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CHAPTER 1
INTRODUCTION

1.1 SCOPE OF REPORT

BALLOTS | was concerned with the conceptual design, Implemen-
tation, and evaluation of a prototype.system of computer support
for bibliographic operations in large libraries and with provision
for extensions to other libraries. . BALLOTS Il 1Is concerned with
the development and Implementation of the prod il
library automation system--the system that will support the day-
to-day operations of the library.

The development and implementation of BALLOTS Il are divided
into six parts., The first of these, General Analysis, was’
described along with the prototype system in the BALLOTS | Final
Report. (The BALLOTS | Final Report covered the period from June
1967 through June 1970,) The next three parts, Detalled
Analysis, General Deslign, and Detalled Design, are the subject of
this report, which covers the period from July 1970 throuzh June
1971. Office of Educatlion support for BALLOTS 11 (grant
GEG-0-70-2262) continued through March 31, 1971. In the Interest
of providing continuity, this document describes work In progress
guring the grant period but completed durlng the following ninety

ays.

The final two portions of BALLOTS || development, Implemen=
tation (programming, training users, testing) and Installation
(flle conversion, pilot operation, and acceptance testing), are
in progress as this report goes to press, At the end of January
1972, programming has progressed to the point where a
1,200-record MARC tape has been converted to an on-line file,
full indexes have been built for this file, and on-1ine searching
and display of the search results have been done on both a
typewriter terminal and a CRT (cathode ray tube) terminal, The
remainder of .the acquisition and cataloging CRT screen formats
and printed output formats are being coded. Schedules are being
drawn up for MARC tapes file conversion and for training computer
machine room attendants. The printing forms have been ordered
for varlous outputs, and catalog card cutters are being
evaluated. Computer cost accounts are being arranged so that
detalled cost flgures can be collected for such categorlies as
supplies, terminal rental, on-line activity by library
department, printing, file maintenance, etc. Training and
reference manuals for users are being drafted. Communication
lines are belng Installed for use with the CRT terminals to
be delivered in February and March 1972.

d
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The present report is divided into four parts. Chapter 1
glves some background for the report and summarizes the nature of
the BALLOTS system, as well as its status at the end of the
reporting perliod (June 1971). Chapter 2 describes development
progress in two different areas: the bibllographic services and
system design as seen by the user; and the software and hardware
design to support these services (including video terminal
selection and screen design). Chapter 3 describes the major
standards and analytic studles completed during the design. Each
of these standards or studies became a part of the design, or had
a substantial effect on the user, hardware, or software design
described in Chapter 2. Chapter 4 describes the activities
currently under way (following the reporting perlod) and future
plans,

1.2 BACKGROUND

In 1967, Stanford began a contlinuing library automation
project, BALLOTS--Bibliographic Automation of Large Library
Operations using a Time-sharing System. A final report on the
first phase of BALLOTS (July 1967 through June 1970) was
submitted to the Office of Education in April 1971 <1>, That
report reflects the work done under grant 0EG-1-7-071145-4428,
The present report reflects work done under a continuation grant,
OEG=0-70-2262, Readers are referred to the earlier report for
details of development related and leading to the contents of the
present report. However, for the benefit of readers who do not
have ready access to the earlier report, a brlef summary s gliven
in the following sections, 1.3 through 1.6.

Project BALLOTS Is directed toward maximizing the
contribution of the large library to unlversity education,
(Through Its generalized design and network capablilities, BALLOTS
facilities are extendable to libraries of varlous types and
slzes-~-see section 3.7). Increasing costs of operatlion and the
limitations of a manual flle system inhibit the library's
response to the changing Information requirements of higher
education. The BALLOTS approach Is to provide technologlcal
assistance to the library and the academic community in the form
of an on-line production bibliographic processing system, The
project has been conducted in two major phases: (1) BALLOTS |,
research and prototype development, completed at the end of
calendar 1969, and (2) BALLOTS I, production system development,
the present activity.

BALLOTS has been conducted as the collaborative effort of
the Stanford Unlversity Libraries, the Institute for
Communication Research, and the Stanford Computation Center, The
project Is monitored by an executive committee chaired by Provost
William F. Miller. The BALLOTS project director, Mr. A. H.

bty G St it SR o e =t =



Epstein, holds a joint appointment with the Library and the
Computation Center. Shared software (see section 1.5) Is being
developed with the Stanford Institute for Communication Research,
which Is conductling Project SPIRES--Stanford Public Information
REtrieval System, SPIRES Is funded by the National Sclence
Foundation, WIth a project structure that links the campus
computer center, related Informatlon retrieval actlvity, and the
working library staff, It has been possible to coordlinate
operating needs, technical factors, and design capabilitlies.

1.3 THE PROBLEM

The large research library is caught between the spiraling
costs of malntaining a crucial but cumbersome system of manual
files and the demanding social and educational forces that are
reshaping the university environment, Labor costs have mounted
sharply while large llbraries have had to enlarge their staffs
merely to cope with the Increased size and complexity of thelr
files, Despite current cutbacks and leveling off In the rate of
library growth, there Is good reason to believe that the overall
trends will be upward to the end of this century, 1In this same
period of rising costs, Information and educational technology
have made great strides. This is Indicated by the avallabillty
of machine-readable data bases (such as MARC tzpes and census
tapes), computer-assisted Instruction, the wide use of
audlovisual equlipment, the continuing experimentation with cable
TV, and the development of reglional computing networks,

Changes In the tools and materlials of education are
paralleled by changes In orlentation and methods. Stanford, 1!lke
other universities, is emphaslizing the extension of quality
education to minority and disadvantaged groups. There Is a
growing Interest in the social and ecological effects of
technology, and in the Improvement of our society in the face of
soclal turmoil. Colleges and universitles are belng called on to
divert resources from traditlonal channels and disciplines to
new, problem-orliented programs that are often Interdisciplinary.
Students are encouraged to make broad and independent use of the
intellectual resources of the university. Faculty members
require up-to-date Information to support research into the
soclial and economic problems of the natlon. It Is generally :
acknowledged that today's most critical problem in the academic ;
world Is the limited resources available for fulfilling these new :
responsibilities. Networks and shared facllities, systems based
on new technology, plus efforts to promote standardization,
appear to be the only practical remedies In the current
environment.

BRI T iy g
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The role of the library is to support these constructlve
changes In American higher educatlion with efficlerit use of Its
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operating dollars and with improved services. The information
requirements of the university are changing rapidly; the services
of the library must change to meet these requlrements. The
creation of an on-line library automation prototype {BALLOTS 1)
was a major milestone In this effort,

1.4 OBJECTIVES

The overall objective of Project BALLOTS is to improve the
library's contribution to university education through the
application of cemputer technology to l1brary processing. The
large library Is a production processing system that acquires
library materials and makes them available to users, Library
materials and Inquiries about them represent a large dally volume
in both the technical processing and circulation areas. Costs
and quality of service are a function of the speed and accuracy
with which the procedures and files of the library support a
highly trained staff. ‘BALLOTS 11 focuses on Improving this
support with an on=1ine production processing system. it Is
expected that the results will include improved quality of
service; more powerful search faclilitlies; system flexibility; far
fewer flles to malntain; automatic production of management
reports and statlistics; economic utilization of Library of
Congress cataloging; better control over materials being
processed; shared flles and original cataloging among the
institutions using the same system; and some reduction in the
inadvertent duplication of purchases among network Institutions.

The key to a library's store of knowledge is Its file of
bibliographic records. The multitude of paper and card flles
used to order and prepare books for use, control thelr
clreulation, and provide bibliographic information (through the
card catalogs) to users are expensive to maintain and
increasingly cumbersome to use, The machine-readable files
created by BALLOTS 11 will be more responsive to the users and to
the library staff In three ways, (1) They will be more
up-to-date because of the speed with which changes to individual
records and to an entire group of records can be made. (2) Each
record will have a greater number of access points than exists
for the present Individual record stored In a manual fille. (3)
Several users will be able to use the same record simultaneously,
and BALLOTS 1l files will be accessible to remote terminals. It
will be increasingly unnecessary for the user to come to a file,
since the flle will be available wherever a terminal is located.

Accurate knowledge of the status of library materlal before
it Is available on the shelves is necessary for both librarians
and 1ibrary patrons. Accurate knowledge of what books are on
order assists In avoiding unnecessary duplication. Accurate
knowledge of where a book Is In technical processing enables the
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library to advise a patron when a book will be available and to
provide rush service when needed, With a manual system such
information Is difficult and time-consuming to obtain, BALLOTS
Il files will provide the librarlian and the patron with Immedlate
status Information.

The growth of iInterdiscipllinary research and teaching Is
placing a heavy demand on library resources and frequently
resuits In undeslreable, unnecessary duplicatlon of: Ilbrary
and perlgdical prices are rlslng at annual increments ranging
from 10 to 20 percent. Centrallized machline control of materlals
purchased for many academic departments and branch libraries is
expected to ald in controlling these costs, Of particular
assistance will be the ability to search fliles rapldly from
remote locations and to communicate the results more rapidly to
the patrons there, The value of such automated record keepling
and rapid communication Is Incalculable to a network of
cooperating llbrarles, because It offers the possibility of more
rational sharing of resources==particularly book budgets,

The proposal of March 1970, which requested funds to begin
BALLOTS Il development, stated the following objective, Although
the necessary funding to complete Project BALLOTS as originally
scheduyled was not continued after the end of this reporting
period, and thus only "part 1" of Phase Il was completed, brief
concluslions have been Inserted below after each component of the

main objective,

"The main objective of Phase Il of Project BALLOTS iIs to
apply the learning from the completed .basic research and
prototype operations in Phase | to the creation of a fully
operational, computerized system for the biblliographic management
of the large library system. The components of this basic
objective in Phase Il are as follows:

"Rellablility, file security, and rapld recovery from
downtime must characterize the operational system."

{This component Is being developed and will be tested
in operations. In order to improve the reliability
of the file and to allow for file recovery, the
following design has been adopted. Whenever a new
record Is added to the file or an existing record Is
modified In the flle, a copy of the new or modified
record is placed In a separate data set called

a "deferred update queue," Once a record has been
placed In the deferred update queue, any user attempt=-
ing to reach the old record In the main file will
automatically be routed to the modified record in

the deferred update queue, Thus the user sees the
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latest version of the record and is unaware that the
main file has not yet been physically updated, To
meet file security and file recovery requirements,
two copies of the deferred update queue are kept on-
l1ine on different physical disk drives. At night
when the on-line system is no longer operating, the
deferred update queue will be dumped to a tape and
the on-1ine main file will be updated with the new
and modified records, The on-line file indexes will
also be modified at this time.>

"The operating costs of a production-engineered
system must be less than or reasonably competitive
with the costs If a manual system had been retained."

<Prellminary cost calculations show that the on-line

system will be more expensive than the present

manual system for a period of approximately flive to

ten years. After this period of time, the automated

system |s expected to be less expensive than the manual
system. One of the reasons for the time lag Is the

fact that displacesable costs do not hecome cash savings
until the library has been able to reduce staff through
fattrition." If the benefits derived from the displace-~
able costs are considered as savings, then the break-

even point would be reached much sooner. Another

unknown factor at this time Is the Income from the

network of libraries that will use BALLOTS. Since

the system Is not operational as this report is being
written, actual measurements and costs are not available;
high-cost calculations were therefore used to determine the
operating costs of the system, it will be possible to cal-
culate costs much more accurately after several months of
production operation,>

"Multiple data bases and multiple users must be served,
As expressed in earllier proposals and reports, central-
ized, computer-maintained files should be remotely
accessible,"

<This component is assured. Both the BALLOTS I

and BALLOTS il designs have permitted access

to a number of data bases and access to the same data
base concurrently by a number of users, The BALLOTS
1] MARC file can be used by several typewriter and
video terminals simultaneously with no noticeable
degradation in service.>

"The system must be generalizable for external transfer
to other institutions or regional utilities, such as
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library reglonal processing centers operated elther
by the private or by the public sector,"

{This concept Is to be tested by the Callfornia Library

Automation Network--see section 3.7. One of the requirements’

that must be met by each library In the network Is
that the library must review, revlse as necessary,
and accept the specificatlions for each module. As
this report goes to press, several of the network
libraries have reviewed the BALLOTS~-MARC requirements
documentation; these have requested relatively insig-
niflcant changes to accommodate thelr use of BALLOTS-
MARC. This experience has been most encouraging,

and If the remalning modules follow the pattern of
BALLOTS-MARC, this objectlive will have been met.>

"User requlrements rather than machine convenlence
should continue to dominate the design."

<This has been true and will be tested in operations. A
major design task has been desligning the user/video-terminal
Interface, The requirements for CRT terminals were
determined as a function of the user Interface; and

only after these requlrements had been drawn up was

a CRT terminal sought that would satisfy them. Sections
2,4, 3,2, and 3.3 of thls report describe this work.

A programmable termlinal was chosen because none of the
avallable hardwired CRT terminals would satisfy all

of the criteria established by the BALLOTS project,

The features that have not been found In existing

CRT hardware will be added as software to make the
system as convenlent and flexlble as possible for

Its users,>

"Service levels for processing transactions must
be Improved=~not jJjust maintained at the present
level-~-in the face of Increasing work loads."

{This component Is assured. Once the system Is in
operation, it will be possible for the processing load
to grow substantially wlthout requlring additlional
manpower. We expect that the terminal operators will
be able to handle a significantly heavier work load
under BALLOTS than they are able to under the present
manual system. In addition to this, the BALLOTS
system can be expanded to add new modules that make
possible new types of services, unavallable under

the present manual system. |t Is expected that much
of thls expanslon of services can also be done without
additional manpower.>




1.5 SHARED SOFTWARE

Shared software 1s an important concept in BALLOTS and
SPIRES development. BALLOTS Is a data management system for
1ibraries; SPIRES Is an information retrieval system geared to
the needs of researchers In many disciplines and involving many
data bases. Both applications require substantially the same
basic software for flle services (file bullding, update, creation
of Indexes), retrieval (parsing, decodlng of command languages),
and output (printed reports and CRT display of search results).
In the BAL10TS prototype system, the following was achleved
through common software and described in the BALLOTS | Final
Report

1. On-line, Interactive searching permitted
users to conduct flle searches 1n which
they could easlly modify, expand, and contract
search requests, and save the early, intermediate,
and final results. An operator could complete
a typlical complex search within one or two
minutes, a simple search Iin a few seconds.,

: 2., Several data bhases were serviced by thls

? software, This feature was implemented

on flve different data bases: the Universlity
Libraries' In Process File, ERIC, preprints In
; high-energy physics, and two individually

¢ malntalned files, one on African history and
one on geology.

i 3. Several users could search simultaneously
% the same or different files without
interference to one another.

L. The sample outputs from llbrary technical

t processing were demonstrated for search

i results, purchase orders, and other printed
i . forms.

5. Computer or programming knowledge was not
a prerequisite for users; productlive results could
be obtalned after a few hours of training
and experience.

6. The user was able to communicate hls satisfactlon
or dissatisfaction with the on-line system easlily
and directly during a terminal session. Thus
the user became part designer and his feedback
influential in arriving at the production system,

To the above list BALLOTS || adds flle Integrlty and file recovery
software (see the description of this In section 1.4).

TERIC



1.6 DEVELOPMENT STATUS

The prototype system, BALLOTS |, was Implemented, operated,
and evaluated in 1969, This provided the foundatlon and
experience to design and Implement a production system, BALLOTS
I1, an effort that Is sti11 in progress. Detalls of the
organizatlion, staff, facilitles, and results of the prototype
system development are glven In chapter 2 of the BALLOTS | Elnal

Report.

In the perlod covered by this report, July 1970 through June
1971, user requirements were defined for major system processes,
such as ordering, recelving, and cataloging (sections 2.1 and
2.2), Video terminals were evaluated and the Sanders PDS (804)
terminal was selected (sectlons 2.4.8 and 3.2). Video terminal
screen formats were desligned (sectlons 2,4--passim=-~-and 3.3),
Host computers for BALLOTS || development and Implementation were
studied and one was chosen (section 3.1), The BALLOTS on-1lne
command language was developed (section 3.4), a notation system
for describing data elements In varlfous formats devised (section
3.5), and the programming language selected (section 3.6).
Programming baslic software to support flle services, on-line -
Iinteractive searching, printed outputs, and recovery procedures
contlnues.

When Office of Education support was terminated In the first
half of 1971, It became necessary to alter the system development
approach. With the single omission of serlals, the original
approach to BALLOTS 1l was Identlical to that for BALLOTS I:
large-scale, system-wide appllications to sequentially related
functlonal areas--acquisition, catalogling, and clrculation.»

With the goal of achlieving near-term operations within the more
limited resources avallable, 1t was decided to adopt a modular
approach. Thils had several advantages: automation could be
Introduced more gradually; almost all parts of the
l1brary=-including potentlial network members=-could begin
particlipating In BALLOTS at once; and modules providing the most
benefit to the greatest number of users could be Introduced
first, The modular approach Is further detalled In sectlon 2,3,

*Although serials were to be covered Ia the BALLOTS I
deslgn, this was declided against for BALLOTS 1! owlng to l1tbrary
staff priorities and the nature of the justification for
automating on-l1ine, The following paragraphs explaln the
distinction made between serlals control and the other areas of
technlcal processing that led to excluding serlals from BALLOTS

Much of the eFForg?ln recording serials lles In the manual
handling of the several hundred thousand individual pleces

i:g;3



The BALLOTS-MARC module will be the flrst to be Implemented
(see sectlion 2.3). BALLOTS-MARC will enable users to search the
MARC file interactlively from a variety of access points (personal
name, corporate name, title words, and Library of Congress card
number) singly or In combination., Implementation is planned for
spring 1972; CRT terminals have been ordered, delivery dates
specified, and a PDP-11 Interface computer installed to service
the CRT terminals.

