventions, and must provide error
recovery which returns control directly to the calling program
(the BASE routine). Terminal I/0 is accamplished through calls
to special interface routines which are link-edited into the
user's routine during execution of the LINK processor.

. 2. File Handling Programs. Two classes of programs have
been written which have as their focus the development and use
of the project's data base. The first class is concerned with
the generation and maintenance of the master file and its
associated index files. These programs are batch-oriented and
are not operated as part of the Terminal Monitor System. The
second category consists of programs which are terminal based
(i.e., processors) and which are concerned primarily with re-
trieval fram the existing bibliographic files.

a. File generution programs. Fig. 2 shows the file
- generation process. The names in parentheses identify camputer
routines required. These file generation programs provide for
both original input and extraction from existing machine files.
- 16 -
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The most important of the programs written for this purpose
is the one called INFOCAL, which converts data presented in input
format to internal processing format. INFOCAL is written in PL/1.
Unfortunately, it is so large it is very slow. For continuing
operation, it appears that an assembly language routine will be
required. This program is designed to do several things before
a record is actually placed in the master file. First, every
new record entering the system may, as an option, be printed out
on an edit listing, so that it can be proofread for errors in
the text. Second, the program does a certain amount of syntac-
tical checking of field codes and other control information,
and prints diasgnostic messaeges on the edit listing. At the same
time the program also places a copy of each new record in a
transaction file written on disk storage as a keyed file.

Corrections are written on the edit listing by the proof-
reader and changes to the file may be keyboarded either on-line
via remote terminal, using EDIT, the edit processor available
under the ™S, or off-line for processing in a batch-oriented
update routine. If a record has no further corrections, it may
be certified either off-line or from the terminal as ready to
be transferred from the transaction file to the master file.

On the next successive execution of the INFOCAL routine, records
marked as certified will be written out and are ready to be

added to the master file. Routines to accamplish this maintenance
cycle are now in the design stage.

Records carried over fram the existing transaction file,
which are not yet certified, must go along with new records into
the new (updated) transaction file.

The file translatvion program, TRANSCOF, converis the existing
Santa Cruz data base fram its original record format to the ILR
input format (that is, the record structure accepted by INFOCAL).
This routine, still under development, is being written in assem-
bly language as a result of our operating experience with PL/1.

We planned to produce our input format so that if there are
changes to the internal format, only INFOCAL will need to,be
changed. Additional discussion of TRAWSCOF is provided in
Section IV.

b. Specialized retrieval processors. In order to
begin experimentation with terminal-based search algorithms,
we placed 75,000 records fram the Santa Cruz file on the 231k
disk facility. These records are still in the original format,
rot yet having been converted to ILR internal format. To retrieve
records, we have written a primitive processor (SCAT) which allows
a terminal user to type an author's name over the terminal, and
to receive a list of documents indexed under that name. Although
we have not generated them, other search keys could be included
readily. However, we did not include them in this initial test
because Boolean cambinations of the terms would not be possible
with SCAT. - 18 -




For the user, the search tecimique is quite simple (and,
of course, limited). The contents of the file can be displayed
by typing an author's name. Retrieval will be made of all
records for which the left-most characters of the key match
those characters input over the terminal by the requestor. For
example, if the requestor typed the string "GARN" when asked to
place his request, the program would retrieve all records whose
key begins with these characters. Currently, three authors
match: "Garn, Stanley M.", "Garner, Wendel R.", and "Garnett,
Arthur Campbell". If he had typed "GARNETT", he would, of
course, match only on "GARNETT, ARTHUR CAMPBELL".

The master Santa Cruz file contains full bibliographic
entries. When printed out on the terminal each citation occupies
from five to twelve print lines. It becomes evident very quickly
that, given a mechanical terminal, scme means must immediately
be constructed to enable the user to limit the amount of material
which is typed out before him. Display of a full record of
average size (L400-500 chs»acters) consumes about 1-1/2 minutes.
Ten of these would requiie 15 minutes. For the future, it would
thus appear that mechanical terminals will not be suitable for
on-line retrieval of bibliographic data.

Because of such time delays, we have initially provided two
mechanisms for limiting output. One of these is to request the
user to indicate how many entries he will accept in response to
his search request. The other is to allow him to display index
entries only. An index entry contains only one line of data
which gives the full key (full author name) and the address of
the master file entry (its sequence number). Upon completion
of the index file search, the user may then request full cita-
ticns by record number.

Although the SCAT processor is quite limited, it has pro-
vided us with immediate experience which has been useful in
determining the types of retrieval capability to be incorporated
in future search progroms. Further, we now have had experience
with multi-level file structures of the type we will be using
throughout the study.

3. Analytic Programs.

a. General purpose. The third level contains the
programs concerned with the analysis of the system - its content,
structure and operation. These "third level" programs are not
a component part of the system providing file maintenance and
search; rather, they operate independently to obtain information
to guide the project.

Although no programming on this level has yet been accom-

plished, we anticipate that somfgof these programs will be used




quite generally. For example, one kind of general program will
be for extracting information from & history file containing

the records of past system use.. This history file will be
maintained as a basic part of our terminal handling program.

In this way we will accumulate & history file which can be used
to make the same sequence of inquiries against file structures
which have been developed using different organizing strategies.
Tn these reruns the results of the searches will not go out over
the terminals. Instead, we will record the time for the storage
access portion of the query processing in order to obtain com-
parsble timings for the different structures. We will use this
approach to study factors such as prediction of relative fre-
quency of access to the records in the file, as & basis for
reorganizing the files in order to minimize average access time
for the individual query.

b. Special purpose. To support our reseerch, many
special purpose programs will be required. Examples of these
programs are those to analyze the frequency of co-occurrence
of index terms in the data base; the time pattern of requests
for file information; and the effects of a file compression
technique on storage space and encoding - .decoding time.
Programming of such routines will continue thrcughout the
project.

