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This book is a design guide for small communica~
tions-based systems (CBS). Such a system is
defined as basically a data processing system which
has some communications capability and which uses
a simple communications application program.

The Handbook is intended for IBM salesmen and
systems engineers in World Trade countries who
have had little or no experience in communications-
based systems.

The objectives of the Handbook are:

1. To assist IBM salesmen and systems en-
gineers in selling, designing, and installing
data processing systems with some communi-
cations capability, by providing appropriate
educational material and factual information.

2. To reduce the effort in time and manpower
involved in selling, designing, and installing
such systems by providing simplified tech-
niques and procedures, including graphs,
formulas, and examples.

3. It is intended as an educational tool for IBM
personnel and, indirectly, for prospects and
customers. While the book is for IBM
Internal Use Only, relevant material from
it can be used for customer courses,
lectures, or seminars, provided the sales-
man or systems engineer adjusts his pre-
sentation of the material to suit the audience.

The book is divided into seven sections. Section
1 defines the scope of the Handbook. Since IBM has
such a wide range of computers, terminals and
programming systems for Tele-processing appli-
cations, the scope of a design handbook such as this,
which can deal with only a part of this vast range,
must be precisely defined. This section also
contains information concerning the use of the
Handbook.

Section 2 deals with the various characteristics
of a small communications-based system, the
hardware used, the communications environment,
programming philosophy, and the method of control
involved.

General systems design aspects are dealt with
in Section 3, leading logically on to the detailed
communications-based system design of the IBM
2740 and 1050 terminals, 2260 display terminals,
and high-speed synchronous transmit and receive
terminals (STR) in specific applications in Sections
4 to 6, inclusive.

A logical approach to preliminary implementation

SECTION 1. INTRODUCTION

planning is given in Section 7.

Appendix A is a source of reference material
that is country-oriented and relates to communica-
tions tariffs, configurations, and other material
which may need to be used on numerous occasions.

Sections 1 and 2 and the first three subsections
of Section 3 are concerned with general information
about communications-based systems and are
intended for salesmen and systems engineers. The
remainder of Section 3 and all the other sections are
intended primarily for systems engineers, but may
also be useful to salesmen interested in the details
of hardware, programming, system design, and
implementation planning.

The Handbook does not replace other IBM litera-
ture, but combines information from a variety of
documents in order to make the subjects clearer and
simpler to use. When necessary, reference is
made to publications which should be used in con-
junction with a particular subsection.

The Handbook does not cover basic information on
System/360 concepts, facilities or instruction sets,
nor any programming or descriptions relating to
input/output devices other than those used in com-
munications-based systems. The reader should
have some prior knowledge of basic System/360
programming concepts and hardware.

The value of the Handbook will lie in the reader's
appreciation of the gaps which it fills in the range
of available manuals, the intelligent use which he
makes of it, and the time which it will save him in
his marketing and design procedures.

SCOPE OF THE HANDBOOK IN THE CONTEXT
OF A SMALL CBS

In order to decide what type of system would be
considered within the scope of the Handbook and to
define a small CBS, a survey was carried out on
the communications-based systems installed and
on order in Europe as of May, 1966. It was found
that over 90% of the systems contained IBM 1050,
2740, 2260, and STR terminals, and that most of
the computers involved were System/360 Models 30,
40, or 50. The majority of the systems contained
fewer than ten terminals. The indications are that
this trend will continue for some time to come.

DEFINITION OF A SMALL COMMUNICATIONS-
BASED SYSTEM FOR USE IN THIS HANDBOOK

To clarify further the small communications-based
system definition, the following limitations are
placed on such a system:
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The base CPU is a Model 30, 40 or 50.

The system is simplex and cannot be part
of a full or partially duplexed configuration.
There are no duplicate central units for
reliability.

The time specified for transmitting the last
character of an input message from a
terminal to the receiving of the first char-
acter of the associated output message at
the receiving terminal is greater than or
equal to two seconds.

The application does not include remote
stacked-job processing.

The system must use standard Type I
programming support for the IBM 1050,
2740, and 2260, without modification.

(a) IBM 2740, 1050, and the remote
2260 must use BTAM with DOS or
BTAM with SPS as its communica-
tions control program.*

(b) The local IBM 2260 must use BTAM
with DOS, or GPS with SPS as its
communications control program.

The system must use standard Type I and
Type II programming support for the
synchronous transmit/receive terminals,
which are STRAM with DOS, or STRAM
with OS. There may not be any modifica-
tion of the IBM programs.

The only non-IBM T/ P equipment in the
configuration is modems and/or communi-
cation lines.

The system must not require T/P
RSDP's.

*SPS is Option 2 (MFT) of the Operating System.
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The system must use only announced
products.

10. No concentrators or line-switching are
used.

11. There are no stringent reliability require-
ments. Unexpected system interruptions
and down-times should not cause serious
difficulties for the customer's operation.

12, No concurrent shared data set or shared
file use is required.

13. The communications portion of any of the
configurations must be similar to those
displayed in the following chart.

SYSTEM | AVERAGE AVERAGE ADDED I/b FOR
NUMBER NUMBER OF| COMMUNICATIONS
OF LINES TERMINALS
1050/ 6 10 2311 OR 2314 DISK
2740 FILES AND SUPERVISOR
TERMINAL
2260 2 16 X 2260 2311 OR 2314 DIsSK
2 X 2848 FILES AND SUPERVISOR
TERMINAL
STR 2 2 AUXILIARY STORAGE

This chart is offered as a guide and indicates
to the user the type of system that may be categor-
ized as small. Certain design sections of the
Handbook develop the detailed limitations of a small
communications-based system, showing the user
how to calculate the required system parameters
so that he may determine whether his system falls
within the bounds of a small CBS,
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SECTION 2.

CHARACTERISTICS OF A COMMUNICATIONS-BASED SYSTEM

2. 1 ADVANTAGES OF A CBS

Before proceeding to the functional, hardware and
programming characteristics, it is appropriate to
consider some marketing aspects of a communica-
tions-based system and their advantages to
customers.

Any prospect or customer who is considering a
communications-based system will undoubtedly
raise the questions: "What advantages does it
have?" "How will it assist me in my business?"

