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Preface

This reference publication is designed to provide non-
technical personnel with a conceptual introduction to
teleprocessing. It presents the concepts of teleprocessing
with little emphasis on programming techniques. Following
an historical survey is a review of the elements of a tele-
processing system, including a discussion of typical
application areas and basic teleprocessing systems flow.

Equipment characteristics, communications terms and

concepts are presented in detail, and summary chapters
are devoted to a study of teleprocessing systems design
and the concept of the total system.

The major objectives of this manual are to:

1. Define the elements of, and examine the information
flow within, a teleprocessing system.

2. Introduce the basic functions and capabilities of the
teleprocessing equipment in the IBM product line.

3. Provide a background for the study of teleprocessing
systems design through a discussion of the elements
of a teleprocessing system, including communications
line considerations, network design, and programming
support.

For titles of associated publications, see the bibliography
at the end of this manual.

Minor revision (October 1973)
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This edition inciudes minor editoriai changes v ihe foliowing pages, 35,
and 40. The previous edition is not obsoleted.

Requests for copies of IBM publications should be made to your IBM representative or
to the IBM branch office serving your locality. Address comments concerning the
contents of this publication to IBM Corporation, DPD Education Development -
Publications Services, Education Center, South Road, Poughkeepsie, New York 12602.
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All rights reserved. No portion of this text may be reproduced without express
permission of the author,
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Introduction

A teleprocessing (TP) system may be defined as a data
processing system plus communications. To the user of a
data processing system, this definition implies that he is
able to communicate with devices at a remote location
from his central installation. These remote devices have
access to the computer and vice versa, allowing the
remote users to take full advantage of the computing
facilities available at the central location. This gives the
user the ability to transmit meaningful data from remote
location(s) to a central computer, and utilizing central
information files, to receive complete status information
at any remote location.

The methods and equipment used to transfer information
between the central and remote locations are discussed in
subsequent chapters of this publication. The following
section is devoted to a review of the evolution of TP
systems and how they meet the requirements of today’s
expanding businesses.

Introduction 1



Historical Review

The growth of teleprocessing systems is actually an
evolutionary step in the development of computer systems.
It is important to realize that present TP equipment and
programming techniques are not innovations in the
computer industry but logical extensions of the require-
ments of an economy which has changed drastically over
the past three decades.

Developments in Teleprocessing

Although the majority of teleprocessing systems have
been developed in recent years, the potential benefits of
these systems were recognized by early computer users.
In fact, the first use of TP equipment with a computer
occurred before the advent of stored program systems.
As early as 1940, scientific calculations were telegraphed
several hundred miles to an electromechanical calculator
and within minutes results were returned to the distant
users.

In 1940 and 1941, production models of IBM data com-
munications equipment were used by the U.S. Army Air
Corps at Wright Field in an inventory control application.
The IBM 57 converted the data on punched cards into
paper tape for use as input into a teletypewriter network,
and receiving stations utilized the IBM 40 to convert the
paper tape output back into cards. Later, the IBM 65 and
66 Data Transceivers were developed to provide direct
card-to-card transmission over telephone lines, thereby
eliminating the intermediate steps for conversion.

Such pioneering demonstrations indicate that there was
an early awareness of the convenience in using a powerful
calculator and telephone lines from remote locations for
centralized computations. These experiments were
considered valuable enough at the time that a patent was
issued on one such system.

Experimentors recognized that a calculator was fast enough

to service several remote devices concurrently; and,
although the terms had not been introduced as yet, the
concept of sharing the central calculator was a predecessor
of recent advances in multiprogramming (executing several
interleaved programs concurrently) and time-sharing
(distributing the resources of a computer system among

a number of independent users).

During the early part of the decade following World War

I, military planners realized that new approaches were
needed to provide an adequate air-defense system. Vast
amounts of data would have to be collected and pro-
cessed with results being directed immediately to command

personnel, who in turn, could interrogate the system and
plan effective defensive action. Here, then, was a need
for transmitting data from such remote sensing devices as
radar stations to a central computer, processing the data
rapidly enough to influence the environment being
monitored (that is in “real-time”), and using a man-
machine system to combine the judgment and experience
of professional personnel with the rapid, accurate proces-
sing of a computer. The system which grew from these
requirements was named Semi-Automatic Ground Environ-
ment (SAGE); and the equipment and techniques
formulated for such systems as SAGE had a substantial
influence on the evolution of similar systems for
commercial applications.

The first commercial teleprocessing applications were
developed for industries with requirements for real-time
control or rapid access to large data files. By the late
1950’s, computers had been installed for controlling both
industrial processes and critical time-dependent business
inventories, including a number of airline reservation
systems. Initially these systems used special-purpose,
fixed-program machines to maintain inventories of
passenger seat availability for future flights. Later,
general purpose systems were programmed to provide
more general reservation-accounting functions; and the
design of the largest of these, SABRE (for Semi-Automatic
Business Research Environment), was stimulated, as the
name implies, by the earlier military systems.

The design of these general purpose systems, however,
involved extensive modifications to the commercially
available equipment and required the attachment of
several special devices: separate channels to attach the
communications equipment, special remote units,
modified processors to protect against inadvertent
destruction of data, additional core storage and drums to
hold transactions before processing, and large disk files
for the reservation data. Specifically designed programs
were developed to control and coordinate the equipment.
The design and testing of these complex programs
required highly competent, trained personnel, long
development schedules, and extensive amounts of machine
time for testing. Naturally, developers soon realized that
the widespread, economical use of such systems in
commercial applications would require the development
of TP equipment and control programs to interface
directly, without modification, with standard computing
systems.

With the advent of System/360 in the early 1960’s began
a new phase in the evolution of teleprocessing systems.



Although the earliest application of computers was to

the solution of scientific problems, the potential of TP
systems in this area went relatively unnoticed for some
time. Computer equipment had become more economical
and, with the introduction of operating systems, more
conventional and efficient. User access to scientific
computers, however, had not improved. In fact, individual
users were experiencing more inconvenience and longer
turnaround time (the time interval between submitting a
job and receiving results) to the point that it was limiting
programmer productivity.

Several leading university computer centers, recognizing
the impact of turnaround time on user productivity,
developed the concept of providing many users with the
ability to share the facilities of a central computer via
numerous remote devices. According to their plans,
experienced personnel could apply their knowledge and
judgment directly to the formulation and solution of
complex scientific problems; whereas, inexperienced users
with less background in computer systems could code
and debug programs.

Teleprocessing Today

Teleprocessing systems have evolved from data processing
systems because of the need to respond to the require-
ments of expanding industries with faster and more
accurate information. The following trends summarize the
industrial growth patterns which established these
requirements:

° All communication techniques have improved.

®  Much faster transportation is available through
automobile, bus, train, and jet travel; and radio,
television, and satellite provide new communications
media which are capable of reaching millions cf
people at once.

. Business competition has increased.

° More services are available to the consumer, so he
is able to discriminate between the services
offered to him.

. The economy in general is mobile and growing
rapidly.

. Businesses have expanded geographically because
of competition and consumer familiarity with
products and services as well..

Communications expansion facilitates widespread advers
tising, and business has responded to the demands where
the markets are available. As a result, the internal

operations of business and industries alike have increased
in speed to such an extent that volumes of data are
accumulated daily, and there are many more users of the
computer today than ever before.

Today’s economy is vigorous and complex. It is vital to
good management that a centralized source of
information exist concerning all facets of operations,
consumer services and activities in remote areas when and

. where it is needed for effective decision-making. Data

processing systems, with their powerful logical ability
and speed, reduce the variety of information to the

facts required for decisions and control. This data,
however, must be collected from its sources before it can
be processed.

By capturing the data at its source, the time, effort and
expense required to convert information into a form
suitable for entry into a data processing system are
substantially reduced. The rapid transferral of information
from its source to the central processor increases system
performance and can provide both accurate and timely
reports for management decision-making.

Consequently, the capabilities of data processing systems
have been expanded to include new equipment as well

as new applications. Computers now incorporate tele-
processing features as standard equipment rather than as
special attachments, and special-purpose control programs
are being replaced by general purpose programming sys-
tems to service the teleprocessing environment.

Summary

The attachment of teleprocessing equipment to digital
computers requires much more than establishing the
appropriate electrical connections. It involves a merging of
the separate technologies of communications and com-
puting, which have different heritages and attendant
differences in equipment requirements and technical
terminology.

It is a significant factor that much communications equip-
ment was developed long before the modern digital
computer, and facilities that were designed for convenient
or economical data communication are not always ideally
suited to a computer system. Teleprocessing demands new
techniques which are not required for the standard input/
output devices associated with data processing (e.g.,
printer, card read/punch); and because data is often entered
into a computer directly from a remote device, this direct
man-machine communication requires data validation and
programming procedures not encountered in off-line
(conventional) systems.

Historical Review 3



It is not feasible to satisfy all the requirements of a tele-
processing environment with standard products and
programming support. Many application requirements,
however, can be satisfied by TP devices used in conjunction
with standard computer equipment, and a large number of
applications can be processed under available operating
systems augmented by communications-oriented control
programs.

Substantial new capabilities, not available with earlier
computer systems, become practical in a teleprocessing
environment. In order to capitalize on this potential, one
must have a general understanding of TP devices and
terminology and of associated computer equipment and
programming techniques. The direct substitution of a TP

system for a conventional computer system is no more
sensible than the rigid conversion of a manual accounting
application to a computer, because the best use of the new
TP system is made not by doing the old job in the same
manner on new equipment, but by rethinking the entire
approach in consideration of the new capabilities

available with teleprocessing.



Elements of a Teleprocessing System
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Figure 1. Relationship between terminal and other elements
of a TP system.