D. DATA BASE DEVELOPMENT

1. Monograph Data Bases. To begin the study, a brief

survey was performed to determine the availability of library
catalog files which might be used. While there are numerous
such files, those of UC Santa Cruz library, Stanford University
Undergraduste Library and LC MARC I¥* seemed most camplete and
accessible. Arrangements were made to obtain all three files.
However, the Stanford file has not yet been obtained.

Before our work with the MARC I records had begun, the
Library of Congress announced the MARC II format. Therefore,
we decided to orgenize the major work of the project around this
new format and in the interim until it is available to concen-
trate on the use of the Santa Cruz file. A brief description
of the Santa Cruz format is provided in Appendix V. Section III
of our report provides the results of our work which concerns
the design of these records. Section IV provides a description
of our resolution of the problems associated with the develop-
ment of & large data base.

5. Other Data Bases. In addition to the task of acquiring
existing files of monographic materials, a further goal of the
project is to study the problems of integrating and searching
files of records for other materials, e.g., Journal articles,

¥The Institute at Los Angeles wes a perticipant in the MARC Bilot
Project experiment. - 20 =




music, ete. The availability of bibliographic machine files
on the level of the journal article is placing increasing
pressure upon the library community to provide computer-based
access to these articles. Thus the issue of organization and
search of such files is as pressing as that for monographic
material. At the same time, it does not appear to require a
uniquely different approach to its solution. Therefore, we
are including journal article machine files in the study.

Although these records necessarily vary in content fraom
that of monograph catalog records, compatible record formats
may be developed. This is a goal to which the Library of
Congress MARC Project has addressed itself in the development
. of a common machine format for bibliographic and other library
materials. That is, the MARC II format is designed as a data
exchange medium, with a structure intended to have "wide appli-
cability to all types of bibliographic data" and to be "hospita-
ble to all kinds of bibliographic information." For "any given
type of item, e.g., serials, maps, music, etc., the camponents
of the (MARC II) format may have specific meanings and unique
characteristics."¥

Whether it will be possible to so integrate the different
records remains to be seen. However, we are working on the
integration of a citation index file which is a non-monograph
data base. Work has been carried on at UCLA to extend the
Citation Index in Mathematics, which was initiated at Princeton.
The nature of the UCLA data base and its preparation is described
in the Appendix V. At this time, we have no significant results
to report.

E. FILE STRUCTURE

1l. Inverted File Structure. In the first phase of this
study we began a detailed examination of file structure. Early
work in this ares indicates that the way in which files of
bibliograrhic information are structured profoundly influences
both the time required to gain access to a record in the file
and amount of storage space consumed by the files. In a large
file it is evident that one cannot conveniently make a sequential
search of the entire file in order to satisfy a unit request for
information. As a result, files usually have been structured
in what is called an "inverted structure". In this structure
gll logical records are held in a "master file" with auxiliary
files (called index files) created which allow quasi-random
access into the master file. '

¥Avram, Henriette D., John F. Knapp, and Lucia J. Rather. The
MARC II Format: A Communications Format for Bibliographic Data.
Washington, D.C. Information Systems Office, Library of Congress,
1968. p. 10. o1 -




It-is possible to define a master file structure from which
records could be retrieved by some given portion of it, called
a key: for example, author. However, since in most computer
systems a record has only one access point, its address, we
must define additional files which provide multiple access
points into the master record. These additional files, the
index files, contain records which point to and allow us to
locate and access the information contained in master records.

In our system the full bibliographic record comprises the
master record. The content and format of each master record
is described in detail in Section III. The full set of master
records will be called the master file. The content of an
index record consists of the index term (the access point), and
pointers, one to each master record which has been indexed under
that particular term. One record in an asuthor index file might,
for example, be:

SMITH, JOHN W. | A A A A,

In this record, SMITH, JOHN W., is the access point to the
index records and Al’ A,, A3 and Ah represent pointers to four

different master records which have been indexed under this
access point. Becsuse index terms have varying numbers of
documents indexed under them, the length of the logical index
record is variable.

For our initial operations, this is the type of structure
we have been using. However, this approach is not adequate to
our purposes in developing a system for experiment. During the
course of the study we will want to maintain maximum flexibility
in the operation of the system. We will want to split logical

records, create new index files, partition them, relocate records
and files, and make new groupings of records. Such menipulations

will allow us to explore the relationships which exist between
access time and storage cost. For this reason we are developing
a more general system employing the basiec file structure de-
scribed below. As a part of this we are writing a set of
utility retrieval routines which operate independently of file
content.

2. Randam-Access Device Characteristics. In our experiments

we are using a large-~capacity disk facility to store the bibli-
ographic data files used. Since the way the file is structured
is, in large part, determined by the methods with which data
can be physically stored on a disk, it is necessary to discuss
briefly the ways in which information can be stored on and

retrieved from a disk device. -

3
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a. Storage modes. Data is recorded on a disk in

recording surfaces called tracks, all of which are of equal
capacity in the 2314 facility. Movement of data written onto
or read from a track is done in units called "block" (also
referred to as physical records¥). Normally, the size of a
block cannot exceed maximum track capacity. We have now
experimented with two general types of file: 1) keyed files
and 2) non-keyed files.

A keyed file is one in which each logical record can be
retrieved by supplying some unique portion of it called a key.
In general, each record may have only one key which must be
identified at the time the file is created. Non-keyed files may
be retrieved only by address. This address may be the actual
position of the record on the device (that is, the track number
where the record resides), or it may be a relative address (that
is, its position relative to the beginning of the file). Actual
addresses are rarely used, since this technique makes a file
ummovable. Relative addressing allows the file to be moved to
any position within the device.

