Audio refers to the recording or broadcasting of sound or music. Audio is by nature different
from text, numbers, or images. It is continuous, not discrete. Even when we use a microphone to
change voice or music to an electric signal, we create a continuous signal. In Chapters 4 and 5,
we learn how to change sound or music to a digital or an analog signal.

Video

Video refers to the recording or broadcasting of a picture or movie. Video can either be produced
as a continuous entity (e.g., by a TV camera), or it can be a combination of images, each a
discrete entity, arranged to convey the idea of motion. Again we can change video to a digital or
an analog signal.

Data Flow

Simplex

In simplex mode, the communication is unidirectional, as on a one-way street. Only one of the
two devices on a link can transmit; the other can only receive.

Keyboards and traditional monitors are examples of simplex devices. The keyboard can only
introduce input; the monitor can only accept output. The simplex mode can use the entire
capacity of the channel to send data in one direction.

Half-Duplex

In half-duplex mode, each station can both transmit and receive, but not at the sa \é : When
one device is sending, the other can only receive, and vice versa. g

The half-duplex mode is like a one-lane road with traffic al vﬁ_ th directions. When cars
are traveling in one direction, cars going the othgr In a half-duplex transmission,

the entire capacity of a channel 1s take Ver two devices is transmitting at
the time. Walkie- talkles and C rad1os Af -duplex systems.

The half-duplex me d ases where th ed for communication in both
directions a ; the 160@ e channel can be utilized for each direction.

Full I

In fulﬁplex both stations can transmit and receive.

The full-duplex mode is like a street with traffic flowing in both directions at the same time. In
full-duplex mode, going in one direction share the capacity of the link: with signals going in the
other This sharing can occur in two ways: Either the link must contain two physically separate
paths, one for sending and the other for receiving; or the capacity of the is divided between
signals traveling in both directions.

One common example of full-duplex communication is the telephone network. When two people
are communicating by a telephone line, both can talk and listen at the same time.

The full-duplex mode is used when communication in both directions is required all the time.
The capacity of the channel, however, must be divided between the two directions.

Networks

A network is a set of devices (often referred to as nodes) connected by communication links. A
node can be a computer, printer, or any other device capable of sending and/or receiving data
generated by other nodes on the network.

Distributed Processing
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needed by the whole group. In this example, the size of the LAN may be determined by licensing
restrictions on the number of users per copy of software, or by restrictions on the number of
users licensed to access the operating system.

In addition to size, LANs are distinguished from other types of networks by their transmission
media and topology. In general, a given LAN will use only one type of transmission medium.
The most common LAN topologies are bus, ring, and star.

Wireless LANs are the newest evolution in LAN technology.

Wide Area Network
A wide area network (WAN) provides long-distance transmission of data, image, audio, and
video information over large geographic areas that may comprise a country, a continent, or even
the whole world. A WAN can be as complex as the backbones that connect the Internet or as
simple as a dial-up line that connects a home computer to the Internet.
Point-to-point WAN: The point-to-point WAN is normally a line leased from a telephone or
cable TV provider that connects a home computer or a small LAN to an Internet service provider
(ISP). This type of WAN is often used to provide Internet access.
Switched WAN: A switched WAN is a network with more than two ends. A switched WAN, is
used in the backbone of global communication today. We can say that a switched WAN is a
combination of several point-to-point WANSs that are connected by sw1tches \)
Internetwork: Today, it is very rare to see a LAN or a WAN in i se'connected to
one another. When two or more networks are connected, t @ mtcrnetwork, or internet.
As an example, assume that an organization has x] hg on the east coast and the other
on the west coast. Each office has a L empl in the office to communicate
with each other. To make the Mn between 0 different offices possible,
the management leasz pomt dedic A m a service provider, such as a

n

telephone w nects theg(eA = Wow the company has an internetwork, or a
privat

Metropolitan Area Networks

A metropolitan area network (MAN) is a network with a size between a LAN and a WAN. It
normally covers the area inside a town or a city. It is designed for customers who need a high-
speed connectivity, normally to the Internet, and have endpoints spread over a city or part of city.
A good example of a MAN is the part of the telephone company network that can provide a
high-speed DSL line to the customer.