Major tasks confronting the designers of bibliozraphic
systems using time-sharing include: (1) identification of system
requlirements, (2) access to a machline with adequate resources to
insure satisfactory service, (3) reasonable pricing to provide an
affordable service, (4) rapid recovery from machine and system
downtime, (5) complete flle integrity, l.e., no loss of records,
(6) selection of a video terminal suitable for the Input and
display of bibliographic records, (7) design of file services,
on=1ine Interactive software, and applications programs, (8)
documentation, (9) user training, and (10) resource management.
The methods for attacking these problems have been documented In
the Final Report on BALLOTS 1,

rec2lved each year==a task in which the computer offers no
assistance. Additlionally, the efficiency and economy of
Stanford's manual serfals control system has presented a 7
consistent and strong obstacle to a move towards computerization,
The department in the Main Library controls some 26,000 current
titles, plus retrospective records; it functions with a small but
dedicated nonprofessional staff, and its work Is always up to
date; 1t has suffered temporary backlogs only as a result of
factors beyond Its control, i.e., déek strikes or mall strikes.
Procedures in the manual system are consistent, well desligned,
and well taught,

There are two areas In whlch some assistance may be derlved
from the computer, but neither requires an on-lIlne response: one
Is flle security=--the current manual file Is backed up only by @
microfiim that records flle status as of the date of filming.
The second area Is claiming, which is a housekeeping task of sub-
stantlal nulsance value, but not unbearable, and can be served
effectively through a batch system. The University Is currently
conslidering preparation of an expanded (and ultimately complete)
printed union 1ist of serlals with generalized holdings.
Coverage Is presently confined to currently received sclience and
technology titles. The completion of this task Is belleved-to
offer a more economical solution to effective public service as
well as some assistance to securlity problems with serlal records
than would development of an on-1line control system,
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BALLGTS' experience has shown that the use of an on-line
faclility for managing the basic bibllographic operations of a
large llbrary and of a cluster of nearby libraries Is feaslble
and sound. The techn!cal croblems are substantlal but solvable,
using a central, shared faclility supporting both 1lbrary and
other users, Economical use of the available computing resources
(including manpower) Is the principal challenge to the desligner,

We recommend that the BALLOTS prcject be carried to
completion and that BALLOTS form the system for a regional
network In Northern Callfornla; such a network has been
designated CLAN-=California Library Automation Network (see
section 3.7).

1.7 RELATED RESEARCH

The expense and complexlty of library system development
have been recognlzed for several years and have been documented
<2,3>. At one time it seemed natural to suggest that development
work might be shared and that certaln elements of system deslgn
be commonly developed by several institutions. Thus far such
hopes have not been reallized. Desplte the attractiveness of the
ldea of collaborative development, it contlinues to elude
researchers. Under a grant from the Natlonal Sclence Foundation,
three unlversity libraries=~Chicago, Columbia, and
Stanford--began a project in 1968 to test the feasliblllity of a
collahorative design effort, Although the project did not
achleve its goal of creating a unifled system design for a target
process (acquisitions), It did provide an understanding of the
staggering proportions of .large-scale system development In both
the human and technical areas. The material In Appendix A,
extracted from the Final Report on Collaborative Library Systems
Development (CLSD), summarizes the conclusions reached by
participants in the joint effort,
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CHAPTER 2

BALLOTS i1 BIBLIOGRAPHIC SERVICES DESIGN

2.1 BALLOTS DESIGN REQUIREMENTS

BALLOTS Is predicated on the application of video terminals
for the following reasons: (1) patrons or librarians should be
able to conduct searches rapidly and silently, so that others
will not be disturbed, even in a public reading area; (2)
facllitlies for self-Instruction and for locating and correcting
errors should be incorporated Into library procedures, to
minimize mistakes and increase throughput. With these goals In
mind, the general features of the BALLOTS bibllographlc service
deslgn are as follows:

1. Access throughout the normal working day to automated
agqulsltlcn, cataloging, and circulation services.

2. Implementation as a serles of modules (sets of
interrelated services), with each module achleving stable
produ~tion status before another module is implemented.

3. User Interaction with the system via video display units
in network libraries, In the Stanford library, and throughout the
Stanford community. (The library flles will also be accesslible
for searching via the more than 130 typewriter terminals on and
off campus.)

4, In order to ensure rellable network operations,
implementation of all files and services flrst at Stanford, to be
released to network members only after thorough testing,

5, Four on-line flles: a six=-month to one-year file of the
most recent MARC data, an In Process File (IPF) of all titles on
ordar or In technical processing, a Catalog Data File {CDF) of
all titles cataloged, and a Circulation lnventory File (INV) of
all titles in Stanford's Meyer Undergraduate Library collectlon.

6. Multiple indexes for each file, such as author, title,
and LC card number, and an easy-to-use command language with
Boolean search capabilities.

7. Printed outputs: purchase orders, technlcal processing
control forms, catalog card sets, book spine labels, and
management statistlcs., These will all be avallable from the
implementation of the first module. Users will be able to create
bibliographles from selected portions of flles, It will be
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possible to produce 1Ists of new acquisitions by subject and to
send them to speclal user groups or academlic departments.

8, Rellabllity, fast recovery, and flle protectlion as an
Inherent part of the software-hardware design,

2.2 LIBRARY SYSTEMS ANALYSIS

The bibllographlc services design originally concelved In
BALLOTS | concentrated on the functlional aspects of library
technlical processing: a serlfes of complete subsystems for
acqulsition, cataloging, clrculation, and serlals control. Each
major subsystem was broken down Into a serles of processes. The
acquisition subsystem conslisted of orderlng, receipt of purchase
order materlals, receipt of non-purchase order materlals, Involce
recalpt, dealer report recelpt, automatlic clalming, cancelling,
forced clalming and cancelling, and MARC converslion. The catalog
subsystem consisted of distribution and MARC searchling, Library
of Congress (LC) catalogling, origlnal cataloglng, Mever
catalogling, added coples and volumes, and malntenance. The
clirculation subsystem conslsted of lost book billlng, charging,
circulatlon search, discharging, dellinquency, flne payment, flne
search, hold/recall, Initlal check-Iin, missing, overdue, and
patron search. The reserve processing subsystem conslisted of
reserve book processing, reserve ordering, reserve search,
reserve book listing, and off iéessrve,

During the reportling year, the acqulsitlon and catalog
subsystems were fully documented. In additlion to the flve
BALLOTS analysts, three members of the llbrary staff worked on
this documentation at the project site for three months. The
documentation comprises a process book for each process In each
subsystem plus a system book common to both the subsystemS;
These assembled volumes contaln over 1,000 pages.

A process book begins with a flow chart and a narrative
description of the process, Then follow a serles of forms
describing each of the Inputs and outputs of the process, the
video terminal screen formats and the flles used In the process,
and the manual and manual-automated procedures performed in the
process, Appendix B contains the narratives and flow charts from
two of the acqulisition and two of the catalogling process books
produced, Statistics were gathered from l1lbrary staff, and
estimates of the volume of printed outputs, searches, video
terminal usage, flile updates, etc.,, within each process were
made., As the process books were completed, they were reviewed by
supervisory librarlans In the appropriate departments, and
changes requested were Incorporated Into the documentatlion,

The system book contalns data that Is common to all of the
processes, For Instance, an Input screen format may be used In
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both ordering and cataloging. The format and the editing rules
that apply to It are defined In the system book; the descriptlive,
procedural, and statistical information about a process using
this Input format are documented in a process book, The system
book consists of 1lbrary requirements translated into explicit
specifications from which Programmers develop program
speclificatlions. It contalns, for each screen format or printed
output, a sample format, the data elements contalined on it, and a
set of processing rules that explicitly define line and column
positions for dlisplay and printing, editing rules for input
screens, etc, The system book also contains, for each system
file, the data elements contained In the file and processing
rules for Input, update, and searching. Processing rules for the
editing of Inputs and printed outputs are written in BALLOTS data
element notation (BDEN) (see sectlon 3.5). Library staff also
worked with the BALLOTS analysts on the requirements contalned in
the system book. The system book was reviewed by both the ;
l1ibrary staff and the BALLOTS programmers for accuracy and
feasibllity. Sample pages from the system book are also
Included in Appendix B.

A major result of analysis efforts during the year was a
sophisticated bibliographic flle organization, capable of
managing the complex records of materials in process, vet easy
for the library to use. Three major factors influenced thls
work: (1) the need In technical processing (particularly In
automatic claiming) for belng able to keep track of Individual
physical Items; (2) the avaliabllity of the analyzer and the
parser developed In Project SPIRES <4>; and (3) the development
by SPIRES staff of a flle definition language. '

The In Process File (1PF) is a prime example of this flle
organization. The four structural levels of the IPF are shown In
Filgure 1, The bibllographlec structure contains the full
bibliographic data for the title. The library structure contalns
library-specific data (such as a varylng call number) for any
library that iIs ordering or holding that title. The acquisltlion
structure contalins data about a speciflc order by the 1ibrary for
that title: vendor, accounting data, requester informatlion, etc.
The ltem structure contalins control information for each physical
Item ordered, such as date of order, recelpt, clalm or
cancellation, and Involce data. When the material [s cataloged,
the acquisition structure Is deleted, and the Item structure Is
replaced by a holdings structure that gives the shelving locatlon
and copy number of that physical [tem,

Within any glven bibllographic structure in the IPF there |[s
one library structure for each library ordering that title.
Within each 1ibrary structure there is one acquisition structure
for each order placed by that library, WIthin each acqulsition
structure there Is one item structure for each physical item
represented in the order.
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A command language syntax was developed that would enable a
terminal operator to create a number of Item structures through a
single Input string. For example, if an acquisition operator
were to Input the string "3c (volume 1, part A; volume 2; volume
3, part A-C; volume 4-6)," the following 24 Item structures would

result:

(copy
(copy

volume 3, part
volume 3, part

volume 1, part A (copy
volume 1, part A (copy
volume 1, part A (copy
volume 2 (copy
volume 2 (copy
volume 2 : (copy
volume 3, part A (copy
volume 3, part A (copy
volume 3, part A (copy
volume 3, part B (copy
volume 3, part B (copy
volume 3, part B (copy

c .

c

c

WH R b WD b WK N = A O b AN ND = W NS b AN B et N DD e

volume 3, part (copy
volume 4 (copy
volume 4 (copy
volume L (copy
volume 5 (copy
volume 5 (copy
volume 5 (copy
volume 6 (copy
volume 6 (copy
volume 6 (copy

Rules for such compressed Input strings were written in
modified BNF (Backus=Naur Form) notatlon to be passed through the
SPIRES "action'" analyzer. The syntax definition for these rules
was generalized enough to accommodate variations In the format
and content of the Input string., For example, the following
lines are equivalent:

3 (v 1)

3 c. (vol. 1)

3 ¢ (volume 1)

3e. (v. 1) ~.,

This generallzation.-was done to glve the operator as much
flexibility as possible in composing input strings.

The presence of 1tem structures enables the computer to
deal with Individual items In technical processing.:  For instance,
1f a partial shipment of a library order iIs received, the operator
uses a matrix=like display screen format to check off the Items
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recelved. The system then generates a catalog data slip for the
material recelved, This sllp gives status Information on the
entire order. During a weekly automatic clalming cycle, the
system will also generate a clalm notlce for the items ordered
but not recelved.

2,3 CONVERSION TO THE MODULAR APPROACH

A reduction In avallable external funding necessitated an
alternate development scheme for achleving the project's
goals==-modular Implementation. In thils approach, functional
modules that cut across major subsystems are developed flrst and
Implemented sequentially. For Instance, acquisition and
cataloging both need to use MARC data--therefore, by Implementing
a MARC utlilization moduie, It Is possible to spread system
benefits throughout the l1lbrary almost at once, without delaying
the next subsystem--cataloging=-=-until completlion of the first,
and without the relatively greater complexities of overlapping
two major subsystems. (The MARC module also offers the advantage
of more Immedliate benefit to potential members of the CLAN

‘network.) Additionally, because a module cuts across many

ERIC

functional areas, a wide base of users Is exposed to asutomation
very quickly, and experience galned In the operation #f the first
modules can be applled to the later ones,

The documentation reauired for the modules can be der!ved
almost wholly from the process and system books that had been
prepared for the original bibliographic services design. The
module documentation is organized in much the same way as the
full system dacumentatlan, using the same components.

The elght general features enumerated In sectlion 2.1 have
been embodied In a serles of modules that may be thought of as
sets. of services providing progressively expanding service for a
widening varlety of llbrary material, There are 11 modules; they
are described balow in the order In whlch they will be ,
implemented, The detalled requlirements for the first module have
been completed, documented, approved by the Stanford Library, and
are in the process of belng approved by each CLAN l1ibrary.

1, BALLOTS-MARC. The library materlial processed by the
MARC module 1s English-language monograph materlal appearling on
weekly MARC tapes. (The restriction to English- language materlal
Is a consequence . of the current scope of MARC; all roman alphabet
languages are supported by this module.) The flle in this module
Is an on~1ine MARC file of the most recent 6 to 12 months of MARC
records. The flle Is essentlially read-only except for the
addition of usage and date codes for records processed by users,
The actual size of the on=line file will depend on the
requirements of the network libraries balanced agalnst flle
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storage costs. Purchase orders, process forms for technlical
processing flles, catalog card sets, and spine labels will be
produced on request for any titles in the MARC file. Automatic
weekly searches to match user requests with new additions to the
file will be avallable through a standing search feature. In

"this first module no permanent on=1ine records will be malintalned

during technical processing other than the full MARC record and
its usage status and date codes, although a tape copy of the

‘records for each book cataloged will be retained for later use,

Such on-1ine record keeping will appear In modules 2, 5, and 6.
This module will process approximately 35 percent of Stanford's
acqulisitions and 26 percent of Its cataloging. The percentage of
support to CLAN processing Is slightly larger than the Stanford
figures In this and later modules. The programming of the
BALLOTS-MARC module Is being accomplished with Stanford's own
flnancial resources.

2., MARC-IPF (In Process File). Thils module adds an IPF and
additional printed outputs such as claim and canceltlation
notices, when requested by library staff. Only MARC material Is
handled: when a record is found in MARC It Is transferred to the
IPF and s retained there as an updateable record throughout
technical processing, Since the record wi1l not be purged from
the IPF untll modules 5 and 6 have been implemented, the file
will represent all titles ordered and cataloged by the llbrary
using the automated system. A record in MARC-1PF can be used
again If additional coples of a book are ordered,

3. Purchase Order/Origlnal Cataloging. No new flle Is
added with this module, but the use of the IPF file Is expanded
considerably. Also, Title Il Slip and Natlonal Program for
Acquisitlion and Cataloging (NPAC) notices can be produced. The
scope of material for which a record is created Is expanded
considerably. 1t adds all non=-MARC roman alphabet matertial that
requires a purchase order in ordering, and any material that
requires original cataloging. Thus, If a record is not found In

"MARC, a new IPF record Is created on the terminal, This module

will process an additional 52 percent of acquisitions and 42 ,
percent of cataloging. Thus services at this point will cover 87
percent of acquisitions and 68 percent of cataloging.

4. Non-Purchase Order Material. The scope of materlal
added to the IPF Is expanded to include non=-MARC non=-purchase=
order material recelipt=-=-gift, exchange, approval, and blanket
orders. In addition, an Involce claiming feature Is included to
inform the Acquisition Department of material for which no
invoice has been received within thirty days. This module will
process an additional 7 percent of acquisitions and 6 percent of
cataloging. Moduies 1 through &4 will process a total of 94
percent of acquisitions and 74 percent of cataloging.
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5. Catalog Data File, Thls module Involves bullding the
on-1lne Catalog Data Flle. Slnce the Implementation of module 1,
BALLOTS will have saved bibllographic Informatlon, and thls data
will be used to create the CDF, From this polnt on, all catalog
records wlill enter the CDF after the record for a glven title Is
no longer requlired In the IPF, As the CDF grows, It wlll become
an Increasingly valuable reference tool for acqulsition,
catalogling, and patrons' use.

6. Inventory File, Machline-readable blbliographie and
holdIings records already exlst for all 60,000 titles now In the
Meyer Undergraduate Library. In this module, these records wil]
be converted to BALLOTS format and used to bulld an on=11ne Mever
Inventory Flle (INV). At this polnt, Meyer cataloging processing
wli11l work directly with the on=11ne file. This flle will be used
later on for reference and for the patrons' access to the
complete holdings of the undergraduate llbrary. Other llbrarles
with the entlre collection In machlne-readable form can be
handled In a sImllar manner.

, 7. Book Catalog. Thls module can be used to create any
book catalog done in the Stanford format. At Stanford It will
allow the Meyer Book Catalog to be produced dlrectly from the INV
without going through the punched card process presently used.