Whether keyed or non-keyed, the very large size of our files
and the relatively high ‘cost of direct-access storage, make it
desirable that the data be placed on the disk in as compact a
form as possible.

Disk space is used most effectively when logical records
are blocked to maximum track capacity, and all blocks are of
fixed (i.e., equal) length. This is because fixed-length blocks
involve less overhead both in terms of access time and storage
space than do variable-length records. Blocking to maximum
track capacity also involves less device overhead since each
block must have a given amount of system control information
stored with it.

To illustrate: Track capacity of a hypothetical device
is 3000 characters; and each block must have 50 characters of
srstem control information stored with it. If we allow only one
block per track, we must &llocate 50 of the 3000 characters for
control information. This leaves us 2950 characters for the
block of data. If we allow two blocks per track, the system
requires 100 characters with 2900 remaining for the twc blocks
(1450 characters in each). Fig. 3 shows figures for differing
lengths.

%¥As distinet from logical records; i.e., logical units of data.
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FIGURE 3: BLOCKING STRATEGY

Track capacity = 3000 characters
System overhead = 50 chars./block

NG

Number of Total Total Space Size of
Blocks per | Allocation Remaining Each

Track for System for Data Block
Overhead

50 char 2950 char 2950 char
100 2900 1450
150 2850 950

200 2800 700

To summarize: All blocks, whether in a keyed or non-keyed
file, should be both fixed-length and blocked to maximum track
capacity.

Since most bibliographic records are variable in length,
and we wish to use fixed-liength blocks, we are adopting a
technique which translates variable-length logical records into
fixed-length blocks of maximum track capacity. A different
strategy is required for keyed files than for non-keyed files.

b. Non-keyed files. This structure involves sequential
placement of the variable-length logical records into a block
sized buffer in main storage; when that buffer is full, the
entire block is written to disk. In order to retrieve a logical
record we need to know: 1) in which block it begins, 2) its
relative position within the block, and 3) .its length. 1In the
example in Fig. 4, a total of si:x complete logical records
(denoted by Ln) and part of a seventh record have been mapped

into two physical blocks.




FIGURE 4: BLOCKING A NON-KEYED FILE

Bl
ock 1 Ll L2 L3
1]
Block 2 L3 (cont'd) Lh L5 Ll,S L7
A
Partial
Record
Positional l
Scale Lttt vttt e b p ettt
1 1000 2000 3000 4000 5000 6000

The first logical record (Ll) is of length 2000 and can be

retrieved by first reading block 1, then locating position 1
within the block. Similarly, the second logical record (L2)

can be addressed by Block 1, Position 2000. It has a length

value of 1500 characters. Note that it is necessary to break

some records across track boundaries, so that one logical record
may actually be contained in two (or possibly more) blocks.
Therefore, when a logical record is broken across track boundaries,
a signal must be inserted to indicate whether or not the record

continues into the next block.

Thus, any variable length logical record can be retrieved
by supplying its block (or track) number, its position within
the block, and its length, which together constitute the address
of the record.

c. Keyed files. To map variable-length keyed files
into fixed-length keyed format¥, we separate each logical record
into two camponents. The first component, a fixed-length, keyed
record, points to the varigble length data portion. For example,

the two records:

KEY 1 DATA 1

KEY 2 DATA 2

¥The operating system data management facilities currently require
the index entry in a keyed file to be fixed-length, specifiable by

the user.
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would each be split into two records. The first set is the
keyed records: ‘

KEY 1 ADDX1

KEY 2 ADDX2

ADDX is a pointer field that contains the address of the variable
length data portion.

The second set of records contains the data portions:

DATA DATA

ADDX ADDX

These are placed in a variable-length, non-keyed file and treated
as discussed above.

3. Multilevel File Structure and File Linkasge. Central to
an understanding of a genersl retrieval routine are the concepts
of record segmentation, file segmentation, and linkage. An index
file may, for example, be composed of two distinct files which
are linked together. The mechanism which links two segments
together is called a pointer. In the simple inverted file
structure, the poiaters in the index record connect to addresses
of master records. In the same way, two distinct physical files
may be linked to form a single index file. Similarly, a master
record itself might be divided into two or more parts, one part
containing those elements of the logical record which are used
frequently (e.g., main entry, title statement, imprint and call
number) and the other portion(s) of it which are required with
lesser frequency (bibliographic notes, etc.) Thus it is possible
in each case to have a record which has both content and a pointer
to another record, or portion of & record. We shall call the
individual records which aré linked together (by pointers)
linkage segments. The linkage segment is conceptually independent
of its logical content. This file structure is similar to that
of a linked 1list file. In the conventional version of the latter
file structure, the master records themselves are usually not
segmented.

Why should one wish to subdivide a master record? One can
answer this question both at the level of our requirement to

PRGN S
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develop a system for experimentation, and on the level of the
design of an operational on-line bibliographical retrieval
system., Taking the latter first, it is most likely that the
variable length records will be segmented into fixed block sizes
in order to simplify the problems of input/output and storage
allocation. If one places the most frequently used parts of the
record in the first segment then following segments will not
need to be obtained as often as they would if the allocation to
segment were independent of use. Thus, the capacity and response
of the system would be improved. This improvement would be even
more dramatic if two random-access storage facilities are used,
with the high frequency elements allocated to the one which is
fast and expensive, while the lower frequency elements are
allocated to the other slower and less expensive unit. Such
storage of segments on the basis of access time of the device

we call "horizontal segmentation.

One can also perform "vertical segmentation", that is,
within the file, the records themselves may be arrayed by
frequency and divided into groups containing the most-used and
least frequently-used records. Here again one could place the
most frequently used records on the fast device and the least-
used on the slow device.