The most meaningful approach to any study of the elements
of a TP system is through an examination of the flow of in-
formation between these elements. The following section
introduces the function of each of the basic elements of a
TP system and establishes the relationship between them.

The flow of data in a TP system is initiated at a remote lo-
cation from the central processing unit; data from this re-
mote station is entered or received through a mechanical
‘or electrical device called a terminal. One of the most
familiar devices that can be used as a terminal is the com-
mon 12-key Touchtone* telephone, which provides both an
input and output device capable of data transmission. Other
common terminal types are the standard electric typewriter
(incorporating the necessary communications interface, of
course), and visual display devices, which employ a type-
writer keyboard for input and a cathode ray screen (similar
to a television screen) for input verification and output dis-
play. Figure 1 illustrates the relationship between the ter-
minal and the other basic elements of a TP system and

*Trademark of Bell Telephone
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Figure 2. Example of a communication system and a
teleprocessing system.

should provide a better understanding of the data flow. It
is suggested that the reader examine this figure closely be-
fore proceeding to the next section.

The most basic definition of teleprocessing is data pro-
cessing plus communications. Because this definition
includes communication systems within the realm of
teleprocessing, it becomes necessary to make some
distinction between TP and the widely misused term
“communication system’.

A communication system is one in which a message is
entered at one location and appears in exactly the same
format at another location. Using the example in Figure 2,
Terminal 1 can read in cards at remote location 1 and
then, over a terminal-to-terminal communications

facility, Terminal 3 can print the exact card formats in an
80/80 list at remote location 3. In other words, as a card
is read in at Terminal 1, an exact copy is printed out at

Terminal 3.

Elements of a Teleprocessing System
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This type of terminal-to-terminal operation would normally
be used to transmit source deck listings, for example,
from one remote location to another. But what if remote
location 1 wants to send computer assembled output
listings to remote location 3? In this case, as cards are
read in from Terminal 1, they are transmitted to the
computer site itself via the TCU and stored temporarily
on disk. The data processing system then executes the
program to assemble the card-image disk records, and the
results of the assembly are transmitted back over the
communication line to remote location 3.

The object deck is punched at the punch station of
Terminal 3, and the assembler listing is printed on the
output printer.

This latter operation from Terminal 1 to CPU to
Terminal 3 adds the processing power of the computer to
the simple data movement within a communication
system. The CPU can edit, audit, add to, delete, and
modify the incoming data and/or examine centrally
stored data files to prepare output information. This
type of data manipulation performed at the CPU site is

a function of the application program design and may
vary for different users, input formats, or locations.

Business machines (terminals) are not normally designed to
produce output signals that may be transmitted directly
over common carrier communication facilities (see Glossary
of Terms). Because the common carriers operate their
facility to accommodate voice transmission, business
machines cannot be directly attached to the common
carrier facility without some type of interface. These
interfaces handle the conversion of business machine
signals into frequencies suitable for transmission.

The line interfaces are normally separate boxes, composed
of electronic circuits that are attached to the communica-
tion line and the terminal. The interface units may be
purchased from the common carrier or IBM. If the inter-
face is obtained from IBM, the communication lines are
usually privately owned or leased from the common
carrier. Switched (dial-up) lines will normally use common
carrier line interfaces. The terminal is attached to the
communication line facility via this line interface
(frequently referred to as a data set, modem, line adapter,
subset or data phone).

The communications lines necessary to transmit and
receive data signals are offered in many different grades
and speeds. Communications lines and the differences
between leased and switched facilities will be covered in
detail in the section entitled “Communications Terms and
Concepts”.

Since data is transmitted from the remote site over commu-
nications lines using a voice frequency range, the
information transmitted must be converted back into
business machine output at the receiving CPU location.
This final data conversion requires another line interface
located at the CPU site because the data signals, once:
converted by the line interface, are still not in a format.
acceptable to the computer. This interface is called a
transmission control unit (TCU) and is used to prepare
transmitted data for acceptable input into main storage of
the computer. The functions of transmission control units
will be discussed in detail in the section entitled “Trans-
mission Control Units”.

The major internal structure of the CPU consists of many
blocks of user written logic, called programs. The most
important series of programs to assist the user in overall
computer operations is called an operating system. The
received data transmitted from the terminal is first handled
by portions of the operating system and then passed to
user’s application programs. Application programs are
designed and implemented by the user to perform the
necessary processing required in handling everyday
business functions.

To aid the application programs in obtaining data from
remote terminals, a series of logic modules has been
developed called “Access Methods”. The access methods
for TP provide an interface between the TCU and the user’s
application program(s). By utilizing these access methods,
the user is able to devote his company’s programming
efforts more toward solving its business requirements
because many of the detailed steps necessary in hardware
interface and code conversions need not be a concern of
the programmer. Access methods for TP will be covered in
more detail under “TP System Design”.

These then are the basic elements of a TP system as
discussed above: terminal, line interface, common carrier
communication facility, TCU, CPU, operating systems,
application programs, and access methods.

The following section presents a brief discussion of user
application programs and their function within a TP system.

APPLICATION AREAS - A BRIEF OVERVIEW

Recent surveys of TP applications indicate that
approximately seventy-five percent of all installed and
on-order TP systems may be separated into the
following three categories:

. Data Entry
] Inquiry
° Record Update



Data Entry

The results of these surveys point out that only a small
cost of processing an entire segment of data is at the
CPU site itself. The larger percentage of cost actually
occurs in preparing the data for computer processing
because of the necessary error checking and audit trails
required as data moves through the various personnel
and locations from initial data creation to a format
acceptable for CPU processing. Consequently, one of the
. first areas addressed in TP applications was the entry
techniques employed in preparing CPU input data, and
the application area in TP that directly addresses this
problem is data entry.

Data entry allows the terminal operator to enter new data
from its original source directly into the CPU. This
technique provides both the verification of data at the
remote location prior to input and reductions in user-to-
user transfer steps in data submission. The creation and
maintenance of a usable, current and accessible data

base is an essential part of a TP system, and although
data entry is not necessarily the first application examined
or installed on a TP system, it is easily the most desirable.
This is simply because data entry is frequently used in
building the central data base of information that will

be accessed either centrally or remotely to produce

useful company reports.

A data entry approach which has been designed to
utilize effectively all remote input stations will greatly
reduce the expense involved in maintaining and creating
this data base.

Inquiry

Once the data has been assembled on a central data base,
it may be examined by remote terminals through a
technique called inquiry. Many users have rather limited
requirements and may need to inquire only into data
pertaining to their own departments. It is possible, also,
to access files of other departments or corporate data
contained on the central data base. TP systems may be
designed to allow or deny access to entire files, records
within files, or data fields within records to specific
individuals and/or specific terminals only.

Record Update

TP inquiry capabilities alone do not allow remote stations
to alter stored file data. They provide only for an
examination of this data; however, if inquiry is to be
beneficial or accurate, the data records must be kept
current. The necessity of keeping data current requires
TP techniques to permit record alterations; i.e.,

record update.

Several questions regarding data bank considerations and
program design philosophies must be answered prior to
the implementation of a record update application in a
TP environment. What happens when a program or the
hardware (the physical units of a computer system)
fails? What happens to the data being received or trans-
mitted when the communication facility fails? What can
be done if incorrect fields or records are accidentally
updated? Obviously, some system design techniques
must be implemented to permit accurate audit trails and
effective program check and balance routines. This is an
entire science in TP system design, however, and will be
addressed in the “TP System Design” discussion.

Other Application Areas

Data entry, inquiry and record update are the predominant
applications used in the currently installed and on-order
TP system. The scope of TP will probably extend into fast
growing areas outside of these three categories in the
future. It is impossible to predict what dynamic changes
will occur in the spectrum of TP applications, but some
very interesting areas have already been implemented and
should be discussed.

Remote Job Entry

One fast growing TP application area is Remote Job Entry
(RJE), which allows a remote location to utilize the
processing powers of the central CPU. The CPU may be a
large processor that services many smaller CPU’s or
non-intelligent remote devices (if the remote device does
not possess processing capabilities, it is classified as a non-
intelligent terminal). By utilizing a large CPU to service
many remote devices, RJE extends the processing power
of the large CPU to each remote user.

RIJE may be subdivided into the following two categories:

) Remote batch processing
. Conversational RJE

With the remote batch processing facility of RJE, the

user prepares all the required logic and/or data for a job

or a series of jobs and then submits this entire batch via
communications lines to the host system for processing.
Conversational Remote Job Entry (CRJE) allows the user
to enter his problems line-by-line from the remote device
rather than in a batch as specified above. Once the problem
is entered in its entirety, the central processor executes

the job and displays the results back to the terminal.

RJE permits the data processing installation to concentrate
its personnel talent and development efforts. This normally
results in instilling unity among the remote user(s) and the
central staff personnel.

Elements of a Teleprocessing System
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Message Switching

Another fast expanding area in TP is message switching.
Message switching provides the ability to send messages
from one remote site to one or more different remote
locations via the CPU but without any requirement for
CPU processing.

Two major problems in message switching applications
were encountered in early TP systems:

° Manual intervention required at the terminal
° Uneconomical data storage facilities at the CPU

The technique used for message switching at the initiating
location was to key the message(s) on a typewriter and
simultaneously produce a duplicate copy on a punched
paper tape. The tape was used to store the message
temporarily, in order to avoid domination of the commu-
nication line as the operator keyed the data. Once the tape
was completed, it was removed from the paper tape punch
and placed into a tape transmitter. This tape movement
required an undesirable manual step and involved
excessive tape handling.

Terminals have been designed in recent years to include the
same entry “‘buffering” capabilities provided by the paper
tape but without involving manual intervention. These
terminals are understandably called buffered terminals.
The buffer normally employed is a matrix of magnetic

core that allows storage of various message lengths and
effectively eliminates any manual handling of tape prior

to transmission. Once the data is keyed into the magnetic
core matrix, the operator may then request the data to be
transmitted by depressing a key on the typewriter.