Protocols and Standards

Protocols

In computer networks, communication occurs between entities in different systems. An entity is
anything capable of sending or receiving information. However, two entities cannot simply send
bit streams to each other and expect to be understood. For communication to occur, the entities
must agree on a protocol. A protocol is a set of rules that govern data communications. A
protocol defines what is communicated, how it is communicated, and when it is communicated.
The key elements of a protocol are syntax, semantics, and timing.

Syntax: The term syntax refers to the structure or format of the data, meaning the order in which
they are presented. For example, a simple protocol might expect the first 8 bits of data to be the
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In this formula, bandwidth is the bandwidth of the channel, SNR is the signal-to-noise ratio, and
capacity is the capacity of the channel in bits per second. Note that in the Shannon formula there
is no indication of the signal level, which means that no matter how many levels we have, we
cannot achieve a data rate higher than the capacity of the channel. In other words, the formula
defines a characteristic of the channel, not the method of transmission.

Example

Consider an extremely noisy channel in which the value of the signal-to-noise ratio is almost
zero. In other words, the noise is so strong that the signal is faint. For this channel the capacity C
is calculated as

C=B log2 (1 + SNR) =B 10gz (1 + 0) =B log2 1 =Bx 0 =0

This means that the capacity of this channel is zero regardless of the bandwidth. In other words,
we cannot receive any data through this channel.

Example
We can calculate the theoretical highest bit rate of a regular telephone line. A tel &hne

normally has a bandwidth of 3000 Hz (300 to 3300 Hz) assigned oé?t cations. The
signal-to-noise ratio is usually 3162. For this channel the c kcu ated as

C =B log2 (1 + SNR) &s&@‘mz =3 %‘og2 3163
34,860
This means té\tﬁ\l@b!\'blt rate fo, p&%me 1s 34.860 kbps. If we want to send data
faster ¢ can either @Q& andwidth of the line or improve the signal-to-noise
ratio

PERFORMANCE

Up to now, we have discussed the tools of transmitting data (signals) over a network and how the
data behave. One important issue in networking is the performance of the network-how good is
it? We discuss quality of service, an overall measurement of network performance later.

Bandwidth

One characteristic that measures network performance is bandwidth. However, the term can be
used in two different contexts with two different measuring values: bandwidth in hertz and
bandwidth in bits per second.

Bandwidth in Hertz

We have discussed this concept. Bandwidth in hertz is the range of frequencies contained in a
composite signal or the range of frequencies a channel can pass. For example, we can say the
bandwidth of a subscriber telephone line is 4 kHz.
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We can think about the link between two points as a pipe. The cross section of the pipe
represents the bandwidth, and the length of the pipe represents the delay. We can say the volume
of the pipe defines the bandwidth-delay product.

Jitter

Another performance issue that is related to delay is jitter. We can roughly say that jitter is a
problem if different packets of data encounter different delays and the application using the data
at the receiver site is time-sensitive (audio and video data, for example). If the delay for the first
packet is 20 ms, for the second is 45 ms, and for the third is 40 ms, then the real-time application
that uses the packets endures jitter.

Digital Transmission

A computer network is designed to send information from one point to another. This information
needs to be converted to either a digital signal or an analog signal for transmission.

In this topic, we show the schemes and techniques that we use to transmit data digitally. First, we
discuss digital-to-digital conversion techniques, methods which convert digital data to digital
signals. Second, we discuss analog-to-digital conversion techniques, methods which change an
analog signal to a digital signal. Finally, we discuss transmission modes.

Summary ¥

Digital-to-digital conversion: Line coding is used to convert digital datM ignal.

