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PURPOSE OF THIS MANUAL

This manual contains general information about data
communications. It is intended for persons planning or
using a data communications system with IBM small
and intermediate systems.

To understand the content of this manual, you must be
familiar with data processing concepts.

The manual defines data communications, explains the
benefits of data communications, and describes how

data communications can be used with data processing.

ORGANIZATION OF THIS MANUAL

This manual is organized into seven chapters. Chapters
1 through 4 discuss data communications concepts.
Chapters 5 through 7 discuss IBM small and
intermediate systems that use data communications.
Many illustrations and configurations are used to clarify
some concepts.

To describe the components or parts of a data
communications system, a typical system configuration
is shown that includes all the basic components (such
as terminals, computers, and programs) of a data
communications system consisting of small and
intermediate systems. The sample system also includes
a brief description of the function of each component.
Subsequent chapters then describe the components in
more detail. In addition, there are sample data
communications system configurations using IBM small
and intermediate systems and other related IBM
equipment.

About This Manual

This manual contains information about the following
terminals and systems:

« IBM Personal Computer

« IBM System/23 Datamaster
« IBM System/34

« IBM System/36

« IBM System/38

« IBM Series/1

« IBM Communicating Magnetic Card Selectric
Typewriter

« IBM Office System 6 Information Processor
« IBM 3101 Display Terminal

« IBM 3270 Information Display System

« IBM 3600 Finance Communication System

« IBM 3741 Data Station and Programmable Work
Station

« IBM 5230 Data Collection System

« IBM 5250 Information Display System
« IBM 5260 Retail System

- IBM 5280 Distributed Data System

« IBM 5520 Administrative Sysfem

« IBM Displaywriter System

IBM 6670 Information Distributor

The Glossary contains data communications terms and a
bibliography of publications containing more information
on data communications or the products discussed in
this manual.
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All examples and illustrations in this manual show
typical uses of data communications and do not
describe user systems now installed. Actual costs of
equipment or transmission services are not listed in this
manual. Contact your IBM marketing representative or
your local IBM branch office for this information.

Note: The word network is used throughout this
manual. This word has at least two meanings:

« A public network is a network established and
operated by common carriers for the specific purpose
of providing circuit-switched, packet-switched, and
nonswitched-circuit services to the public.

« A user application network is a configuration of data
processing products (such as processing units or
work stations) established and operated by users for
the purpose of data processing or information
exchange; such a network may use transport services
offered by common carriers or communications
administrations.

Network, as used in this publication, refers to a user
application network.

See the Bibliography for related publications, and the
Glossary for definitions of related terms.



Chapter 1. Introduction to Data Communications

WHAT IS DATA COMMUNICATIONS?

Data communications is the process of transmitting information from one
location to another. When data communications is used with data processing,
data might be transmitted between one or more of the following data
processing devices:

» From one computer to another computer
o From a computer to a terminal
« From a terminal to a computer
« From one terminal to another terminal
A data communications system consists of a group of terminals, computers,
programs, and transmission equipment.

WHAT ARE THE BENEFITS OF DATA COMMUNICATIONS?
The ability to transmit data from one data processing device to another can
offer many benefits. For example, data can be entered directly into remote
data files to reduce the need for posting, recording, punching, or other
controls. This data may be more accurate because it can be entered at its
source by the people who are most familiar with it. Management can then use
this accurate up-to-date data for better control of daily business transactions.
As the uses of data communications are presented, these benefits and others
will be discussed. These benefits can improve user performance because

businesses can provide faster, more accurate responses to customer orders or
inquiries.

Introduction to Data Communications  1-1
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WHAT ARE THE USES OF DATA COMMUNICATIONS?

Most of today’s data processing systems use data communications to perform
one or more of the following functions:

« Data entry: Entering data directly into data files
« Inquiry: Searching data files for specified information
« Record update: Altering, adding, or deleting data stored in files

« Remote batch entry: Entering batches of data from a remote location into
data files

« Remote job entry: Transmitting data and processing instructions to a remote
data processing system for processing

« Distributed data processing: Locating some or all the data processing
functions (such as main storage, control of the system, processing, input
and output operations) on systems at different locations and connecting
these systems, using communications lines and equipment



The following illustration shows an example of data processing systems and
terminals in a data communications configuration.

-

|
Data Files ,7

ﬁ Data Files ™\
r |

Host System 1

Remote Batch
Entry Terminal
or Remote Job
Entry Terminal

Data Files Programmable or
Nonprogrammable
Terminals

This illustration may be helpful in the discussions of the following uses of data
communications:

« Host system 1 is the controlling computer (controller) or the highest level
system in a data communications system configuration. Host 1 contains the
programs that start and check the communications programs in other
attached hosts or terminals. In some configurations, all systems may have
the same controlling tasks and thus, are called peers. There is no host
system in a peer configuration.

« Host system 2 communicates with its attached terminals and with host
system 1.

« The remote batch entry or remote job entry terminal is a computer or a
programmable terminal that is used as a terminal when communicating with
a host, and is used as a data processing system when not communicating
with a host.

