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Preface

The educational sector is experiencing significant changes in the way in which courses are
delivered. Increasingly courses are being modularised to enable students from a wider range
of educational backgrounds to study individual modules that were previously available only
on particular programmes. Courses are also being run with significantly reduced lecturer con-
tact time, and therefore texts are needed that are provocative and interactive.

Aim
The aim of this book is to provide the course text for the Networking element required by most
degree and BTEC Higher National courses in Computing.

It has been developed by the author over a number of years whilst presenting courses to
both students and practising professionals. The first chapters cover simple concepts and prin-

ciples of communication that may be revision for some students. The rest of the book deals
with issues relating to LANs and their interconnection and internetworking.

Approach

The book provides a framework for understanding key concepts in local area networks. Addi-
tionally, the more practical issues of cabling structures and interconnections of networks are
discussed. By covering key concepts and practical issues, the text provides a blend of material
based on traditional concepts of having a solid technical content coupled with a course cover-
ing real issues of relevance in practice. In this way the book can be used as

O a core text to support courses which are delivered through traditional lectures
O a text allowing self-learning on part, or the whole, of courses where lecturer contact-time
is limited.

Important issues are repeated in several chapters, allowing individual chapters to be free-
standing whilst reinforcing the learning process when read as a whole.

Questions

The author has developed an extensive range of questions which have been successfully tried
on students over several years. Questions are divided into two main levels: short in-text ques-
tions and longer, end of chapter questions.

iii



Preface

The end of chapter questions are graded.in difficulty from

. simple tutorial questions to partial or full examination style -

questions. Approximately half these questions have answers Further questians
at the end of the book (indicated with an asterisk): the others

have answers in the Lecturers’ Supplement only.

Lecturers’ Supplement

A supplement is available to lecturers that contains suggested answers to those chapter-end
questions without answers in the book (approximately half) and larger versions of about 50
diagrams in the book for use as OHP masters. It is available free to lecturers adopting the book
as a course text — you will be required to give details of the course title, student numbers and
book supplier — or for a charge of £3 to any lecturer applying on college headed paper.

Changes incorporated into the Second Edition

The second edition includes introductory chapters on basic data communications. These pro-
vide an introduction to the terminology and concepts used throughout the remainder of the
text. The opportunity to include the latest developments in LAN technology and technically
update the text has also been taken.

Peter Hodson
March 1995
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1 Basics of Data

Communication

1.1 Introduction

Effective use of computer systems demands that the user has the ability to move data between
devices reliably. In a very simple example we must be able to print from a PC to an attached
printer without any errors occurring as the data is transferred. This can be considered as a two
stage activity. Firstly the data must be correctly sent and received. Secondly the sending device
must know that it has been correctly received. If, during this second stage, the sender is
informed that it has not been correctly received and the transfer was unsuccessful, then an
attempt to put matters right and recover from the error is undertaken. The whole concept of
data communication is based on these basic principles of sending data, checking its correct
receipt and confirming how successful the transfer was. The designs which have evolved to
manage this approach are known as protocols i.e. who says what and when!

At the simplest level there may be two devices that are directly connected. At more
advanced levels they may be connected either by a telephone line or a full-blooded network
and be separated by thousands of miles.

In this first chapter we will explore some of the basic elements of achieving data transfer.

1.2 Data Transfer and Asynchronous Transmissi

To transfer data between two devices there are a few basic po
sider the physical connection:

Device 1 —®»— Device 2

Figure 1.1 Simple Serial Connection

If this connection is a single strand of copper wire then exchange of data can only be by a ser-
ial sequence of bits flowing along the transmission media. Data can only flow in one direction
at any instant in time along this single connection. For convenience the bits are frequently
grouped together to represent a character, typically eight bits at a time (i.e. a letter of the alpha-
bet, a number or a symbol such as a “!”’). Each bit is usually represented on the copper wire as
a voltage level. The normal arrangement is for a “zero” to be represented by a positive voltage
and a “one” to be represented by a negative voltage. To ensure that each device is capable of
sending to, or receiving from other devices, international standards have been established. This
was intended to persuade designers not to create their own representations for their devices.
This would have created havoc with possibly hundreds of different approaches and with little
ability to connect devices which were supplied by different vendors. The interface standards,
which include signalling conventions, that are most commonly found on devices are the




1: Basics of data communication

RS232c or V24 interface standards. The more recent X.21 standard has been in place for quite a
while, but migration to this has been slow. Fortunately transition arrangements between X.21
and RS232c have been introduced to accommodate this slow migration.

+15v
logic 0

+5v

-5v
logic 1

15V

Figure 1.2 RS232c¢ Voltage levels

Normally the voltage levels used in RS232c signalling are +12v or —12v, although voltage lev-
els between +5v and +15v will be interpreted as a “zero” and equally a “one” will be inter-
preted by a signal in the -5v to -15v range. A voltage level in the shaded areas of figure 1.2
should be recognised as a signal representing a bit. Using this standard the bit stream 01010
may be represented by the signal levels in figure 1.3.