8. Automatlic Claiming and Cancelllng., Thls module adds
programs to review IPF records automatlically, to determline If
ordered materlal Is overdue. Materlal may be clalmed several
tImes and flnally cancelled If the dealer does not respond. The

Acqulsition Department may overrlde a scheduled clalm or a
cancellation,

9. Clrculatlion, Thls module Is deslgned to handle the
complexities of the research llbrary clrculation system, Usling
data from the Inventory Flle, a Meyer Llbrary self-service
clrculation system wlill be Implemented flrst, Including charging,
dischargling, Inltial check=in, circulation searching, recall,
holds, overdue processing, flne handling, and flne payments.

10, Standing Order and Out=-of=~Print Deslderata. The
capabllity of establlishing standling orders (S0) and recelving the
non-serlal materlals arriving with SO's will be added with thls
module. In additlion, out-of=-print Items (OP) will be added to
the IPF, and search and quote letters produced for OP dealers.

If an OP l1tem can be procured, It can be ordered using the record
already In the IPF,

11. Reserve. Thls module adds reserve book ordering and'

processing for users. It wlll be added to the services offered
to Meyer staff through the use of the INV and IPF. '
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Although modules 6, 7, 9, and 11 will be implemented first
at Stanford's Meyer Undergraduate Library, each module will be
generallzable and Its application not Timited to Meyer Llibrary.
Modules are not dependent on slze of library=-they can be
employad in small college 1ibraries, research 1tbrarles, and
university branch librarles.

No module will be released for use at a member library untll
1t has been In heavy production use at Stanford for a four- to
elght-month period. This Is done In order to Insure reliable
operational use of each module prior to Installation In a network
1tbrary.

Module development and Implementation are discussed further

in chapter 4, as these have been the major concerns of Project
BALLOTS In the time following the reporting perlod.

2.4 DEVELOPMENT OF BIBLIOGRAPHIC OPERATIONS ON A VIDEO TERMINAL

This section summarizes the project's design philosophy for
on-1ine Interaction between the operator and an automated
bibllographic system via a video terminal. 1t Includes a
discussion of the development of CRT terminal screen formats, the i
definition of protocols and a command language, and the final ;
cholice of a CRT terminal.

2.4.1 Background

~ Early In BALLOTS I, work was begun to ldentify CRT terminals j
suitable for the user-system Interface, Unfortunately, equipment ;
of sufficient reliabillity and economy that also met the ?

appear on the market as a production unit during the 1ifetime of

BALLOTS |. Varlous attempts were made to use off-the-shelf CRT ;
terminals, but none could meet the library's specifications. An |
account of this early work appears in the BALLOTS | Final Report. ;
Although these Investigatlons did not yleld a sultable CRT

terminal, they did provide Important background that later

activity bullt on, - g

By August 1970, system programming had progressed to the i
point where It was mandatory to think In specific detail about '
the way bibliographlc data would pass back and forth between the §
operator and the system. Since no CRT terminal had yet been ;
selected, a hypothetical terminal was projected as the basis for |
preliminary design. This procedure subsequently proved to be - P
extremely valuable. The hypothetical terminal had the basic !
features that could be found on almost any machine. It was
rather 1ike a baslic IBM 2260: very few functlons, only uppercase |
characters, no protected format capabilities, a relatively small
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number of characters displayable at one time, and limlted editing

capabilities,

2.4.2 Transferability of Design Experiences
with Typewriter Terminals

The design experliences derived from work with the typewriter
terminals during BALLOTS | were not directly transferable to a
CRT terminal environment. Communicating via a CRT terminal lIs
entirely different from communicating through a typewrliter
terminal, A CRT terminal can transmit an entire block or screen
of data at one tlme, a screen on which nearly 2,000 characters
can be edited and corrected and forwarded as a whole, Thls
represents a very different mode of operator-terminal interaction
than does the typewrlter terminal, which operates In a
character-by=character or line-by-1ine transmission mode. The
CRT affords no hard copy, and one cannot back up and observe what
was Input five minutes ago. The design staff had many years of
experience working with typewriter terminals. Now they had to
acclimate themselves to a new environment,

2.4,3 Formatted Screens

Gliven the model of the hypothetlcal terminal, the design
staff began to develop CRT terminal screen formats. The object
of formatting the display of Informatlon was to ensure that the
operator would find the data elements consistently presented In
the same form and position on the screen. Such consistency makes
It easier for the operator to recognize various data elements, to
develop efficlent keying procedures, and to Identify errors.

When a particular element is always found in the same place on a
screen, the operator need only check that one location, rather
than reading the entire screen In order to determine I[f that
element Is contained In a glven record. Similarly, if the Input
fleld for a certain element Is always on the third 1ine, the
operator can key that data without having to look at the screen

to position the cursor.

Since all 120 of the data elements possible in a BALLOTS
record cannot be displayed at one time, it was necessary to
divide the data elements Into smaller loglical groups. Each group 4
represents the raw materfal for one screen format. Groupling was ;
done on the basis of the logical relation of data elements, the ;
work flow of the operator, and the length and frequency i
distribution characteristics of data element values. i

Certain data elements have meaning only in conjunction with ]
other data elements. The format for display of bibliographic i
data, which was modeled on the form of a Library of Congress §
entry, is an example of a format where data elements are %
recognlzed and Interpreted on the basis of thkelr order and

position.

21

oz

— St o
g . ’

ERIC R .




ERIC

Some data elements must be grouped together because they are
all required by the operator and/or the program to carry out a
speciflic operation, |If an operator Is to make a declislon to
cancel an order, he must flrst know when the book was ordered,
who the vendor Is, what type of material It Is, and whether or
not the library has received any communication from the vendor
concarning thls order. Since the same data element may be
necessary for several operations, some data elements appear In
more than one format. For Instance, the purchase order number
must appear on a screen for cancellatlon of an order as well as
on the screen for recelpt of materifal on an order.

The deslign team declided that for the data input format, the
system should prompt the operator with fleld tags. Experience
gained in BALLOTS | indlcated that it was preferable to have the
system supply tags and have the operator fi111 In the blank
flelds, rather than to have the operator supply the tags along
with the Input data. Thls method of prompts places the burden of
remembering tags on the system, and also saves keylng. The
tagging scheme Is based on the data element mnemonlics developed
In BALLOTS |. (These mnemonlics are described In the BALLOTS 1|
Final Report, sectlon 2.5.1.)

Data element mnemonlics and input flelds were posltioned on
data entry screens by consldering operator work flow and the
frequency of use of each element. In general, flelds were '
positioned in the order in which the operator would generally use
them. However, seldom-used elements were pushed to the bottom
and to the right of the screen so that the operator would not
have to key past something he would use only Infrequently.

The use of prompted mnemonic tags also pointed to the
desirabllity of fleld protection capablilities. A protected fleld
Is an area Into which the operator cannot move the cursor and
therefore cannot wrlte, change, or erase data. The purpose of a
protected fleld Is to preserve system-suppllied information (such
as the format of tags and Input flelds), to reduce the
possibility of entering data Into the wrong fleld, and to
faclilitate cursor positlioning for Input keying. The cursor can
Jump automatically from the end of one Input field to the
beginning of the next, Tab functlons can also be used to move

forward or backward from fleld to fleld.

2.4.4 The Overflow Problem

The most perplexing problem In format design was caused by
the wide variation In the length of certalin bibllographlic data
elements. For example, an analysls of 500 personal name maln
entries taken from a MARC tape showed a minimum length of 6
characters and a maximum length of 53, The mean length was
21.74, and 90 percent of the lengths were less than 31




characters. A similar analysis of title statements showed a
miminum of 4, a maximum of 191, and a mean length of 10,53
characters. Over 90 percent were less than 75 characters long.

Glven the 1imited amount of space avallable on a CRT screen,
it is not at all efficient to define Input fields the size of the
max Imum length of widely varyling data elements. Most of the time
a format would be fllled with unneeded blanks. Fewer data
elements could be grouped into each format, and therefore the
operator would have to use many more formats to carry out a glven
function.

in working with the hypothetical terminal, It was concluded
that extremely varliable data element values shouild be handled by
a combination of fixed-length flelds and an overflow area. The
overflow area might possibly be at the bottom of the format, or
It might be a separate format. The flxed=length fields were
designed to accomodate 80 to 90 percent of the occurrences of
such an element. Thls was a cumbersome prospect for both the
programmer and the operator.

It became =apparent that the only satlsfactory solutlon to
the overflow problem was to provide expandable flelds for these
troublasome data elements. It was essentlial that thls expansion
take place without sacrificing format protection. And It was
desirable that the necesslity for expansion be detected and take
place automatically, wl thout any spectal Intervention on the
operator's part,

2.4.5 The Role of Data Element Statistlcal Analyslis
in CRT Screen Design

In order to group data elements within protected formats, it
was necessary to have specific information about the behavlior of
those elements, both in terms of size and occurrence, The range
of size of each element affected the size of the iInput field, and
the relative occurrence of elements affected thelr ordering
within a format.

Both the Library of Congress and Columbla University had
performed extensive analyses of MARC data to determine the
frequency of occurrence of certain data elements and graphlc
characters, as well as the average lengths of data elements {5,
6>. However, to design a screen format for display of
bibllographic records BALLOTS required more Information than just
average length, Therefore, a statlistlical program was written to
learn the distribution of length of bibliographic data elements,
The purpose of thls study was to determine how best to deal with
the 1imitations of terminal hardware requiring fixed=1length data
flelds, as well as to ald In flle design. A program was wrltten
to profile the distributlion and length of each data element In



MARC records and in the Library's machine-readable In Process
Fille (IPF), prepared during the operation of BALLOTS l. This
Program reads MARC and IPF records that have been transformed
into the BALLOTS flle-bullding format, ' The program accepts an
input parameter specifylng the mnemonlic of the data element to be
analyzed. It analyzes and tabulates the length of the data
element In the record. The following summary Informatlion is
printed for the data element In the batch of records examined:

Number of records examined
Number of occurrences of data element
Number of entrfies with no occurrence of data element
Number of entrlies with multiple occurrences of
data element

For each data element, the following information Is tabulated:

Length

Incidence

Incldence sum
Inclidence percentlle

For each data element, the following statlistlics are calculated:

Minimum length

Max Imum length
Mean length
Varlance

Standard deviation
Skew '
Kurtoslis

As an example, In the MARC tapes dated August 13, 1970 and
October 1, 1970, the following Information was obtalned for
the data element MEPN (Maln Entry, Personal Name, equlvalent
to MARC tag 100):

Date 8/13/70 10/1/70
Length for Incldence

. percentile of 90 or 31 33
greater

Number of records
examlned 500 500

In checking the IPF for the data element VSP (Speclal
Instructions to the Vendor), 106 occurrences were found among 700
records. 90 percent of the Instances were accommodated In four



characters; the next length, 12, occurred only twlce; length 36
occurred twice; and six other lengths ranging from 13 to 59
characters occurred only once each. Appendix C contalns examples
of the output of these programs. The output from thls
statistical program was {nfluentlal In arriving at the BALLOTS

file and screen deslgn.

2.4.,6 Practical Experlience

While still designing wlth the hypothetical termlnal, the
design staff examlned the Sanders 720.CRT terminal that was belng
used at Stanford's Adminlstrative Data Processing Center. Thls
CRT terminal did not meet project requlrements on a number of
grounds: most notably, It dld not have an upper/lower-case
character set. However, it did provide format protection and
glve the deslgners concrete experience. Various screen formats
were built and displayed to the development staff and to
1lbrarlans. Feedback revealed problems and suggestlions for

changes,

During this perfod, the design staff took advantage of other
opportunities to work with various CRT units. Formats were set
up and altered to take advantage of a particular feature or to
get around a particular problem Inherent in each different
terminal. Library staff members worked at the terminals to
determine what kinds of errors might be made If data were
organized In a certaln way, or what mistakes could be avolded by

a different organization of the data.

This experimentation faclllitated the move from a general to
a more specliflic set of terminal requirements. Some of the jdeas
originally developed for the hypothetical terminal were found
completely untenable when a real terminal was available, For
example, the first solution to the overflow problem (leaving
blank 1ines at the foot of the screen) turned out to be extremely
difflcult to use. Some of the visual organization of data that
had looked fine on paper was unsatisfactory on a screen which
lacked the nicetlies of grid l1ines to illustrate columns and rows.
Operators found it very difflcult to orient thelr eyes to such a
screen. Also, when a cursor became avallable, the problems
Inherent In moving It about from one position to another requlred
the rearrangement of some flelds so that they were In more
efficlent positions or required less cursor movement.

2.4.7 Development of Protocols and Commands

_To carry out a glven functlon, such as ordering a book, the
operator must execute a prescribed set of optlonal and required
actlions Involving a specific set of screen formats. For example,
the operator must first determine whether or not the book Is
already on order. His first actlvity Is searching. That might
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be followed by the use of a second screen format for displaying
the search results., As a thlrd step he mlght wish to amend
existing blbllographlc data, A fourth step requires the addition
of data elements needed for acqulslitlon operatlons, e.g. vendor,
purchase order number, requester, etc, Flnally the operator must
signal the system that the record is complete and ready for flnal
machline editing before It Is entered Into the data base. The
order and Interrelationship of these actions should be designed
to provide the operator with as much flexibillty as possible.
This order and relationshlip must also be clearly defined so as to
ensure completion of the function belng carried out.

The map of legal paths through a function is called a
protocol. The term "protocol" is used here in a larger sense
than usual., [t Is common to talk about communication protocols
between the terminal and the computer that cover polling
strateglies, Interruptions, and data communicatlion commands such
as '"request for transmit," "negative acknowledge,'" and the 1like.
However, the design staff felt It Important to think In terms of
a higher level of protocol that included the operator's actions,.
From the project's viewpoint, the most Important part of the
entire communication chaln Is what the operator wants to do.

The objectives In desligning a protocol are to optimize the
normal sequence of actions, to enable the operator to deal with
any exceptlonal sltuations that might arise, and to disable all
actlions that are extraneous or detrimental to a given function.
A1l possible paths through a function are mapped so that one
always knows the status of each plece of data at any given
moment; so that It can be made clear to the operator whlch
element of the system Is In control at any point in time. For
example, If the operator wishes to correct an error, he needs to
know the exact status of the data In question, whether
corrections can be done directly by uslng the edlting features of
the terminal, or whether the Information has already become part
of the permanent data base and therefore requlres a more
elaborate correctlon procedure. The system Is desligned to make
it as evident as possible what can, cannot, should, and should
not he done at a partlcular polnt In a protocol. The operator
should not have to waste time trying to decode the status of his
data.

While the protocols were beling defined, a command language
was formulated to drive the system through the protocols. As the
operator Issues varlous commands, he chooses one of the many
possible paths through a protocol and satisfies the requirements
of that protocol. The command language provides the dlrect means
by which the operator Instructs the system as to hls wishes and
Intentions., The protocols by themselves are passive models; It
is the command language that Initiates actlon,



The operator is prompted with the commands for the maln
line, the most common route -hrough a protocol, as a default
option., Each screen format ontains a command field In which the
system supplies the comman<d warb that will produce the next step
in the main 1lne of that protssel. Thus the operator does not
need to take any special acticss to deal with the usual cases.

The command prompts are a functlion of the protocol, and are
Independent of the particular screen format in which they appear.
The same format may appear for several different protocols. For
example, the format for Input of basic bibliographlc information
is needed to produce a purchase order and also to produce a set
of catalog cards. In other cases a format that Is required In
the main 1ine of one protocol may be an optional branch In
another,

~The operator uses the command language to tell the system
which function he wishes to use, e.g. ordering, receilving,
original cataloging, reserve processing. etc, The system then
enters the operator In the protocol specifically deslgned for the
function he has requested. Thls enables the operator to
accomplish his particular purpose without having to request over
and over agaln the facllitlies he will require on a routine basls.
The protocol also serves to deny to the operator formats and
command actlons that are Inappropriate to his function.

The command language Is also the mechanlism that allows the
operator to instruct the system to take one of the optlons In a
protocol. When the operator needs to depart from the maln 1llne,
he simply overwrlites the prompted command with some other
command. For example: If an operator Is using a serles of
formats to Input both blbllographic and ordering data, and
reallzes at the end of the protocol! that somethlng was wrong wlth
the bibllographlc data he has already entered, he can, In effect,
tell the system: "1 have completed the ordering data and it Is
correct; but before adding thils record to the flile, | need to
back up and correct biblographic data input on a previous format
in this protocol." To do this, the operator simply overwrltes
the prompted command that would enter the record Into the file,
and replaces It with a command Instructing the system to
redisplay the format contalning the biblliographic data he input
earliler In the protocol, Command options such as this not only
ensure that the operator can handle all situations; they
ellminate the need to re-key any data other than that which Is in
error.

The command language was developed with the ald of a BNF
analyzer program that checked all command combinations for
internal loglcal Inconsistenclies. The staff also crosschecked
the BALLOTS command language with other command languages In use
at Stanford for Inconsistenclies between languages. Thus, as a
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user moves from one system to another, he will not be confronted
by a situatfon where the same command verb Is used to mean
different things In different systems, or where different
commands are used to mean the same thing.

2.4.8 Terminal Hardware Evaluation and Selection

Armed with the above design experlience, the BALLOTS staff was
prepared to make an intelligent and thorough analysis of terminal
equipment. Therefore, early in 1971 they began an Intensive
review of all avallable CRT terminals that seenmed llkely to meet
project requirements.