« A programmable terminal can perform some of the data processing before
transmitting the data. For example, the attached remote batch entry terminal
or a remote job entry terminal can be used to enter data into local data files,
update local data files, inquire into local data files, and perform other host
functions when not communicating with the host.

« A nonprogrammable terminal is the input and/or output station in a data

communications system configuration, such as a printer or a
keyboard/display terminal.

Introduction to Data Communications 1-3
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DATA ENTRY, INQUIRY, AND RECORD UPDATE

The following example shows a host system with attached terminals. This
system can be used for data entry, inquiry, and record update.

Data Files

Online Terminals

Inquire and
Enter Update
Customers Orders &
Directly into
Host Data Files Inquire into

Data Files

With this system, customer orders can be entered directly into host system
files from a remote terminal. At the same time, other terminals can be used to
inquire into and/or update host system files. In this system, data is received
and processed and is ready to use immediately by the host or terminals. This
is called interactive communications or realtime data processing.



One host system can be connected to another host in addition to the terminals,
as shown in the following example:

Minneapolis

Data Files

Online Terminals

Chicago

Inquire and
@ Update

Enter

Customers Orders

Directly into Inquire into
Host Data Files Data Files

In this configuration, host system 2 is a host for its terminals and is a terminal
for host system 1. Host system 2 performs the following:

« Sends summary data to host system 1

» Receives and processes data from host system 1

« Inquiries into its data files for the host system 1 operator

« Inquiries into host system 1 files for its operator or a terminal operator
Connecting host systems in this manner allows some of the data that is

normally transmitted to a remote system for processing to be processed
locally.

Introduction to Data Communications
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REMOTE BATCH ENTRY

This example shows a host system as a remote batch entry system:

>
»
—/Data Files

Host System

Remote Batch =

- Entry
/ Terminal
/

Diskette

Reader D l:

Diskette

A remote batch entry host system operates as a data processing system
without communications while you enter the data through a keyboard or other
device and store the data on disk, tape, or other storage media at remote
locations. Then, when appropriate, a communications line is used to connect
the terminals to the host system so the stored data can be transmitted to the
host for processing. A remote batch entry system can consist of
nonprogrammable terminals, programmable terminals, remote batch entry
terminals, or a combination of these.



REMOTE JOB ENTRY

This example shows a remote job entry terminal:

K Host System

Remote Job
Entry
Terminal

When the remote job entry terminal is connected to the host, the remote job
entry terminal user can send data and processing instructions to the host
system. The host system then processes the data according to the instructions
from the remote job entry user. Thus, the remote job entry terminal user can
benefit from the processing power and storage capacity of a larger system.
The results can then be transmitted back to the remote job entry terminal to be
printed and/or stored for later use, sent to another terminal, or used by the
host 1/0 devices. A nonprogrammable terminal or a programmable terminal
can be used as a remote job entry terminal.

Introduction to Data Communications
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DISTRIBUTED DATA PROCESSING

Chicago Central Host System

Enter

Customers Orders
Directly into
Host Data Files

ﬁ Data Files
=
. -

Online Terminals

B

Data Files

St. Louis

Online Terminals #
Milwaukee a ’
@ Q v Inquire anc

Enter Employee Update
Data Files Data into Host
Data Files and Inquire into
Inquire into Customer Data Files
Data Files
ﬁ Online Terminals #
-~ Q Remote Host System
. o ﬁ Inquire and
nter Customers U e
Billing Data \' Pt
Directly into Inquire into

Host Data Files Data Files

Remote Host System

This illustration shows a distributed data processing configuration. In the
configuration, remote systems and terminals are connected to a central
processing unit, host system 1.

1-8



Each host processes its own data, and the users at each location can do the
following:

« Enter customer orders, billing data, and employee data directly into their
host data files

« Update their own data files

« Inquire into their own data files or inquire into data files on the system at
another location

« Control their own system (that is, each location can turn on the power to
their systems, supply and load their own system control programs, and
maintain their system as their needs dictate)

In a distributed data processing configuration, some or all of the functions

(processing, storage, control, input, and output) are situated in different places
and connected by communications lines and equipment.

Introduction to Data Communications 1-9






Chapter 2. Parts of a Data Communications System

The parts of a data communications system depend on how the system is
used. There are, however, basic parts required for data communications. The
following example shows a host system and a terminal in a configuration
requiring all of the basic parts.

Parts of a Data Communications System 2-1
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Application programs are the programs that perform user jobs. With
most IBM systems, application programs are written with the same
programming language (such as RPG II, FORTRAN, or COBOL) the
customer uses for programs that are not data communications programs.

The system control program (when used) prepares the data from the
application program for use by the communications program.

In this configuration, the host communications program controls
communications between the host and the terminal. Some systems may

also use a microprocessor(s) to help control data transmission.

A communications adapter connects the host system processing unit to
the modem.

Disk data files allow the user to store and use data.

Modems convert computer signals to communications line signals at one

end of the line and back to computer signals at the other end of the line.

Modems may be external to or built into the host and/or terminal.