The answer for our facility derives from the comments just
made. These remarks indicate a conceptual solution to the
problems of file organization. However, it is a solution which
raises a host of questions about the relation of segment sizes,
element frequencies, access time and cost, and storage costs.
These questions can only be answered by analysis and experiment.
Therefore, we wish to set up our computer routines such that
varieties of segmentation can be accommodated in order to be
able to carry out relevant experiments.

For our initial experiments we have chosen a simple file
structure. It consists of:

a. A master file consisting of records stored without keys.

b. Index files for author, title and subject. Each index
file consists of two sub-files.

(1) a keyed file (called the "access file") in which the
access point is the key and the data field contains a single
pointer to the second sub-file.

(2) the "address file", a non-keyed file containing a
variable number of pointers to the master records which have
been indexed under the term represented in the access file.

To illustrate: Four master records have been indexed under

the term CARTOGRAPHY.
- 27 -
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The entry in fhe access file for .this term would be:

CARTOGRAPEY - ADDX

where the term CARTOGRAPHY occupies the key portion of the
record, and ADDX is the data portion containing the pointer

to the corresponding record in the address file. Logical records
" in the access file will be of fixed length, while those in the
address flle wili be variable length.

The address file entry for this term will have four fields
containing the addresses of the master records. The format will
be: '

P S |
////j;///i:://’/// Al Ba | A3 Ay ///::///i:///i;,

ADDX

where the shaded part indicates other data contained in the

track, R is the record, and Al’ A2, A 3° Ah are pointers which

contain the agddresses of the four'master records.

k., Uniqueness of Identification as a Function of Key Length.
A significant issue in the study is the number of characters which
are required to uniquely identify a record held in the systenm.
This is important for several reasons. First the more characters
which must be input through a terminal, the longer the encoding
‘process becames and the less capacity the terminal will have for
handling requests. Second, the more characters which must be
transmitted by the terminal, the greater the chance for keying
error becames. At best, these errors will be automatically
corrected,®* but invoking correction routines will reduce the
capacity of the system even further. At worst, these errors will
initially cause improper retrieval and thus a partial failure of
the system. Finally, the expected key length for uniqueness
could be used as a basis for index record segmentation. The
objective of the system, therefore, should be to provide search
based on enough characters in the request key to provide a
reasonable amount of uniqueness of the resulting search output,
but with as few characters as possible in order to reduce the
problems of keyboard time and keyboard error.

We have analyzed the amount of uniqueness of author names

¥For example, by use of equivalence class coding techniques
discussed in Section III.E.
- 28 -
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as a function of the number of characters of input provided.

The program used distributes the number of catalog records per
unique search tag of given length for author keys. The results,
taken from a sample of 20,000 author names, are presented in

Fig. 5. We plan to run this analysis on title and subject key
fields as well, in order to determine the proper length for those
search keys. At present we are implementing our search routines
so that a search key of any length can be used by the searcher.

Consequently, our search strategy is independent of search key
length, which enables us to experiment with keys of various
lengths.

The segmentation of an index file may be performed on the
basis of key length. In that case, the distribution of the
length of the index terms, or keys, determines the effect of
segmentation. In preparation for the analysis of the effects of
segmenting the index files, we counted the lengths of the call
number field, the author field, and the subject heading fields
in the Santa Cruz machine file. Fig. 6 contains the distributions
of the field lengths for those elements.¥

5. Linkage Control in Retrievai. The retrieval routine
needs to provide access to logical records from two types of
files: keyed and non-keyed; in addition it must be able to
distinguish between data which is content and pointer data. If
a record contains pointer data the routine must know whether or
not to go on retrieving subsequent records in the linkage sequence.
In some cases presentation of information contained in the pointer
field will be enough to satisfy the control routine.

The pointer field establishes a linkage between two logical
records. The pointer field will contain the following information:

A. Type of file pointed to; whether it is keyed or non-keyed.
B. Type of data in the record pointed to:

1) Pointer data only.

2) Content data only.

3) Pointer and content (pointer first).

4) Content and pointer(s) (pointer information
carried as a type of content, e.g., key
itself encoded as the address).

name of the file in which the record resides.

¥Source: Compiled from computer runs made November 1 to Novem-
ber 6, 1967 against Santa Cruz catalog on SCAT 10, 11, 12.
Compiler: Ralph M. Shoffner. Capital letters are counted as
two characters. Note that none of these counts have been veri-
fied and they may contain errors.
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FIGURE 5:
UNIQUENESS OF AUTHOR IDENTIFICATION

Number of Characters in Identification Tag

T 8 9 10 11 12 13 1k 15 16

1 || 2866| 3175| 3635| 436h| 5399 | 6319 | 6895 | T288| TL9E6| T656

2 971| 1030| 11k0| 1290( 1515 | 1628 | 1732 | 1765 1768} 1770

3 bo2| 518 sSku| 605| 655| 683| 699 | 692 678| 670

b 333| 335| 347| 358| 343| 346} 323 | 322 324 323

5 184 | 183| 176| 200] 201| 203} 204 | 201| 194 190

6 148 | 150| 152| 152] 164| 1bk2| 13k | 128| 128| 127

T 98 92 96 89 91 88 82 81 82 T9

8 60 63 63 62 65 55 56 55 51 51

3 9 8| 73| 73| 66| 58| u7| u7| b2| b1} 39

EHl 10 e 50 4s N 42 38 36 32 30 30

gl 11 39 42 29 3k 26 21 19 15 15 15

51 12 27 28 30 29 23 18 21 18 18 16

S| 13 29 26 25 26 23 26 21 23 22 21

el 1h 2L 21 22 19 19 13 11 10 9 11

2115 20 19 18 18 11 12 13 1k 13 11

w| 16 16 18 1k 13 11 10 T 6 8 6

g 17 8 11 11 1k 12 12 12 12 9 9

=1 18 9 8 9 13 13 9 T 5 5 5

al 19 18| 16| 14| 13 9 9 6 5 5 5

oy| 20 9 9 9 12 8 9 9 T T T

°l 21 1k 10 11 9 6 2 1 1 1 1

8l 22 10 T 9 8 9 L k4 N N N

'% 23 T 8 8 3 2 2 2 2 2 2

Z| 2k L 5 L 5 1 1 0 0 0 0

25 8 6 5 5 3 1 2 2 2 2

26 5 L 3 3 L 5 L 3 3 3

27 3 3 L 5 2 2 2 2 2 2

28 5 5 3 3 3 1 3 2 2 2

29 6 6 5 3 3 2 1 1 0 0

30 7 N 3 1 1 0 0 0 0 0
Notes:

Table entries are the number of unique identification tags
having a given number authors with the same identification tag
(specified by the row value) for the given tag length (specified
by the columm value). The identification tag consists of the
beginning characters of the author field in the order surname,
forname, etc.

Source: 20,000 authors in alphabetical order

Compiler: Naresh Kripalani, March 6, 1968
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FIGURE 6:

DISTRIBUTION OF NUMBER OF FIELDS OF LENGTH N

Length Call No.

% Author

1 1

2 0

3 0

L 0

5 0

6 5

T 1k

8 79

9 312
10 1870
11 4770
12 9234
13 12322
1k 6614
15 L8TT
16 5180
17 LL43h
18 3717
19 2095
20 846
21 801
22 656
23 422
2L 218
25 T7
26 6
27 0
28 0
29 0
30 0
31 0
32 0
33 1
3k 0
35 0
36 0
37 0
38 0
39 0
40 0
L1 0
L2 0
43 0
Ly 0
45 1
4L6-56 L

Total 54,122

% Subject

%

0

16
36
33
37
50
136
6k
155
103
249
221
LLl
953
1399
1908
2339
2709
2740
2759
2698
2768
301k
3165
31k45
2972
2837
266k
2TL5
2826
31L5
3311
2965
2713
2277
1919
1542
1230
968
969
6LL
573
512
472
439
2513

T1,3TT
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I). Length information: if & content record is pointed to,
the rumber of characters in the record; if a pointer record
(types 1 and 3), this element contains the number of fields in

the pointer record.

In addition, if the pointer is to a non-keyed record, the
pointer field must contain the record .address; that is:

E. Relative block number, and
F. Relative position within the block.

If the pointer is to a keyed file the pointer record must
contain:

G. The key value.¥

The format of a pointer field is as follows:
POINTER TO A NON-KEYED RECORD: (NK)

A B C D F E

File | Number/

Name Length Pos. BLOCK

POINTER TO A KEYED RECORD: (K)

A B C D G

File | Number/

Name Length KEY

T |D

0o 1 2 L 6 KL

The length of pointer NK is always 12 bytes; the length of pointer
field K is always 6 plus the key length (KL) of records in the
‘file to which this points.

Thus in this arrangement we have a linkage established by
the pointers. The access record pcints to the address record;
the address record contains multiple pointers to master records.
This linkage is shown schematically in Fig. T.

¥The key length for the file is obtained from an independent

teble called the file table. 30




FIGURE T:
SCHEMATIC OF MULTI-LEVEL FILE STRUCTURE LINKAGE

ACCESS RECORD
(Level 1)

ADDRESS RECORD
(Level 2)

MASTER RECORDS
(Level 3)

Possible retrieval linkages are:

(1) I, only

(2) I +‘I2

(3) I, + I, + any combination of Master records:
1 2

e.g.: R, + (R2 . R3 . Rh)

Using the master and index files described gbove, .it is
possible to show the steps in a utility retrieval program. The
program is supplied with the key name of an access point, along
with a code indicating whether the name is of the author, title,
or subject class. A search on key is performed in the indicated
access file. If and when a match occurs, the data from the
address is read into core storage. a3




At this point it is possible to provide the user with
information which may be useful in satisfying the search request.
It is possible, for example, to indicate how many master records
have been indexed under the neme, or to list the addresses of
the master records. Otherwise, the processing continues and,
using the addresses of the master record(s), the blocks contain-
ing them would be read into core storage, and the information
transferred to the requestor at the on-line terminal.
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IIT. THE BIBLIOGRAPHIC RECORD

A. GENERAL

Although record format and file structure are different
problems, there are overriding considerations which caused us to
devote considerable effort to the identification of record content
and form in the first phase of the project. Among these reasons
were three which are goals of the Project:

(1) To develop methods of converting machine files of biblio-
graphic data both from manual catalog data and existing machine
files; .

(2) To devise techniques for processing the content of
machine records via search routines, using actual data bases for
realistic testing;

(3) To make the data base being estaBlished as a research
vehicle for the Project, serve as a usable, available source of
records both to other organizations and in practical applications,
e.g., a computer-produced book catalog. This is particularly
important in view of the large costs associated with the develop-
ment of the data base.

Although we often refer to bibliographic records as if they
were homogeneous objects, they vary greatly both in Iorm and con-
tent. Particularly in a data processing system, records which
refer to the same external item (such as a book) may assume radi-
cally different forms as they are transformed through the stages
of input, processing, storage or output. Fig. 8 shows the major
functional components of a data processing system, each of which
may have different, often conflicting characteristics dictating a
different desirable form of record, independent of its content.
The use of a single record form throughout the system would mean
that none of the conflicting requirements would be effectively met.
In addition, the form of a record is very important to the file
organization project if we are to meet our goal of providing a
system within which experimentation can take place. A computer
works entirely with the form of the data. - For example, if it is
to be possible to allow the author field of a record to contain
either the author's name or a code standing for his name in an
author authority index, the form of the records must be such that
this difference can be signalled to the computer programs so that
appropriate conversion can take place before processing or output.
Thus , where a highly flexible system is the objective, record form
and file structure are interdependent.