Let us first consider why these methods have
been introduced. Data transmission terminals
connected to communication lines reduce the time
delays involved in transferring data from remote
locations to a computer and in returning the re-
sultant processed output to those distant locations.
In some cases there can be a radical reduction in
the time involved from a matter of days to mere
seconds.

By reducing these time delays, communications-
based systems have three main advantages for the
user, any one of which is sufficient justification
for the use of the system:

. Increased efficiency
. Improved service
. Reduced costs

If the application has been well considered
and the system design and installation work
effectively carried out, a communications-based
system should supply all three.

We turn now to how we can make the prospective
customer aware of the advantages which such sys-
tems will give him over his existing operation.

JUSTIFYING A COMMUNICATIONS-BASED SYSTEM

A. Improved Service

For companies which provide a service to their
customers, a reduction of time delays can result

in vastly improved service by significantly decreas-
ing waiting time.

In other applications, customer inquiries at re-
mote locations could be handled on the spot; customer
reservations confirmed in seconds; or customer
credit ratings acknowledged within minutes.

B. Centralized Operations and Control

Suppose a customer has a number of decentralized

batch-processing centers in several remote
locations where data is prepared for input to a
central system. With the addition of Tele-
processing methods to the system, the customer
can control his remote locations from his

data processing headquarters. All his remote
locations would conform to a common operational
procedure in preparing input to the system and
following a specific method of operation after the
various outputs were received. Duplication of
operations would be reduced.

C. Accurate Control and Current Updating of
Files

A communications-based system allows files to be
updated almost as soon as an issue, receipt, or
other similar event takes place. With accurate
files, a customer can quickly learn the up-to-the
minute status of his business and take timely action
on it.

In a credit system, for example, each individual's
account can be updated as transactions occur. In a
sales order entry system, where goods are stocked
in a number of decentralized warehouses, the CBS
would reduce inventory costs to a minimum, with
maximum availability of goods.

D. Management Reports

Managers can readily obtain up-to-date reports
based on current data, at specified terminals or
central high-speed printers. They can be quickly
notified about abnormal conditions, or critical
events occurring in their business.

E. Reduced Clerical Effort

This advantage is also a part of centralized opera-
tions and control. The communications-based
system eliminates the need for human operations
between the original recording functions and the
ultimate data processing.

F. Elimination of Costly Errors

Errors caused by transcribing the same misinfor-
mation from form to form are eliminated.

A communications-based system performs
its own checking of all transmitted information to
ensure that it has not been distorted during
transmission. Records transmitted are checked
to ensure that no information is lost.
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G. Rapid Two-Way Communication

Through a CBS, the customer is able to converse
with the CPU from remote locations and get im-
mediate response. He can send broadcast messages
from the center to the terminals, notifying them
simultaneously of changes in company policy,
prices, etc.

These are only a few of the benefits which a
communications-based system can bring to a
customer's business. But each of these relates
specifically to one of the three chief advantages:

. Increased efficiency
. Better service
. Reduced costs

MAJOR ADVANTAGES OF AN IBM
COMMUNICATIONS-BASED SYSTEM

What are the major advantages of an IBM CBS?
This question can be answered by reference to the
points made below. It is pointed out here that this
subsection is only a summary of the advantages
and that the user of the Handbook must become
familiar with the hardware and programming in
order to be dble to discuss the specific advantages.

A. IBM Hardware Geared to Communications

The IBM T/P product line provides for all aspects
and functions of a communications-based system.
The hardware also covers a wide range of com-
munications-based system types, many of which are
designed to be industry-oriented. IBM can also
build custom-made terminals to meet individual
customer requirements. IBM modems can inter-
face World Trade communications facilities.

B. IBM Programming Packages, Types I and
II, for T/P

IBM has major programming support for com-
munications-based systems. There are a number
of Type I and II programs for the System/360,
such as:

BTAM/DOS Type I
BTAM/OS Type I
QTAM/OS Type I
QTAM/DOS Type I
STRAM/DOS Type II
STRAM/ 0OS Type II

CCAP (Communications Control Appli-
cation Program) Type II
PARS (Programmed Airline Reservation

System) Type II

In most cases, all these packages enable the
customer to control his network, analyze the input
transaction leader, log and queue transactions, and
prepare and send the output.

C. IBM Online Diagnostics

Some of our existing programming systems include
extensive online diagnostics (otherwise known as
error recovery and detection programs). BTAM
and QTAM will have these in the near future, while
CCAP and other Type II programs already have
them. These facilities are described in detail in
subsection 3. 1 of the Handbook.

Online diagnostics provide checkpoint and re-
start, error statistics, error recovery, line test,
terminal test, isolation of errors, and contribute to
operator awareness.

D. IBM Hardware Detection of Normal and
Abnormal Operations

The IBM CBS's -- in particular, the transmission
control units -- are capable of detecting normal
and abnormal operating conditions, such as:

- Detection of a negative, positive, or
no-answer to a poll or selection of
a terminal;

- Detection of an open line;

- Detection of errors caused between the
TCU and the data set;

- Echo-checking to ensure that a proper
bit was sent down the communications
line from the TCU;

- Stop bit error detection: recognizes
that, after receiving a start bit and the
required number of data bits for a
character, a stop bit has not been
received;

- Automatically builds the LRC character
and performs the compare, which re-
sults in an interrupt if there is no
compare;

- Automatically detects parity errors
within characters received from the
terminal;

- Automatically recognizes End-of-Block
and End-of-Transmission characters.

This is not an exhaustive list, but it is given here
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to emphasize advantages to the customer. These are
useful sales points, especially if the customer is
technically knowledgable in the communications area.

E. Expandability

The customer should be informed that a CBS is
designed for expandability. IBM's T/P products
are modular and therefore can be added to a basic
CBS and increase its capability. The system can
start out initially as a simple inquiry system and be
expanded to a full-blown communications-based
system. The ease of expandability of a CBS can
accommodate the increase in traffic, customer
locations, and/or online applications.

CBS's are usually planned and installed in phases
to parallel customer growth. Thus, when a vendor
closes an order for the first phase of a total CBS,

he usually acquires most of the orders for all other
phases of the CBS.