Elght major factors governed the choice of the CRT terminal
for BALLOTS. These, or analogous constralnts, are likely to be
present In any project., They were as follows:

1. The Host Computer

The terminal had to be compatible with the hardware and
software environment of the Campus Facility's IBM 360/67
and the front-end PDP-11 used to serve CRT terminals.

2. Generallty

The terminal had to be useful for other applications In
the academic community served by the Stanford Computation
Center.

3. Data Communications Mode

The terminal had to support asynchronous, block mode
communication at 9,600 baud. Asynchronous transmission was
required to accommodate the Campus Facility's locally
produced modems, which had been obtalned to eliminate

the rental cost of equivalent units from common carriers,
The requirement for block transmission at 9,600 baud was
based on efflclent use of machine resources and existing
communication lines. )

4, Character Set

Because the data base and all printed outputs were to be
upper and lower-case, the terminal had to have such a
character set. It Is Important to note here that a

declslon was made by the Catalog Department of the’

Stanford Libraries to do without diacritical marks

and other special characters. It was felt that the
additional cost of keying, displaying, and printing

the speclal characters, as well as of thelr Incluslon In the
terminal equipment, did not balance against thelr added
utllity and benefit. .

0
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5. Full Editing Capabllities

The terminal had to have full cursor controls, including:
up, down, left, right, home, and tabs, It also had to have
character Insert, delete, and overstrike, and Yine insert

and delete,

6. Screen Capaclity

The terminal had to be able to display at least 1,000
good quallty characters at one time. A capacity of 3
2,000 characters was preferred. A
E
a3
7. Format Protectlion g
The terminal had to have fleld protection capablility, % )

and some method of fleld expansion to handle overflow.

8. Practicallity

The terminal had to be available at an affordable price,
reliable, made by an experienced manufacturer, and
supported by a good service organlization.

Two developments In the technology of terminal manufacture
provided cholces in 1970-71 that were not avallable when Project
BALLOTS began. One of these was the emergence from the research
and development stages into rellable production of MOS/LS1 (Metal
Oxlde Sillicon/Large-Scale Integration) technology. Thls new
technology Increased equipment relfability and offered the
possibillity of much more sophisticated terminals at reasonable
cost, owing to the very great compaction of components made
possible. The second developmsnt was a direct consequence of the ;R
first: avallablility of the "smart" terminal contalining a A

programmable processor.,

The advent of programmable iarminals was particularly
slgnificant for BALLOTS, A bib:fographic application s qulte
different from the business appitcatlions for which hardwired
terminals are usually designed. The programmable terminal
offered the possibility of talloring and optimizing the
operational functlons of the terminal for our particular
application. Most Important, the programmable terminal offered a
sound solution to the overflow and field expansion problems

discussed above.

The cholce of terminal was narrowed to three units: the
Splras Systems' Irascope model TE (now deslgnated model LTE), the
Four Phase Systems' System IV/70, and the Sanders Associates' PDS

(800 series).

ERIC a3,



The Spiras lrascope model TE had been developed In close
collaboration with the Ohlo College Library Center specifically
for an on-line bibllographic system. Therefore the project gave
this terminal special attentlon even though It was not a
programmable unit., The review of thls terminal produced much
valuable Information and many good ldeas. However, the |rascope
did not meet a number of project requlrements. It was a highly
specialized unit that would not have been of general use to the
Stanford community. Although It offered bilock transmission, it
did so only at 2,400 baud synchronous, rather than 9,600 baud
asynchronous. Modifications to change the 1/0 would have ralsed
the price significantly., And the fact that Spiras Systems was a
small eastern manufacturer with few units in the western United
States and no service organlzation of Its own did not bode well
for malntenance service. ’

The Four Phase I1V/70 was attractive by virtue of Its
programmable processor and the fact that It is manufactured In
the San Franclsco Bay area. Although this might have been an
acceptable unit for the BALLOTS application, It suffered from two
limitations. First, It was able to display only 1,152 characters
at one time, Second, it was avallable only in a clustered
conflguration, This meant that, although it was economically
viable for a large user with many terminals, It was prohlbitively
expensive for the user with only one or two terminals. It was
felt that this limitation would make the terminal impractical for
potenti{al CLAN members,

The flnal choice was the Sanders 800 serles. It met all
; project specifications, and Its programmable features appeared to
| make 1t the most flexible device for our application.
| Furthermore, It was easy to intermix clustered and stand-alone
g units, a conslderation of economic significance for use in
j various=-sjized 1ibraries, It was the only unit that accommodated
| data transmission via the same type of cable required for cable
TV. (Because other projects at Stanford were interested In cable
TV for transmitting data, It was consldered highly desirable to
have equipment accommodating a service that could later prove of
Importance to the library). Finally, at the time the comparative
analysis was performed, the Sanders was the least expensive unlt,
Later, changes were made that Increased the cost of the Sanders
terminal, and Its cost advantage over the Four Phase IV/70
evaporated. However, both these units were still less expensive
t  than the lrascope TE. Finally, Sanders Assoclates was the
\ largest and most experienced of the three manufacturers, and they
had bullt up a service organization that was among the largest In

the industry.
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2.4.9 Real and !maginary Terminals

In conclusion, there were two phases to the CRT screen
design. First was the initlal approach to the subject, which
Involved solving certain general problems. This phase can be
conducted on paper with a hypothetical terminai. Second was the
talloring of the basiec approach to a specific physical
environment, to a specific terminal. As soon as a terminal had
been selected, the crlteria for designing screen formats could be
totally formalized, a step that could not be taken beforehand.
For example, different terminals not only have different
character sets, they also have different numbers of characters on
each line and different numbers of lines on the screen.

The preliminary design experience on the hypothetical
terminal was most valuable. Had the terminal been selected
before any design work had been done, the cholice would have had
to be made on much less specific and less mature requlrements.
And had the staff begun designing on a real terminal rather than
a hypothetical one, the same learning experience would still have
been required before It could be decided how to use that
terminal. Actually, transfer of the design work done for the
Sanders 720 to the Sanders R00 series was primarily a refinement.
There were no basic changes, With the new device, some of the
problems Inherent In the earllier terminal could be solved
relatively easily. No situation arose that required the design
staff to backtrack and go off in a completely new direction,.

31

. \"} - -
ERIC ‘ . ase-




ERIC

CHAPTER 3
ANALYTIC STUDIES AND STANDARDS

ST

s
.

This chapter presents several analytic studlies made,
standards created, and and declsions taken to support the design
and implementation of BALLOTS !i., The studies and standards
Incorporated in the text are as follows: Video Terminal Support
for SPIRES and BALLOTS on Stanford's IBM 360/67; BALLOTS Data
Element Notatlon; Video Terminal Evaluation; Video Terminal
Screen Standard; BALLOTS Command Language; Coding and Description
Standards for PL360:; an ASI1S 1971 Conference paper on on-line
1lbrary network planning. In addition, cost studies conducted
are described.

3.1 HOST COMPUTER ANALYSIS

A study was first made to determine the feasibility of a
computer faclility dedicated solely to llibrary automation and
other data file services; the ldea was rejected because of the
cost Inveolved.

Since It was not found financially feasible for Stanford to
dedicate a computer to library automation, an intensive study was
made during the reporting period to determine the most
appropriate avallable computer to support the BALLOTS production
system. The twc most promising computers were found to be the
Administrative Computing Faclilty's IBM 360/40 and the Stanford
Computation Center Campus Facillity's IBM 360/67. _

Two separate studies were conducted by the BALLOTS team wlith
the programming teams from each faclility. Preliminary designs
were developed and an estimate made of the modiflicatlions and
extensfons of exlsting software requlred to support BALLOTS.

3.1,1 Administrative Computing Facility

The Administrative Computlng Faclility (ACF) was operating a
360/40 for use by the administrative sector of the University.
This included jobs for the Registrar, the personnel and payroll
departments, and the alumnl records. A project was underway In
the ACF programming area to design and Implement an on-line
administrative computing system using video terminals. The
development activity had been about half completed at the time
BALLOTS began Investlgating the use of the ACF computer. The
video terminal used by the ACF development team was a Sanders
720, which had the hardwired capability of protected flelds but



not of field expansion, Since most of the administrative work
could be carried out using the 720 CRT screen format with a file
design that Included a variable number of flxed-length data
elements, there was no critlcal need for variable-length fields
elther on the CRT screens or in the flle,

The BALLOTS programming team worked with the ACF programmers
to determine the impact on both the ACF and the BALLOTS
development schedules and Intentions if the BALLOTS programming
and production operations were carried out on the ACF computer.
This study was conducted over a six-month period. One of the
major portions of the study was an ACF review of the BALLOTS
requlrements, workloads, and development schedule, z2nd a similar
BALLOTS review of the ACF activitles, After this was completed,
the two teams produced a combined development task chart,
describing over 250 tasks, that covered all of the current and
planned activities for both ACF and BALLOTS. Merging the tasks
on the same chart required an estimate of the amount of addi-
tional work that the ACF systems programmers would have to do to
accommodate the BALLOTS requlrements.,

The study showed that the software changes necessary to
support variable~length flelds in flle storage and on CRT
terminals would require completely redeslgning the ACF's file
services software and also redeslgning the terminal handler
software., Changes to accommodate the additional number of
terminals and the added transactlon load would cause further
software changes In the system. From the BALLOTS standpoint,
more work would be required of programmers and analysts to
produce a system of less benefit to the user than had been
planned. Certaln necessary aspects of the BALLOTS design~--such
as the overflow problem (see section 2.4.4)--were never
satisfactorily accounted for in the ACF study. The cumulative
Impact of all these changes and compromises would have been a
major change In the directlion of BALLOTS development as well as
In the schedule of the facllility. It was therefore declided that
ProJect; BALLOTS should not be supported on the Administrative
Computing Faclllty 360/40.

3.1.2 Campus Facllity

During 1969 and early 1970, the Campus Facility machine was
close to saturatlion. The installatlion software at that tlme was
workable and efficlent, but had not yet been fully optimized.
Furthermore, there was a heavy batch workload. For this reason
BALLOTS and SPIRES began by carefully Investigating the ACF. But
while the two projects were Investlgating the ACF envlronment,
two changes took place In the Campus Facllity: a gain In CPU
cycle availability due to substantlal software optimization, and
a decrease in the overall workload. In the past vear,
reliablility on the 360/67 has Increased to the point where uptime



is around 96 percent. Throughput In the high-speed batch
partition has Improved 40 percent. For example, the execution
time for an average job has been reduced from 4,3 seconds to 2.2
seconds and the minimum job cost has been reduced from flfty
cents to twenty=five cents., Text-edlitor (WYLBUR) throughput has
Increased 100 percent--i.e., It has doubled, effectively cutting
costs to the user by 50 percent. These Improvements to the
operation of the 360/67 resulited In an average machine cycle
avallability of 30 percent.

Thus, the investigation of the Campus Facllity showed
that It could offer strong support, experlience in developing
tIme=sharing and virtual memory software, and on-line Interactlve
systems that included text edliting and compllaton. This software
had been avallable for several vears via typewrlter terminals
(primarily IBM 2741); 88 of 130 typewriter terminals on and off
campus could be logged on at the same time. Software support for
video termlinals was not avallable, however, nor had a standard
campus video terminal been selected.

3.1.3 Video Terminal Support for SPIRES and BALLOTS on
the IBM 360/67

The preliminary study for developling and Implementing
BALLOTS at the Campus Facllity showed that the additlonal
transaction load from library automation could be absorbed
without serlously affecting the existing software or service to
users, The major addlition required to the software would be
; support for CRT terminals, The Campus Facility provides services
: to faculty, students, and staff; and therefore must make all
| services as widely usable as possible. The CRT terminal chosen

for l1lbrary automation would also be available as a general
campus CRT device, providing all the services of the Campus
i Faclility., 1In addition to the powerful and flexible Sanders
! terminal chosen for BALLOTS, the Campus Facillty elected to
! support a more modest (and much less expensive) CRT terminal, the
§ Hazeltine 2000, The Campus Faclility produced the following
; preliminary design report describing support for video terminals.

« % % DOCUMENT FOLLOWS # % =

: 1. BACKGROUND

‘Discusslon began In January 1971 between the BALLOTS and SPIRES
technical staff and the staff of the Stanford Computatlion Center
‘Campus Facllity (SCCCF) on CRT terminal support for the SPIRES/BALLOTS
system. Several alternative desligns were discussed. Each had
its own effect on present SCCCF software, on core requirements, on
overall system performance, on BALLOTS 1! development schedules,
on rellability, and on cost.
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2. ALTERNATIVES

Each alternative, with a discusslion of Its merits and
disadvantages, Is given below.

a. Via a 2701 into MILTEN

MILTEN, the communications subsystem, operates
: in an Interrupt mode to support up to 88 [BM 2741
& typewriter terminals, WIith this arrangement,
‘ a buffer pool conslisting of 88 160-character
buffers and assocliated control blocks must be
reserved. The additlonal code and buffers to
support thirty te forty CRT terminals
(assuming 1,000-character screens), using
either an iInterrupt or a polling discipline,
would require a prohlbitive amount of core.
Such core could be taken from resident core in
the nucleus, from executlon pages wlithin
ORVYL, or from the large batch partition. All
of these alternatives are considered unaccept-
able because of thelr effects on overall system
performance. Furthermore, the MILTEN/WYLBUR
£ and MILTEN/ORVYL interfaces now existing would
£ be disturbed, thus requiring critical areas
4 within the system to be redesigned and re-
coded,

b. Via the existing PDP=9 into ORVYL

ORVYL, the time-sharing subsystem, now contains
device-Independent code that "talks'" to
a PDP-9 via the multiplexor channel and
a 2701 Parallel Data Adapter:-. The PDP-9 contalins
device-dependent code for "forelgn" computer
links, paper tape devices, graphics scope devices,
and teletypes. These are termed "external devices"
and can be attached by a 2741 terminal program
executing out of virtual memory under ORVYL. To
augment the device-dependent code in the PDP=9
to support CRT terminals for BALLOTS Il would
either force a user to log on with a 2741 and
switch to the CRT terminal (unacceptable from an economlc
standpoint), or forece the BALLOTS |1 development
staff to create a task-dispatching mechanism to sit
underneath the one existing in ORVYL (thus serlously
affecting the schedule). |In addition, the reliability
factor In the PDP-9 would be conslderably degraded
because of the unknown behavior of the various
other external devices. It Is also uncertain
whether or not the PDP-9 would be capable of
carrying the expected load.
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c. Via a dedicated small computer Into MILTEN and ORVYL

With a dedicated small computer providing
buffering, line handling, error re-try, etc.,
it is considered feasible to provide a rellable
interface between as many as 32 CRT terminals and
the SCCCF 360/67 with a minimum of perturbation to
exlsting system software., The CRT user may log on
in 1ine-by~line mode Into MILTEN, with the small
computer simulating the behavlor of a 2741, After
the user slgnifies that he wishes to be attached
to ORVYL, a supervisor call is issued that
commands MILTEN and the small computer to
place the user in "full scope face' mode.
From that polnt, all 1/0 takes place from
pages of ORVYL execution space rather than
from the MILTEN buffer pool., - The control
block in the buffer pool merely has a flag
set, with a pointer to the real buffer in
the ORVYL partition, Such an approach fIs
expected to require minimal core on the
360/67 and feaslible changes to the existing
system software. |t was therefore chosen
as the basis for CRT support on the SCCCF
360/67.,
3. CHOICE OF SMALL COMPUTER
After conducting a survey, the Small Systems Group at SCC
reduced the set of possible small computers to Data General's

Super Nova, Varlan Data Machines' 6201, and Digital Equlipment
Corporation's PDP-11., From the standpolints of rellability,

flexibillity, and operatling characteristics, the PDP-11 stood out

as the best alternative, especlally with regard to its flexible
busing scheme., Furthermore, local expertise has been bullt up
during the Installation of a front-end PDP=-11 at the ACME
(Medical School) Faclility of SCC.

4, TERMINAL COMMUNICATION

There are three alternatives for arranging communication
between the terminals and the PDP-11, They are: (1) dedicated
lines, (2) multidropped lines, (3) time division multiplexing
(TDM). In comparing the flrst two alternatives, it was felt
that dedlicated 1ines would Increase the user cost beyond
practical 1Imits. The second alternative--multidropped 1lnes--
was recommended as an Interim choice, pending completion of
a study on the feasibility of TDM., It was not felt that the
alternative selected would lead to the scrapping of any
signlflcant amounts of elther hardware or software should TDM
become the accepted approach. There was the further advantage
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of allowing parts of the project unaffected by this decision
The remainder of thls memorandum

to commence immediately, inde
therefore addresses itself to a multidropped system,

5. CHOICE OF TERMINALS

ave been chosen as standard GRT terminals for
r the Stanford community and all Its users,
Including off-campus network members. They are the Hazeltine
2000, which has been used with success in the Campus Facllity,
and the Sanders Assoclates 800-series Programmable terminal.