The computer installation itself presented another problem
in message switching because the central site was handling
large amounts of paper tape for incoming and outgoing
messages.

As magnetic disk storage became more and more economical
to store data, the paper tape was removed from the

central location, thereby providing the same advantages

at the central site as the terminals were given at the remote
site. Today, high speed, large capacity, magnetic disk

storage is available to make message switching a very
desirable application for TP systems.

Time Sharing

A major area that is making a strong move to become a
leading TP application area is time-sharing. Time sharing
can be defined as the servicing of many terminals
concurrently from a central system, by allocating each
terminal only a portion of the total available system time.

This definition can be better visualized by assuming, for
purpose of illustration, that each terminal output message
is one minute. As this message is being output at one
terminal, the system may begin additional transmission
to other terminals. The original terminal serviced will be
given additional processing capabilities at the lapse of the
one minute time slice. The actual internal speed of
computers is measured in millionths of seconds. Within
the assumed one minute time slice, therefore, many
terminals could be provided service of input and output
data. By allocating the computer resources in this way,
the central processor is said to be operating in a time
sliced mode. Most systems used in this manner allow only
a few seconds per time slice rather than the one minute
in our example, '

Application Area Summary

To summarize, below are listed the categories of TP
applications discussed so far:

Data Entry Entry of data from a remote
location into a central processor
via a communication link

Examination of centrally stored
data via a communication link
from a remote site

Inquiry

Record Update Alteration, deletion, or addition
of data contained on existing data
files and stored at the CPU site via
a communication link from a
remote location

Remote Job Entry Entry of logic functions from a
remote site to be executed at the
central CPU location via a
communication link

Ability to relay a message from
one remote location to one or
more additional remote location(s)
via a CPU and a series of
communication links

Message Switching

Time Sharing The allocation of central processor

computing resources to many

1 mnta lanatinne an that
different remote locations, so that

each appears to have exclusive
use of computer resources
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Figure 3. Major elements in the information flow of a TP system.

TP INFORMATION FLOW

Figure 3 illustrates the first three major elements to be
covered in the information flow of a TP system: the
terminal, the line interfaces (data sets) and the TCU. In
this example, the IBM 2721 Portable Audio Terminal is
the terminal specified.

Line Interface

Terminals and communication lines differ greatly with
regard to their structural design. Communication lines are
designed to operate with voice frequencies. Terminals, on
the other hand, are designed to produce a direct current
signal. This inherent difference between terminals and
communication lines naturally restricts the terminal

from transmitting its output directly over communication
lines without some kind of signal conversion. This signal
conversion from terminal-to-line, and line-to-terminal as
well, is accomplished via the line interface.

Line interfaces, or data sets, are provided by the common
carrier on a monthly-charge basis and are offered to the user
in several grades of service, each of which can accommodate
different speeds of data transmission. Examples of the

grades of service available are voice, sub-voice, and broadband

or micro wave. The common telephone operates on a voice
grade facility, which is capable of transmitting message data
as well as speech. For slower devices, sub-voice grade

service would be used (see Glossary of Terms), and for
higher speed devices, broadband facilities would be used.
Broadband is a tariff offering which allows a wide frequency
spectrum for high speed data transmission and can be
visualized as a combination of several voice grade channels.

For in-house operations, the user may elect not to use the
common carrier facilities available. He may install his own
private communication lines and attach the terminals via
an IBM line adapter or private vendor adapters.

Transmission Control Unit

The flow of voiced information over the line in a telephone

conversation is very similar to the flow of data over
communication lines in a TP environment. Certain functions
must be performed for the parties at either end of each
system to be able to understand each other, whether it be

a standard telephone conversation involving just two people,
or a TP system with a CPU and remote terminals. These
functions are performed by the transmission control unit
(TCU) in a teleprocessing system and the following analogy
between a telephone conversation and a TP system is
designed to emphasize these TCU functions in relationship
to the entire system.

In a typical telephone conversation, one party (Mr. A) would
first dial the desired telephone number, which would be
routed through the various telephone companies’ switching
stations to the other party’s (Mr. B) location. The first

thing Mr. B must do is to recognize the ringing of his
telephone. The TCU must also perform this function of
recognizing a request to communicate. Next, Mr. B would
perform the mechanical function of picking up the receiver.
Similarly, the TCU must establish the connection.

Mr. B’s next step is to determine who is calling. He says,
“Heilo”. Mr. A then identifies himself by saying, “Hello”,
this is Mr. A”. The TCU likewise must identify the calling
terminal and ensure that the correct terminal is using the
correct communication line. If Mr. B does not recognize
Mr. A, he will most likely say, “Sorry, wrong number”, and
hang up. On the other hand, if he does recognize Mr. A, he
will acknowledge him and ask him to proceed. Similarly,
the TCU will await a message from the terminal.

When Mr. A is ready to talk, he might say, “How are you,
Mr. B?” Suppose that Mr. B was only able to distinguish
part of Mr. A’s sentence. He would immediately detect an
error and ask him to repeat it. The TCU must also
recognize that the data transmitted from a remote device is
received in the same image as it was transmitted. If the
data is not received in the same image, an error condition
must be acknowledged and passed to a program for
necessary retransmission or correction.

Elements of a Teleprocessing System 9
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Figure 4. Expansion of Figure 3 to include elements of the central processor

Now that the necessary components to transmit data from
the terminal to the TCU (i.e., the terminal, line interface,
TCU) have been introduced, processing logic can be added
to the data received at the CPU, Figure 4 expands Figure 3
to include the elements of the central processor.

The central processor must contain the necessary applica-
tion programs to process the data received from the
terminal(s), and it must be able to access various peripheral
devices. The common data processing “hardware” elements
at the CPU would be a card reader, printer, magnetic

tape, and magnetic disk. Multiples of one or more of these
devices will appear on many data processing systems.

The card reader/punch provides the central processor with

the capability of punched card entry or punched card output.

The printer provides output printed data, at high speeds,
from the processing programs. Printers at the central site
are typically of the 1100 line per minute output speed and
can print up to 132 characters per line. This permits data
to be printed at approximately eleven pages each minute,
with multiple copies available if desired.

The magnetic tape unit(s) provide mass data storage for the
central site. Magnetic tape units, however, do not possess
the necessary characteristics for data base storage in a TP

environment because of their sequential access requirement.

TP requires rapid access and fast response to file update or
examination of stored data and would require excessive
tape movement if tapes were used for data files.

It is not difficult to imagine the amount of movement and

the time required if 100 users all requested different
information at the same time from the same tape file. It
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would be quite a bit like 100 persons simultaneously
requesting 100 different songs from the same stereo tape
mounted on one tape player. ‘

Magnetic disk storage is an essential element of all TP
systems. These units are a series of magnetic disk surfaces,
stacked about one inch apart, one on top of the other. The
access to data is made by a series of read/write heads that
move in and out between these surfaces. This movement is
very rapid, allowing direct access to the data stored on one
or more surfaces.

A typical disk unit (IBM 2314) can store 29.18 million
characters of data, or approximately 24,000 pages. There is
also a wide range of speeds and storage capacities available
in magnetic disk storage to match the requirements of the
installation.

Magnetic drums can be used equally well as magnetic disk
for TP systems, although the magnetic drum provides
generally less storage capacity. Magnetic drums do provide
immediate access to all data stored because there is no
mechanical movement of the read/write heads to obtain
the data.

Sample Inquiry

Assume that a user wishes to make a remote telephone
inquiry against an accounts receivable file stored on a disk
volume. He would first dial the CPU on the telephone and
enter a request for, say, the current balance information
for customer number 44050. The audio response output
data would be issued in voice answer-back and could have
been initiated either by an IBM 7770 or IBM 7772 Audio
Response Unit.
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Figure 5. The processor divided into three partitions

Suppose that the unit chosen was the IBM 7770. This is a
TCU which can operate with up to 48 communications
lines, all transmitting and receiving data simultaneously.
If 47 different individuals are simultaneously utilizing the
A/R inquiry application, it is possible that they could be
obtaining A/R status for 47 different customers. What
would happen, however, if the 48th user to dial the CPU
requested the year-to-date sales analysis information from
the system. The only currently active TP application is the
A/R inquiry. How can this sales analysis request be
serviced?

It is feasible to telephone the requestor and ask that he re-
dial the system later in the day, after the sales analysis
application for TP inquiry has been activated. Another
possibility is to disconnect the other 47 users and allow the
requestor exclusive access to the computer. Either decision
would result in a less than desirable attitude toward the
system. This is one of the first problems that designers of
TP systems have to face: how to control requests for
multiple applications. In our example, the designers should
plan for the possibility of 48 different requests from 48
different individuals, all of whom are capable of communica-
tion with the system.

Even more challenges must be met for systems which must
support different types of terminals along with different
types of applications. Most TP installations will find it
advantageous to have several different on-line terminal types
to solve the many different application requirements
because terminals have been designed to satisfy a rather wide
range of functions and capabilities. There is one consider-
ation even more critical that must be examined before
approaching a solution to the multiple application/multiple
terminal design problem. Even with the 48 lines available in
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S Storage
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the above example, there will be a time when only one
terminal is transmitting or receiving data. If this occurs on
an intermediate size IBM System/360, approximately 30,000
instructions can be executed during each half second (also
the time to audio-output one word). This implies that the
system may be wasting the computer power of 30,000
instructions if the only job currently executing is the TP
application. This idle computer power should be directed
toward processing other operations not associated with TP
through programming techniques called multiprogramming.