IBM can supply a total system, from the terminal
and data set all the way to the multiplexors and
central processors. The customer can be shown
how IBM equipment can meet his system's specifi-
cations and grow with his needs without major
changes to his initial CBS configuration. A small,
simple inquiry system can be the beginning of a
large, complex CBS.

CONCLUSION

By reading the Handbook in entirety, the salesman
and systems engineer will undoubtedly think up
additional advantages and sales points of a CBS

and also better understand those which have already
been described.
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2, 2 FUNCTIONAL CHARACTERISTICS

In this chapter we will survey briefly a typical CBS
in order to identify the functions of each component,
while keeping the broad picture in mind at all times.
Figure 1 is a block diagram of a typical, simple
CBS. The major components are described below.

1. TERMINAL

The terminal is the remote input/output unit,
usually located where the source information to the
system is created. The terminals are usually
sending as well as receiving devices; or, in other
words, can handle both input and output. Input can
be in the form of keyboard entry, paper tape, cards
and magnetic tape, displays and paper tape.

The function of the terminal is to convert the
input into electrical pulses or signals to be placed
on the communications channel, directly or via a
data set. It also interprets incoming signals and
control information, selects the proper output
unit, and places the signals in an intelligible form,
such as a printed page, a punched card, a dis-
played image, etc.

2. MODEM* (or Data Set)

In most cases, a data set is required. The data set's
function is to provide compatibility between I/0
equipment and communication facilities. The data
set is a modulation/demodulation device. In other

words, the data set converts** electrical pulses
from a device into a form suitable for a communi-
cations facility (see Subsection 2. 2. 3).

3. COMMUNICATION CHANNEL

The communication channel provides the transmis-
sion medium between the central and remote
locations.

4, MULTIPLEXOR AND DATA ADAPTERS

At the receiving end, the electrical signals repre-
senting information must enter the CPU for further
handling.

In a normal CBS, the traffic is originated at
remote locations, each independently of the other,
as dictated by actual local activities. The operator
must generally wait a short time before he can use
the terminal. This may require that the system
collect messages on a real-time basis: messages
enter the CPU simultaneously on a random basis --
as many as there are active lines. Simultaneous
reading of all lines is achieved through multi-
plexing of the data through the TCU and the multi-
plexor channel. (Refer to Subsection 3.6.)

From the standpoint of programming, constant
attention must be given to the lines in order to:

(1) service each character flowing on an

DATA SET
(MODEM) CONTROL
TERM INAL CONSOLE
A
LINE
CONTROL
DATA SET UNIT COMMUNICATIONS—
(MODEM)
OR BASED
RANDOM
MULTIPLEXOR COMPUTER ACCESS
STORAGE
TERM INAL
B

Figure 1. Communications-Based System or Online System

* Do not confuse data set with a "set of data" used in the terminology of OS/360.
*k  Can generally be called "signal converter": data set or modem or line adapter for telephone lines; "level converter" for telegraph lines.
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active line;
(2) maintain terminal polling;

(3) maintain complete awareness of any
abnormal condition on the communica-
tions network.

5. CPU

As a result of the above traffic flow, the CPU must
assemble each message, identify it for protection
purposes, queue it for further analysis and process-
ing, and possibly log it for future retrieval or
statistical purposes. The functions of line, termin-
al control and message control are to define the
special job to be done by both the front-end hardware
and the programming.

6. CONTROL CONSOLE (Supervisor Terminal)

The control console performs the communications
functions between the operator at the center and the
system (CPU), e. g.:

Receiving messages from the computer:

(1)  to keep the operator (or super-
visorjinformed of manual opera-
tions and status of the system
[trafﬁc, statistics, etc.];{;

(2) to alert him of abnormal condi-
tions, failures, errors, etc.

Sending, by operator control, corrective
information in the form of formatted
messages to the computer.

7. DIRECT ACCESS STORAGE DEVICES (DASD)

These can be a disk, drum, or large-capacity core
storage. At present, disk is the usual direct access
storage device used in a communications-based
system. The disk is used for:

Line or terminal queues

Logging

Checkpoints

Error recovery routines

Data files for application programs
Control program

P R0 T e

To illustrate the relationship of all the compon-
ents in a CBS to each other, we will now trace a
message through the system (see Figure 1).

A message is originated at Terminal A and has
as its destination Terminal B. The message can be
prepared offline on paper tape and placed in the
paper tape reader of a terminal.

The message is then transmitted over the com-
munication channel through modems, if required,
to the multiplexor or the data adapter unit. This
unit, in turn, recognizes certain control characters
and interrupts the communications-based computer
when End-of-Message is detected. The computer
now performs a header analysis and makes sure the
message is valid. The computer recognizes the
destination of the message. The message is then
placed in a history log and also in a queue on disk
for the line that services Terminal B.

The computer monitors the status of the Terminal
B line and the status of Terminal B itself. When
the line is free and the terminal ready to receive,
the computer reads the message for Terminal B
from disk into core. The proper commands are
sent to the multiplexor (or data adapter unit) and the
message is sent over the communication channel
through a modem, if necessary, to Terminal B.
The terminal accepts the message and prints it out
on its typewriter.

CONCLUSION

So far, we have only mentioned the components
which constitute a CBS. In the next chapter we
present functional details concerning them. We will
cover, first, the media which tie the remote and
local components together: telecommunications
concepts and facilities.
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2. 3. TELECOMMUNICATIONS ENVIRONMENT

As part of a communications system, the communi-
cation network plays a significant role, in which
the technical characteristics of the lines are an
important consideration. Transmission techniques
are quite sophisticated and require maximum
understanding for proper design of a CBS.

It is not intended here to explain in complete
detail the theory of transmission techniques and
media, and the purpose of this chapter is:

(1) To assist in designing a CBS;

(2) To provide enough information to
facilitate communication with tele-
communications specialists acting
either for customers or PTT
organizations.

2. 3. 1 COMMUNICATIONS FACILITIES AND
CHARACTERISTICS

A communications-based system consists of a
number of input/output devices, usually in geo-
graphically dispersed locations, connected by one
or more communication lines.

Our purpose is to define the term ""communica-
tion line" and inform the reader of the problems
inherent in communication lines. All types of com-
munication lines are included under the concept
of "communication facilities'.