Several terms are used to described the equipment used to convert
signals transmitted over communications lines: data circuit terminating
equipment, line adapter, and modem. In this manual, the word modem is
used to described the equipment that converts signals to be transmitted
over communications lines.

A communications line transmits the data from modem to modem.

A display terminal is used to enter and send data to the host or to
retrieve data from the host data files.

Communications adapters, lines, and modems are described in more detail in
subsequent chapters.

Parts of a Data Communications System
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Chapter 3. Communications Networks

A communications network consists of the equipment and programs that
transmit data between data processing or word processing devices. Network
equipment consists of transmission lines (wires or cables), satellites, microwave
equipment, switching equipment, and other devices used to transmit data. It is
not necessary to understand how the network equipment works to use a data
communications system.

Most communications networks are provided by communications common

carrier companies. A communications common carrier company is one that
supplies communications services to the public. For example, a telephone

company is a common carrier company.

The equipment that a common carrier company uses to transmit data to and
receive data from a communications line is called data circuit-terminating
equipment (DCE), called data communications equipment throughout this
manual; and the data or word processing equipment (such as a host or
terminals) used for communications is called data terminal equipment (DTE) as
shown:

Data Data
Terminal Terminal

; Equipment
Equipment Data Data

Circuit-Terminating Circuit-Terminating
Equipment (or modem) Equipment (or modem)

Communications
Line

Communications Networks 3-1



Several words are used to describe the electrical path between data processing
devices in a data communications configuration: communications channel,
communications lines, communications facility, and communications link. In
this manual, the word line is used to describe all of the equipment that
transmits the data from one modem to the other modem (remote line) or from
one device to the other device (local line) as shown:

Host System Communications Communications
or Terminal Adapter Adapter

Modem

Host System
or Terminal

Communications Link

Host System
or Terminal Local
Line

Host System
or Terminal



The communications link is the path from a computer to a terminal or another
computer. The communications link includes the lines, modems (when used),
and communications-controlling portions (programs and devices) of the
terminal or other computer.

A communications network can consist of more than one line. For example, in
the following illustration, the host system can communicate with more than one
system, terminal, or station in the same network. (A station can consist of
terminals only, both terminals and a controller, or a controller only.) A network
can also consist of a combination of switched, nonswitched, point-to-point,

and multipoint lines, as shown in the following illustration:

Nonswitched /

Point-to-Point Line

Switched
Point-to-Point
Line

Host  pdepe or::
System

Nonswitched
Multipoint Line

Each of these lines is described in the following topics.

Communications Networks 3-3
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SWITCHED LINES

Switched lines (also called dial lines or dial circuits) use the same equipment
and transmission lines that are used for voice (telephone) communications.
Before data can be transmitted, a connection must be established between
devices. To establish a communications connection between a terminal and a
host and to exchange information on a switched line, the following usually
occurs via switching equipment in common carrier exchange offices:

1. The host system dials the call automatically (if the host supports an
Automatic Calling feature), or the terminal operator manually dials the
number of the host system location.

2. The host system automatically answers the call and establishes a
communications connection (if the host is equipped with an Automatic
Answering feature) or an operator at the host answers the call and
establishes the connection.

3. The terminal operator then enters a sign-on code using the terminal
keyboard to identify the terminal to the host.

4.  When the host receives the sign-on code, it is checked for correct
identification, and the host makes the appropriate response.

5. If the sign-on code is correct and is recognized by the host, the terminal
operator can exchange information with the host.

6. The terminal operator signs off and disconnects the communications
connection when the information exchange is complete.

NONSWITCHED LINES

Unlike switched lines, nonswitched lines (sometimes called leased or private
lines) do not require dialing to establish a communications connection. The line
is permanently connected and always available. Nonswitched lines often use
the same network equipment as switched lines. They might even be routed
through common carrier exchange offices; however, they are permanently
connected instead of being routed through switching equipment.

Nonswitched lines that you own and maintain are called customer-owned lines.
For example, if you connect several terminals to a host, and the terminals are
located in the same building or a building nearby, you may install your own
wires or cables and equipment to connect the terminals to the host system.
Because these are your own lines, you do not need the services of a common
carrier.



SWITCHED VERSUS NONSWITCHED LINES

Whether to use switched or nonswitched lines depends on the system
configuration and how you will use the system. The following should be
considered when determining whether to use switched or nonswitched lines:

« With a switched line, you can dial any terminal or host location that can
communicate with your terminal or host. With automatic dialing and/or
automatic answering equipment, dialing and answering can be done
automatically under program control.

« With a switched line, you are charged for local and long distance calls. This
charge depends on the amount of time spent using the line. Using switched
lines could be an advantage if you have a low volume of transactions on
long distance lines. For example, you could store data on diskette, tape,
disk, or another storage media and transmit it when the rates are lowest.

« Nonswitched lines (lines that are owned by a common carrier) have a fixed
monthly rate. Using nonswitched lines could be an advantage if you have a
large volume of transactions, such as an application that requires repeated
inquiries or updates of files, and the line must be connected for long
periods.

« Nonswitched lines can be improved (by conditioning, that is, adding certain
devices to improve the data signal) to reduce transmission errors and
increase the transmission speed of the line. Switched lines cannot be
conditioned.