Several common schemes are discussed. The section also descaS @)c doding, which is used

to create redundancy in the digital data before t }ép‘c a digital signal. Redundancy
in thi

is used as an inherent error detecting tool 1 éﬁ n discusses scrambling, a

technique used for digital-to- dﬁx verdion in long- 6& Aﬁ smission.

Analog-to-digital GOQW Is€ code m % scribed as the main method used to
0

sample i:@x’ Ita og‘l@@s improve the efficiency of the pulse code
moduL@ ﬁ

Transmission modes: When we want to transmit data digitally, we need to think about parallel
or serial transmission. In parallel transmission, we send multiple bits at a time; in serial
transmission, we send one bit at a time.

Digital-to-Digital Conversion

We have previously discussed data and signals. We said that data can be either digital or analog.
We also said that signals that represent data can also be digital or analog. In this topic, we see
how we can represent digital data by using digital signals. The conversion involves three
techniques: line coding, block coding, and scrambling.

Line coding is always needed; block coding and scrambling may or may not be needed.

Line Coding

Line coding is the process of converting digital data to digital signals. We assume that data, in
the form of text, numbers, graphical images, audio, or video, are stored in computer memory as
sequences of bits. Line coding converts a sequence of bits to a digital signal. At the sender,
digital data are encoded into a digital signal; at the receiver, the digital data are recreated by
decoding the digital signal.
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computers to the routers. If only two computers (one at each site) need to communicate with
each other, there is no waiting for the packets.

However, if packets arrive at one router when the line is already working at its full capacity, the
packets should be stored and forwarded in the order they arrived. Packet-switched network is
more efficient than a circuit switched network, but the packets may encounter some delays.

Introduction

A network is a set of connected devices. Whenever we have multiple devices, we have the
problem of how to connect them to make one-to-one communication possible. One solution is to
make a point-to-point connection between each pair of devices (a mesh topology) or between a
central device and every other device (a star topology). These methods, however, are impractical
and wasteful when applied to very large networks.

The number and length of the links require too much infrastructure to be cost-efficient, and the
majority of those links would be idle most of the time. Other topologies employmg tipoint
connections, such as a bus, are ruled out because the distances between d otal
number of devices increase beyond the capacities of the media gn Jéeg

A better solution is switching. A switched network C 6&
called switches. Switches are devices ¢ ‘tg mp rafyy connections between two or

more devices linked to the SWL&K? hed netwcm ese nodes are connected to
the end systems (c es fo hers are used only for routing.
Threeﬁ &% of SwﬁchmgP ag

Traditionally, three methods of switching have been discussed: circuit switching, packet
switching, and message switching. The first two are commonly used today.

The third has been phased out in general communications but still has networking applications.
Packet switching can further be divided into two subcategories - virtual circuit approach and
datagram approach. We discuss only circuit switching and packet switching; message switching
is more conceptual than practical.

es of interlinked nodes,

Switching and TCP/IP Layers

Switching can happen at several layers of the TCP/IP protocol suite.

Switching at Physical Layer

At the physical layer, we can have only circuit switching. There are no packets exchanged at the
physical layer. The switches at the physical layer allow signals to travel in one path or another.
Switching at Data-Link Layer

At the data-link layer, we can have packet switching. However, the term packet in this case
means frames or cells. Packet switching at the data-link layer is normally done using a virtual-
circuit approach.
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wait if there are other packets being processed. As with other systems in our daily life, this lack
of reservation may create delay. For example, if we do not have a reservation at a restaurant, we
might have to wait.

We can have two types of packet-switched networks: datagram networks and virtual circuit
networks.

Datagram Networks

In a datagram network, each packet is treated independently of all others. Even if a packet is
part of a multipacket transmission, the network treats it as though it existed alone. Packets in this
approach are referred to as datagrams.