Communication facilities offered by common
carriers (PTT's or operating agencies) are ex-
amined first as to their technical aspects and then
with regard to their availability and performance.

Technical Facts About Transmission Lines

The primary purpose of telecommunication lines is

to transmit speech and telegraphic signals. Existing
transmission lines are designed and classified ac-
cording to the criteria of "line quality'. "Quality"
refers to speech quality and is not always completely
in accordance with the criteria for data transmission.
These criteria are as follows:

1. Bandwidth

A simple example may serve as a definition:

A radio transmitter is usually located many miles
away from a studio and the sound (speech or music)
is transmitted to the transmitter through telephone
lines. The sound seems quite good when we hear it
on the radio. Now, let us suppose that during a pro-
gram (a play, for instance) one actor has to answer
the telephone. The sound we hear from the tele-
phone is poor. The difference arises from the
different qualities of the lines used for telephone
and radio. The normal telephone line and the radio
telephone line have different bandwidths.

A complex sound is composed of many different
elementary frequencies; and if they are not all trans-

* distorted. The decrease in magnitude of a signal in

transmission between points is called "attenuation'.
Expressed technically, if we draw a curve with the
frequencies in the X axis and the ratio of the energy
received over the energy transmitted (attenuation) in
the Y axis, we obtain a "bandwidth' curve of the
shape shown in Figure 2.
Attenuation is measured in decibels (db), whose
mathematical expression is:
n db = -20 log Vo (volts)
V1 (volts)
For instance, 3 db is the attenuation of energy
by a factor of 2. If instead of log 10 we use log e

A

ATTENUATION
IN —DB

—-20 DB

FREQUENCY

HZ OR C/sS

Figure 2. Bandwidth Curve of a Voice-Grade Line
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the same formula is expressed in decinepers*:
1 db = 1. 15 decineper

If the reference signal is.constant and equal to 1
mwatt in an impedance of 600 ohms, the db is refer-
enced as a dbm.

The example in Figure 2 is the bandwidth of a
voice-grade line.

Amplitude distortion (also called frequency dis-
tortion) arises from the uneven attenuation of the
different frequencies within the bandwidth. Attenua-
tion is greater for higher frequencies than lower,
and the difference in attenuation is directly propor-
tional to the length of the transmission line.

2. Envelope Delay

This is the curve of the propagation time for the
different frequencies within the bandwidth. If the
propagation time differs too much for some fre-
quencies, it can result in a distortion of the phase
of the signal transmitted (phase distortion). This
kind of distortion is very critical for high-speed
data transmission. The delay interval will increase
in direct proportion to the length of the circuit.

3. Miscellaneous
Other causes of distortion or improper transmission

are echo, extraneous noises, cross-talk, and radio
interference. Other signals on the same line can

interfere either directly or by induction from adjacent

wires and so disturb the transmission.

Improvement of Transmission Lines

All the above distortions may be suppressed or at
least decreased by PTT technical services. The
existing means of improving transmission are
briefly summarized as follows:

Attenuation can be improved by using wide band
amplifiers and loaded cables. (Inductances are in-
serted on a loaded cable at fixed intervals.) This
improves the range of the cable, but decreases its
bandwidth.

Amplitude distortion can be suppressed by the
insertion of selective amplifiers which reinforce
the attenuated frequencies.

Phase distortion can be improved by using de-
vices called phase equalizers. These devices slow
down the non-delayed frequencies in order to delay
the whole band equally.

Cross-talk can be decreased by balancing the

* The neper is a unit frequently used by PTT's.
*ok "Baud" means bits/second within the context of this book.

adjacent pairs in the same cable.

Extraneous noises can be attenuated by devices
called filters which permit the attenuation of either
low frequencies (high-pass filters) or high frequen-
cies (low-pass filters), or permit the transmission
of only one range of frequencies (band-pass filters).

Line Service and Facilities

According to the criteria for data transmission as
described in the previous paragraphs, transmission
lines can be classified with respect to the maximum
speed at which the data can be transmitted without a
high percentage of errors. Speed is expressed in
bits per second. **

Common carriers (PTT's and/or operating agen-
cies) provide facilities for communication services:

Either switched service for comparatively
light users, billed on a message basis --
Example: Public telephone for voice
communication
Public telex for telegraph
communication

or
Leased service, where facilities are leased
by a customer for private use between several
of his locations, where traffic is sufficiently
heavy to warrant such an installation.

Economically, there is a break-even point
between the two services, for example:

A telegraphic leased line, for a speed of up
to 50 bps, between Stuttgart and Paris, two
distant locations, would cost $1, 400 per
month, or the equivalent amount of 2,000
units of 3-minute telex calls.

Similarly, a '"voice-grade' line or telephone
line between Stuttgart and Paris would cost
$2, 948 per month, or the equivalent amount
of 4/3 times 2, 000 units of 3-minute telephone
calls.

There are other special services, on a part-time
or full-time basis, such as a "program' service for
the transmission of broadcasting communications,
television network, etc.

Since requirements for data transmission are
somewhat different from those of normal facilities,
data services are being introduced by the PTT's
both on a switched and leased basis.
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Speed

Speeds now available or which could be made avail-
able in the near future vary from:

50 bps on a telex network;

50, 75 and 100 bps on leased telegraphic lines;

200 bps either on the public switched telephone
network or a special telegraphic switched
network (refer to possibility of Datex in
Germany) and on a leased special tele-
graphic network;

600/1200 bps on the public switched telephone
network;

1200, 1800, 2000, 2400, and possibly 4800 bps
on leased voice-grade lines (with special
conditioning in the case of the higher
speeds, called "equalization'') and high
speeds, such as 40. 8 kilobits/second
(40,800 bits/ second) on special facilities
called '"primary groups' (a group of 12
voice-grade lines); and 200 kilobits/second
on other special "groups''.

From the viewpoint of the design of a total system,
considerations of interest to a customer would be
tariff structures of different services and the trade-
off available between service and cost, including the
selection of terminals and the actual speeds of trans-
mission.

Line Operation

Depending on how a single line is cénstituted, many
operations are possible:

1. Two Wires - One Channel: Non-reversible

2. Two Wires - Two Channels (can also be n
channels): Non-reversible (Figure 4)

The representation is the same as above, but the
bandwidth can be divided in order to provide two or
more different paths.