« Nonswitched lines might provide greater data security since you will be the
only one using the line.

Communications Networks
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POINT-TO-POINT AND MULTIPOINT LINES

When a line connects only two stations, as shown in the following example, it
is a point-to-point line:

Communications
Line

Terminal
A point-to-point line can be either switched or nonswitched.
When a line connects two or more stations, as shown in the following
example, it is a multipoint line:
Communications
Line
Terminal

Terminal

Three stations, a host and two terminals, are now connected to one line.
Multipoint lines are usually nonswitched lines.



Controlling the Devices on a Point-to-Point Line

Because a point-to-point line connects only two devices, it is the easiest line
on which to control communications. Communications between stations on a
point-to-point line is normally controlled as shown in the following example
using a host and a terminal:

1. The host first checks the terminal to determine if it is ready to receive
data (also called a bid for the line):

- ——

-~ >~
/ Are you ready \
to receive data7 /

2. The terminal responds by indicating its status to the host. For example, a
terminal might indicate that it is turned on, signed onto, and ready to
receive data:

——— —
g =~

AN
/  Yes,lamready. )

—— \ v
N s~

~ \

S~

_— i S - - - = >

If the terminal is not ready to receive data, it would indicate this to the
host system.

Communications Networks
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If the response from the terminal to the host system is no (the terminal is
not ready to receive data), or if the terminal did not respond, the host
normally indicates an error to the host system operator. If the response
from the terminal is yes (it is ready to receive data), the host sends the
data:

/——‘—- \\
N

/ -
\ Here is the data. )
N

———\ /
7
‘/__‘/
== ‘W\»/%@

The terminal normally indicates to the host whether or not the data was
received correctly.

If the terminal receives the data correctly, it normally sends a positive
answer (sometimes called acknowledgment) back to the host:

— ——

- -~

7
/ I received the
— \ data OK. /’




5. The host may then send more data or indicate that it has no more data
to send. The host then ends the transmission.

———

~
hatis all the N\

\
/

5

\  datal have;end

Either station on a point-to-point line may start communications (bid for the
line); therefore, both stations could bid at the same time:

— —— — —— —

-~ ~q - ~<
(/ Are you ready \ // Are you ready N
to receive data? \\ to receive data? /,

When both stations bid at the same time, this is called contention. Both the
host and the terminal would receive a negative answer or no response to their
request.

Different methods are used to resolve contention. For example, one method is
to assign one station as a control or primary station and the other as a
tributary or secondary station. A control or primary station is designed to
always gain control of the line first. The tributary or secondary station must
then wait to send its data after the control or primary station indicates that it
has finished transmitting.
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Controlling the Devices on a Multipoint Line

Controlling communications on a multipoint line is more complicated than on a
point-to-point line because there is more than one terminal on a multipoint
line. On a multipoint line, one station controls the communications by selecting
and/or polling the other stations. The station controlling communications
(usually a host system) is called the control or primary station and the other
stations (usually terminals) are called tributaries or secondary stations.

Selecting

When the control or primary station sends data to a tributary or secondary
station on a multipoint line, the data is available to all tributary or secondary
stations on the line. Therefore, each transmission must be controlled so that
the correct station receives the data. This is done by assigning each station an
address, such as A, B, and C. The control or primary station selects the
correct tributary or secondary station by sending the address of that station
before sending the data. This is called addressing or selection. Once the
station is selected and ready to receive data, the control or primary station
sends the data on the line and the station that is selected receives it.

The following example of a host system (control or primary station) and
attached terminals (tributary or secondary stations) shows how a host selects
and sends data to terminals on a multipoint line.

1. To send data to a terminal, the host system first selects the correct
terminal (in this example, terminal C) by sending the address (C) of that
terminal:

— ——
- -~

-~ .
7" Terminal C, are >
| you ready to )
~ _receive?




2. Only terminal C responds to the address sent by the host (the other
terminals on the line receive the address sent by the host and the
response sent by terminal C but ignore both):

— — —
- -~ -~

P ~

14 Yes, | am N\
\ ready to )
receive. s

3. Having answered yes, terminal C is ready to receive the data. The host
system sends the data and only terminal C processes it (terminals A and
B ignore the data):

—————
s REN

Here is the data. )
N\
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4.  Terminal C informs the host system that the data was received correctly
(terminals A and B ignore the response):

- ——

/ received the \)
\_  data OK. p

The host system then sends more data, or indicates the end of

transmission (the end of transmission indicates that terminal C is no
longer selected and the line is now available):

- —

77 Thatisall the ~~
{ data | have; end )
~ of transmission. /

-
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Polling

In the preceding example, the control station selected the station to which data
was transmitted. The control or primary station must also control the other
terminal(s) that transmit(s) data. If all terminals began sending at the same
time, it would be impossible to determine which one was transmitting. Since
each terminal has an address, the control station can send the address of each
terminal, one at a time, to determine if any of them have data to send. This is
called polling.

The following example of a host and attached terminals shows how a control
station polls terminals on a multipoint line.