In a similar manner, we cannot divorce the record form from
its content. That is, we wish to develop a system capable of
handling records with content ranging from that of the traditional
catalog card through those of index entries for journal articles,
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to those of augmented records containing abstracts, user ccmments
and perhaps, full text. In order to assure that our system is
properly designed, we must consider this range of content as we
establish the various record -orms.

In considering the form of the records to be handled, the
questions must be broad and their answers must be quite precise
if we are to achieve an open-ended facility that is capable of
reasonably efficient operation even though in an experimental
envircament. Thus, we must determine not only how to tell what
particular kind of record we have at hand or where a particular
field begins and ends, but also which typographical symbols we
have chosen to represent, how they are represented, and what will
be done should we choose to represent other symbols at a later
date.

The final part of this section is given over to a discussion
of one aspect of bibliographical "eloseness', that of the similar-
ity of personal names. This is an extremely important type of
similarity in the handling of bibliographic entriecs, in that the
author is normally the major access point to a work. Our work is
directed at overcoming errors due to unintended spelling variations
in personal names.

B. RECORD CONTENT

The content selected for the data base does not constitute a
radical departure from current bibliographic standards. That is,
the major portion of the data base is anticipated to have the
content of the traditional catalog cara. In addition, some records
will have additional index record and citation content. A few
remarks will summarize the reasons for the decision to employ the
conventional catalog record in a basically unmodified way. To
reconstitute the basic information content of machine bibliographic
records in advance of data on the use of current record content
would change the focus of the project.¥ Our decision was to orient
the building of a data base toward materials of general and current
usefulness to the research library so that our research results
could be of potential value at an early date. That goal in turn
made it desirable that the content of these records be capable of
representation in a standard format to facilitate interchange of
data among libraries. The decision was made, therefore, to con-
form to the path being taken by the Library of Congress in its
MARC Project, which is developing a standard bibliographical
record content and format, beginning with monographs, and specif-
ically intended for the data eXchange function.

¥For the opposite approach, see the reports from MIT's Project
INTREX, in particular the Augmented Catalog Data Base.
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Since the end of the MARC Pilot Project in June 1967, LC has
moved through a phase of refinement and testing of the original
MARC I record, preliminary to implementation of a machine catalog-
ing distribution service to libraries. A "new model" of the format
was issued in the form of specifications for the MARC ITI format in
the Spring of 1968. Parallel to these developments, ILR had begun
its File Organization Project in mid-1967.

The impact of this decision during the current phase of the
study has been to place considerable stress on the project staff
attempting to keep the Project work abreast of the MARC format
development. We have found that the problems of coding using the
MARC II format are of two sorts - matters of data availability and
matters of difficulty of interpretation. The matters of data
availability are those pertaining to the less predictably useful
elements, e.g., to record whether the book contains an index to
its own contents, or whether it is a festschrift. Without retriev-
ing the book, editors coding catalog records cannot make such
determinations. The other difficulty arises from interpretation
problems, such as identifying sub-types of name headings in the
MARC indicators, assigning of the language codes, identifying some
of the sub-types of subject headings, determining when the main
entry should be regarded as the publisher, and other areas where
trained judgment and perhaps access to the book are mandatory for
accurate data encoding.

At this time, most of these problems appear to be resolved.
However, while accepting the defined content of the MARC record
in general’, there are some codes or elements,'defined by LC,
which we will not attempt to supply and there are others which we
will supply which are undefined by LC, at this time. These content
exceptions are listed briefly in Figures 9 and 10. It should be
noted in Fig. 9 that a distinction is made between a data element
and the corresponding code (e.g., field tag, sub-field delimiter,
or whatever) which identifies the data element. For example, ILR
will not supply the identifying code for Book Number (e.g., in the
LC Call No. field) but the data will be present since it is embedded
in the field. In most cases of exception to MARC II, ILR is defer-
ring both the MARC II data element and its associated identifying
code (if any), e.g., the Search Code, Tag OL2.

C. RECORD FORM

1. The Need for Multiple Formats. We have defined for the
File Organization Project an input record format and an internal
processing format to accept the corresponding input data. The
processing format in turn is convertible both to and from MARC II,
that is, when the record is to be output for transmission of our
locally~-converted records on magnetic tape, or when LC-produced
records are to be accepted into our data base. In addition, we
are planning to develop a mass storage format using data compression
techniques. The first question that is sometimes asked is "Why do
you need many formats? Why not just one?"
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FIGURE 9:

MARC II ELEMENTS DEFERRED IN FILE ORGANIZATION PROJECT DATA BASE
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FILE ORGANIZATION PROJECT DATA ELEMENTS NOT DEFINED IN MARC II

FIGURE 10:

LEADER

Agency Code for Originator of Machine Record
Date of Machine Record Format Translation
Agency Code for Processor of Machine Record
Type of Source of the Catalog Data

Agency Code for Source

Agency Code for Adaptor of Catalog Data

FIXED LENGTH DATA ELEMENTS FIELD

Literary Group Filing Control
Cancel Title Added Entry Indicator

VARIABLE FIELD DATA ELEMENTS

052
091
570
580
640
Thl

Cataloging Source Legend

Copy Statement (Local Card) (Proposed)
"In Analytic" Note '

"Full Name" Note

Book Title (as subject)

Title Added Entry (Periodical) (Proposed)
NUC Card Number :
Superintendent of Doc's. Number

Firm Name Heading (Proposed)

Anonymous Classic Heading (Proposed)

Copy No. (in Holdings Field)
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In many information system applications, only one record for-
mat is defined. TFor example, a library converting catalog data
for any particular purpose, such as acquisitions searching or book
catalog printing, might operate with essentially one format. The
jidentifying codes used constitute a single structure applicable
throughout the cycle of computer storage and retrieval.