Multiprogramming permits the user to subdivide his available
computer core storage into a series of areas called partitions.
Each partition can operate an independent job or function
without concern for the functions being performed in other
partitions since the partitions are assigned certain system
priorities. The partition assigned the highest priority
(usually TP) will be given first use of the entire computer
processing power. The partition assigned the next priority
will be given second use of the system, and so on. This
allocation of CPU resources, called task scheduling, is
handled in a purely sequential order. The processors of
today are very fast and this sequential processing occurs so
rapidly that each partition seems to operate as a separate
processor to the user.

Figure 5 illustrates the processor divided into three
partitions. These partitions could be labeled P1, P2, and

P3. P1 will represent the partition with the highest priority,
P2 the next priority, and P3 the lowest priority. The super-
visor (the control module) is shown spanning across all three
partitions. The supervisor is responsible for the processor

Elements of a Teleprocessing System  11.



time allocated to each of these partitions and also handles
many other functions for the system, such as:

Job scheduling

Physical handling of input and output data

Error recovery routines

Open and close routines (establishing contact and

releasing contact for programs and physical device)

Task scheduling (internal processing allocations)

Initial program loading (system initial setup)

. Operator communication (messages between system
and operator)

° Program termination

) Tables describing the system configuration and

operational status

These functions play an important part in the total opera-
tion of a TP system because many functions handled by the
supervisor would otherwise have to be programmed
repeatedly by the user in each application program.

The following discussion examines the partition operation
possible in the system described in Figure 5:

The batch area (P3) normally handles jobs that require
execution in a job stream, for example, payroll, accounts
receivable, stock status, etc., and certain input/output
devices must be available to supply the requested data to
the applications for processing..This batch area is not
required for TP operations, but it does provide batch
processing capabilities along with the TP operations for
better system utilization.

The second partition (P2) is most frequently used to pro-
vide processing of special applications like stockholders’
listings, high speed TP processing, or TP application test
programs to be handled without interference from P3 or
P1. If the user only utilized two partitions, he may find
himself waiting upon the completion of all batch proces-
sing in P3 or having to cancel the P1 (TP) area.

The TP partition, however, should not be suspended to
allow processing of any special jobs. The user must spend
a considerable amount of time and money in establishing
a usable data bank and keeping this data current. If the
user cut all communications lines leading into his TP
system, the data base would become virtually useless in

a very short period of time.

The quickest way to simulate the cutting of the communica-
tions lines is to make the terminal operations difficult and
unreliable. The terminal operator is the keystone of any
successful TP system. Every effort should be made to make
the terminal operations easy to learn, easy to use, and

easy to correct. This is one very important, but often
forgotten, reason why the TP partition must always

remain active.
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Figure 6, Breakdown of a TP partition
TP Control Program Design

Figure 6 illustrates the breakdown of a TP partition designed
to satisfy the requirements for multiple terminals and
multiple applications to be operating concurrently.

The following example is a step-by-step examination of
the information flow from a remote terminal to the CPU
in a multiple terminal/multiple application TP system.
These steps are numbered on Figure 6 to correspond to
the outline below:

(1) The remote user would first dial the CPU from the
terminal via the communications line, appropriate
line interfaces, and TCU. The function of the TCU
is to place the data byte-by-byte (character-by-
character) into main storage; when the entire
record has been entered from the remote terminal,
the TCU will alert the processor to begin processing
of the entered data.
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The area that is alerted by the TCU is called the
control area for all TP devices. The first processing
by the control area is to request user identification,
which could be in the form of a security code or
other ID number. The user then enters his valid
security information.

The control area then decodes this information and
retrieves a valid security list from the data bank. If
the information entered is not valid, the user will be
informed to re-enter a security code. If the code
entered is valid, the user will be asked to identify

his application or program request, which identifies
the function to be performed. Let us say, for
example, that the user wishes to make the previously
described inquiry against accounts receivable data
for customer number 44050. Each application on
the system, including the A/R inquiry program,
could be identifiable by a particular application code,
which must be entered by the user in order to

access it.

The remote user now enters the program request

code for the desired application. If this code is not
found, the user will be instructed to enter a correct
request. Once the user enters a valid program code, the
system determines the program location.

The program directory directs the terminal to the
appropriate program. Each program contained in
the system requires a certain amount of core storage
and because computers are designed with a fixed
amount of core storage (for example, 128,000
storage positions), an excessive amount of core
storage could be required for the incorporation of
all TP programs used.

One way to limit the core storage is to provide
overlay areas. Program directories are somewhat like
a table of contents for a book. The table of contents
directs you to the appropriate page for a particular
subject if it is in the current volume; if the subject is
not available in the current volume, a reference is
normally included to direct you to another volume.
The program directory points to the resident applica-
tion program area for the currently referenced
volume; it points to the overlay application program
area for the volume not currently in the system.

If, for example, the A/R program is requested, and
is not found in the resident area, the program direc-
tory searches a disk volume to locate the requested
program. If the program is found, the directory
instructs the system to place a copy of this program
into one of the overlay areas. The input is then
directed to this area by the control program. Any

program that is placed into an overlay area eventually
requests some form of input and/or output. This
input and/or output operation always requires a
significant amount of time to perform, relative to the
internal processing speed of the computer. While this
input/output is occurring, another program may
replace the A/R program in this same overlay area.
When the A/R program is ready for additional
processing, the A/R application is again loaded into
the overlay area from magnetic disk. Using a
technique similar to this, an unlimited number of
programs may be made active in the TP area upon
request. This in effect provides several additional
partitions to the system previously described.

(7)  Once the control area directs the input to the
appropriate processing application, the application
then handles all processing of the actual input and
output data,

The above example is only one of many system design
approaches which could be used to solve the multiple
application/multiple terminals requirements of a TP
system. There are several advantages in using this approach.
First, the control area may be written to support the
entire line of terminals offered by IBM, and it need only
be developed and programmed once to handle all of these
terminals. The control program is used to accept requests
from the application programs and interface with one of
the IBM-supplied TP access methods in order to handle

TP input/output, analyze errors, and provide necessary
error recovery, etc. Not only can the control program
handle the interface function, but it can also perform other
functions, such as the security and program directory
activity previously described. The application programs,
utilizing the functions provided by the control program,
can also be coded with little concern for the specific
terminal types. For example, an application would have to
be coded somewhat differently for audio output than for
typewriter output because an audio TCU cannot talk to

a typewriter, Other devices, however (for example, the
visual display and the typewriter), do have similar
functional capabilities. Both devices have a keyboard and
a line-by-line output device. Therefore, a single application
program could be written to communicate, via the control
program, to either or both of these terminals,
simultaneously or separately.

This is not necessarily a recommended system design for
every TP system, because there is no facility for message
switching or I/O queuing of incoming messages. This
system design would apply to a data entry, inquiry, and
record update oriented TP system.
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The important thing at this point is the overall system flow
and design considerations in handling many applications
and many terminals through the subdivision of one
partition into many smaller areas, all related to TP. The
control program may also be designed to allocate small
time blocks to each application, and control these time
blocks to restrict extensive usage by any single application.
In short, no program should be allowed to dominate the
computing system in the TP partition.

Terminal Considerations in Information Flow

The last character of a message to be entered by an operator
from a remote terminal is a special end-of-message indicator
or key. The transmission control unit recognizes this
character as the end of input from the terminal and alerts
the processor. The application program is then informed
that all of the message has been placed in core storage and
processing begins. This same logic applies to output data,
except that the control program places the end-of-message
indicator in the outgoing message. After processing is
initiated, a message from another terminal can be accepted
by the TCU, and the cycle is started all over again.

In the case where two typewriter oriented terminals are
prepared to transinit a message at the same time, problems
arise if both terminals are installed on the same communica-
tions line. Only one of these typewriter terminals can
transmit data over the communications line at a time so
that one of the two must wait for the use of the line. The
same is true of output data. Typewriter output speed is
approximately 148 words per minute, and if one terminal
were to receive a particularly lengthy message, the other
terminal could be kept waiting.
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There are two solutions to the above dilemma. One is to
attach each terminal to the processor on a separate commu-
nications line. This could become a rather expensive
proposition, however, if the terminals are located long
distances from the CPU, even though it would definitely
provide a solution to the operator-communication line
contention problem.

Another method used to solve this problem is to use
buffered terminals with magnetic core, magnetic tape or
magnetic disk. These buffers allow the operators to record
data off-line into the buffers and when the message is
complete, the operator requests transmission. The trans-
mission and receipt of data back to the terminal is at a higher
speed than without buffering and the communications

line is only tied up during the data transmission, not while
the operator keys or prints the data.

This section has addressed the TCU’s and terminals in a
general fashion. The next section will address the most
common TCU’s and terminals available in the standard IBM
product line. Any or all of these TCU’s and terminals

could be interfaced to the control program design described
in this section. The user should examine the functional
ability of each terminal discussed to determine which
terminal(s) best suits his application requirements.



INTRODUCTION

The first teleprocessing systems designed were specialized
systems created to satisfy specific communications-oriented
requirements. Today’s teleprocessing systems ideally must
operate in many diverse environments: they must be
capable of supporting both batch processing and tele-
processing applications, and they must be able to commu-
nicate with various types of terminals.

There are actually two major differences between TP
systems and the more familiar batch data processing
systems. Input is scheduled in batch processing, but it is
not scheduled in teleprocessing. In addition, batch
processing is ordinarily sequential, while teleprocessing is
random. Consequently, in order to develop a general-
purpose system, it becomes necessary to service the
unscheduled and random nature of the TP environment
in a system in conjunction with batch processing.

Transmission control units (TCU) are the devices which
were developed to make this merger of teleprocessing into
the standard data processing system both possible and
practical.