1.  The host polls each terminal, one at a time, starting with terminal A:

7T T S
7 Terminal A, do >
you have data
~ _tosend?

-

2. Although all terminals on the line receive the address for terminal A, only
terminal A answers. (Terminals B and C receive the response but ignore
it.) If terminal A does not have data to send or is not ready to send data,
it indicates this in its response:

Ve
( | have no
data to send.
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3.

Since terminal A does not have data to send, the host system polls
terminal B:

————
-~ ~
7  Terminal B,do >

you have data
~ _tosend?

N

This time only terminal B answers. Terminal B is ready and has a

message for the host system (terminals A and C ignore the data and the
response):

—
m N T

- - —

- -~
,/ Yes, | have
S~ datatosend.
\\Eere itis.
SN ~~
\/ -




5. The host responds to terminal B to indicate that the data was received
OK (terminals A and C ignore the response):

— ——
—
- ~

AN
{ | received the \

6. Terminal B may send more data or indicate that it has no more data to
send and that this is the end of its transmission (the end of transmission
indicates that the line is now available):

e
W A
7 That is all the

~
N~ ( data | have; end
\._of transmission. _
~ e~
\ \\ \

-~

Terminals do not have to be polled in sequence. A polling list can usually be
set up for the most efficient operation. If a terminal is seldom used, it does
not have to be polled as often as a more active terminal. For example, if
terminal C is used less frequently than terminals A and B, the polling list could
look like this:

ABABABCAB...

Polling the seldom-used terminal less often permits more efficient use of
system time.
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POINT-TO-POINT VERSUS MULTIPOINT TRANSMISSION

If controlling a point-to-point line is easier than controlling a multipoint line,
why not always use point-to-point lines? The answer to this question involves

how the common carrier company rates (or tariffs) are determined for
nonswitched lines.

Common carrier companies generally charge for a nonswitched line by the
length of the line in air miles. The following example shows the mileage of a
network of nonswitched point-to-point lines as compared to the mileage of a
network consisting of one multipoint line (both networks use the same host

and terminals):

/

140 miles

120 miles

80 miles

130 miles

Point-to-Point Lines
Total Mileage; 660

100 miles

90 miles

80 miles

60 miles

40 miles

0

80 miles

60 miles

Multipoint Lines
Total Mileage; 410

90 miles

The example shows that the total line miles in the multipoint line network is
shorter than the total line miles in the point-to-point lines network. Therefore,
the multipoint network charges are less than the point-to-point network

charges. Also, a modem is required at each end of a nonswitched

point-to-point line. In the point-to-point example, six modems are required at
the host system; whereas, in the multipoint example, only one modem is
required at the host system. (Switched point-to-point lines might also use one
modem at the host system; however, only one line at a time can be used.)



Another factor that affects the rates is whether the line is intrastate (within one
state) or interstate (between two or more states). When the line is an
intrastate line, the rates are controlled by the Public Utility Commission of that
state. Therefore, intrastate rates may vary from state to state. When the line is
an interstate line, the rates are controlled by the Federal Communications
Commission and are usually the same throughout the United States.

TIME-OUTS

Another situation on a communications line that must be controlled is a station
failing to answer a request (on either a switched or a nonswitched line).

If a station fails to respond to a request, the requesting station might wait for
the response for an indefinite time and, therefore, tie up the line so that other
stations cannot communicate. To avoid this, the requesting station must wait a
short time, then retry the request or go to another station or another job. This
wait is called a receive time-out. For example, if a host sends a message to a
terminal that does not have its power on, the terminal cannot respond to the
message. In this case, the host may transmit the message again after a
specified time (time-out). If, after a specified number of retries, the terminal
still does not respond, the host begins communicating with other terminails.

Time-outs can vary from one to 30 seconds, depending on whether the station

is receiving or transmitting and depending on the type of response or
acknowledgment expected.

Communications Networks 3-17



DUPLEX AND HALF-DUPLEX TRANSMISSION

Duplex (sometimes called full duplex) transmission is data transmission
between two stations in both directions at the same time. An example of
duplex data transmission follows:

Duplex Line
\
Host or Host or
Terminal Terminal

Half-duplex transmission is data transmission in both directions but not at the
same time. Examples of half-duplex data transmission follow. In the first
example, a host is the transmitter and the terminal is the receiver. In the
second example, the terminal is the transmitter and the host is the receiver.

Half Duplex Line

—

Host Terminal

Half Duplex Line

[

Terminal

Host

The terms 2-wire and 4-wire are sometimes used to mean half duplex and
duplex; however, the number of wires in the communications line is not related
to half duplex or duplex ability. See Transmission Methods later in this chapter
for more information.