3. Two Wires - One Channel: Reversible
(Figure 5)

Transmission (also called "half-duplex transmission'')
is possible either from A to B or from B to A, but
not in both directions simultaneously.

— e
A B
-~
Figure 5. Single Line: Two Wires, One Channel: Reversible

4. Two Wires - Two Channels (can also be n
channels) (Figure 4)

This is the same as 2 above. The bandwidth, being
divided into n channels, permits independent opera-
tion of the channels. With this type of circuit,
simultaneous transmission in both directions is also
possible (called "full-duplex transmission'’). In ex-
ample 2, the two channels are made to operate in
the same direction, whereas in this case they opér-
ate in opposite directions.

5. Four Wires (Figure 6)

This line is composed of two simplex lines and per-

(Figure 3) mits full-duplex operation.
—_—
‘ >
A > i >
I A B
Figure 3. Single Line: Two Wires, One Channel: Non-reversible
Transmission (also called "simplex transmission') [>
is possible only from A to B, because a non-
reversible device, such as an amplifier, is in- -
ed on the line.
serted Figure 6. Single Line: Four Wires
CHANNEL. CHANNEL CHANNEL
1 2 N
, . N N/ Y/ N/
300 500 700 900 7 7 3008/l
F(HZ)

Figure 4. Single Line: Two Wires, Two Channels
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HYBRID

HYBRID

Figure 7. Long-Distance Line

Line Termination (Figure 7)

Long—diétance lines are always composed of four-
wire circuits, but the terminations may be either
two-wire or four-wire ("'optional'). The trans-
formation is made with a special device called a
hybrid transformer.

Problems relating to two- or four-wire circuits
deal with overall stability and attenuation of the
circuits.

It is important to note that transmission lines
provide the possibility of half- or full-duplex, but
this operation is determined only by the terminal/
modem connected to the line.

2. 3. 2 SIGNAL CHARACTERISTICS

Digital data is represented by a succession of pulses.
Data terminal equipment cannot ordinarily be dir-
ectly connected to a telephone network, since
direct current signals delivered by data terminal
equipment cannot be transmitted over it. There-
fore, it is necessary to convert these signals into

a form suitable for transmission. This conversion,
which is called modulation, is made by a modulator.
Conversely, at the receiving station, signals com-
ing from the line must be demodulated by a de-
modulator before they are transmitted to the re-
ceiving data terminal equipment.

Modulation is the process by which certain char-
acteristics of a wave are modified in accordance
with a characteristic of another wave or signal.

Demodulation is the reverse process: the origi-
nal signal is reconstructed from a modulated wave.

There are several types of modulation (see
Figure 8):

Amplitude modulation: the modified character-
istic is the amplitude of a carrier signal.

Frequency modulation: two separate frequencies
are used to represent binary information. The lower

frequency represents bit 1; the higher frequency
represents bit 0. This is also called FSK (Fre-
quency Shift Keying).

Phase modulation: the phase of the carrier is
reversed with one pass from bit 0 to bit 1.

Other types of modulation, such as Vestigial
Side Band (VSB) and Digital Modulation, use more
advanced techniques, but all these techniques have
the same purpose: to concentrate most of the
energy spectrum within the bandwidth and provide
protection against noise and distortion.

2. 3. 3 MODEMS

We have shown the need for an intermediate device
between the digital signal and the communication
line. This device is called a modem (contraction of
modulator-demodulator).

A modem accepts the digital signal, converts it
into an appropriate analog signal for transmission
over the line. Conversely, it accepts the analog
signal from the line and reconverts it into a digital
signal (demodulation), and presents it to the terminal
through an interface. The modem is also called a

data set and when integrated and housed in the

machine itself, is called a line adapter.
A modem consists, functionally, of:

- a transmitter
- a receiver
- control circuitry

The transmitter modulates the incoming data
signals, using a carrier frequency generated in the
modem itself.

The receiver reconstructs the signal, amplifies
it when necessary, extracts from it the original
data and presents it to the terminal equipment
through the interface. Some non-IBM modems also
include a device which checks and corrects the
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BINARY CODED DATA: I |

SIGNAL:

NO SIGNAL:

CARRIER:

AMPLITUDE
MODULATION:

FREQUENCY SHIFT
MODULATION:

PHASE
MODULATION:

1800

180°

1800

CHANGE CHANGE CHANGE

Figure 8, Modulation Techniques

received data. IBM modems are transparent
(passive) and transmission checking is done by the
terminal itself.

The control circuitry performs various functions,
such as permitting conversation with the terminal
equipment, checking its status, controlling the con-
nection to the line when a switched network is
involved, ete.

Line Interface

As we have seen in the paragraphs on Line Facilities,
the line connected to the modem may have 2 or 4
wires. Operation of the modem depends on how the
line is constituted.

In the IBM 3977 modem, operating with only one
carrier, the transmitting part and the receiving
part can operate either alternately in half-duplex
mode (according to the terminal equipment capability)
or a 4-wire line can be connected directly to the
transmitter and receiver (respectively) and permit
full-duplex operation. The hybrid is not used.

14

In the IBM 3976 modem, however, only the two-
wire connection is standard, but provides two sub-
channels (2 different frequency bands, 2 carriers)
within the voice-grade bandwidth. This modem
permits either full- or half-duplex operation, de-
pending on terminal equipment capability. A 4-
wire connection is provided on this modem on an
RSDP bhasis, but only for special applications.

This is required by the PTT, for instance for
multi-drop configurations.

Terminal Interface

25 interface circuits are defined for connecting a
modem to a terminal. They are listed in the
document issued under recommendation V24 SP
A100E of the C. C. 1. T. T.* This committeé is
one of the I. T. U. (International Telecommunica-
tion Union) groups representing all countries con-~
cerned with standardization of telecommunications.

*Comité Consultatif Intemational T%légraphique et Téléphonique -
International Telephone and Telegraph Consulting Committee.
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Availability of Modems

For the availability of modems, see Appendix A.