In contrast to that approach, the Library of Congress and
others are experimenting with multiple formats, viz., in the LC
input record, mnemonic character groupings are used as acronyms
to substitute for the field names (e.g., "MPS" stands for MAIN

. ENTRY of the type PERSONAL NAME, sub-type SURNAME). The internal
processing codes, however, are the standard MARC II numeric tags,
e.g., "100." Other libraries, such as Stanford and Toronto, are
testing mnemonic notation for use as query tags, i.e., as identi-
fiers used to interrogate the data base.*

It is our view that although the formats must be convertible
one to another in order to perform functions such as input and
search, the format requirements are dependent upon the particular
function being performed. It would be cumbersome to impose the
same notational solution, e.g., use of an identical mnemonic tag,
throughout all the system's functions. Where large files of
bibliographical records are being processed, the single format
approach is also costly. Instead, workable formats must be con-
structed to meet the requirements of each function separately.¥¥

The following are the functional requirements for record
formats that we have identified.

(1) Input format,

(a) Ease of manual preparation and handling of the source
data (selection, creation of coding sheets, etec.)

(b) Speed and accuracy in human editing of the source
data. The codes should be easy to remember and simple and conven-
ient to insert.

¥See, for example: Bregzis, Ritvars. "Query Language for the

Reactive Catalogue." In: Tonik, Albert B., ed. Information Re-

trieval: +the User's Viewpoint - An Aid to Design. Philadelphia,
Toternational Information, Inc., 1967. pp. 77-91. (Fourth Annual
National Colloquium on Information Retrieval, May 3-b, 1967).

%¥For a report on an approach to library file handling, with many
of the record format features of which we find common agreement ,
see: Cox, N.S.M. and J.D. Dews. "The Newcastle File Handling
System." In: Cox, Nigel S.M. and M.W. Grose, eds. Organization
and Handling of Bibliographic Records by Computer. Hamden, Conn.,
Archon Books, 1967. pp. 1-21.
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(c¢) As much streamlining as possible of the keyboarding.
The keying should be rhythmic. Awkward strokes should be avoided.

(d) Independence of the format codes and the typograph-
jical character codes from the character set of the equipment, so

that in principle any device can be used.

(2) Processing format.

(a) Facility in addressing individual data elements,
grouping of data elements into segments, etc.

(b) Flexibility of structure, so that either fixed or
variable fields can be efficiently handled by software.

(c) Repeatability of any data element and its format
identifier.

(d) Versatility such that the format can encompass
within a consistent structure, the varying content of records for
all types of library materials: monographic, serials, journal
articles, etc., in either conventional or augmented form.

(e) Minimization of character-by-character scanning,
e.g., when preparing foreign language fields containing diacriticals
for output display.

(f) Provision of capability for generation of sort keys
with the minimum number of additional codes placed in the record.

(3) Mass storage format.

(a) Compactness of representation.

(b) Fast translation from and to the internal processing
format.

(¢) The effects of translation errors are localized or
correctable.

(4) Communications format.

(a) Processable on computers with different memory and
logic organizations.

(b) Low programming requirement to utilize the record.

There are many other requirements which the formats should
meet. However, these will be sufficient to demonstrate the con-
flicting requirements from function to function. For example, there
is a conflict between the compactness of the mass storage format
and the facility in addressing individual data elements of the
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processing format. Also there is a conflict between the processing
format versatility and the ease of coding the input format, since

in general the fewer the things to be remembered the easier the cod-
ing. It is true that even in developing formats for the separate
mmetions it is unlikely that our initial formats will remain
unchanged throughout the study. However, regarded as a system of
formats, they are likely to be more satisfactory than a single
format would be.

Irrespective of the discrete functional demands placed on the
sequence of formats, they all serve a basic purpose in common:
they embody coding to identify record element content by "kind"
and, where applicable, by the role played by the data contained
as a value in an element. A name is an example of a kind of data
element. A name may be one of several sub-types and can act in
one of a nunmber of roles in relation to a document. For each
relationship it is assigned to a different field which identifies
at once both its kind and its role. (E.g., kind = personal name;
role = added entry, alternate author of document.) |

In summary, the coding in the formats performs four important
tasks. It supplies:

(1) Information sbout the document itself (title, subject
headings, all the conventional bibliographic data).

(2) Information about the file (whether the record is new
to the file, which file it belongs to, record status, ete.).

(3) Information about the record (to uniquely identify 1it,
to characterize its composition, to distinguish it from other
types of record content, etc.).

(4) Information about fields or about other codes (e.g., that
o name in a field is of a certain sub-type; that a tag is to be
processed under a certain condition, ete.).

2, Input Format. A summary of the approach underlying the
development of the input format at ILR can be found in a previous
Institute publication.® The present format is an extension and
elaboration of work reported therein.

a. Background. The input format described here, and
the conversion procedure outlined below (in Section IV) represent
an approach chosen in the earliest stage of the data base prepara-
tion task. The initial work has resulted in a draft coding manual

¥Cartwright, Kelley L. and R.M. Shoffner. (Catalogs in Book Form:
A Research Study of their Implications for the California State
Library and the California Union Catalog, with a Design for their
Implementation. Berkeley, Institute of Library Research, Univer-
sity of California, 1967. bpp. 30135.
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for use in manual editing.¥* We anticipate that the input format
and the editing procedure will evolve towards greater reliance on
computer-assisted field identification. As our experience is
evaluated, conclusions will be drawn about the feasibility of
placing more emphasis on such computer-set codes. The ultimate,

of course, would be optical scanning of the unedited cards or a
straightforward keyboarding of them. There would be no interven-
tion by a human editor until after processing by a computer Program.
This program would format the record and then print out the results
for post-edit inspection by a human and correction as needed.
Corrections to errors in coding committed by the edit program
algorithms or the input device operator would be input to the
machine file in the normal fashion. We are currently working
toward this goal with the automatic translation of the Santa Cruz
records. These records have only the most general level of field
coding.

b. Coding scheme. Since most of the catalog data is
variable in length, the bulk of the logical fields have been defined
as variable for the input format as well as the processing format.
The advantage to this is that in conversion from 3x5 cards a more
normal text typing rhythm is permitted than if a fixed length field
approach were used.