(See sections 2.4.8 and 3.2 for the analysis of CRT terminails

that led to Sanders as the cholce,)

Two termlinals h
front-end support fo

6. IMPLEMENTATION SCHEDULE
The schedule for implementing the front-end system has been
divided into two. stages:

Stage 1: Deliver and Install all equipment in Pine Hall,
and when sufficlent progress has been ensured,
three Sanders display terminals will be installed
at the Maln Library. It is anticipated that
Programmable terminals will be multidropped to
reduce communication costs,

If the DEC multiplexor Interface becomes
available, the PDP-11/2701 {nterface and the

PDA itself will be replaced by a DEC-DX11 inter-
face. This will replace a 2701 that has a
rental cost of $12,000 based on a forty-month
pariod. '

Stage 2: Deliver and Install at least one Inexpensive CRT
terminal and Integrate its operatlon into exist=
Ing Stage 1 support. This wil] Include but will not
be 1imited to operation on the publijc switched
telephone network as well as on dedicated cir-
cults. The Inexpensive terminals will not be muit]-
dropped. Some economies may be achlieved In the
hardware Interfaces to the PDP-11 If a transmission
rate less than 9,600 bps Is selected. Thls area
remains to be elaborated.

7. BILL OF MATERIALS

A. DEC
$11,450

PDP-11/20~CA computer with 4k memory ,
7,000

1
2 MM11-E 4k 16-bit 1.2 us add-on memory -
1 KW11l-A real-time clock 250

e o reieeg s s

SRR W Bt S L S

Rl i,




ERIC

DD11~-A mtg. panel
DX=11 MPX channel Interface
KL=11X full duplex 1ine Interfaces

B. Engineering

Note:

PDP-11 IBM 2701 PDA Interface

1 DR11
Logic
Miscellaneous

Subtotal materltals
Labor (seven man~-days)

Total

Multldrop Interface boxes

Recelver/drivers
Miscellaneous

Subtotal materials
Labor (one man-day)

Total
times four boxes

Total

plus extra recelver/drlver

on KL-11

Total

8. SITE FOR THE PDP-11

The Operations Manager,

Campus Facllity,

175

5,000 est.

800
$24,675
$ 400
LOO

200

$ 1,100
700

$ 1,800
$ 180
120

% 300
100

k1 4LOO
xh

$ 1,600
180

$ 1,780

Each multidrop Interface box Is capable of driving four
terminals withln one hundred feet of each other. If
terminals could be thus clustered In the l1ibrary, the
cost for multidrop interfaces would be $400,

sees no problem In

locating the PDP-11 near the current PDP-9 installation In Plne

Hall.

. Based on the results of thls study,

* » &« DOCUMENT ENDS * » =»

a formal declslon to

implement library automation on the Campus Facility was made and

-
]
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design and programming continued. The next step for the Campus
Facllity included the specification for ORVYL support of CRT
terminals, the ordering of the PDP-11, and the bullding of the
interface hardware., It was found that all the deflcienclies In
the plan to Implement at the Adminstrative Computing Faclllity
waere overcome or could be overcome at the Campus Faclillity.

3.2 VIDEO TERMINAL EVALUATION

NOTE: Thls analysis was based on Information about products
and prices avallable as of May 1, 1971. 1t does not reflect the
changes In products and costs and the Introductlon of new
products that have occurred since that date.

* & = DOCUMENT FOLLOWS » =+ =

In February 1971, Project BALLOTS began an intenslive search
for an acceptable CRT terminal to be used In an on-1ine
bibliographic application. Requlrements (Table 1) were based on
the conceptions of the BALLOTS staff, experlences of simllar
projects, and the hardware and communications environment of the
Stanford Computation Center (SCC). The survey of avallable
terminals began with a review of technlcal publications such as
the Auerbach Data Communlcatlons reports., also raviewed were
articles and advertisements In data processing and 1lbrary trade
journals. On the basis of the Information avallable at that
time, speciflc data about the terminals were gathered In Table
I,

A prellminary comparison of the terminals (Table 11) agalnst
our requirements (Tabie |) pointed to six potentially acceptable
terminals. The most difflicult requirement to meet was the one
for protected format wlith expandabie Input flelds. The six
terminals, and the modifications necessary to make them meet the
formatting requirements, are listed In Table I1t.

After closer examlination of the units, this group of six was
narrowed to a group of three: the Four Phase 1V/70, Sanders 804,
and Splras lrascope TE. The Datapolnt 2200 was rejected because
it had only a 12-1ine by 80-column screen (960 characters) and
because 1t did not have adequate keys for cursor control, The
Delta TelTerm || was rejected because the use of an external
minicomputer to supplement the terminal's functlions was not
consldered deslirable while there were guestions about the
rellability of the computer-terminal combination and the flscal
strength of the company. The Imlac PDS-1 was rejected because of
flicker in the visual Image, especially when more than 1,200
characters are displayed, and because of higher unlt cost.

‘The three remaining terminals were compared by function
(Table I1V). Differences in memory slze and character set were

39
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TABLE |
BASIC TERMINAL REQUIREMENTS
DISPLAY: Mintmum 12" diapgonal CRT

Minimum 1000 character display
Minimum 24 line by 48 column display

Upper/lower case character set .
KEYBOARD: Typewrlter layout
. . 7 (ANS1 x 9A9/199B preferred)
FUNCTIONS: Protected format with expandable Input flelds
Full cursor control
left
right
up
down
tab
home g

Full editing capablilities

character insart
character delete
character overstrike
1ine insert

line delete

COMMUNICATIONS: 9600 baud
' (Asynchronous preferred)
Block 1/0 -
stand alone capablilitlies

-

P———— e G R
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HANUFACTURER
Beehive
Courler

CTC

DEC

Delta Data
Hazeltine
| BM

ICL

Imlac
Infoton

Lear Siegler

Sanders Assocliates

Spiras Systems
Uni Comp B
XDS

Four Phase

TABLE 11
TERMINALS CONSIDERED

MODEL

1, §1, 11t

Datapoint 2200
Datapoint 3300

VTO05, VTO6

Tel Term |1

2000

2260, 3270

7181

PDS-1

Vista

7700

720, B0OO series
Irascope TE

522

Iv/70

a5




Terminal

CTC Datapoint 2200

TABLE

Delta Data System Tel Term ||

"Four Phase IV/70
imYac PDS-1
Sanders 800 serles

Spiras lrascope TE

[

ﬂg;ggsarv modlfacatlans to_neet
format reauirement.

Add to manufacturer's
software for terminal's
processor., .

Run terminal in full duplex
with external minicomputer
supplementing terminal
functions.

Add to manufacture's soft-
ware for terminal's processor.

Add to manufacturer's soft-
ware for terminal's processor.

Add to manufacturer s soft-
ware for termlinal's processor.

Specify reprogramming of
certaln ROM's by manufacturer.

T, i
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not felt to be significant for our application. Reliab!lity is
an unknown factor for all three units. The flexibllity of the
programmable processor and the flexlbllity of units providing
both stand-~alone and clustered configurations made the Four Phase
and Sanders terminals more attractive than the Spiras unit., The
Spiras unit was also less deslrable than the other terminals
because of Its synchronous transmission and late dellvery of
9,600 baud, The Sanders terminal is preferable to the Four Phase
on the basls of display size. And the Sanders |s bullt by a
well=-known, established company.

Table V contalns a cost comparison of the three terminals,
No Information Is avallable on a cost of a Four Phase stand-alone
unit. The only flgure, quoted tentatively, for the Sanders
cluster was $27,200 for a cluster of elght. Other Sanders prices
are preliminary. Glven these limitatlions, an evaluation of the
data in Table V Indicates that: (1) for quantities of one to
three terminals, a stand-alone unit is definitely desirable: (2)
the Spiras unit is significantly more expensive than the other
two; (3) the Sanders 800 serles appears to be slightly less
expenslive than the Four Phase; and (4) the Sanders 804 s the
least expensive alternative for our first Installation of four or
five units. And for our first installation, the Sanders 804
stand-alone also provides more flexlbllity than the Four Phase
IV/70, which Is currently available in a cluster only.

In addition, the Sanders termlinals are engineered to recelve
cable TV signals form coaxlal cable. Thils fact makes these
terminals more deslrable for future campus communlcatlion
developments at Stanford University, and could be an Important
factor In future research work.

A comparison of dellvery schedules (Table VI]) shows the
Sanders to be somewhat later than the others. However, the
dellvery constralnt does not seem to be severe enough to outwelgh
the other advantages of this unit.

We therefore recomumend the Sanders 800 serles CRT terminals for
use in this application.

* # & DOCUMENT ENDS * # =

3.3 VIDEO TERMINAL SCREEN STANDARD

Once the CRT terminal evaluation had been completed and the
Sanders 804 terminal had been chosen, the characteristics of the
terminal as they affected the user, the programmer, and the
system analysts were documented; from this Information a standard
was developed. This standard treats (1) the method for line
overflow when a data element takes up more space than has been

L5
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TABLE V
COST COMPARI|SON

60 Turchase Price® in Thousands

-]- __,7‘.".,

price variation due to

Sanders 804 Stand-Alone

Four Phase IV/70 Cluster
price variation after
four due to memory
options

Sanders 80X Cluster
tentative unit price for

|
B gl T N
1
-

1 2 3 4 5 6 7 8 yunber of :Terminals

<0

Spiras Irascnpe TE 1.5k display memory

= -1 distribution of engineering
| charges and 9600 baud optien.

2,5k bytes processor memory
2k bytes display memory

cluster of 8 i3 $3400 each.
Cost breakdown not available,

*Purchase price as
of March 1971
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allocated on the CRT screen; (2) the location and definition of
the command Tine; and (3) the definition and location of error:

messages.
* % » DOCUMENT FOLLOWS » * «
Definltion and Use of Protected Fields
INTRODUCT ION

This Is a descrlption of the pripciples of interaction
between the library user and on~-1ine portions of the BALLOTS-MARC
modules, A program called the BALLOTS subprocessor (BSP) will
control the Input, editing, storage, retrieval, and display of
data, The user wlll communicate with the system through a
Sanders 804 (stand-alone) or 810 (clustered) programmable CRT
terminal. The input and display of data wlll be organized within
formats for ease of use and veriflcation. The oparator gives
directions to the BSP through a command language, These elements
will be discussed below,

SYSTEM MODEL

The following model Is provided as a point of reference for
the terms and explanations that follow. This is a conceptual
model, not a program design. The BALLOTS subprocessor may
Indeed be organized In a vastly different manner, but the user
will be able to concelve of operatlons according to this model,
The primary purpose of the model Is help iltustrate what
the elements of the system are supposed to do. How the system
actually effects the actions described is entirely up to the
programmer, o

FORMATS AND FRAMES

A format, or format routine, is a program that serves as an
intermediary between the user and the data base. It organizes
the Interchange of data into logical units and allows the user to
deal with logical subsets of the data elements that make up a
single record. The format alds the user by labeling data
elements and displaying them In a consistent manner,., The format
also edits for accuracy and completeness the data input by the
user,

A format conslists of a set of format and display rules,
and a set of 2dIt and storage rules. The first set of rules Is
used when data is output to the terminal from the computer. The
second set Is used when data is input from the terminal to the
computer.




What the operator actually sees on the face of the CRT Is
called a frame. A frame Is created by the format routlne. A
frame always conslsts of 24 lines of 80 characters each. The
format routine takes data from the data base, organizes and
labels it according to the formatting and display rules, and
sends 1t, along with positloning and protection information, to
the terminal where It Is stored in the display memory. The
terminal uses the positioning and protectlon iInformation to wrlte
the frame on the face of the CRT. _

A format routine may create one or more frames before |t
completes Its processing. And the same routline wlill create a
different number of frames In different clrcumstances. This is
caused by the fact that although a specific format always deals
with the same group of data elements, the length of the data
elements may vary widely from one occurrence to another.

FIELD EXPANSION

One of the most Important characteristics of BALLOTS CRT
screen formats Is the ablility to have input flelds of flexible
length., This function is carried out by the terminal processor
without interrupting the remote CPU. If an input fleld extends
Iinto position 80, that field may expand In Increments of
80-position lines, one at a time. After position 80 Is fllled,
If the next character is not a tab or carriage return, which
would take the cursor to the next fleld, the terminal program
will Insert another Input line for the current field. This line
will be inserted Immediately below the current llne, and
succeeding lines in the frame will be pushed down one 1lne. The
last line In the frame will be pushed off the bottom of the
screen and will be lost from the display memory. But the
Information displayed in this last 1lne Is not lost from the data
area of "user scratchpad memory" (USM). When the frame Is
transmitted, the format routine will rewrite the record In the
data area to accommodate the Inserted line(s). The format
routine will then build another frame and send it to the
terminal. The beginning of this next frame will overlap the last

two lines of the previous frame.

If the operator has Input data In the last line and then ,
pushes that line off the bottom of the frame, the Input data will
be lost because It has not been transmitted to the system.

PROTECTION

It Is possible to code characters in the display memory so
that they cannot be altered from the terminal keyboard. A format
must send Information specifying that certaln characters are to
be protected. In BALLOTS, all positions that are not to be made
avallable to the operator for Input are deslignated as protected.
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When making up a frame from a format, all 80 positicons of each of

the 24 1ines must be accounted for.
DESCRIBING FORMATS

To completely deflne the requirements for a CRT screen format
two things are required, The flrst Is a visual model of the
display of data on the CRT screen. This is done on a BALLGCTS
grid form (a sample of thls form is Included at the end of
Appendix B), using as many lines as necessary to accommodate the
group of data elements In the format.. Division and overlap
between frames Is a flexible matter because of possible fleld
expansion,

The second thing necessary to define a format Is a set of
processing rules. These rules specify the relatlionships between,
and the rules governing, the data elements included in the format.
These rules may also speclfy special considerations to be
observed In dividing a record Into frames.

GENERAL CONSIDERATIONS OF CRT SCREEN FORMAT DESIGN

1. All frames created by format routines (except search formats)
Will consist of two parts, the header and the body. Search
frames contain only a header.

Header

The header occuples the first three

lines of all frames except search frames. The

header occuples all 24 1lnes of a search frame.

When a record must be divided into more than one
frame, the header wlll be repeated at the beginning of
of each frame.

[y
»

Control Fleld

3. The:first element of the header Is the control
7leld. This 1ine contalns the Format |.D. In columns
6-11; File I.D., columns 17-28; Record I.D., columns
34-42; Function 1.D,, columns 48~55; Library 1.D., columns
61-67; and operator 1.D., columns 73-76. Values for these
Items are always left-justified. An explanation of each of
these items can be found In the BALLOTS Data

Elements Notebook <7>.

Message Fleld

4. The message fleld Is the second element of the
header. It occupies 1ine 2, positions 1-80., It is
Protected, It Is used to display dlagnostics




10.

11,

12,

concerning the command fleld and general messages

from the system. |If a message exceeds

80 characters, it will expand and push down

succeeding lines. In a search frame the message fleld may
be up to 22 1ilnes in length.

Command Fleld

The command field is the third element of the

header. The command fleld is an input field,

i.e., It Is unprotected. It follows the message field

in all frames but search frames, ' The command field
occuples positions 1~79 of 1ine 3. It does not extend into
position 80 because the command fleld is not allowed to
expand and push down succeeding lines In non-search frames,
search frames the command fleld begins in position 1

of the line Immediately following the message fleld and
continues to the end of the frame. The command fleld

of a search frame may be up to 22 lines in length.

Body

There are two types of bodies: (1) display bodies
and (2) input bodies. Update bodles
are a form of Input bodies.

Display Bodles

In display bodies, all lines are
protected, The operator may input in the
command field only,

Common, easily ldentifled data elements need
not be labeled In a display body.

Rare data elements, and/or data elements whose
identity Is not obvious from their value,
must be labeled.

In display bodles, textual data should be organlzed Into
logical paragrawvhs.

Short, fixed-length data elements may be organlized
into multiple columns If desired. Columnar
allgnment should be made on the first character

of the data element value. All llnes containing
more than one data element should conform to the
same columnar structure,

Columnar data should be grouped together, not
mixed with paragraphed data.

In




13, When the same data element, or group of data
elements, Is included in several different formats,
the display position and organlization of such
elements should be consistent across formats.

Input Bodles

14, Input bodies may contain two types of entries:
(1) data element entries, and (2) instruction entrles,

Data Element Entries

15. Each data element entry contalns two parts:
(1) a label, and (2) an input field. There are
two types of labels and two types of input fields.

Labels

16. A1l labels are eight characters long. The first
two character positions are reserved for the
display of error codes. The third position
is blank. The fourth through seventh positlions
are for the data element mnemonlic. The eighth
position is blank.

17. The first type of label is a "prompted mnemonic"
label. In thls type the format routlne provides the
label. It Is right-justified to position 7 of the label,
and cannot be altered by the operator. All elght
positions in this type of label are protected
for strict !nput formats. In update formats,
the eighth poslition Is unprotected. The operator may
insert an asterisk in thls eighth position to signify
that the element Is belng updated,

18. The second type of label is an '"operator
supplied mnemonic" label. |In thls type,
poslitlions 4=7 of the label are unprotected,
and the operator Inputs a mnemonic anywhere
In these positions. Positions 1-3 and 8 are protected.
In update formats (see 17) position 3 is unprotected to
allow the operator to Insert an asterisk to signify an
update.