2. 3. 4 HOMOLOGATION AND PTT RELATIONS

To connect communications equipment to a communi-
cations line, other than a customer-owned, in-house
communications facility, it must first be approved
by the common carrier (generally the PTT). The
approval procedure is called ""homologation'.

A device is homologated after the PTT has satis-
fied itself that it will interface and interwork proper-
ly with the communications facilities, will not cause
power surges, and complies with all other local
regulations. Whether the modem alone or all
additional equipment connected to it is subject
to homologation depends on the regulations of the
country concerned.

2. 3.5 TRANSMISSION ASPECTS

Transmission Mode

Data characters can be transmitted over com-
munication lines in two ways:

-  serial-by-character, parallel-by-bit,
or
-  serial-by-character, serial-by-bit

In parallel mode, each constituent bit of a
character is sent simultaneously over the line.
The bit-carrying medium can be a multi-wire line
(IBM 357) or a set of fixed frequencies used on the
same line (IBM 1001).

In serial mode, the character is coded as
mentioned above and sent on to the line, bit by bit.
This operation is achieved by a special circuit
called a "'serializer-deserializer'.

Terminal Mode of Operation

As we have seen, there are different types of
terminals which can be classified according to
mode of operation: simplex, half-duplex, and
full-duplex.

There are two kinds of full-duplex operation,
depending on the terminal operation:

-  Data characters may be transmitted
simultaneously in both directions;

- Data characters are sent in one direction
and only control characters are sent in
the other direction. Only this kind of
full-duplex operation is used in IBM

terminals (refer to Modem Operation,
2. 8. 3., and 2-4 Wire Circuits, 2. 3. 1).

TRANSMISSION TECHNIQUES AND
SYNCHRONIZATION

In order for the receiving hardware to properly
detect each bit and character, some way of syn-
chronizing the receiving and transmitting ends is
needed. Two synchronization schemes can
generally be used:

- "Start-stop' for low speed, when each
character is framed by a start and a
stop bit. This can be used under certain
conditions up to a speed of 1200 bps.

- "Synchronous' for high speeds, where
clocking information is either transmitted
with the data or derived from the data
for proper detection.

In the start-stop mode, before and between
characters, the line is in "1" condition (Mark).
Transmission of a character is started by the
transition from "'1'" to ""0" condition (start bit).

The receiving terminal detects this start bit and
starts its clock (oscillator), which stops when the
stop bit is received. Here, the bit sampling is
synchronized on stop-start transition.

This method is used for low- and medium-
speed transmission, because it permits the use of
a cheaper clock (the oscillator does not need very
high accuracy). It applies to the IBM 1050 at 200
bps; the 2260 at 1200 bps, etc.

Synchronous transmission techniques are
described fully in Section 6. It should, however, be
pointed out that the transmitter and receiver are
synchronized in a constant manner and that sampling
of the incoming bits can vary in order to correct
line distortions or oscillator drift.

2. 3. 7 CODING

Coding is defined as a system of rules and con-
ventions according to which the data signal forming
a block is formed, transmitted, and processed.

The code is formed from the letter of the
alphabet which represents the character itself,
plus one or more bits used for checking the char-
acter (in that case, the code is said to be ''re-
dundant').

A complete character flowing across a com-
munication channel may also include additional bits
used for transmission synchronization purposes
(start and stop bits). Those characters are not
included in the code itself.
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The most frequently used codes are the following:

Baudot Code

Each character is represented by 5 bits. For the
purpose of transmission synchronization, each 5-bit
character is preceded by a start bit (0 or Space) and
followed by a stop bit (1 or Mark). This code is
still used in telegraphy and also in a telex network,
but it is not often used for data transmission because
it provides no checking facilities. In fact, there

are no invalid characters in the Baudot Code when
alphameric characters are used. (Refer to Section
2. 3. 8.)

Binary Coded Decimal Code (BCD)

Each character is composed of six bits (BA8421).
One additional bit (C) is added to check the parity
of each character and one or two stop bits are
added to the character to ensure synchronization
of the terminals. The IBM 1050 System uses this
as its transmission code.

ASCII (American Standard Code for Information

Interchange)
or
ISCII (International Standard Code for Information
Interchange)

The ASCII code structure has seven bits plus the
parity bit, or eight bits plus the parity bit (ASCII-
8). The latter is very similar to the internal
System/360 code. The IBM 2260, for example,
uses the ASCII-8 code in remote applications.

4-0Out-0Of-8 Code

The 4-Out-Of-8 character code structure has a
total of 8 bits, made up of four 0 bits and four 1
bits. This code is used in such IBM STR devices
as the IBM 1009, 1013, 1978, 2020, etc.

Other Codes
Other codes can be used for data transmission, with

different schemes for automatic error detection
and even automatic error correction.

ERROR CHECKING AND MESSAGE
PROTECTION

2. 3. 8

The basic concept in error checking is the desired
accuracy of transmission compared with quality
(error statistics) provided by the channel itself.

If an error affects only one bit, a simple parity
check will be sufficient to detect an error; if a
great many errors occur, a more elaborate detec-
tion method must be used.

IBM data transmission techniques provide only
error detection. Correction is automatically
achieved by retransmitting erroneous messages.
Depending on transmission speed, IBM uses the
following error-detection techniques:

1. One single-bit error: The parity of each
character is checked. For example, in ad-
dition to the six bits of the BCD code, a C bit
is used for this purpose. This check is called
"yvertical redundancy check' (VRC). (For the
4/8 code, an internal check is provided by the
code itself, since one character must always
include four 0 bits and four 1 bits.)

2. Double-bit errors: The parity of a whole
block of characters is checked. This check
character is called ''longitudinal redundancy
check' (LRC). Itis sent after the message
and compared with the one first received at
the receiving station.

Other techniques may be used to detect and
correct errors:

- Cyclic Codes

- Double transmission: The message is sent
twice and the two messages are compared.
The message may also be sent back to the
transmitter for comparison (loop operation).
The disadvantage of this method is that
transmission time is greatly increased.

Cyclic codes and double transmission are not
used by IBM at present.

For further information concerning this chapter,
refer to Data Communications Concepts and Com-~
munications Facilities, Form E20-8158.
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2. 4. TERMINAL AND LINE CONTROL

Information sent from remote terminals to a
central processor, and vice versa, via communica-

tion channels is called a ""message'" or a "'transaction'.