Most stations now in use cannot transmit and receive data in duplex mode;
however, even if a station cannot transmit and receive data at the same time,
there is an advantage in using duplex lines. The advantage is a reduction in the
time required for the line to turn around. When a station changes from
transmit to receive or from receive to transmit, there is a delay called line
turnaround time. This delay allows modems and network equipment to switch
the direction of transmission and to ensure that all data has reached its
destination. Messages that require frequent line turnarounds can cause a
significant increase in the time required to transmit a message. The following
example shows how line turnaround time can affect transmission:

Host System Terminal

Poll Terminal

< Terminal Responds with Data

Host Acknowledges

_— Line Turnaround Delay

7

< Terminal Sends More Data

N
—]
]

Host Acknowledges

\\7\ j</f ,V

< Terminal Ends Transmission

If a duplex line is used, the modems and network equipment are always ready
to transmit and receive, and the line turnaround time is minimal.
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TRANSMISSION METHODS

When the data leaves your location, it is normally transmitted to a common
carrier company office, such as a local telephone company exchange office. A
line called the local loop carries the data to the local office. The data is then
transmitted from one local office to another local office by cable, satellite, or
microwave signals.

The local loop can be either a 4-wire or a 2-wire circuit. With a 4-wire local
loop, one pair of wires transmits data and the other pair receives data. With a
2-wire local loop, one pair of wires is used to both transmit and receive data.
The terms 4-wire and 2-wire are sometimes used to indicate a duplex line or a
half duplex line. However, the number of wires in the local loop is not related
to duplex or half duplex. For example, some modems can transmit in duplex
mode on a 2-wire local loop.

TRANSMITTING THE DATA

In data communications, several code structures are used to assign the
combinations of bits (1’s and O’s) to data characters. The most common code
structures used are the EBCDIC (extended binary-coded decimal interchange
code) and the ASCII (American Standard Code for Information Interchange)
codes. All devices on the line must use the same code structure. For example,
if a host is using EBCDIC, then all terminals or other systems with which the
host communicates must also use EBCDIC.

Most stations transmit data serially, one bit at a time, over the communications
line. The speed at which the bits are transmitted is specified in bits per second
(bps) or bauds. (Baud indicates the number of signal changes per second on a
line and does not always equal bits per second.)

Data communications lines are classified by maximum transmission speed. All
equipment on a line must operate at the same transmission speed. For
example, if a host operates at 9600 bits per second (bps), then the modems,
lines, terminals, or other hosts must also operate at 9600 bits per second
(bps). Channel conditioning, adding electrical or electronic devices to improve
the data signal, may be necessary to get the required transmission speed.



Data Validity

Communications lines are subject to noise and interference which can change
data bits so that they may not be recognized by the receiving station. In
addition, the receiving station might accept noise as data bits. If a bit in a
character is changed, that character and possibly the characters next to it will
not be valid. Therefore, the data is usually checked for changed, lost, or
gained bits.

There are three common methods to check data validity: vertical redundancy
checking (VRC), longitudinal redundancy checking (LRC), and cyclic redundancy
checking (CRC). A station normally uses either CRC, VRC, LRC, or VRC and
LRC in combination, depending upon the type of data link control used.

Vertical Redundancy Checking (VRC): VRC checks each character for an odd or
even number of 1 bits, which is called parity checking. For example, if the
transmitting station ensures that every character transmitted has an odd
number of 1 bits (called odd parity), then the receiving station must receive an
odd number of 1 bits for each character or the character is invalid.

Longitudinal Redundancy Checking (LRC): LRC uses all the bits of each
character of data to form a check character at both the transmitting and the
receiving stations. At the end of each transmission, the transmitting station
sends its check character to the receiving station where the two check
characters are compared. If they are equal, the data is assumed to be correct.

Cyclic Redundancy Checking (CRC): CRC uses a mathematical procedure to
form a check sequence (usually 16 bits or two characters) using all bits of all
characters in a group of data. The check sequence bits are usually referred to
as block check characters (BCC), or frame check sequence (FCS) in SDLC,
which are formed at both the transmitting and receiving stations. The
transmitting station sends its check sequence bits or characters to the receiving
station where they are compared to the sequence bits formed at the receiving
station. If they are equal, the data is assumed to be correct. Cyclic redundancy
checking is the most accurate method of error detection presently used.

These error checking methods are automatically performed by the device or

communications program. Both the transmitting station and the receiving
station must use the same error checking methods.
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Transmission Efficiency

When an error is detected, the receiving station normally sends a negative
answer to the transmitting station. The transmitting station then usually sends
the data again. The longer the message, the greater the possibility of an error
occurring. Thus, a long message may have to be transmitted several times
before it is received correctly. This can greatly reduce transmission efficiency.

One method of improving transmission efficiency is to divide the message into
blocks of data as shown below:

Unblocked Message

—
1000 Characters u .
] —
Entire message has to \
be transmitted again. . Noise
(line turnaround)
Blocked Message R
250 Characters 250 Characters 250 Characters .
L4
One Block Only this block has to

be transmitted again.

In this example, the transmitting station sending a blocked message only has
to send 250 characters again instead of the entire message. The block size
used depends on how the data communications system is used, the
transmission speed, and the condition of the line. (Line conditioning occurs
when certain devices are added to the line to improve the data signal.)

Sending data in blocks may increase the number of line turnarounds, which
increases the time it takes to transmit the message. If possible, different block
lengths should be tried to determine which block size is the most efficient.
(Some devices specify a fixed or a maximum block size.)