Figure 1.3 Typical bit stream.

Each bit needs to be represented for a given length of time at the required voltage level on the
copper wire. The length or duration of the signal has to be sufficient for the receiving end to
recognise the incoming signal and record it accurately. For example, if each change of signal
occurred after 10 ms, such that each bit was sent in this length of time, then in a 1 second peri-
od we could send 100 of these signals, i.e. we could send 100 bits in 1 second. This is usually
stated as 100 bps or 100 bit/s (i.e. bits per second).



1.2 Data transfer and asynchronous transmission

It is evident that the faster you want to send data between two devices, the shorter the dura-
tion of each bit signalled on the transmission medium. A problem now arises at the receiving
end of any data transfer. How does this receiver know when data is about to be sent and how
will it know the rate at which the sending device will be transmitting? To recognise the incom-
ing data and recover or record the data accurately, the receiver needs to read or sample the sig-
nal on the cable at a rate determined by the speed at which the data is being transmitted.

Let us first look at the situation where everything is idle i.e. the quiescent state. To alert the
receiver that a character (eight bits) of data is about to be transmitted, a start bit is sent at the
front of it. Conventionally, we also send a stop bit at the end of the character. These start and
stop bits also act as delimiters on the character so that the boundary points of any character
being transmitted will be understood by the receiver. Thus, the stop bit is an important check
for the receiver that the end boundary point of the character frame has been correctly reached.
Hence, a typical transfer of a character in asynchronous mode would look like:-

Start bit Stop bit/s

y
_4 ——————— >_|_

8 data bits

send to
receiver

Figure 1.4 Asynchronous Character Representation.

Some systems may need more than one stop bit and a character will be terminated by 1.5 or 2
stop bits. This is usually for slower devices, typically with slow mechanical components, and
is becoming less common. If we send two stop bits to a receiving device that only requires one,
it won’t matter since the second stop bit will just appear to be the start of an idle signal level.

The form of transmission discussed above is known as asynchronous transmission. The
receiver doesn’t know when the next character is going to arrive and awaits the arrival of the
next start bit. There is no information within the character about the speed at which it is being
sent, so there is no “timing” information (i.e. there is nothing to tell the receiver how quickly it
needs to sample the incoming signal in order to recover the transmitted data). To clarify how
important it is that the receiver should sample the transmission at the correct rate we will con-
sider a simple example. A device is transmitting the character 01011010 at 100 bps (i.e. the dura-
tion or time cell of each bit is 10 ms) and the receiver tries to recover the data by sampling every
20 ms. Let’s see what happens:
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10ms

T 4+—> T sampling points
20ms )

Figure 1.5 Sampling the transmission incorrectly

A receiver incorrectly sampling the transmission as shown in figure 1.5 would read the data
sent as 1100. Clearly this is not what we want. The receiver needs to sample the line at the same
rate as the sender is transmitting it. To achieve this, the transmission interfaces of each device
have internal clocks each of which, within a reasonable level of accuracy, are both “clocking”
at the same rate. Devices sending data to each other know the data rate between themselves
because the data communications designer will have established the speeds at one of the stan-
dard rates. So the arrival of the start bit at the receiver starts its interface clock and instructs the
receiver’s interface to sample the incoming signal. Provided the sender and receiver clocks are
running at the same rate, the data should be successfully received. We hope that the accuracy
of the clocks is such that they maintain synchronisation and the receiver continues to clock near
the mid-point of a time cell. If they are not accurate it is possible that the receiver clock will
drift out of synchronisation and will try to sample at some point off the middle of the time cell
and mis-read the signal. '



1.2 Data transfer and asynchronous transmission

/N
M A

Figure 1.6 Delayed sampling

For relatively short lengths of data (in this case a character) the accuracy between the clocks is
normally adequate enough for such drift not to be an issue. The faster the data rate and the
greater the data length, the more acute this issue becomes. As a check on the protocol, the
receiver insists on seeing a stop bit in the tenth (and possibly eleventh) bit position. If that isn’t
present, there has been an error. In a typical character transfer, successive characters will have
a short gap between them. It is possible for this inter-character time gap to be nothing or very
small, especially when the sender is transmitting at a maximum rate.

[ —

Character Character

Figure 1.7 Character string

Consider a case where there is no “lost” time between each character sent, i.e. a start bit for one
character follows immediately behind the stop bit of the previous character. If 200 characters
are sent down a transmission line at a rate of 1200 bps we can now calculate the time it takes
to transfer the data.

200 characters = (200 x 10) bits to transmit (assuming 1 stop bit and 1 start bit).

Number of bits sent

Time to transmit = Speed of transmission

200 x 10
Time to transmit = 1200 seconds = 1.66 seconds