More than 120 data elements and fields have been identified
in the MARC II format, and equivalent ILR input tags have been
assigned for most of them. These are translated into the MARC II
tags and indicators in the ILR processing format.

The manner of identifying the variable fields for input is a
key feature of this format. A mixed technique has been employed:
1) insertion of signals which explicitly label the beginning and
end of each field, and 2) depending on the predictability of the
occurrence of fields, the insertion of an identifying tag. The
first is a uniform symbol for fields which are always or nearly
always present, and which always occur in the same sequence. The
'second is a unique symbol applied to those fields which occur in-
frequently or in isolated sequences.

The first type of ccding is applied to the body fields (author,
title, etc.). In this case, no field code may be omitted, even
though the field contains no value in a particular record. The
"plank" field is purged from the input record at the time of its
transformation into the storage record. Ten fields were chosen for
coding by this technique on the basis of previous experience and
sampling. A symbol easily insertable in the dense text of the

*¥Cunningham, Jay L. Instruction Manual for Editorial Preparation
of Catalog Source Data. Preliminary Edition. Berkeley, Institute
of Library Research, University of Califurnia, 1968. 172 p. Be-
cause this manual is a draft which is expected to be revised it
has been provided only in limitedh%uantityy




catalog card was selected: the slash mark, "/", is used to signal
the beginning of each of the "body" fields. A blank field, e.g.,
absence of a publisher name, would be signalled by two slashes,

H//H.

The second type of code is two-character tag composed of a
uniform special character plus a unique alphabetic. When a field
is not present, no tag is inserted. Two series of these codes
were defined. The more frequently occurring fields are coded with
a combined asterisk plus lower case alphabetic (for ease of input
typing). The less frequently found fields are identified by an
exclamation point plus a single character alphabetic. The "¥*" or
"I" {5 needed to distinctly identify the tag, otherwise the edit
program could not distinguish reliably between the code letter
and a text letter.

A further conciseness in input coding derives from the con-
vention that the editor need write only the lower case alphabetic
code on the sheet, in the case of the "asterisk" series of tags.
For distinctiveness, the code letter is written in red. The input
device operator must recognize the letters written as tags and
preface each "red letter" keyed with an asterisk. For the other
series of tags, the editor writes out both the exclamation point
and the code letter.

One problem with the brevity inherent in this system is its
lack of mnemonic value. The input tags used in the LC MARC
production system, for example, are more easily remembered than
combinations such as asterisk plus a letter. However, w2 have
found that a simple checklist supplied to the editor as a ready
reference tool suffices for the mejority of tags not quickly
learned through repetitive use.

c. Coding sheet. Information will be input to the
computer from a coding sheet on which a catalog card is reproduced
or attached. The principal reasons for the use of the coding
sheet are: (1) it provides space in which to record certain in-
formation which is not explicit on a catalog card; (2) it provides
space in which the editor of the data can write information which
represents additional data required, or modification of informa-
tion already on the card; and (3) it provides checklist reminders
of some of the coding conventions and options.

In Fig. 11 we present an example of the coding sheet developed
for the project. The fixed field alternatives and certain other
codes are printed at the left and at the bottom of the sheet. The
tags and field names used in the ILR input format are listed in
Appendix V.

3. Processing Format. The details of the processing format
for the File Organization Project data base are described in
Appendix IV. The salient features, and certain significant
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differences in form and structure of this format in relation to
the input format on the one hand, and the MARC II Communications
Format on the other hand, are outlined briefly below.

a. Input and processing format differences. There are
two main differences between the input and storage formats:

(1) Default. Certain data elements and codes are set by
default in the edit program and thus do not appear on the coding
sheet or in the external input record. An example is "Type of
Record = a-- language material, printed."

(2) Coding notation. A briefer but flexible form of field
coding (as described above) is used for input rather than three
or four character numeric tags as in the MARC system. The three-
digit MARC II tags and associated codes are set by the INFOCAL
edit program, which translates the input codes into corresponding
internal processing format codes, as it compiles each field by
concatenating the various input codes and elements that make up
the internal record. The input record image is, in general, not
a mirror image (identified by different field codes) of the resul-
tant internal record in processing format. This is because of
1) the default values, mentioned above, 2) separation of parts
of certain tags and elements on the coding sheet for purposes of
editor convenience, which are brought together by the edit program
for the internal record, and 3) the more complex structure of the
internal coding, due to the fact that a record directory method is
used to organize the processing record.

b. Processing format and MARC II differences.

(1) Figures 9 and 10 in Section III.B. listed the few minor
differences between the File Organization record content and
that of the MARC II record. These differences were primarily those
of inclusion/exclusion. The great majority of data elements that
constitute the content of the File Organization Project record will
be identical to those in the MARC II record.

(2) There are very few differences between the File Organiza-
tion record and MARC II in terms of coding - i.e., the same field
and sub-field tags, delimiters and indicators which identify and
characterize the data element content. In a few cases ILR will
not be able to supply a code for a data element identified in
MARC II, and in a few other cases, we elected to go slightly beyond
the Library of Congress in identifying a field to serve special
requirements.

(3) In respect to record structure, the File Organization rec-
ord is quite similar to MARC II - a fixed length Leader is createc,
with quite similar purpose and content as MARC II. A Record direc-
tory controls the access to the remainder of the record, including
the Fixed Length Data Elements field, which is treated for
programming purposes as if 