This unit of information will be used later as the
basic quantum of activity of a communications-based
system. Input, or received messages, is defined as
coming from the terminals to the central processor,
and output (or transmitted) messages are sent from
the processor to the terminals.

Since these messages or transactions are the
basic input or output data to and from the CPU and
carry the required information, it is essential that
the system be assured of complete control of this
process to avoid errors or losses. Perfect control
by the system (supervision and operator) requires:

- complete identification of the message
and its origin;

- awareness of the message status while
transiting in the system;

- complete knowledge of terminal and line
status for availability and maintenance
purposes.

2. 4.1 MESSAGE CONTROL

For the CPU to perform message control, the
message carries information relative to its process-
ing. The message consists of a header (which con-
tains such information) and the text of the informa-
tion to be transmitted.

The message is received as a whole, but if it is
too long, it can be segmented. The segment is
determined by such considerations as buffer size
and other hardware or operating characteristics.

2. 4. 2

Other special characters are included in the

message and permit control of the line by the CPU.

TERMINAL AND LINE CONTROL
This control has the following functions:

- controlling the use of the line facility by
terminals;

- controlling the procedure of communica-
tions between terminals and either a
master station or a CPU,

The terminals can be in one of the two following
modes:

- control mode for preparation of the data
link before actual data transmission;

- text mode, during which significant data
is sent.

In order to communicate with the terminals, the
CPU (or master station) uses either polling or
addressing.

- Polling is the operation by which the CPU
calls the terminal and allows it to
transmit.

- Addressing is the operation by which the
CPU asks the terminal to get ready to
receive information from it.

For further details, refer to the Systems sections,
4.1 and 5. 4 (1050 and 2260), where this overation is
fully described.
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2. 5 DATA TRANSMISSION UNITS
CHANNEL
The IBM 2701, 2702, and 2703 Transmission Control
Units permit the connection of a CPU to communica- INTERFACE > STORAGE AND
tion lines. CONTROLS -— COMMON CONTROLS
Depending on the composition of these units, the / N
following maximum number of lines can be attached: TERMINAL -INE
CONTROLS - ADAPTERS
For the 2701 4 lines ¢ T
2702 31 lines TRANSMISSION L. INES
2703 176 lines

Figure 10. 2702 Terminal Controls
Since the 2703 cannot be considered part of a
small CBS, only the 2701 and 2702 will be discussed. 2. 5. 2 2702 TRANSMISSION CONTROL UNIT:
FUNCTIONAL DESCRIPTION (Refer to

2. 5.1 2701 DATA ADAPTER: FUNCTIONAL Subsection 3. 6. 3 for detailed description)
DESCRIPTION (Refer to Subsection
3. 6. 2 for a detailed description) The IBM 2702 is composed essentially of the following
sections: interface control; storage and common

The 2701 is composed essentially of a channel inter- control; terminal controls; line adapters.

face (CHIF); transmission interface converter (XIC); The maximum permissible number of lines

and transmission adapter (XA). attached to the 2702 is 31. (For limitations and

The channel interface is common to all lines; arrangement of the different terminal controls, see

each line requires a coupled (XIC-XA). (For limi- Configurators, subsection 3. 6. 4.)

tations on the maximum number permissible, based The 2702 has the following functions:

on types of XA's, see the Configurator, Subsection

3. 6. 4.) - Interfaces to the multiplexor channel;

The 2701 has the following functions: - Interfaces to transmission lines, but has more
capabilities than the 2701 regarding the line

- Interfaces to MPX or selector channel; adapters that can be connected;

- Interfaces to transmission lines; - Directs and controls information flow between

- Directs and controls information flow between the MPX channel and the terminals;
the channel and the terminals; - Operates the bit/byte conversion (serializa-

- Operates the conversion bit/byte (serializa- tion/deserialization);
tion/deserialization); - Permits attachment of various terminals but

- Permits attachment of various terminals, has some limitations as compared with the
such as start-stop, STR, and 2260's; 2701: the Type III terminal (2260 and STR)

- Recognizes special characters; cannot be attached to a 2702 and the maximum

- Performs special checks: VRC, LRC; speed allowed on the 2702 is 600 bps;

- Detects abnormal conditions: time out; - Recognizes special characters;

- Permits hardware checking as far as the - Performs special checkings: VRC, LRC;
interface with the data set (diagnostic Detects abnormal conditions: time out;
register and wraparound command); Permits hardware checking as far as the

- Can operate up to 40. 8 kb in STR mode. interface with the data set.

CHANNEL| CHIF |TRANSMISSION

< > | INTERFACE TRANSM ISSION ONE
CONVERTER (XIC) ADAPTER (XA) TRANSM ISS 10N
XIC XA LINE

/:/’—\/\/J\

Figure 9. 2701 Functional Design
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2.6 PROGRAMMING SUPPORT

A computer system is composed of hardware (CPU,
channels, control and I/0 units) and programming
(programmed instructions for jobs that the system
has to perform). Programming, again, can be
divided into application programs and programming
support. Whereas application programs are based
wholly on specific jobs, programming support per-
forms such standard functions as:

o Job scheduling
. Operator communication

Control

. Data accessing Programs

o I/O and task control

Language translation
’ guas nelan Processors
. Program generation (Compilers)
. Sorting and merging
Utility
o Transferring data from { Programs

one I/0 to another

Figure 11 is a diagram showing programming
support.

In this subsection, the control program area of
the programming support is examined as far as it is

concerned with small communications-based systems.