FUNCTIONS OF THE TCU

Just as the standard peripheral devices (for example, card
read/punch or high-speed printer) require a control unit

to interface to the computing system, devices that transmit
over communications lines require a TCU to provide a
similar system interface and to control the multiple inputs
arriving in an unscheduled fashion from the remote
terminals. The main functions of the TCU are as follows:

. Assembly: Characters are normally transmitted to a
TCU from the remote devices serially by bit. That is,
several segments of a character are transmitted down
the line very much as dots and dashes are transmitted
in a Morse Code character. These bits must be
assembled into one character before the computer
can recognize their existence.

° Checking: As a complete message is transmitted to,
or from, the computer, a checking character is
generated by the transmitting device. Next, as the
message is received, the terminal or TCU in turn
generates a character based on the message content.
Finally, the last character transmitted from the
terminal (the checking character) is compared with
the centrally generated character; and a response is
returned to the terminal indicating that either the

Teleprocessing Equipment

message was correct or in error. See the topic “Error
Detection” for a more detailed discussion of error
checking.

° Inserting and Stripping: Terminals attached to a
TCU have unique coding structures and control
characters which are completely divorced from the
actual message content, or text. They have no value
from the standpoint of the application being
processed, and, consequently, are stripped off on
incoming data and inserted for outgoing data at the
TCU. This function of the transmission
control unit prevents the central processor from
being tied up by such an operation.

° Buffering: Once a full character has been assembled
by the TCU, it must be stored temporarily to prevent
the next character(s) immediately following from
being lost. It is possible, of course, for a program to
gain control and issue instructions to bring a single
character at a time into main storage. This technique,
however, requires repetitive programming on the part
of the programmer, additional core storage for the
instructions, interruption of the computer’s
processing, and time to transfer each character to
main storage. Clearly, this is poor utilization of
computer time, valuable core storage, and program-
ming effort,

With System/360-370, this is accomplished by hard-
ware. After assembly and stripping, a character is held
in a line buffer of the TCU until the processor signals
that it is free to receive the character into main storage.
This method of transferring characters is known as
cycle stealing or interleaving of processor time with the
transfer of characters. The processor controls the
buffer, making maximum use of the processor time
and taking full advantage of the system’s processing
resources. Cycle stealing does not interfere with the
program operation and, therefore, provides for much
better utilization of the central processor power.

The actual capabilities of the specific transmission units in
relation to line speeds, line availability, and terminal support
are discussed in the section entitled TRANSMISSION
CONTROL UNITS. The following section addresses the
functions and capabilities of the various TP terminals.
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TELEPROCESSING TERMINALS

The concept of a terminal as presented in ELEMENTS

OF A TP SYSTEM builds the terminal within the frame-
work of a computer system, with particular emphasis upon
the relationship between the terminal, TCU and central
processor. This section removes the terminal from this basic
context of TP systems flow to examine the functions and
capabilities of many typical IBM terminals both by class
and by terminal type.

Terminal Classes

The diversification and expansion of today’s industries and
businesses have generated requirements for so many different
TP applications that it is unreasonable to expect any one
terminal to satisfy all of them. On the other hand, many
terminals do have inherent similarities in design, and they
may be classified accordingly:

° By application
. By purpose

These classifications are by no means exhaustive and, in fact,
involve some overlap from one to the other out of necessity.
They do provide, however, an effective structure by which
to examine the terminal functions and capabilities available.

Applications-Oriented Terminals

U Transaction (conversational) Terminals: Transaction
terminals are characterized by the transmission of a
single transaction: data entered from the terminal
elicits a one-time response from the computer to
complete the transaction. For each set of input data
received from the terminal, an acknowledgement or
guidance response is issued by the system to the
terminal. The user is for all practical purposes in a
“conversational” mode with the central processor.

. Batch Terminals: Batch terminals are characterized by
the transmission of a group, or batch, of transactions,
rather than one transmission at a time as with trans-
action terminals. In actual practice, the data is
frequently transmitted on a scheduled basis; for
example, a record of the shipments made from a
factory in a single day could be reported in one batch
transmission to the company headquarters upon
completion of the daily activities.

° Retrieval Terminals: Retrieval terminals provide the
ability to inquire into certain data files and to receive
current status information of this data in response.

Examples of other application-oriented terminals are those

used for the specific support of dedicated programming
systems as time-sharing, computer-assisted instruction,
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administrative correspondence, and problem-solving.
Special Purpose Terminals

Special purpose terminals are quite similar in approach to
the application-oriented terminals, because both types
relate to the job to be done. The special purpose terminals
involve a somewhat different perspective; they are industry-
oriented rather than application-oriented. The terminal
units used in the airlines or motel reservation systems are
excellent examples of special purpose terminals; and
industry-oriented devices have also been developed for
financial and banking as well as scientific and administrative
terminal systems. The section entitled CUSTOM

SYSTEMS examines special purpose devices in greater
detail and presents some of the custom terminals developed
for particular industries or individual customers.

Figure 7. IBM 2741 Communication Terminal

IBM Terminals
2741 Communication Terminal

The IBM 2741 Communication Terminal (Figure 7) is a
modified SELECTRIC® typewriter provided with elec-
tronic controls that enable it to operate as a remote con-
versational terminal, thus permitting direct access to the
computer system. When it is not being used for communi-
cation, the 2741 may be used for normal office typewriting.

The features available on the 2741 Communication Terminal
are as follows:

° Familiar, conventional keyboard and SELECTRIC
printing element

° Output typing rate of approximately 148 words
per minute

° 13-inch printing line; 10 or 12 characters per inch

The 2741 has only one control key and one switch. There-

- fore from the operator’s viewpoint, it is identical to the

standard SELECTRIC typewriter in all other respects
and requires a minimum of operator training.



Intended primarily for text processing and scientific
applications, the 2741 Communication Terminal permits
users at remote locations to use the problem solving
capability of System/360 on a time-sharing basis.

Some of the application areas for the 2741 are:
. On-line scientific computation
. On-line computer programming

. Text processing (technical writing, proposal writing,
text editing)

° Information retrieval
'Y Procedure documentation

. Maintenance of price lists, sales catalogs, cost
tables, budgets

) Preparation of contracts and other legal documents

One central processing unit can service many 2741’s; how-
ever, 2741’s cannot communicate directly with each

other and only one 2741 terminal can be attached to a
single communications line. The computer services one
terminal at a time, and each terminal controls the computer
intermittently. The computer can service many terminals
and perform the requested processing without any
noticeable delay at any terminal. In effect, each terminal
user is able to feel as though he has full-time control of

the computer.

2740 Communication Terminal

The 2740 Communication Terminal (Figure 8) combines
the typing advantages and ease of use of the standard IBM
SELECTRIC typewriter with the flexibility and speed of
a printer-keyboard communications terminal. The 2740
can function alternately as:

° A document writiﬁg device in a normal typing
operation (“‘off-line” or “local” mode)

. A data sending and receiving device over communica-
tions lines to another 2740 terminal or to a computer
(“on-line” or “communicate” mode)

The keyboard design and basic features of the conventional
office typewriter are retained in the 2740 so that the
terminal can be operated by any typist with a minimum

of additional training.

The 2740 is available in two models: 2740 Model 1 and 2740
Model 2. The Model 1 is equipped with a keyboard printer

to provide on-line transmission from one 2740 to another,
or directly to a central computer system. The Model 2
incorporates a core buffer feature to allow for off-line entry
of data or information which can be edited and modified in
this off-line mode. When the complete message has been
verified, it can then be transmitted from the core buffer

to the central system for processing.

Figure 8. IBM 2740 Communication Terminal

The 2740 Model 1 provides the following features:
° Typewriter keyboard input.
. SELECTRIC printer output.

) Ability to print each character on the SELECTRIC
printer unit as it is keyed and as it is transmitted to
another terminal or to the central system.

° Response speed from the system of approximately 15
characters per second (the typing speed of the
SELECTRIC type element).

. 13-inch writing line (130 characters per line) for great
versatility in the design of documents or forms.

The 2740 Model 1 is a versatile device and it is well suited
to the requirements of a business which generates a sub-
stantial amount of correspondence. Internal communication
between company departments can be expedited and an
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effective two-way communication between executive

offices and sales or manufacturing locations can be
maintained easily using the Model 1.1t also provides remote
inquiry capabilities (e.g., stock and customer sales status)
with hard copy for both input and output, thereby docu-
menting all activities from the terminal involved. In addition,
2740’s could be installed in the purchasing departments of
major customers as a sales aid for the company’s administra-
tion and to expedite the processing of customer orders.

The 2740 Model 2 provides maximum efficiency in the use:
of the communications line because of the off-line keying of
information into the magnetic core buffer. Each character is
transmitted as it is keyed on the 2740 Model I; whereas, the
Model 2 stores each character in the buffer until the

message is complete. Then, and only then, would the commu-
nications line be used to transmit the message to the central
system. The return system response is transmitted directly

to the SELECTRIC printer.

The following features are available on the 2740 Model 2::

. Typewriter keyboard input into a magnetic core
buffer for off-line preparation of entry data.

° SELECTRIC printer output.

'Y Three core buffer sizes: 120, 248, or 440 characters.
The size of the buffer selected would depend upon
the normal message lengths encountered in the
particular application used and, where longer messages
would occur, multiple buffer loads could be utilized.

) On-line transmission rates up to approximately 67
characters per second, 105 characters per second
with a special feature.

° Off-line printing of the contents of the buffer at 15
characters per second (speed of the SELECTRIC type
element). The buffer contents can be “dumped” to
the printer prior to transmission for verificiation
purposes; or, if a special feature is available, the system
response can be transmitted to the buffer before it is
directed to the output printer.