19, Entrles for data elements that may be multiple
within a structure (BIBS, AS, IS) must use
"operator-supplied mnemonic" labels. |If the structure
is multiple but the data element Is singular within the
structure, e.g., MDX In AS, or LOC In IS, prompted mnemonics j
should be used. The program will know how many coples of |

ERIC 56" %




the structure are needed to present a gliven record in a
glven format. :

20, The two types of labels should not appear In the
same format,

Input Flelds

21. The two types of Input flelds are (1) fixed
length fields of less than 72 characters, and
(2) éxpéﬁdabie flelds.

Fixed=Length Input Fields

22. Fixed-length Input fields have a maximum length
of 71 characters. Since an Input fla'd must
be preceded by an elght=-character label, an Input
field longer than 71 characters would extend
into position 80. Only expandable
Input flelds may use position 80,

23. If a flxed=length Input fleld Is short enough, It Is possible
to Include more than one data element entry In a slingle 1lne.
This Is permissible If (1) there are at least five spaces
between the end of each Input fleld and the
beginning of the next label, and (2) If all 1lnes
in a format contalning multiple data elements
conform to the same columnar structure,

24, Columnar lines should be grouped together, not
mixed with single data element 1ines.

Expandable Input Flelds

25, For a fleld to be expandable, It must begin In
position 9 (immediately after the label that :
began In poslition 1) and must extend into position 80,
If the 73rd character Input by the operator
(the character that would occupy positlon 81)

Is not a tab or carriage return, the termlinal
program will insert another Input llne 3
(see FIELD EXPANSION), i

Instruction Entrles

26. Instructions are defined as data that wiil be
processed by a program and then discarded. %
Data element values, on the other hand, become '
part of the data base and are stored. An
example of an Instruction would be Informatlon




telling the program to print out a set of catalog RS

cards.

27. Instructlon entries begin with a two-positicn
error code fleld. This Is followed by a single
space. These flrst three positions are protected.
The input field for the instruction follows., |t
is fixed In length and is not labeled.

28. Instruction flelds are prompted with underscore characters.
This differentiates them from data element input
flelds. ' )

29. Instructlions should be in the Fform of short
codes, such as "M" for "material recelived” or
Wi £5r Y"involce recelved" or "Mi" for "materlal
recelved with invoice."

30. The length of an instruction input fleld Is
determined by the length of the longest
instruction, or set of instructions, that
may occupy that fileld.

31, lnstructlion entries must begin In poslt!oh 1.

% « #* DOCUMENT ENDS * * *

3.4 BALLOTS COMMAND LANGUAGE

The following Is a description of the BALLOTS command
language involved in the BALLOTS~-MARC module. (See also sectlion
2.4.7.) As other moduies are added to the BALLOTS system, the
command language wili expand. BALLOTS commands should not
conflict with other command languages with which users may be
famiiiar. The same function should have the same command word in
all systems, and the same command word should call the same
functlon In all systems. The main difference between BALLOTS and
the other existing command languages at Stanford is that BALLOTS
d?als with data one frame at a time rather than one l1lne at a
time,

* * * DOCUMENT FOLLOWS * * *
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BALLOTS-MARC COMMARDS
CANcel
CONtinue

DISplay
ENTer
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FiNd
AND
NOT
OR
BACkup
format routine calls:
BFO1 Search Results - Full Biblliographic
Bi0l input - Bibliographic
BID2 input - Additional Bibilographic
GSO01 General System Screen
HHO1 input - Holdings
ORO1 Input - Orderling
Sisl Search Input
Si02 Search Contlnuation
|GNore
KEEp
LOGON
LOGOFF
paging
: +

+B
..B.
REStore
SCRatch -
SEArch
SET
SKiIp

Most commands may be input using elther the flrst three
letters or the whole command. The only exceptions are LOGON and
LOGOFF, which cannot be abbreviated. A1l commands may be Input
in upper or lower case.

In the discusslon of commands, reference will be made to the
following levels of actlvitles, Each level may be considered &
loglcal set made up entirely of one or more occurrences of a
member or members of the next lower level. '

FUNCTION : ordering Function
' Catalog Function
Scratch Functlion

PROTOCOL Search Protocol
' . o . Standling Search

7 Bulld Protocols Order

' Catalog

Scratch Protocol

" FORMAT ROUTINE BFO1
| | | B101

55



B102
G501
HHO1
ORO1
5101
102

CYCLE input Cycle
Overflow Cycle
Error Cycle

STEP Output Step (output of a
frame by the system)
Iinput Step (input of a

frame by the operator)

Build protocols are those that write to the data base. They
are called bulld protocols because they build a record in the
data area of "user scratchpad memory" (USM). They are more
strictly controiled than are protocois that only read from the
data base.

A format routine, or simply a format, will often consist of
a single cycle. If a format overflows a single frame, an
overflow cycle will be iniftiated. if the edit program finds an
error In Incoming data, an error cycle will be initiated. :

A cycle 1s the perlod beginning after the operator has
transmitted a frame and continuing until the operator transmits
the next frame. :

CANcel Command

CANcel is one of the two commands that can end a bulld
protocol. The other is the ENTer command. It is Impossible for
the operator to exit from a build protocol without using one of
these commands. The effect of the CANcel command Is to clear the
build area In USM. When the bulld area is cleared by a CANcel
command, the status of all data is reset to what it was at the
beginning of the bulld protocol: no files are updated, no print
records are produced.

CONtinue Command

In BALLOTS-MARC the CONtinue command will be used to call
for more input positions in a Bl102 format when these additional
positions are not provided by automatic paging. This condition
will occur when the following three factors are all present: (1)
- all data In USM that should be Included in a Bi02 format has
already been displayed on previous frames of B102 or Is being
displayed on previous frames of B102; (2) the tast data element
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on the screen is Iin 11lne 24 but does not continue past position
77; (3) the operator has more data elements to lnput in the B102
format., The same is true for the HHOl format.

DISplay Command

The DISplay command will cause the records pointed to by the
current results stack of the search area to be displaved In the
BFO01 format. The records will be displayed in CRD order. The
display command does not end a search protocol, and it does not
affect the results stacks or the bujld area in USM.

ENTer Command

ENTer Is one of the two commands that can end a bulld
protocoi. The other is the CANcel command. It is impossible for
the operator to exit from a bulld protocol without using one of
these commands. The effect of the ENTer command is to take the
record in the build area in USM and update files and/or produce
print records as necessary. The successful execution of the
ENTer command slgnifies the acceptance -of the new record, or
update, into the system. Finally, ENTer releases the bulld area.

FiINd Command

The £iMd command initlates a search protocol. It will begin
by clearing the search area In USM. The actual search will be
handied through the SPIRES/BALLOTS common software. The AND,
NOT, OR, and BACkup commands may occur within a FINd commanc .

A search request 1s composed of the command "FINd" fol wved
by the name of at least one index and at least one value fo' “hat
index. The Indexes avallable In BALLOTS-MARC will be parso al
name (PN), corpovate-conference name (CN), title word (7), =nd LC
card number (CRD). |f more than one index-value palr Ic
contalnaed In a request, each palir must be connected with one oV
the loglcal operators "AND," "OR," "NOT." A request contalning
only one palr Is called a simple request. A request contalning
more than one pair is called a compeund request.

Examples:
a. {(simple) FIND TITLE HONOR
b, (simple) FIND T GLORY
c. (compound) FIND PN SMITH AND JONES
d. (compound) FIND PN SMITH AND JONES AND T HONOR

In. example c, the system would find all works written both by
Somei ne named Smith and someone named Jones. In example d, the
system would find all the works that were written both by someone
named Smith and someone named Jones and that had the word '"Honor"
in their titles. ,
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The precedence of loglical operators is left to right, with
grouping capabilities provided by the use of parentheses. A new
search is started by specifying the command verb "FINd."

Example: FIND PN HUNTER AND (T PRAY OR T REWARD)

If several values are specifled for one index In a request, the
name of the Index need not be repeated.

Example: FIND T HAPPY OR GLEEFUL OR ECSTATIC

If severa) title words are specified without logical operators
connecting them, "AND" w%i{il1 be assumed and need not be specified.

Example: FIND T TAMING OF THE SHREW

\

The system responds to a FINd command with a count of the
number of records that match the specifled criteria. Such a
response always appears In a S102 format. |f the number of
matching records is exactly one, that matching record will
automatically be dispiayed on a display screen (always BFO01l In
BALLOTS-MARC) and there will be no statement of the search
results. I|f the number of matching records iIs not exactly one,
the number of records found In the search will be displayed on
the S102 screen and the user can enter a request that will
increase or decrease the number of records found.,

The user may go through many search iterations, entering
successive requests to reduce or expand the set of records that
meet his specifications, Occaslionally, he may enter a request
that reduces or expands the search result by much more than is
desirable at that point., Rather than have to re-enter the entire
search specifications, the user may then use the BACkup command,
This command allows the user to request that the search status be
reset to what it was before the last request., If a user enters a
request that reduces the set of records found to zero, the system
automatically backs up to its status before that request,

Special conventions are involved In specifying index values
for the personal name Iindex. Remember that the user may input in
upper or lower case wlthout having any effect on the search.

Format Routine Call Command

The format routine call command consists of a format [.D.
This command is used to call up a certain format, subject to the
rules of the protocol. In some cases this command will Initate
a protocol. This command can be used to jump ahead in a
protocol, bypassing iIntermediate screens,




IGNore Command

The 1GNore command Instructs the system to disregard atl
actlions taken durlng the current cycle. The contents of USM will
in no way be affected by the transmission of the current frame.
The system will respond wlth the transmission of a frame
identical to the last frame transmitted. |f that frame was
blank, the retransmitted frame will be blank, regardless of how
much data the operator may have input before issuing the |GNore
command. This equals a "'clear variable data' function within the
terminal. If the last framea contained data from USM, the
retransmitted frame will agaln contain that data unaltered. If
the IGNore command Is linked to another command, e.g., IGN/ENT,
the retransmission of the frame can be clircumvented,

KEEp Command

. The KEEp command Initiates a standing search build protocol.
The effect of this command Is to take the current form of the
FINd command from the search area, pass It through the standing
search edit rules, and disnlay the edited search command for
review by the user. The KEEp command bullds a standing search
record In the USM builld area at the same time. The KEEp command
does not affect the search area and the result stacks contalned
therein.

Paging Commands (Display Only)

The four paging commands are +, +B, -, and -B, In the MARC
system they. are used only with the BF01l format. The + command Is
used to advance to the next frame when a single record is too
long to be displaved In one frame, If a record Is only one frame
long, or If the last frame for that record Is currently being
displayed, the + command will be rendered Inoperable. The +
command will not page ahead to a frame displaying another
record; the +B command must be used for that.

The +B command Is used to page ahead to the next bibliographic
structure. That Is, it will page ahead to the flirst frame of the
next record. It will jump over any remalning undisplayed frames
of the current record and go directly to the beginning of the
next record. If there are no succeedlng records, the +B command
will be rendered inoperable.

The - command is the opposite of the + command. It Is used to
back up to the previous frame of a record that is too long to be
displayed in one frame, Obviously, the operator must have first
issued a + command in order to be In a position to enter a =~
command. I|f a record is only one frame long, or If the first
frame of a multiframe record is currently being displayed, the =
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command will be rendered inoperable. The - command will not page
back to a frame displaying another record; the -B command must be
used for that.

The -B command ls used to page back toc the previous
bibllographic structure. That is, it will page back to the first
frame of the previous record. It will jump over any previous
frames for the current record, and will also jump over any
tralling frames for the previous record. If there are no
previous records, the -B command will be rendered inoperable.

Automatic Paging

Frame overflow In input and update format routines wlll cause
automatic forward paglng. In a prompted mnemonic format, e.g.
B101l, the format routine has a list of all data elements con-
tained in the format. If any of these elements has been pushed
off of a frame, the routine will automatically transmit another
frame. This succeeding frame will repeat the last two lines of
the preceding frame and follow these two lines with the rest
of the data elements In the format. |In operator-supplied mnemonic
formats, e.g. B102, If there Is any data beyond position 77 of
line 24, the routine will automatically transmit another frame
with a two-lirie overlap of the preceding frame. In the case
of an operator-supplied mnemonic update format, if there is data
in USM that has not yet been displayed, this data will cause
transmission of another frame regardless of the contents of line
24,

If the operator finishes a data element in line 24 before
reaching position 78 and wishes to Input additional data elements,
the CONtlnue command must be used.

REStore Command

The REStore command re-initiates a format routine. If the
REStore command Is Issued without a modifying format |.D.
following it, It Is assumed to refer to the format currently
displayed. A REStore command always resets the format routine
to the first frame. The REStore command is executed after the
curreat frame has been processed. (Compare with IGNore command. )

If the REStore command is followed by a fermat |.D., the
current frame at the terminal will be processed and then the
named format will be displayed with data from USM. This allows
the operator to back up in a build protocol. The format 1.D.
must refer to a preceding format routine within the current
protocol. If the format 1.D. refers to a succeeding routine, or
to a routine in another protocol, the REStore command will not
execute.




The second form of the REStore command may perhaps not be
implemented as a part of the BALLOTS-MARC module,

RES BI01 returns to the flrst frame of the BI0O1 format
for the record being constructed In the
bulld area.

RES B102 wlll return to the first frame of the BI02
format for the record belng constructed in the
bulld area.

: RES HHO1 returns to the flrst frame of the HHOl format
for the record belng constructed In the bulld
area.,

RES OR01 will return to the first frame of the ORO1l
format for the record belng constructed In
the bulld area.

SCRatch Command

The SCRatch command is used to delete a record. In the MARC
system, the SCRatch command will be used to delete standing
search requests. For thls use, the command will have the
the following form In the BDEN notation (see sectlion 3.5):

SCR(atch)<sSP(1)><SID>
where <SID> is a standing search |.D, number,
SEArch Command

The SEArch command In the MARC module will inftiate a search
protocol and prompt an S!101 format. |In later modules this
command may be used to speclfy which of several flles are to be
:?arched. In the MARC module, BMRC 1Is the default, one-and=-only

le.

SET Command

SET FUN(CTION)=<function name>

~ SET LiD=<1ibrary (.D.>
"SET OtD=<operator 1.D.,>
The SET functlon Is used to change the last three flelds of

the control line. The Initial value of these fields Is set during
the LOGON procedure. .
SKip command

The SKIp command Is used to jump over succeeding frames of a
format to another format. If no format !.D. Is specifled, the




SKIp will be to the next format in the protocol. The SKlp
command may be fallowed by a format routine call command to

skip over succeeding frames and intermediate formats in a

single bound. (See linking of commands.) The SKlp command is
executed after the data In the current frame has been processed.
The SKIp command in no way affects the contents of USM,

when in BALLOTS-MARC the operator enters in build order or
build catalog record protocol, USM will contain the full MARC
record retrieved by the search. The use of SKip to by-pass any
part of B101 or B102 will not delete the portion of the MARC
record that would have been prompted in the skipped part.

Linking of Commands

In some cases it Is possible to 1link commands tozether. This
is particularly true at the end of a protocol where an ENTer or
CANcei command may be linked to another command to initiate a new
protocol. Linking Is done by using a slash, nyn

CAN/DIS

CAN/FIN <search argument>
CAN/ LOGOFF

CAN/SEA

CAN/BFO1

CAN/GSC1

CAN/S102

CAN/S1 01

ENT/DIS

ENT/FIN <{search argument>
ENT/LOGOFF

ENT/SEA

ENT/BFO01

ENT/GSO01

ENT/S101

ENT/S102

IGN/RES (format 1.D.)
SKI/ENT

SK1/HHO1
SK1/0R01

Procedure of Commands

A1l commands except CANcei and IGNore are processed after the
data in the current frame has been processed. |f an error conditlon
E exists, the current frame will be redisplayed and the operator
; must then correct the errors. |If the command was originaily
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prompted ac part of the format, it will be reprompted when the
frame Is redisplayed; otherwlse, the operator must relssue the
command. In the case of CANcel and IGNore, the command (s executed
Immediately; the data In the current frame Is not processed and
there are no error cycles. f a command Is Invalid, a diagnostlic
message will be displayed in the message line.

« & * DOCUMENT ENDS * =*» =

3.5 BALLOTS DATA ELEMENT NOTATION .

BALLOTS development depends In part on the facility wlith
which data element descriptions and processing rules can be
formulated and communicated. 1t was found both Inefficlient and
amblguous to use conventional, prose descriptions for this .
purpose. Consequently, a method was developed that allows very
preclse, shorthand documentation of this information., This
method Is called BDEN--BALLOTS Data Element Notatlion, BDEN Is
somewhat similar to BNF (Backus-Naur Form), a familiar
metalanguage. A BNF analyzer was used to detect any ambiguities
that might arise In data element descriptions written in BDEN,
BDEN was developed to overcome three defliciencies in conventional
BNF: (1) five to six dlfferent productioris were required to
speclfy and describe a data element, (2) video terminal screen
column positions could not be specifled for Input work; (3) it
was difficult to show which components of a complex data element
belonged together. BDEN enables a data element to be completely
speclifled with a single producticn, In a single line., In
additlion to describing the data elements, BDEN Is also used to
describe output formats and the location of data elements. The
language has proved a useful means of ensuring accurate
communication between the library analysts and the programming
staff. Members of the l1tbrary staff have also become proficient
In its use, The following detalled explanation of BDEN is taken
from BALLOTS Documentation Standard DS.124,

*« = + DOCUMENT FOLLOWS # * = i

The BDEN system of notation has been developed to provide a
standardized short-hand method for the precise description of
data elements. BDEN nctation takes the form of productions that
look similar to equations. There are two classes of productions,
nne that defines the Internal format of indlvidual data
elements, and a second that describes the use of data elements
in on-1ine displays and printed outputs. The first class always
contalns a data element mnemonic as the left side of the
production. The second class always contalins a display or print
position as the left side of the production.

ex: CLASS 1 '
(IDX): :a<NUM(1-6)><NUM(1)CD>,<NUM(2)>
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<

(

CLASS-.11
B3> :3(TUT)

A group of special éymbols, <> () "' ¢:=, Is used to indicate
the functions of various elements of BDEN descriptions,

>

)

ANGLE BRACKETS
Angle brackets around the left side of a production

signify that the production is describing data In cisplay
format.