Because signal distortion often decreases as the transmission speed is
decreased, another possible method of increasing transmission efficiency is to
reduce transmission speed.



Buffers

A buffer is a portion of computer or terminal storage that is used to store data
temporarily to make up for a difference in time or rate when data is
transmitted from one device to another. In data communications, a buffer
allows the data to be transmitted at the speed of the communications line
instead of the speed of an input or output device.

For example, suppose you are transmitting data to a 44-character-per-second
printer on a line that can transmit data at 2400 bits per second (bps) (300
characters per second using an 8-bit code, such as EBCDIC). Since the printer
cannot receive and print all the characters at once, but can only print 44
characters per second, the full ability of the line is not used. However,
suppose the printer has a buffer as shown in the following example:

44 Characters
\Per Second

-

SHPrintt -t
Buffer

-~ -

300 Characters Per Second

Communications
Line

The data can be sent to the printer at line speed (300 characters per second),
stored in the print buffer, then printed at printer speed (44 characters per
second).

The previous example shows the printer receiving the data. A buffer can be
used in the same manner when a terminal transmits data (for example, to
transmit data from a diskette or data entered at a keyboard). Data can be read
from diskette or entered at the keyboard and placed into the buffer at diskette
or keyboard speed, then transmitted from the buffer at the line speed.

Communications Networks
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Double buffering (using two buffers) further increases the efficiency of data
transmission. The following illustration shows how double buffering is used:

Host D

Terminal
Display

- i
1/0 Buffer [~ 1 Line I Buffer ~
Li ’B—uifgr_ A
/ Communications
‘ Line

Two line buffers are used to store data that is being transmitted to the line or
being received from the line. During a transmit operation, data can be
transmitted from one line buffer while data to be transmitted next is placed in
the other line buffer. During a receive operation, data from the line can be
stored in one line buffer while previously received data, stored in the other line
buffer, is processed.

Buffers are also used to store data going to or coming from 1/0 devices (I / (0]
buffer) as shown in the preceding example.

Buffers are fixed hardware storage, fixed program controlled storage, or
program storage that is assigned and controlled by communications programs.
The number and the size of the buffers used depend on the storage available
in the hosts and terminalis.



Modems

Most communications lines are not designed to transmit computer signals,
which are called digital signals. They are designed to transmit voice signals,
which are called analog signals. The digital signals must be converted to
analog signals before they can be transmitted on a communications line that is
designed for voice communications. (In this manual, data circuit-terminating
equipment (DCE) is referred to as a modem. Data circuit-terminating
equipment may be a telegraph adapter, a modem, a digital data service
adapter, or any type of signal conversion equipment.)

A modem (modulator-demodulator) is a device that converts digital signals to
analog signals, then transmits the analog signals to another modem over a
communications line. The receiving modem converts the analog signals back to
digital signals. The modem at the transmitting station and the modem at the
receiving station must be compatible. For example, both modems must
transmit data at the same speed and use the same modulation methods. The
following illustration shows how modems are used to connect a host system to

a terminal:
Host Communications
System / Adapter

Digital
Signal

Data Files Signal

Terminal

Digital
Signal
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Modems may also be called data sets, data pumps, or line adapters. They can
be external to, or enclosed in (integrated) a computer or terminal. There are a
variety of modems available, some of which perform functions in addition to
converting signals. Some of the additional functions (usually optional) that are
available with modems are:

« Answering calls automatically on switched lines (called autoanswer)

» Using a switched line if the nonswitched line is not functioning properly
(called switched network backup, SNBU)

« Selecting a lower transmission speed during periods of line interference
(called half-rate selection)

« lIsolating problems to the terminal, modem, or line by using diagnostics that
reside within the terminal

Your IBM marketing representative can assist you in selecting the proper
modem.

CONNECTING AN IBM MODEM TO A COMMUNICATIONS LINE

When an IBM modem is connected to a communications line, the physical
connection depends on the type of modem, the modem options, and whether
the line is switched or nonswitched.

Connecting a Modem to a Switched Line

When an IBM modem is connected to a switched communications line, the
modem is either registered by the Federal Communications Commission (FCC),
or an FCC-registered protective coupler or registered circuitry is required to
protect the communications line from excess power from the modem. The
protective coupler also limits the modem power output to the line to a level
specified by the common carrier. The following illustration shows several
different configurations of modems, protective couplers, and protective circuits.



Not FCC ] Common
Registered l FCC Registered | Carrier Line
] '
1
I ——————— I Jack
rd z
g i
I Data [~77~7—777 T
Terminal | Integrated
l Equipment L_M_oge_m a V.~
I Plug
Data -
Terminal "L Modem i i 2l ~
Equipment l
|
1l:_)ata inal Protective -
e”‘.“'“a Modem Coupler 1_1
Equipment |
— ,
2 s
Data 7~ — Protective a7
Terminal : :Vr;te;grated : _ Coupler T_]J/ =
Equipment L _od e_"l_..i'j/ l l
: |
S |
Lo v - l
_I;‘_)ata . | Integrated Protective Z~
erminal L
. I Modem Circuits [z
Equipment TR R 1 |

This example shows FCC-registered data terminal equipment with an

integrated modem. The data terminal equipment is registered, therefore,
it is connected directly to the communications line.