Datagram switching is normally done at the network layer. We briefly discuss datagram
networks here as a comparison with circuit-switched and virtual-circuit switched networks. In
Chapter 18 of this text, we go into greater detail.

The switches in a datagram network are traditionally referred to as routers. That is why we use a
different symbol for the switches in the figure.

The datagram networks are sometimes referred to as connectionless networks. The term
connectionless here means that the switch (packet switch) does not keep information about the
connection state. There are no setup or teardown phases. Each packet is treated the ebya
switch regardless of its source or destination. 5‘2
C

Routing Table Q{

If there are no setup or teardown phases, how ar @% % ed to their destinations in a
datagram network? In this type of netw (or pa witch) has a routing table
which is based on the destmat he routmg ﬁ amic and are updated

periodically. The des \Ed sses and the, g forwarding output ports are
recorded in a \sé s differe % able of a circuitswitched network (discussed
later) ach entry is ¢ @:g: e setup phase is completed and deleted when the
teardo phase is over. Flgure 8.8 shows the routing table for a switch.

A switch in a datagram network uses a routing table that is based on the destination address.

Destination Address

Every packet in a datagram network carries a header that contains, among other information, the
destination address of the packet. When the switch receives the packet, this destination address is
examined; the routing table is consulted to find the corresponding port through which the packet
should be forwarded. This address, unlike the address in a virtual-circuit network, remains the
same during the entire journey of the packet.

The destination address in the header of a packet in a datagram network remains the same
during the entire journey of the packet.

Efficiency

The efficiency of a datagram network is better than that of a circuit-switched network; resources
are allocated only when there are packets to be transferred. If a source sends a packet and there is
a delay of a few minutes before another packet can be sent, the resources can be reallocated
during these minutes for other packets from other sources.
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Delay

There may be greater delay in a datagram network than in a virtual-circuit network.

Although there are no setup and teardown phases, each packet may experience a wait at a switch
before it is forwarded. In addition, since not all packets in a message necessarily travel through
the same switches, the delay is not uniform for the packets of a message.

CELLULAR TELEPHONY

Cellular telephony is designed to provide communications between two moving units, called
mobile stations (MSs), or between one mobile unit and one stationary unit, often called a land
unit. A service provider must be able to locate and track a caller, assign a channel to the call, and
transfer the channel from base station to base station as the caller moves out of range.

To make this tracking possible, each cellular service area is divided into small regions called
cells. Each cell contains an antenna and is controlled by a solar- or AC powered network station,
called the base station (BS). Each base station, in turn, is controlled by a switching office, called
a mobile switching center (MSC). The MSC coordinates communication between all the base
stations and the telephone central office. It is a computerized center that is responsible for
connecting calls, recording call information, and billing. O u

e.C

sal®

SATELLITE NETWORKS Ote

A satellite network is a comb1 s some o h&éﬁelhtes that provides
commumcatlon from 1nt Earth to de in the network can be a satellite,
an Eart -user e eel phone. Although a natural satellite, such as the
moon, ed as a relayi he network, the use of artificial satellites is preferred

because we can install electronic equlpment on the satellite to regenerate the signal that has lost
its energy during travel. Another restriction on using natural satellites is their distances from the
Earth, which create a long delay in communication.

Satellite networks are like cellular networks in that they divide the planet into cells. Satellites can
provide transmission capability to and from any location on Earth, no matter how remote. This
advantage makes high-quality communication available to undeveloped parts of the world
without requiring a huge investment in ground-based infrastructure.

Channelization (or channel partition, as it is sometimes called) is a multiple-access method in
which the available bandwidth of a link is shared in time, frequency, or through code, among
different stations. In this section, we discuss three channelization protocols: FDMA, TDMA, and
CDMA.

FDMA

In frequency-division multiple access (FDMA), the available bandwidth is divided into
frequency bands. Each station is allocated a band to send its data. In other words, each band is
reserved for a specific station, and it belongs to the station all the time. Each station also uses a
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