Angle brackets in the right side of a production enclose
the description of required data that is variable in content.

ex: :

PARENTHESES

Parentheses around the left side of a production

signify that the production is describing data in input
format.

Parentheses within the left side of a production
enclose. information concerning the length of a field
(see POSITION COORDINATES, !11.13 below).

ex: <4,1(10)>::=

Parentheses have two different uses in the right side
of a production:

.a., <()> When the pérentheses occur within the angle brackets,

the parentheses enclose information concerning the
length of a unit of data
(see LENGTH, 11.6 below).

ex: 1:=CALPHAC2)>

b, (<>) When thé parentheses occur outside the angle brackets,

the parentheses indicate that the data described within

the parentheses is optional.
_ .
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(<KNUM(3)>)
<NUM(3)>{-)<NUM(3)>

ex:

SINGLE QUOTES

Single quotes around the left side of a production
signify that the production Is describing data in print
format.

ex: 'IDX':
y,1':

Single quotes in the right side of a production enclose
one of the special symbols, < > ( ) | ' ::=, when

these symbols represent 1iteral data and therefore are
not belng used as special symbols within BDEN.

ex: ::='('SEPN:<SP(2)><SEPN>')’

When single quotes are used as llterals, they are written: ''!'

DOUBLE COLON EQUALS

This notation separates the left and right sides of a
BDEN production.

ex: BAC::=<ALPHA(3)>-<NUM(3)>

" LOGICAL OR

Logical or's cround the left side of a production
signify that the production Is describing data in storage
format. : ,

ex: lI Xl
14,11

e oo
se so

The loglcal or on the right side of a production indicates
excluslve alternatlves in the form and content of data.

ex: ::={MEPN>
S | <MECA>
| <MECF>
| <MET>
| <MEUT>

::=<ALPHA(3)>-<NUM(3)>
| CALPHA(3) > (<SP(1)>)<NUM(3)>

'The varlous aspects of data elemen;s are descrlbed ‘@ecording to

the following conventions,
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ADDITIONAL CHARACTER SET

{See CHARACTER SET, 11.2 below.)

2. CHARACTER SET

(See also ADDENDA, below.)

The character set of the data baing described may be indicated
by using one of the following codes.

ALPHA = letters A-Z

ALPHANUM = letters A-Z and digits 0-9

BIN = digits 0-1, to be read as binary numbers (base 2)

CHAR = letters A-~Z, digits 0-9, and all special
characters

DEC = digits 0-9, to be read as decimal numbers
(base 10)

HEX = digits 0-9 and A~F, to be read as hexadecimal
numbers (base 16)

NUM = diglits 0-9

SP = space

SPEC = ail special characters 1l.e. all characters that

are not letters or digits. This Includes all
punctuation and dliacritical marks.

!t is possible to specify a combination of two character
sets. The ADDITICNAL CHARACTER SET must be separated

from the Initial CHARACTER SET by a comma. The only two
codes that may be used for ADDITIONAL CHARACTER SET are
"SP" and "SPEC." |If, for example, a field could contaln
only alpha characters and spaces, It could be cdescribed as:

ex: ::=CALPHA,SP(4)>

When character sets are ltnked together, they must be

. separated by commas.

If none of the above codes is sufficlent, an EXPLICIT
CHARACTER SET can be listed. If, for example, a
field could contain elther a "Y" for "YES" or an

"N" for "no'", and nothing else, the character set
could be descrlbed.

ex: s:=<YN (1)>

The EXPLICIT CHARACTER SET must be separated Trom t:e
designation of LENGTH by a blank. If a field could
contaln only alpha characters, periods, and commas,

66 -

e b o A e 1




question marks, ard parentheses, it could be described
as:

Sl

ex: ::=3<ALPHA, .;,70) (&)

In the above example, the flrst comma separates the
CHARACTER SET code "ALPHA" from the EXPLICIT CHARACTER
SET. There should be no comma between the Individual
members of EXPLIC!IT CHARACTER SET. Also, there should
be no comma between the EXPLICIT CHARACTER SET and
LENGTH, but there must be a blank. If the EXPLICIT
CHARACTER SET Is very large, It Is better to list it
in a table than to describe it all within BDEN.

The NAME convention can be used to facilitate this
(see NAME, 11.11 and I!1.1 below).

Any Indication of character set Is always followed by
LENGTH, enclosed in parentheses

(see LENGTH, 11.6 below).

3. COLUMN NUMBER

(See POSITION COORDINATES, 11,13 below..
4, EXPLICIT CHARACTER SET

(See CHARACTER SET, 1.2 above.)
. FORMAT

BDEN allows for the definition of four Tormats

for a data eiement. These are Input fo-mat, storage format,
display format, and print format. The

format being described by any BDEN production ls

indicated by the speclal symbols around the left side of

the production.

ex: (XXX)::=I describes an Input format
[XXX|::= describes a storzse format
<XXX>::= describes a dispiamy format
IXXX'::= describes a primt Tormat
6. LENGTH (OF DATA)

The length of a certain unit of data I= Indlcated
by placing a number In parentheses after the
indication of the CHARACTER SET. The number .of
characters must always be -preceded by = Imdication
of CHARACTER SET. The number may be a Fixmd "ength
or a range.




ex:

:={ALPHA(3)>
:=¢ALPHA(1-50G)>

Use (n) to Indicate an undefined range.

=<NUM(n)>

ex: 3
s :={NUM(3~n)>

if the range or number of characters is not presently known,
but will be known at the time a processing rule is executed
because of previous processing, use a star to indicate

the number.

ex: ::=2<NUM(1=-%*)>
Zearo Is not a valld content for LENGTH.
iIf a unit is optional, use parentheses to
indicate that fact (see 1.2.b above). When writing numbers,
do not use commas to separate hundreds from thousands.
ex: 1000 (not 1,000)
7. LENGTH (OF FIELD)

(See POSITION COORDINATES, 11.13 below.)

8. LINE NUMBER
(See POSITION COORDINATES, 11.13 below.)
9. LITERAL VALUES |

A literal value is data that is fixed in content and

in form. A literal value is noted without any conventional
symbols surrounding it unless one of the conventional symbols

is a part of the 1iteral value. 'In the latter case, enclose the
conventional symbols with single quotes.

ex: ::=DOG

When single quotes are used as ilterals, they are writtan: 1t

10. MNEMONICS

When a mnemonic . is to represent the value of the data hhzt
the mnemonic names, enclose the mnemonic with angle brz.wets,

ex: ::=<IDX>




To describe the literal value of a mhemonlc, treat it as
a llteral (see LITERAL VALUES, 11,9 above),

’ ex: 1:21DX:<SP(2)><iDX>

11, NAME

Any unit of data enclosed by angle brackets on the right
side of a CLASS | production (see BDEN PRODUCTIONS,
i11.1 below) can be named for ease of reference

and ldentification. Use some simple abbreviation

and place It after the designation of LENGTH, A

name may not contain blanks,

ex: :i=<NUMC1)CD>

Explanations of the functions of various named units and the
Interrelation of these units may be given In notes and

processing rules.
12. NUMBER OF CHARACTERS

(See LENGTH, 11.6 above.)
13. POSITION COORDINATES

(See also ADDENDA, below.)

Position coordinates describe fields on screens, print
formats, and other 1/0 documents. Position coordinates
do not describe the structure, interior format, or length
of data elements that occupy the fields in these 1/0
formats. (Compare this paragraph with LENGTH, 11.6 above.)
Position coordinates are described on the left side

of a Class Il production (see BDEN productions,

11.2 below). A position coordinate may have

four elements: (1) 1ine numbers (2) column

number; (3) field length; (4) signal to right-

justify data Iin the fleid. -

model: LINE,COEUMNCFEELD LENGTH)SIGNAL

ex: '4,3T10)RJIVs:=
Line number iIs usually Iindicated by some integer, |If
only a relative positiom Is known, the symbol "L" may be

used to represent current 1ime number. The statement
M"Start iIn column Four of the mext 1ine" s written:

ex: L+l1,E

S e o B b S L+




Relative columns may be treated in the same manner, using
"c" to represent current column number. The indication of
column is always separated by a comma from the indication
of line. An indication of 1ine and column, which defines
the beginning of a fleld, Is the minimum aliowable content
for a position coordinate. To this may be added the
length of field. Field length cannot be expressed unless
line and column are specified. Field length is always
enclosed in parentheses, and is always one fixed number,
not a range. When field length is specified, 1t can be
followed by the code "RJ," which means right justify

data in this field. Otherwise, left justification

is assumed.

14, SPACE

A space is described <SP(1)>.
Three spaces would be described {SP(3)>,

111. BDEN PRODUCTIONS
There are two classes of BDEN productions.

1. CLASS | deals with the internal structure of a data element value.
|t describes the various units of information in a data element value
by specifying the character set and number of characters in each unit
of data, and by indicating whether a unit is a required or an
optional part of the data element.

CLASS | model:

Data element mnemonic::
<char set, add char set, explicit char set (length) name>

The data element mnemonic on the left side of the production
will always be enclosed by one of thea sets of special symbols
to indicate which format the production is definlng (see
FORMAT, 11.5 above). On the right side of the production the
angle hrackets enclose a required unit of data of variable
content. A unit must contain at least one specification of
CHARACTER SET and a specification of LENGTH. There may be any
number of these units In a data element description., Unlts of
literal data are plac=d In their proper position between

the variable units., The literal units are not enclosed in
angle brackets. A name is not required for the variable data.
Literal data cannot be named.

CLASS | example:
(IDX)::=<NUMi1-7)><NUM(1)CD>.<NUM(2)>
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This description means that the input format for data element
IDX consists of four units, all of which must be present. .-
The first element is composed of one to seven digits., The second
is one digit, named CD., The third element is a period. The
fourth element Is composed of two digits. The purpose in
naming the second unit CD Is to facilltate reference to that
unit In processing rules., For IDX there must be a processing
rule that explains that unit CD is a mod 11 check digit on all
the numbers that precede it. |If there are several alternate
formats that are acceptable, they may be shown by using the
logical or, .

(BAC)::=<ALPHA(3)>-<NUM(3)>
I CALPHA(3)>(<SP(1)>)<KNUM(3)>

CLASS |1l deals with the use of data elements In 1/0 formats.

It describes various fields in an 1/0 format by specifying the
position of the beginning of the field in the format and indicating
the data to be associated with that field,

CLASS |l model:

position::=data description

Position is defined by using POSITION COORDINATES (11.13 above),

These coordinates will always be enclosed by one of the sets of
special symbols, These s¥mbols Iindicate the format type of the
data described on the right side of the production (see FORMAT,
11.5 above). This imdication of format applies only to the form
of the data element. It does not apply to the form of the 1/0
document being described. I|f data element IDX were for some
reason to be displayad in Its input format on an output screen,
the production would be written: .

(4,13)::=<IDX>
not
<4,13>::a<IDX>

The angle brackets around the mnemonic in the above example

signify that the field cannot be blank.
If the data Is optional, the mnemonic will be enclosed by
parentheses.,

”

ex: (12,1)::=(RSAD)

If a field must contaln some special characters in addition to
the value of the data element, these characters are described as
literal data.

ex: <3,4>::=PRO:<SP(2)><PRO>
<19,1>::="('SEPN")"




- block or buffer position. A location at line 6, columm 3, In block

In many cases, however, such special symbols may already be

a part of the data element format.

If a fleld may contain any one of a group of data elements
depending on which one Is present in the record, the alternatives
are listed using the logical or.

ex: <9,1>::=<{MEPN>
| <MECA>
| <MECF>
| <MEUT>
| <MET>
ADDENDA
1.2 CHARACTER SET

For use In describing control characters on the Sanders terminal,
add the following symbolis to the 1ist of character sets:

C/R = carriage return character

H/M = home character

H/T = arizontal! tak character

V/T = - 'rtical tab character
A single horizontal tab would be described as:

<H/T(1)>
11,13 POSITION COORDINATES

Screen coordinates must indicate the BLOCK, as well as the LINE
and COLUMN number. BL2CK Is Indicated by a single alpha placed before
the LINE number and sem=rated from that number by a comma.

(A,1,1)
Thls notation describes: the upper-left-most character position on the
screen and Indicates tihat this position Is In block A. Line and
column are read to meam mbsolute screen position, not relative
C would be described: ‘ 3

(c,6,3) _
even through this might be the first posltlon in block C.

+ = % DOCUMENT ENDS # * *
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3.6 PROGRAMMING LANGUAGE CHOSEN FOR BALLOTS 11

Portions of BALLOTS | were coded In PL/1 and portions
were coded In Assembly language for the 360/67 computer, It was
felt that there were serlous drawbacks to each of these languages
and an Investigation of avallable languages was conducted. PL/1
had the advantage of generating code quickly, but unfortunately
the core requirements and execution time for the code were a sub-
stantial disadvantage. Assembly language, on the other hand,
allowed efficlent utilization of core and machine cycles but
took an extended length of time to program. After an extensive
survey of avallable assemblers and compilers, PL360 was chosen,
PL360 Is an algol-like language that is sti1l close enough to
assembly language coding to allow the user to control the use
of computer registers. The PL360 language has essentially
all the power of assembly language and vet allows the programmer
to concentrate on the essential programming tasks. The
following SPIRES document gives the "Coding and Description
Standards for the Use of PL360."

* » * DOCUMENT FOLLOWS =* * *

1. Introduction

This is a description of the placement of code and comments on the
page listing; the nature of auxiliary descriptive text; preferred
language constructs for efficient, compact object code; and
control of source code versions.

2. Hierarchy of Indentation

PL360 Is a block=-structured, procedure-oriented language:
logically related sequences of statements may be grouped and
nested by means of the delimiters BEGIN and END. The COMMENT
symbotl! allows descriptive remarks to be inserted anywhere wlthin
the code (except in literals) where a blank may be placed;

the COMMENT symbol and following characters through the next
semicclon are ignored by the compiler.

Although PL360 is free~fieid, this property should be exploited to
define a semi-fixed format that heips the eye, with its pattern

recognition abillty, to grasp the organization of the program, i
(The same goal Is further advanced by using FOR, CASE, and 3
WHILE statements wherever possible to replace the IF-GOTO ;
combination.)

o s L AR AR P N AT ST A TR

The basis for the format Is the INDENTATION LEVEL. For con-
creteness, the left-hand margin Is taken as level 0, and each

4
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higher level is five columns to the right of the previous level,
A CONTINUATION COLUMN Is two columns to the right of the current
indentation level. Since literals must be continued from the
left-hand margin they should, if possible, be kept short enough
to fit on one line by splitting them or by starting a new line
before beginning them.

In the following paragraphs, DUMMY BASE can be substituted for
BEGIN, and CLOSE BASE can be subst,;tuted for END.

BEGIN and END are always the first symbol in any line in which
they appear (exception: labels, discussed below). BEGIN signals
the last line of the ith Indentation level with succeeding lines
to be governed by the (i+1l)st level. Only BEGIN can increment
the current indentation level. END signals the first llne of the
ith indentation level following zero or more lines at the (i+l)st
level. Only END can decrement the current indentation level.
Thus, matching BEGIN=END pairs can be immediately identiflied. In
general, at most one complete statement or declaration appears

on a line; however, several short, logically related statements
may appear on a single line. |If it s necessary to continue a
statement on following lines, then they start in the continuation
column of the current level; this rate is superseded by the
begin-end criterion. Thus:

FOR R2:=R1 STEP 4 UNTIL R3 DO
COST(R2):=QUANT(R2)*PRICE(R2);
COMMENT: CALCULATE CHARGES FOR M CUSTOMERS;

but FOR R2:=R1 STEP &4 UNTIL R3 DO
BEGIN R6:=X2(R2)+X3(R2);
R6:=R6 SHLA 2;
END; COMMENT: NOW R6 CONTAINS THE X FIELDS IN
PACKED FORMAT;

simitarly, CASE R4 OF
BEGIN COMMENT: PERFORM OPERATION 1, 2, OR 3;
BEGIN COMMENT: OPERATION 1;
{stmt>; <{stmt>; <{comment>;
{stmt>; <comment>;
{stmt>; <stmt>; <{comment>;
END; co '
{stmt>; COMMENT: OPERATION 2;
BEGIN COMMENT: OPERATION 3;
{stmtd>; <stmtd>; <{comment>;
{stmtd>; <stmtd; <stmtd>; <comment>;
END;
END;

A semicolon Is not required after BEGIN, END should be
followed by a semicolon except when it is immediately
followed by ELSE.