This example shows data terminal equipment that is not FCC-registered

connected to a registered external modem. The external modem may be
connected directly to the communications line.

n In these examples, neither the modems nor the data terminal equipment
are registered. In this case, FCC-registered protective couplers are
required to connect the modems to the line.

This example shows data terminal equipment with registered protective

circuitry. In this example, the data terminal equipment can be connected

directly to the line.
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Connecting a Modem to a Nonswitched Line

An IBM modem is usually connected directly to the common carrier
nonswitched line.

Manual Call/Manual Answer Coupler

The manual call/manual answer coupler is used to connect the modem to a
switched line when the operator dials or answers a call manually.

Autoanswer Coupler

The autoanswer coupler is used when a call from another station will be
answered without operator intervention. However, calls can be manually dialed
or manually answered if necessary.

DIGITAL DATA NETWORKS

The communications networks discussed in other sections of this manual are
designed for voice communications. Because voice signals are analog signals
and computer signals are digital, the digital signals must be converted to
analog (using modems) to be transmitted by voice lines. With a digital
network, the data does not have to be converted to analog; therefore, modems
are not required. Also, data can be transmitted at higher speeds with better
reliability on networks designed for digital transmission.

One of the digital networks to which IBM equipment can be connected is the
American Telephone and Telegraph Digital Data Service (DDS). Other digital
networks (provided by several carrier companies) to which IBM equipment can
be connected are designed according to the CCITT (international Telegraph and
Telephone Consultative Committee) X.21 and X.25 interface standards. These
networks are called circuit-switching data networks and packet-switching
networks, respectively. Packet switching data networks are discussed later in
this section.

Digital Data Service Network

The American Telephone and Telegraph Digital Data Service (DDS) is a
nonswitched digital network. This network is full duplex and can transmit data
at transmission rates of 2400, 4800, 9600, and 56 000 bits per second. The
transmission rate is set by the carrier as requested by the user.

IBM equipment is connected to a DDS network by a digital service unit (DSU)
or channel service unit (CSU) provided by a common carrier.



Connecting to Packet Switching Data Networks

IBM equipment is connected to a packet network by an adapter provided by
the network common carrier. The packet network adapter is connected to IBM
equipment by cables, connectors, and interface signals defined by the CCITT
X.21 interface standard as shown in the following illustration:

Packet Switching Data
Data Network
Terminal
Equipment (DTE) Data Circuit-
Terminating
Equipment
(DCE)

Cable Conforming
to X.21 Standards
or CCITT V.24

or V.28 Standards (World Trade)
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PACKET SWITCHING DATA NETWORKS

What is a Packet Switching Data Network?

Packet switching is a data communications technique used to achieve greater
use of data communications network resources in which multiple users share
the same paths or channels at the same time. The network designed to
provide this type of communications service is called a packet switching data
network (PSDN). Packet switching data networks are an alternative to
networks made up of lines that are dedicated to pairs of users and muitiple
users.

A packet switching data network carries units of information that are divided
into segments called packets. You don’t have to know how data is forwarded
to its destination or what procedures are used within the network to transmit
packets. To use a packet switching data network, you can connect your
equipment, called data terminal equipment (DTE), to the network through data
circuit-terminating equipment (DCE).

The DTE is a communicating device that is the orgin or destination of data
flowing in the network. A DTE might be a host processor, a cluster controller,
or a terminal.

The DCE is any common carrier equipment or service that is used to connect
your equipment to the network. DCE might be an adapter or a modem that is
usually provided by the network.



Many users from different locations can connect to a packet switching
network, as shown in the following illustration:

Packet Switching
Data Network

Data Terminal Equipment (DTE)

@ Data Circuit-Terminating Equipment (DCE)
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Advantages of Using Packet Switching Networks

Although transmission costs can vary from network to network and from
country to country, there are some advantages of using packet switching data
networks over other types of data transmission mediums. Some advantages
are:

« You can transmit low volumes of data over long distances at relatively low
costs.

« You can share the network’s high-speed lines with large numbers of users;
that is, you can take advantage of the network’s technology and high speed
lines. (Some networks can transmit data at speeds up to 56 000 bps.)

Because packets are self-contained, many users can efficiently share costly
communications resources. All packets moving through the network are in a
standard form and contain transmission information in their packet headers;
therefore, the network need not reserve a physical path through the network
for a communications session. Packets being forwarded to any destination can
travel freely across the most efficient circuit in the network.

Packet Switching Data Network Performance Considerations

Performance of a network should be carefully evaluated and compared to the
performance of the more traditional switched and nonswitched communications
lines. Although there are many aspects that can affect the performance of a
network, you should always examine two basic network characteristics:

1. Delay characteristics determine the speed at which a connection can be
established and cleared and the average time that data spends in transit.
The delay characteristics of a network influence the response time of an
application using the network. If fast response time is important for an
application, then network delay becomes a critical factor.
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