Application areas for both models of the 2740 are quite
similar; however, the 2740 Model 2 provides the ability
for several terminals to share one communications line
and yet operate at full line speed. The operator enters data
into the buffer in an off-line operation, thereby making
the communications line available for the transmission

of data by other terminals on the same line. With the 2740
Model 1, or other unbuffered devices, the communications
line cannot be shared with other terminals while the
operator is keying data. Therefore, the use of several

2740 Model 2’s on the same line can reduce line costs
significantly.
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The buffer storage on the Model 2 provides for improved
operation through:

° Faster transmission to and from the central system
(increased line speeds)

° Visual verification before transmission (the buffer
may be printed out for verification purposes prior
to actual transmission)

° Easier correction of keyed errors (errors may be
backspaced over and rekeyed while in the buffer
and before transmission)

This storage makes the Model 2 particularly well suited for
remote inquiry, update, and reply operations including:
payment entry, journal entry, administrative messages,

file updating, and record renewal.

Figures 7 and 8 show that the 2740 and 2741 are quite
similar in appearance. Both terminal types are equipped
with a standard SELECTRIC typewriter keyboard and
printer to operate on-line with a computer system and
off-line in a normal office typing environment.

They do differ, however, in function and application usage
as outlined below:

° Only one 2741 may be attached to a communications
line, whereas many 2740’s may share the same line
for processing and transmission.

. It is possible for 2740’s to communicate directly
with each other in a two-way environment without
using the resources of the central system for
processing or transmission. This local message
switching facility is not available with 2741’s.

. 2741’s are not equipped with the terminal error
checking capabilities available with the 2740. The
2741 is primarily a text and information processing
machine, whereas the 2740 is used for those
applications which require validity checks to be made
on the data that is transmitted and received.

Consult the IBM 2740/2741 Operator’s Guide (Form
GA27-3001) for a more detailed description of the

functions and capabilities of the two terminals.

The IBM 2760 Optical Image Unit (Figure 9) is designed
to provide a new approach in the entry of data to a central
computing system from a remote location. Data that
relates to the application being processed is projected
from a 16 mm filmstrip onto the 2760 viewing screen

and by touching the sense probe to the segment of the
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Figure 9. Components of IBM 2760 Optical Image Unit

screen where pertinent information appears, the selected
data will be transmitted to the computer.

The integral elements of the 2760 Optical Image System
are as follows:

. Viewing screen

° Radio frequency probe for identifying particular
respornses

. 2740 Model 1 Communication Terminal to provide
additional input flexibility to the central system and
hard copy printed response when required

The viewing screen of the 2760 is divided into two sections
(the projection screen and the auxiliary screen) and provides
240 response points for the selection of displayed data. The
data displayed on the auxiliary screen (or the left side of the
viewing screen) identifies relatively permanent information
that is constant for a particular application or job. It is used
with application-oriented overlays that may be easily
changed to provide the desired flexibility.

The data designated to appear on the projection screen

(or the right side of the viewing screen) is rear-projected
from 16 mm filmstrips contained in individual cartridges.
The terminal operator inserts the appropriate cartridge into
the 2760 according to the application to be processed.
Filmstrips can be in either black and white or color, and

may contain up to 128 frames or images. They are individual-

ly indexed so that they may be displayed on the projection
screen in any order which is logical to assist the operator.

Film Cartridge

Projection Screen

Specific responses from either the auxiliary screen or
projection screen may be selected by the terminal

operator simply by touching the appropriate response with
the radio frequency probe. Each response point probed
creates a transmission of a pair of display image coordinates
which can be interpreted by the application program as a
single or multi-digit number, a word, a phrase, a sentence,
a name, or other meaningful information. The program’s
interpretation of the probe may then direct the next image
to be displayed or, possibly, direct output messages to the
associated 2740.

Terminal output is in the form of images selected for display
on the projection screen, or hard copy printed output
created by the 2740 Communication Terminal. When the
2760 is not being used for data entry, the 2740 can be
operated separately as an inquiry terminal, a communicating
terminal, or a standard SELECTRIC typewriter.

A significant feature of the 2760 Optical Image Unit is
simplicity of operation, since no formal training is required
to use it productively. The operator needs only to recognize
words, phrases, or sentences in his own language or any
nomenclature relevant to the work being processed. The
filmstrip may be written in English, or any other language
as desired, and data shown on the viewing screen can be set
up to include pictures or diagrams of pertinent objects as
well as written instructions to lead the operator through an
application in a logical manner.
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Figure 10. IBM 1030 Data Collection System

Because of the 2760’s extreme ease of operation, the unit

can be used by a broad range of professional and vocational
personnel in a wide variety of application areas. These areas

include:

° Medical: data required for patient entry into a
hospital; hospital information systems; automated
patient history; records of diagnostic procedures

. Insurance: generation of new policy data; claims
processing

&  Manufacturing and process industries: cost
estimation; order entry; manufacturing planning

) Scientific: design simulation using computer techniques

Through the use of the 2760 Optical Image Unit, the simple
probing of pertinent information may take the place of many

multi-step operations generally associated with data entry.

The IBM 1030 Data Collection System (Figure 10) provides

a rapid, accurate method for collecting data from remote
locations. Information is collected from diverse reporting
stations and transmitted at 60 characters per second to a
central computer system for recording, processing and

analysis. The 1030 is a versatile system and can be used for
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the following types of data collection functions:

Recording of receipt or shipment of goods at a
loading/shipping dock

Production reporting in a plant

Control of customer policy files in an insurance
company

Recording of the receipt and disbursement of

certain documents as from a technical library in a
research organization

Issues of plans or drawings for a manufacturing concern
Attendance reporting

Labor distribution and performance

Scheduling and dispatching of jobs for a particular
production cycle in plant operations

Inventory update and maintenance

The 1030 system can be an effective management tool to
reduce the time between data origination and the time that
data becomes available for machine processing. The specific



units of the 1030 Data Collection System are:

IBM 1031 Input Station

IBM 1032 Digital Time Unit

IBM 1033 Printer (on-line systems only)

IBM 1034 Card Punch (off-line systems only)
IBM 1035 Badge Reader

The IBM 1031 Input Station enables the 1030 system to
accept data in various forms: prepunched plastic badges and
the standard 80-column cards, manual entry units, and data
cartridges. The punched card could be used as a job
identification card or as a card attached to a particular book
or document for identification purposes.

A badge might be used to identify a particular individual or
station (for example, the student at a university who has
checked out a document from the library, or the particular
station that completed a step in a production process).

Variable information may be entered through a data
cartridge or manual entry slide and might include such
items as the quantity shipped, time required to complete a
specific job, or the anticipated return date for a book or
document being loaned.

The data cartridge may be preset with up to 12 characters
of numeric information and then entered through the 1031
with additional data from a badge or punched card. The
manual slide provides for the same variable entry function
but must be set at the terminal by positioning each of the
12 stides for the specific information to be entered.

One consideration in selecting the data cartridge over the
manual slide, or vice versa, would be the number of transac-
tions expected to be entered at a specific terminal. The
positioning of the slides with variable data frequently takes
from 5 to 20 seconds. The 1031 station is effectively tied
up while this information is being selected at the control
station. The data cartridge, however, can be set prior to the
employee arriving at the control station, thereby taking

less time at the station for the entry of variable information.

The IBM 1032 Digital Time Unit provides the time of day
and can be used to record the time that each transaction
enters the system.

The IBM 1033 Printer provides on-line 1030 systems with
SELECTRIC printer output at locations remote from the
central computer system. In combination with the 1031
Input Station, 1033 printers offer full on-line inquiry

and response capabilities and can provide hard copy docu-
mentation of certain exception information (for example,
rerouting of a job on the production floor or notification
of an appropriate fine for overdue books).

The IBM 1034 Card Punch is the transmission control and
output unit for off-line 1030 systems. It coordinates trans-
mission from the remote stations and punches standard
80-column cards as output records.

Badge identification can be entered through the IBM 1035
Badge Reader as well as the 1031 Input Station. The 1035
reads numeric data only from a 22-column badge and is
available for use with both on-line and off-line 1030
systems. It provides for badge input only, however, and
would be used where attendance recording is a major
application.

For manufacturing areas, machine shops, warehouses, and
other important sources of production data, strategically
located 1031 Input Stations can accept and transmit fixed
data such as man number or job number from a card or
badge and certain variable information from a data
cartridge or manual slide. Incorporation of the 1033
Printer provides the additional facility for printing up-to-
the-minute information right in the factory. Consequently,
the versatile 1030 Data Collection System offers plant
management the means to eliminate the time-consuming
methods currently used in transporting and converting
source data prior to processing.

2790 Data Communication System

The IBM 2790 Data Communication System is a high
speed communications and production reporting system
designed specifically to handle a large volume of short
messages to and from many in-house locations. The 2790
is a versatile terminal system and can be readily adapted

to a wide variety of application requirements for the larger
data collection user. The application areas are quite similar
to that of the 1030; however, the 2790 is a growth step
away from the 1030 Data Collection System and provides
expanded functions for use by manufacturing plants,
shipyards, process industries, meat packing houses,
hospitals, libraries, etc.

The 2715 Transmission Control Unit provides all of the
terminal and line control required for transmission to the
system. For local operation, the 2715 may be attached
directly to the multiplexor channel;in a remote environ-
ment, however, the 2715 must include a binary synchronous
communications adapter.
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As many as 100 area stations can be attached to a
single 2715 control unit.

° IBM 2795 and 2796 Data Entry Units (Figures 12 and
13) — are compact inexpensive terminals designed
for reporting job and machine status and production
information by production employees at their work
location.

Up to 32 data entry units may be attached to one
2791 area station.
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Figure 11. IBM 2791 Area Station

Figure 12. IBM 2796 Data Entry Unit

The other components of the 2790 Data Communication
System are listed below:

e  IBM 2791 Area Station (Figure 11) — provides data
entry via punched card, employee badge and key
entry. Additional facilities include a program-
controlled display panel to guide the operator in
data entry, attendance reporting at “walk-by”’
rates, and a visual display to show time and to
permit verification of keyed data prior to transmission.