2. 6. 1 DISK OPERATING SYSTEM (DOS)

VERSION II

DOS II replaces DOS I and provides some additional
optional functions. These additional functions are
mainly multi-programming (the control of three

independent partitions) and telecommunications (the

interface to the Basic Telecommunications Access

Method [BTAM]). The use of these functions requires

a 32K machine with the Storage Protection Feature.
The three partitions:

Foreground 1, Foreground 2, and
Background

are completely independent. They cannot interface
with each other, as they are protected by different
storage protection keys. In effect, each partition
functions as though it is a separate computer shar-
ing the arithmetic and logical capabilities of the
CPU with programs operating in the other partitions.
There is no means of direct communication between
partitions. However, the access to a file is possible
from more than one partition. In the case of
simultaneous updating of a file by two programs,
exclusive control has to be programmed by the user.
Priority of execution of the different programs

is:
1. Supervisor
2. Attention routine (operator commands)
3. Foreground 1
4. Foreground 2
5. Background

As soon as one program enters the wait state or
is completed, control is given to the one with the
next lower priority. The use of multi-programming
and telecommunication functions requires the fol-
lowing restrictions:

HARDWARE

COMPUTER

APPLICATION
PROGRAMS

SYSTEM

PROCESSORS

PROGRAMM ING

PROGRAMM ING

SYSTEMS

(COMPILERS)

UTILITY PROGRAMS

JOB MANAGEMENT

CONTROL. PROGRAMS

(OPERATING SYSTEMS)

\___TASK MANAGEMENT

PAM

DATA MANAGEMENT DAM

SAM

ISAM

BTAM
TAM
QTAM

Figure 11. Programming Support
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1. FORTRAN and PL 1 programs as well as
IBM processing programs operate only
as background programs.

2. There must be no burst mode devices on
the multiplexor channel.

3. The 2701 is supported only on the MPX
channel.
4. The timer can be assigned to only one

partition for time-interval use (time-of-day
may be used in all partitions).

Use of Partitions

Compiler (same levels
as in DOS)

Application programs
in PL1, FORTRAN,
COBOL and Assembler,
Utilities, and

T/ P programs using
BTAM

Background -
no restrictions

Application programs
in Assembler language,
Special DOS utilities
generated by macros,
and

T/P programs (in
Assembler) using
BTAM (COBOL for
processing is possible
if necessary linkages
are provided)

Foreground 1 and 2

Size of Partitions

At generation time, the required number (1 - 3) of
partitions of the necessary size is generated. The
operator has the choice of altering the size or num-
ber of partitions by issuing a special job control
command through the console.

8K is used for the supervisor (the final version
with error recovery procedures may possibly use
10K).

© 10K is the minimum size of the background

partition, as this is the size of the job scheduler.

Multiples of 2K can be given to the foreground
partitions. All partitions, including the supervisor,
must be within a multiple of 2K limits because this
is the smallest area for a storage protection key.

Initiating of Programs

In the background partition, the job scheduler ini-
tiates the jobs sequentially from the job input queue.
In the foreground partitions, the jobs are ini-

tiated and terminated by the operator through the
console, using special job control commands.

2. 6. 2 BASIC TELECOMMUNICATIONS ACCESS
METHOD (BTAM) IN DOS

Like the other data access methods of System/360,
BTAM is designed to ease reading and writing of
data, in this case from and to terminals.

This is done by providing the necessary macros
for all such functions as read, write, addressing,
and polling.

As in most other cases, a terminal determines
when a message has to be read in. The polling
technique or something similar is used. The result
of a read command will, therefore, not always be
reading of data, but may sometimes be a negative
response of a terminal. It is an additional function
of the telecommunications access method to handle
these negative responses to polling. In order to poll
the lines during processing of messages, BTAM
provides an internal supervisor as part of the
assembled program. This supervisor has control
over all T/P interrupts. A negative response to
polling results in initiation of polling of the next
terminal in the polling list. An EOB or EOT inter-
rupt indicating completion of a line read or write
operation during message-processing results only
in posting of the interruption until the message-
processing is terminated. The reason is that no
overlapped message-processing is possible in a
single program (task) environment, as it is pro-
vided by the Disk Operating System.

Supported Terminals

- IBM 1030, 1050, 1060, 2740, AT&T 83B3,
and WU 115A through a 2701, 2702, or 2703
on non-switched lines (BTAM can support
all these terminals at the same time, as long
as each line has only one kind of terminal. )

- IBM 1050, 2740, and TWX 33/35 on a switched
line through a 2701, 2702, or 2703

- IBM 7770/7772 attached to the multiplexor
channel (BTAM does not support audio re-
sponse units in the same system with other
terminals)

- IBM 2260 remote terminal through a 2701 on
non-switched lines

- IBM 2260 local terminal attached to the multi-
plexor or selector channel through a 2848
Control Unit.
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BTAM Functions

The main functions which BTAM provides are:

- Transmitting and receiving messages

- Polling or addressing terminals according to
the user's established lists, and changing the
polling or addressing scheme at execution

time

- Directing buffer pools to send or receive
variable-length messages

- Allowing programs with lower priority to use
the CPU during wait times

- Pruviding online terminal test facilities

- Checking for transmission errors, recover-

ing from temporary errors, posting permanent

error conditions, and writing error messages

- Automatic answering or dialing to establish a
connection to a remote terminal

User's Responsibilities

The responsibilities of the user are:
- To define his system

- To write the message-processing programs,
including:

Line control, using BTAM macros

- Code translation

- Time and date stamping, if required
- Header analysis

- Message queuing and logging

- Any additional error procedures required

Definition of the System

For a BTAM coding sequence, this example shows
where and in what sequence the definition statements
are used. All operands and the program itself are
omitted to simplify the example:

BEGIN

START

BALR

USING

[

User's program using BTAM

L]

READ MF =L

DTFBT

DTFBTND } may be assembled

DFTRMLST) separately as a set

BTMOD - should be assembled
separately by itself

END BEGIN

A Data Event Control Block (DECB) is generated

per line by the READ macro with the entry MF = L.

A Define the File Table (DTF Table) is generated

per line group by the DTFBT macro.

After the last DTFBT macro, a DTFBTND macro

must follow.

Polling and addressing lists are generated by the

DFTRMLST macro.

BTAM logic (internal supervisor) is generated

by the BTMOD macro.

A.

RESETPL 1.

Declarative Macros*

BTMOD generates logic module of BTAM
DTFBT generates DFT Tables

DTFBTND defines the end of DTF's

DFTRMLST generates polling and addressing lists
CHGNTRY changes polling and addressing lists
STATB generates statistical tables

Transient Macros

OPEN
CLOSE

activates lines
deactivates lines

Line Activity Macros

READ polls and reads data from a line
WRITE' addresses and writes data to

a line
CONTROL enables or disables 