-+ ERIC | /3
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Internal procedure declarations are governed by the current
Indentation level, Labels, which must be easily locatable In the
code, are handled as follows: regardliess of the ciurrent
Indentation level, a label defirition always starts at the
left-hand margin. For example

THERE: <stmt)>; <comment);
{stmt>; <comment);
BEGIN <decl>; <{comment>;
HERE: {comment>;
{stmt>; <{comment);
BEGIN <stmt>; <comment);
IF = THEN GOTC HERE;
{stmt>; <comment>;
END; GOTO DONE;
NEXT: <stmt>; <comment>;
{stmt>; <stmt>; <comment);
DONE:
END; <comment);
END;

A long label definftion may overiap Into the current Indentation
level, forcling the beginnlng of the statement to the right. The
colon should be followed by at least orie blank. If a2 BEGIN or
END would be forced out of position by a label definition, then
the definition Is placed on a 1ine by Itself prior to the BEGIN
or END,

3. Comments

Comments embedded in the source listing are one of the most k
Important parts of .program documentatlion for debugging, system 5
Integratiun, and maintenance, A well-documented program may be as
much as 40 to 50 percent comments.

Comments have several functlons. A comment may: describe the
purpose and general structure of a procedure; identify the use to
which a particular declaration will be put; describe the £
(supposed} state of the program (variable values, reglster 9
contents) at a certaln line of code; specify the Intent of one or
several 1ines of code; convert an executable statement used for
debugging into a self-history: or justify a design declslon about
a construct or algorithm used, and why alternative cholces were
rejected. - = o ‘ : ' :

The position of a comment In the listing glives a clue to Its
scope. A comment centered on the page or conslisting of asterlisks
across an entire line separates segments, global procedures, or
major sections of code. A comment starting at the current
Indentation level or Immediately after BEGIN applies to code
following It. One starting after a statement on the same 11ne,




or in the continuation column of the following line, applies to
that statement or to the state of the program after that state-
ment. A comment Immediately following THEN or DO describes the
consequences of the satisfaction of the condition prior to the

THEN or DO; a comment after ELSE describes the consequences of

the fallure of the condition:

IF ™= THEN COMMENT: SEARCH FOR ANOTHER MATCH;
BEGIN COMMENT: INCREMENT | AND J;

{stmt>; <{comment>;

{stmt>; <comment>;
END ELSE COMMENT: STORE ADDRESS OF MATCH;
BEGIN <(stmt>; <{comment>;

{stmt>; <{comment>;
END; COMMENT: SEARCH DONE. @T IS IN ALPHA;
4. Declarations %

Declarations are systematically ordered and grouped within a
global procedure to lessen the possibility of error and to make
them easy to locate. The order should be as follows:

1. Reglister name synonym declarations, ordered either
alphabetically or by reglster number.

2. External procedure declarations, ordered alphabetically.
3. Dummy base declarations.
4, Function declarations.
5. Long real cell declarations.
6. Real cell declarations.
7. Loglcal cell declarations.
8. Integer cell declarations.
9, Short Integer cell declarations.
10, Byte and character cell declarations.

Cell declarations that overlap each other, or must be grouped In.
adjacent locations; may be ordered differently, but this fact
must be made clear through comments. '

Programs with large numbers of register and cell identifliers make
use of the following naming convention: the first letter of each
identifier names the type, and the remainder is arbitrary, . -
generally a meaningful mnemonic. Exceptions are predeclared and
‘external Interface lidentifle~s ~’<h as dummy base variables,

and functlions or procedures. .

F long and short.floating-~point reglisters.

R general-purpose reglsters, : -
E  real cells. . L '

D long real cells.

L logical celis.

B,C byte or character cells.

78,
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H short integer cells.
1,4,K,M,N lnteger cells,

5. Efficlient Constructs
To clear a register :%

FO:=FO0~-FO;

FO1l:=F01-F01;

Rb6:=R6-R6;

R6°-ZERO; (When ZERO ts RO and contains 0.,)

Use the following functlons.

f FUNCTION REDUCE(6,#0600),
SETUP(6,#0500),
BRANCH(15,#47F0),
ADDR(2,#4100),
SETZONE(S,#96F0);

REDUCE ﬁs a BCTR Rx,0 instruction. For example,
REDUCE(R1) is preferred over Rl:=R1-1;

SETUP Is a BALR Rx,0 Instruction. Thus SETUP(R1)
sets Rl to the address of the halfword following the
current instruction, usually another Instruction.

BRANCH Is a BC 15,<indexable address> instruction,
BRANCH(B2(R1+4)) causes a jump to the location given
by R1+R2+4, Usually SETUP Is used to establish one
of the registers and the other Is an Index.

ADDR is an LA Rx,-(llteral value> Instruction. For
example, ADDR(R1,"-Hi THERE SAM.") sets Rl to the
address of the character string "-HI THERE SAM."

SETZONE is an Ol Instruction that OR's in a hexadecimal
F In the zonhe portlon of the addressed byte, €.Z.,
SETZONE(BZ(S)). , v

Speclfy ‘an n=way branch on R2, where R2 may contain

0 through n=l:
R2 -Rz SHLL 2;

SETUP(R1);
BRANCH(BI(RZ*Q)),
COMMENT: BRANCH CHOICES START HERE;
3TO A; COMMENT: R2=0;
GOTO B; COMMENT: R2=1;
GOTO C; COMMENT: R2=2;
GOTO X; COMMENT: R2:=N-1;
- COMMENT: END OF . BRANCH.CHOICES;
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Set Rl to the address of an error message specified by
R2, which has a value 0 through n:

IF R2>N OR R2<0 THEN R2:=ZERO;
COMMENT: NEXT N+3 LINES MUST NOT BE MOVED;
R2:=R2 SHLL 2; SETUP(R1);
EXCRO,B1(R2+8)); GOTO ¥;
ADDR(R1,"MESSAGE 0'); COMMENT: R2=0;
ADDR(R1,"MESSAGE 1"); COMMENT: RZ=1;
ADDR(R1,"MESSAGE N'); COMWENT: =2Z=N;
X: COMMENT: R1 CONTAINS A4PTRESS OF SELECTED MESS.0Z;

Convert value of Rl to decimal, limited o « A'gits, and put 1<
at the address specified by R2:

COMMENT: WORKAREA MUST Bz 8 BYTES JN DCUEL™ -. JRD
BOUNDARY ;

CVD(R1,WORKAREA); UNPKK3, 7,32,WORKAREAR! -

SETZONE(B2(3));

Move memory FORWARD with possible overlap, wizre Rx Is ths
number of bytes to move, Ry Is the source address, and Rz
is the destination address:

WHILE Rx>0 DO

BEGIN REDUCE(Rx);
IC(Ra,By(Rx));
STC(Ra,Bz(Rx));

END;
COMﬁENT: Ra IS AN INTERMEDIARY FOR THE SYTES,

‘Some short programming tipst
Use Rx:=Rx++Rx Instead of Rx:=Rx SHLL 1.

Use Rx:=@Bx(constaht) lnstead‘of Rx:=Rx+camstant whenever
the constant is In the range 0 through 40%=,

Use Rx:=@Bx(Ry+constant) instead of Rx:=Rx+Ry+constant, prov idex
the constant Is in the range 0-4095,

Use Rx:=NEG constant instead of Rx:=-constamt,

To blank up to 256 bytes use .
MVIC" Y,cell); MVC(n,cell(1),celT};
where n is 2 less than the totz! numier of bytes tn be blanked,

Caution: MVC, CLC, UNPK, PACK, ED, TR, TRT, CZ, NC. and cther
Instructions that have length flelds require the le:gth tc be
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1 less than the actual length desired. Thus MVC(3,B,A) moves 1
byte from A to B.

6. Source Code Control

This section discusses the separate listing to bc¢ @m2intained “or
each global procedure, and the rules governling mu:i“ication of
these listings.

The SHELL consists of the minimum declarations, de imftears, and
code necessary to form a dummy module that can be campiled and
link~edited Into the system but that performs nc -fumcticn except
== return. Once the shell has been approved the = shou?fd be nc
me=ed to make any changes to It, except In the ewsm: of changes In
tihe design of system Interfaces, Tncluding regis=r -on 'entions,
yzrameter passing, etc. The shell Is fully commemte.! = 'd becomes
mart of the module documentation.

The PRODUCTION VERSION Is the current approved mode & actually in
use in the system. Very rigid controls must be m@xer~=isad over
the modification of this source code. It contains -~ mment-form
debugging statements from the test and integratiomn : agzs. |If amy
approved changes have been made since the last zompl=%te rewrlt=,
ghe old versions of affected statements are presesnt: irr comment
orm,

The TEST VERSION s the programmer's working versiicm, -mich he Is
free to experiment with and modify at will. Most Frezuently it
will differ from the production version only with respect to
trial bug corrections or other Iimprovements,

7, Auxiliary Descriptive Text "

. Each module has printed maintenance information imtended as am

extension of comments in the source l1isting. This AWXILIARY
DESCRIPTIVE TEXT is not intended as a design specificatlon or
functional specification. Where necessary, referemces to these
other documents can be made, Material appropriate to this
document includes, but is not limited to: overall pmilesophy and
layout of the program; mathematical analysis relatimg o the
specific algorithms; running-time analyslis, both =2xpmctad and
worst-case; and core usage. Frequent references to code line
numbers IN THE PRODUCTION VERSION should be made where
approprlate.

PL360 Is supported on the Campus Facility computer
and has been documented by SHARE, the IBM User Organization.
Since the PL360 language was chosen for use on the B&LLOTS
Project, the compliler has been modi¥ied to run in an Interactive
mode allowing the programming staff to code and em=cute
program at ome sltting.

* & ® DOCUMENT ENDS * = «
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3,7 NETWORK FEASIBILITY STUDY

Tha results of a preliminary cost study for the BALLOTS
cystem (see sectlion 3.8) showed that a very high percentage of
11e oparating cost of the BALLOTS system would be in the overheac
area; chat is, the area required for operational continulty of t7=
system {upd=ting of files, storage of files, etc.), independent
of the amoumt »f usage of the system. An additional study was
made t= det=rmine what the costs would be if the amount of
2ALLOTS tramsactlions was doubled (i.e., an increase of 100
parcen= of 211 the flle searching, printing of catalog cards,
etc.). Thiis study showed that the operational cost for doublimg
the transaccizn load would Increase the operating cost by
approximateiy only 59 percent, it therefore seemed feasible tz
encourage other libraries to use the system and take advantage of
~he Incremental cost of the additional work load.

It was; decided to investigate the possibility of a library
automatlion metwork for local Bay area colleges and universities.
Four local col'Teges and universities participated in a 13-week
workshom to determine the benefits, costs, impact, advantages,
and disadvantages, of using BALLOTS in their 1ibraries. The
workshoo was from April into July, 1971, The results of this
workshop were presented In a two-volume, 250-page report that
went to th= library directors., The report was considered
confidential, in that It contalined individual library costs, so
this report was not generally distributed. A summary report that
included d=tails of the cost methodology and some of the results
of the workshop was written in a forms that could be distributed.
This summary report Is contained In Appendix D, Following Is the
text of a paper delivered at the 1971 conference of the Americam
Society of Information Sclences, It contains a brief summary of
the activities covered in the workshop.

* * * DOCUMENT FOLLOWS =* =*» «
AN ON-LINE NETWORK--COOPERATIVE PLANNING WITH SEVERAL LIBRARIZES
A. H. Epstein,fDoug]as Ferguson, énd Eleanor Montague
Stanford University
- Stanford, California
Abstract
A cooperative feasibility workshop, involving five colleges

and unliversities, was conducted at Stanford University over a
pe:riod of 12 weeks., |Its purpose was to determine the costs and
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benefits Involved In the use by a network of a libray  wmutomatiom
and information retrieval system beling developed at Tuzmiiord.
After an orlentatlos: that promoted .cpen amd continui-=z
communication, the marticlpants worrzad together to pruciuce the
tools and technfques for a feasiblil zy analysis. Thiss analysls
established the network operating =nviraonment, the imzac* of
participation and system benefits .1 user Iibraries, .anz the
operational costs, including computing, manual, and d.sp‘aced
costs. The results of the workshc:: were presented in the form of
a feasibility report to the tlbrar- administration of =ach
Institution to aild man=gement decision making. The meirmods that
the study team deveioped, the work assignments, some limrormal
findings, and observations on the workshop are presentss here.

AntroducZiion

Stanford Unlversity Is develogiing 2 large, on=1 iipa,
interactive ilbrary automation (BALLOTS)= and Informatiom
retrieval system (SPIRES)** to operamte in 2 productior
environment. CRT terminals will be us=d for 1lbrary an—line
input and display, and typewriter or CRT terminals wiil be used
for Information retrieval. Three malm types of on=1ine Files are
being designed for library use: (a) MARC--Machine Readiable
Catalog=--bibllographic data from the Library of Congress: (b)
IPF==In Process File=--records of the status of eacrh wnwok
ordered by the library but still In the processing cycle (not
avallable for patrons' usel}; (c) Catatog and Circulatian
files--records of the location and status of each book in the
collectlion.

The system Is being implemented In a series of modul=s, Each
module permits additional types of book material to be processed
or adds new on~line files, The first module being fmplemented
(BALLOTS-MARC) Inciudes an on-line MARC flle of the most recemt %
to 12 months of MARC data for use in the technical processing of
all books covered by the MARC data. The printed omtput of this
??dule includes purchase orders and cztalog card sets ready for

1ing.

The system is desligned so that 71T can be extended IO
speclallzed libraries at Stanford, such as the law library, as

* Bibllographic Automation of Large Library Operations using
Time=Sharing System {1). BALLOTS was partially funded by
grants OEG~1-0711&5-4428 and  OEG-0-70-2262 from the U.S. Offlc=
of Education. : :

«+ Stanford Public Information Retrlieval System (1). SPIRES ls
fundet by a gramt from the Natiomal Sclence Foundat:ion.
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well =s tc = r=gional nel srk of iibrarles. From the peint of
view of @ softential wuser “ibrary, jolning the network has the
following advantages ove~ Individual automation: (a) most of the
develapmerit and installatlion cost and time are eliminated; (b)
the operationa} cost is reduced by time sharing on a large
computer; [cl stable software sznd hardware, which will have run
under heawy mroductlion comdltions at Stamferd for four to eight
months befors metwork procassing starts. Other advantages are
shared by both Stanford =nd the user Ilbraries: (a) shared
BALLCTS owerhead computimg <osis: (b) the opportunity of access
to all fllas; as a result w»f this, the possibility of (c) sharing
a portion aof 'the technlcal~processing workload; (d) reducing
future redundamt acquisitivins; and (e) ‘ncreasing future
interilbrary loans.

The Feszsibility Siudy

in order to Inform Sar Franciscc: Bay area schools about
BALLOTS amd to explore the sossibillizy of a regional library
automat ion m=twork, Stanford invited library directors from
several nearby colleges and universities to meetings I'm July 197@
and February 1371.

The parzlcipants In these meetings =xplored the possible
useTulness of BALLOTS to otfrar libraries. They agreed that a
preliminary fFeaslblility study was a preesqulisite to a mamagement
declsion to marticipate Im BALLOTS. At +he February meeting,
four schools agreed to cammit the necessary persomnel and time to
this studly. Two senior itbrarlans with fechnical processing
axperience were selected by each schoal. They met together with
members of the BALLOTS st=ff at stanford one day a week for 15
weeks from aApril to July. The egquivalent. of a second day each
week was spent by team memiers at thelr mm schools gatherimg
data for a cost analysis.

AR 1

I. To understand how BALLOTS and,
sperlfically, gine BMLLOTS-MARC system will
suzmmr: library techmical processing. '

2. To develop and test coommratively
a3 cost measurement methodology asnlicable
within the time limits of the study. This
methodeiogy had to be uniformly =pgl icable
without placing a heavy data-gatibering burden
on the staff of each llibrary. [t had to
asermit comparison of the costs o axlsting
manual procedures amd the costs ravolved §in
the use of BALLOTS-MARC. The stzmdardlized
methodalogy hac to permit compar son between



1:bra~les of the costs and times taken to
produce = given unit or to perform a like
activity.

3. To determine ways in which BALLOTS~MARC
could be made of greater use to libraries out-

e

side = Ttanford.

k. To prepare a report that would provide
cost znd benefit information for the Director
of emzh 1ilbrary. This report would enable
ezch llbrary to determine the main implications
ant? resuf'ts of Its particlpation In a BALLOTS
regional network and would be sufficient for
managememt to make a decision on whether
or not to participate in a BALLOTS Network.

) o] G0 T Q;

. The stmdy team met as = group at Stamford for six hours every
Friday for I3 weeks. At the first meeting, team members
described their backgroumds and Iinterests, the features of
BALLOTS were reviewed, and each library was generally described
by som=one From that library. During subsequent sessions a cost
measur=ment methodology was developed and applied. Each session
ended with the assignment of tasks to be completed by the
fol lowing session. At the next session, task results were
reportad and problems were discussed. Throughout, the emphaslis
was on creating a common framework for analyzing costs.

Tha feasiblility study was mot begun with a predetermined
methed for dofimg the cost analysis, A review of the literature
on the subject Indicated Zhat = variety of methods has been
deweloped umder widely varyinz circumstances of library size,
study objectives, validity requirements, and documentation to