Figure 14. IBM 1060 Data Communication System
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1060 Data Communication System

The IBM 1060 Data Communication System (Figure 14)

is designed to improve services in such financial institutions
as savings and loan associations, savings banks and
commercial banks. It permits the tellers to handle customer
accounts faster and more accurately by making available,
on a real-time basis, all account records. The teller at any
window, whether it be at the bank’s main office or at one
of its widely scattered branches, can access and update all
the necessary customer records and, as the daily transac-
tions proceed, the 1060 system can provide each customer
with an accurate and current record of his account. The
system also provides each teller with this same account
information and continuously maintains his own balance
on hand.

The 1060 Data Communication System is comprised of
two units:

e  IBM 1061 Control Unit: contains all the communica-
tions line control, code translators, and balance
accumulators for the 1060 system.

. IBM 1062 Teller Terminal: (the “work unit” of the
1060 system) contains the printer, entry keyboard,
document feed, terminal-record tape, and keys for
two tellers.

Using the 1062 Teller Terminal, a teller can key transaction
information directly from his window to a remotely
located computer system. After the system has examined
the transmitted data for accuracy and updated the
associated records, the teller terminal prints on the
customer’s passbook any unposted interest, the current
transaction amount, and the new balance. A complete
audit record of both the transmitted and received data are
also printed on the teller’s terminal record tape; and if
any exception conditions occur, such as uncollected funds
or an account tied up in estate, the teller is informed
immediately.

The following features are available on the 1062:

e  Split platen — allows for the independent movement
of the terminal record tape and a document, such
as a passbook or ledger card.

e  Document feed — includes automatic spacing of a
passbook (after initial positioning by the teller),
skipping of the centerfold and recognition of the
last printing line.

° Keyboard — permits the entry of 9 columns of
numeric data (such as account number, amount,
etc.) and 27 transaction code keys identified by

descriptive titles for an easy indication of the type
of entry being processed.

) Functional control keys — identify an entry such as.
old balance or new account number and indicate
the teller making the entry.

° Three individual locks— allow operation of the 1062
by 2 tellers and by a supervisor or auditor.

. Indicator lights — inform the teller of the status of
each transaction being processed and of certain
exception conditions as end of passbook page.

These features provide both on-line and off-line processing
for complete control of all customer account numbers,
no-book transactions, dormant accounts, uncollected funds,
hold conditions, interest posting, passbook balances,

teller’s cash control, and sound audit security.

If communications cannot be maintained between the 1060
system and the central computer system, the 1060 can
continue to operate in an offline mode. A punched program
control tape instructs the 1061 Control Unit to perform
the arithmetic functions necessary to process transactions
and develop new balances, and all customer transactions
proceed normally without reference to the central

system. When communications between the two systems
are restored, the off-line transactions are entered into

the TP system for updating via a batch run of the data
processing system.
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Figure 15. IBM 1050 Data Communication System

1050 Data Communication System

The IBM 1050 Data Communication System (Figure 15) is
a multi-purpose office-oriented teleprocessing system
designed for a large span of applications from conversa-
tional inquiries to batch entry.

The versatility of this system is made possible by the various
input/output media available and the numerous system
configurations. These range from a receive-only printer to
the most complete configuration, including devices for:

Manual keyboard entry

Hard copy SELECTRIC printer output
Punched card input and output

Paper tape input and output

Edge punched document input and output
Programmed keyboard entry

The IBM 1051 Control Unit is required in all configurations
and contains the power supply, code translators, and control
circuitry for the entire 1050 system. The number of control
switches, keys, and lights varies with the model of the
system and with the number of features and components.
The other components available on a 1050 system are

listed below:

IBM 1052 Printer-Keyboard

IBM 1053 Printer

IBM 1054 Paper-Tape Reader

IBM 1055 Paper-Tape Punch

IBM 1056 Card Reader

IBM 1057/1058 Card Punch or Printing Card Punch

IBM 1092 and 1093 Programmed Keyboards
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Consult the IBM 1050 System Summary (Form GA24-3471)
for detailed descriptions of the above components.

Two different modes of operation are provided by the
control unit: offdine (or “home loop”) and on-line (or “line
loop”). Using any combination of input/output media in
the home loop, the 1050 can create data, write documents,
convert codes, and serve as an automatic typist. In the on-
line mode, the 1050 can transmit or receive over communi-
cations lines at the rate of 15 cps.

An extensive list of special features to perform specialized
functions, minimize operator intervention and increase
throughput is available for the 1050 system. Examples are:
pinfeed-platen and accelerated carrier-return for the

printer, high-speed skip for the card reader, vertical forms
control, and card reader program tape. Another special
feature called “dual-circuitry” provides for simultaneous
off-line recording of data (into paper tape or cards) and
on-line file updating, where any combination of the input/
output components of the system, not being used for on-line
transmission, is available for independent off-line (or “home
loop™) operation.

A major use of the 1050 Data Communication System is
in the off-line recording of data for subsequent batch

transmission and on-line file updating. In an order entry
application, for example, home loop operations would be
used to generate orders in the form of paper tape or decks
of cards which would later be transmitted in batch mode to
a central computer system for updating of customer files

and confirmation of shipping dates.



In addition to order entry, the 1050 system is well suited
to the processing of the following applications:

. Document writing: of sales orders, purchase orders,
insurance policies, payrolls, etc.

e  Direct entry: for file updating and storage

° Inquiry and response: for immediate status reporting

in a real-time operation
° Remote printing: of business records and invoices to
supply full documentation of business transactions

to remote locations

. Exception reporting: of information about credit
ratings, inventory adjustments, work orders, etc.

° Intra-company correspondence: to provide rapid

disbursement of memoranda, directives, administrative

reports, etc.

Figure 16. IBM 2260 Display Station
2260 Display Station

The IBM 2260 Display Station (Figure 16) is a high-speed
inquiry display device that provides immediate visual
access to stored data. A standard electric typewriter input
keyboard allows easy entry of alphanumeric information,
and the output cathode ray tube can display up to 12
lines (up to 80 characters on each line) of response. The
inquiry is displayed as it is keyed to permit visual verifi-
cation; and the system response to inquiry will remain
displayed on the screen until it is erased, either by the

terminal operator or by the computer under program
control. The 2260 also provides an efficient means for
updating central files without the multi-step operations
normally associated with data entry. The user can analyze
the displayed response and, if he wishes, update it
immediately and return it to the computer for additional
processing,.

Figure 17. IBM 2848 Display Control

The 2260 Display Station operates under the control of
the 2848 Display Control Unit (Figure 17) which is used
to permit a number of 2260°s to operate in an economical
configuration. The 2848 provides most of the logic,
buffering, and line control for the 2260, thereby signifi-
cantly reducing the time the central processing unit must
be committed to servicing the terminals. In addition, a
1053 Printer, Model 4 (Figure 18), may be attached to
the 2848 display control for the selective printing of the
data displayed on any of the 2260 terminals attached to
the 2848.

Several models of the 2848 Display Control are available.
Model 1 can control up to 24 Display Stations, each having
the ability to display up to 240 characters per screen.
Model 2 can control up to 16 terminals and produce up

to 480 characters in each display and Model 3 can control
up to 8 terminals of 960 characters each.

Teleprocessing Equipment
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Figure 18. IBM 1053 Printer, Model 4

The 2848 Models 21 and 22 provide additional features
related to high volume data entry, which involves the
replacement of normal keypunch and key verification
operations with the use of 2260’s for on-line data entry.
These additional features include an expanded buffering
capability to allow experienced operators to key data
simultaneously at high speed. An optional feature of the
2260 is a data entry keyboard which is similar in design
to that of the 029 Card Punch and greatly simplifies the
transition of a keypunch operator from the card punch
to the 2260 for data entry.

Table 1 summarizes the capabilities of the various models
of the 2848 Display Control:

2848 Maximum # of Maximum # of
Model 2260's/2848 Characters/2260
1 24 240

2 16 480

3 8 960

21 24 240

22 16 480

Table 1
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All models of the 2848 provide for the operation of 2260
visual display stations at distances up to 2,000 feet from
the associated 2848. The display control may be attached
directly to the channel of the computer system and is
considered to operate in “local mode”. Local operation
permits the placement of 2260 Display Stations at strategic
locations throughout an office building or industrial
complex, thus providing access to central data files at
locations removed from the actual computer installation.
In some cases, there may be a requirement for 2260’s
located in branch offices and other remote locations many
miles from the computer site. For these distances greater
than 2,000 feet, the 2848 may be attached via telephone
lines and, as such, is referred to as a “remote” system.

The 2848 is designed for remote attachment to the
central computing system through an IBM 2701 Data
Adapter Unit, the transmission control unit which must be

located at the central complex. Further details describing
the 2701 appear in the section entitled TRANSMISSION
CONTROL UNITS.

Possible 2260/2848 configurations for both local and
remote environments are shown in Figure 19.

In a local environment, data is transferred at the
maximum rate of 2560 characters per second. In a
remote system, the speed of data transfer is limited by
the type of telephone lines and line interfaces used and
would be at 120 or 240 characters per second. Because
of the high volume of data anticipated, the 2848 data
entry models (21 and 22) may only be attached directly
to the system channel for local operation.

Displaying data on a 2260 screen is, therefore, much faster
than printing the same data on a terminal printer such as
the 1050. The user has the ability to scan a page and, by
entering new keywords, either receive another page or
obtain more detailed information on topics currently
displayed. The 2260 is ideally suited to applications in
which a considerable volume of information must be
visually scanned, and a new page of several hundred char-
acters can be transmitted from the computer to the
terminal in just a few seconds.

The 2260 Display Station provides new flexibility for rapid
access to data stored at a central computer. In retrieving
information from a large centralized data file, a user is
often more interested in examining a substantial amount
of data than in obtaining direct responses to specific
inquiries. Consequently, there is a requirement for
considerably faster output than in standard inquiry
responses, and the 2260 Display Station is often used for
such retrieval applications. The user enters a key word or

a series of terms describing an area of interest from the
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Figure 19. Possible 2260/2848 configurations for local and
remote environments.

Figure 20. IBM 2265 Display Station with IBM 2845
Display Control
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Figure 21. Typical 2265/2845 configuration.

keyboard; and, after this input is analyzed, the system
retrieves abstracts of related information and returns them
to the display screen.

In today’s competitive environment this is a necessary
requirement for the efficient handling of customer inquiries,
services requests and specialized reports, because decision-
making must be based on current information. Through

the use of the 2260, a series of records (for example, a
multi-page report) can be searched visually a page at a

time. The displays can then be examined for pertinent
information, updated and/or documented via the 1053
printer, thus providing man-machine communication for

all levels of management and operating personnel.

2265 Display Station

The 2265 Display Station (Figure 20) is similar both in
design and application to the 2260 Display Station. It
provides rapid visual display of data stored in the computer
system and immediate updating of critical records from
many locations. However, it is strictly a remote device

and does not operate in “local mode™.

The 2845 Display Control, which provides the line
buffering and terminal interface for the 2265, is a much
more compact transmission control unit than the 2848,
and is capable of controlling only one 2265 Display
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Station and an optional SELECTRIC printer for hard
copy output.

The 2265 is equipped with an alphanumeric keyboard
which can be located up to five feet from the display screen.
As many as 960 characters can be displayed on the 2265
screen at a time in either one of two formats: 15 rows of

64 characters or 12 rows of 80 characters.

The 2265 operates over a communications line at a trans-
mission rate of 120 or 240 characters per second, depend-
ing on the type of line used, and up to sixteen 2265/2845
units can be attached to one line. The 2845 is designed

for remote attachment to the central computing system
through an IBM 2701 Data Adapter Unit, the transmission
control unit which must be located at the central complex.
The 2701 is described in greater detail in the section
entitled TRANSMISSION CONTROL UNITS.

A typical 2265/2845 configuration is shown in Figure 21.

Note that a 2260/2848 display complex is indicated in the
above figure on the same line as the two 2265/2845 display
complexes. The 2265/2845 system is fully compatible
with the 2260/2848 system, and it is possible for both
system types to operate through the same 2701 Data
Adapter Unit, using the same application. The 2265
Display Station is, therefore, ideally suited for those
systems with existing 2260/2848 complexes which require
only one or two additional display devices for expansion.

The 2265 Display Station is designed specifically to meet
the requirements of customers whose facilities are wide-
spread and who need only a small number of display
terminals at each location. Through the use of the 2265,
the need to maintain duplicate files in both the central
and remote locations could be eliminated.

The remote 2265/2845 system can be an invaluable tool
for management. It can provide instant access to timely

information and the ability to update central files.
Typical applications are:

° Rapid response to customer inquiries

° Direct processing of customer orders in a
conversational mode of operation

L) Instant retrieval of customer account information
) Complete display of policy information

° Access to customer service records
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Figure 22. IBM 7770 Audio Response Unit

7770 Audio Response Unit

The primary function of the IBM 7770 Audio Response Unit
(Figure 22) is to create prompt and accurate voice replies

to inquiries initiated from a standard 12-key Touchtone
telephone, or IBM 2721 Portable Audio Terminal.

Input from the telephone is in the form of digital tone
signals which are generated by the keys on the terminal
device and transmitted over communications lines to the
Audio Response Unit. Each key generates a unique tone
signal that can be interpreted by the 7770 for presentations
to the central processor and translated into a meaningful
message for input to the application program.

Response from the system is in the form of spoken words
composed from an American English vocabulary prerecorded
(in a male or female voice) on a magnetic drum within the
7770. Each word in the prerecorded vocabulary has a
specific address on the drum, which can accommodate from

32 up to a maximum of 128 different words. The response
generated by the central processor is actually a series of
addresses which are transferred to the 7770 for transmission
back over a specified communications line.

The prerecorded vocabulary is specified by the user
according to his message requirements. The vocabulary may
be changed by field engineers at the user location by
removing the magnetic drum and replacing it with another
having a different vocabulary.

It takes approximately 1/2 second to “speak” any single
word from the vocabulary in output transmission. Lengthy
words, therefore, must be divided in two and will count as
two words. For example, the word “operation” will exist as
the two words “opera” and “tion” and both addresses
must be specified to generate the full word “operation”.

The basic 7770 Audio Response Unit can control 4 commu-
nications lines. This capacity can be expanded to 48 lines,

all of which can be used simultaneously. In other words, up
to 48 telephones can communicate with the central computer
system at one time —— either in making an inquiry, updating
data files or receiving a response —— and with no noticeable
delay in audio output response to any user. The 7770 is a
transmission control unit both by function and capability
and is always located at the central computer installation
rather than at the remote site.

The telephone is a low cost terminal that can provide
inexpensive retrieval and updating capabilities to remote
locations. In addition, the caller deals directly with the
computer rather than through another person. This saves
considerable time in the retrieval of information by reducing
both the need for manual search of voluminous files and

the possibility of errors because of misunderstanding.

IBM 2721 Portable Audio Terminal

The 2721 (Figure 23) uses a standard telephone to access

a System/360-370 computer data base. Designed for use
with the IBM 7770 Audio Response Unit Model 3, the 2721
can be used for data collection, data entry and inquiry.

The basic 60-position keyboard provides 26 alphabetic, 10
numeric and 13 special characters, as well as a variety of
function and control keys. The standard key designations
can also be adapted for highly individualized applications
through use of customized keyboard overlays.

Some of the hjghlights of this terminal are:

. Sturdy, luggage-style carrying case with detachable
cover.
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Figure 23. IBM 2721 Portable Audio Terminal

. Dimensions: 16 inches wide, 9 inches deep, 4 inches

high.
e  Weight: less than 10 pounds.

. Storage space for power cord, auxiliary earphone,
extra keyboard overlays, and acoustic coupler.

° Operates on self-contained nickel cadmium batteries
or 110 volt AC.

. Earphone for private listening,
° Built-in speaker for group listening.

e  Individual terminal identification code to provide
protection against unauthorized access to the data
stored in computer files.

2780 Data Transmission Terminal

The IBM 2780 Data Transmission Terminal (Figure 24) is
“designed to accommodate large volumes of data over its
communications lines. Input is in the form of punched
cards only; output is either punched cards or printed
documents, or both.

The 2780, which is available in 4 models, permits a variety
of configurations in order to match individual system
requirements more precisely. The 4 models are:

Model 1 - card reader/printer

Model 2 - card reader/card punch/printer
Model 3 - printer (receiving terminal only)
Model 4 - card reader/card punch

Inherent in the design of the 2780 is an advanced circuitry
that offers improved efficiency through a new method of
communications line control: Binary Synchronous Commu-
nications. The technological development is merely one
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type of synchronous transmission (see Communications
Terms and Concepts) providing for the attachment of
multiple terminal devices to the same line, resulting in
substantial savings in line costs. It also enables a specialized
Binary Synchronous Adapter, which is the interface between
the 2780 and the communications line, to control the

flow of data over the communications lines and maintain
synchronization between the transmitting and receiving
devices. Consult Binary Synchronous Communications —
General Information (Form GA27-3004) for a more detailed
discussion of Binary Synchronous Communications as it
functions with the 2780 and other devices.

The actual performance of the 2780 is a function of the size
of the messages being transmitted, the code used and the
type of communications lines being used. At full operational
capacity, the 2780 is capable of:

. Transmiiting and receiving up to 400 characters
per second

° Printing up to 300 lines per minute
° Reading up to 400 cards per minute
. Punching up to 270 cards per minute

The 2780 Data Transmission Terminal incorporates a
number of significant features:

e  Double Buffer: To achieve greater throughput and
efficiency, the 2780 makes use of 2 buffers.

The line buffer stores data received or to be trans-
mitted to the communications line in 2-record blocks
and thereby minimizes turnaround time.

The input/output buffer accepts input data from the
card reader for transferral to the line buffer and
directs output data from the line buffer to the card
punch or printer.

° Code Choice: Three transmission codes are available
with the 2780 system:

EBCDIC (Extended Binary Coded Decimal Interchange
Code — 8 bit)

USASCII (United States of America Standard Code
for Information Interchange — 8 bit)

6-bit Transcode

Naturally, the choice of code depends upon the
application. The use of 6-bit Transcode provides for
maximum efficiency in transmission because less net
data is being transmitted per message.



Figure 24, IBM 2780 Data Transmission Terminal

Audible Alarm: If a situation occurs during trans-
mission that requires some kind of manual intervention
(for example, running out of paper on the printer or
completion of transmission for the current job), the
audible alarm alerts the operator so that necessary
action can be taken.

Component Selection: The modularity of the 2780
provides a configuration that can include both
printer and card punch for output. With the
component selection feature, certain control
characters may be used by the programmer to

select either the printer or card punch automatically
during transmission.

Off-line Listing: The 2780 can also bel used in an
off-line mode to list cards on the printer.

The 2780 also makes available a number of special features
that contribute further to system efficiency:

Multiple Record Transmission: With this special
feature, up to 7 messages may be combined into one
for a single transmission, thereby achieving greater
efficiency on the communications line.

Printer Horizontal Format Control: This feature
provides what is in effect an electronic tab for the
2780 printer. Normally, the spacing of information
from one field to the next (or the requirement for

blank areas to appear in a specific section of a form)
would require the transmission of space characters
over the communications line. With the horizontal
format feature, the electronic tab signal allows the
unit to space over areas where no information is to
be printed, thereby reducing the total 