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ABSTRACT 

Everyday a new technology is being developed in the world. One of these developments 

has been Asymmetric Digital Subscriber Line (ADSL). This technology has quickly 

emerged and became a part of our everyday life. 

ADSL provides a network for transmission of data. For file download and upload, for 

example, ADSL uses different speeds to communicate the data. 

This project analyzes all the high speed file transfer technologies related to ADSL such as 

its wideband version, xdsl, as applications comparable to cable and satellite. 

OFDM is a widely used and popular technology which has become a part of ADSL 

technology. Matlab simulations are performed and it is shown that OFDM improves the 

performance in fading channels as compared to single carrier communication system. 
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INTRODUCTION 

Data communications and networking are changing the way we do business and the way 

we live. Business decision have to be made ever more quickly, and the decision makers 

require immediate access to accurate information. Why wait a week for that report from 

gennany to arrive by mail when it could appear almost instantaneously through computer 

networks? Business today rely on computer networks and intemetworks. but before we 

ask how quickly we can get hooked up, we need to know how networks operate , what 

types of technologies are available, and which design best fills which set of needs. 

The development of the personal computer brought about tremendous changes for 

business, industry, science, and education. A similar revolution is occurring in data 

communications and networking. Technological advantage are making it possible for 

communications links to carry more and faster signals. As a result, service are evolving to 

allow use of the expanded capacity, including the extension to established telephone 

services such as conference calling, call waiting, voice mail, and caller ID. 

Data communications and networking are in their infancy. the goal is to be able to 

exchange data such as text, audio, and video from any point in the world. We want to 

access the internet to download and upload information quickly and accurately and at any 

time. 

The first chapter describes the elements of a data communication system . 

Chapter two describes asymmetric digital subscriber line (ADSL) which is a new modem 

technology that converts existing twisted-pair telephone lines into access paths for high 

speed communications of various sorts. 

Chapter three gives the details of Orthogonal Frequency-Division Multiplexing (OFDM) . 

Finally, chapter four includes the results obtained through simulation. The MATLAB code 

is included in the appendix section. 

viii 



• 

OVERWIEW OF DATA COMMUNICATIONS 

Data communication and networking are topics that have moved from the technical 

world to the public realm. Products such as mp3 players and cellular phone are no 

longer the manifestation of high tech wizardry, But gadgets are toted by everyone 

from preteens to grandparents. Progress in data communications and networking 

technologies is proceeding at a rapid rate. Bunny -ear antennas on the television have 

gone the way of the dinosaurs, phased out by digital cable and satellite dishes. The 

home office is moving toward wireless connection as well. The end user of such 

technologies is only required know how to use the systems. A students in this field 

however, must be familiar with the issues and concepts as shows (Table 1.1 ). 

[ NETWORK MODELS 

DATA COMMUNICATIONS 

l 
I COMPONENTS 

I 
I DATA REPRESENTATION 

I 
DATA FLOW 

NETWORKING 

INTERNET 

LANs and WANs 

I DISTRIBUTION PROCESSING 
I 

I CRITERIA 
I 

STRUCTURE 

Table 1.lOverview of Data Communications and Networking [1] 

Data communications 

Networks exist so that data may be send from one place to another the basic concept 

of data communication. To fully grasp this subject, we must understand the physical 
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network component how different types of data can be represented, and how to 

create a data flow. 

Networking 

Data communications between remote parties can be archived through a process called 

networking, involving the connection of computers, media, and networking devices. 

When we talk about networks, we need to keep in mind three concepts: distributed 

processing, networking criteria, and network structure. 

Local and wide area networks 

Networks are divided into two main categories: local are networks (LANs) and wide 

area networks (WANs). These two types of networks have different characteristic 

and different functionalities. In general, a LAN is a collection of computers and 

peripheral devices in a limited area such as a company or department. A WAN, 

however, is a collection of LANs and spans a large geographical distance. 

Internet 

The internet, the main of the book is a collection of LANs and W ANs held together by 

intemetworking devices. in the figure, we demonstrate this relationship by having the 

box entitled internet enclose LANs and WANs. The internet is, however, more than just 

a physical connection of LANs and WANs; intemetworking protocols and standard are 

also needed. 

Network models 

Network models serve to organize, unify, and control the hardware and software 

components of data communications and networking. Although the term ''network 

model'' suggest a relationship to networking, the model also encompasses data 

communications. 

2 
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1.1 Data communication 

When we communicate, we are sharing information. This sharing can be local or 

remote. Between individuals, local communication usually occurs face to face. While 

remote communication takes place over distance. The term telecommunication, which 

includes telephony, telegraphy and television means communications at a distance. 

The word data refers to information presented in whatever form is agreed upon by the 

parties creating and using the data. 

Data communications is the exchange of data between two devices via some form of 

transmission medium such as a wire cable. For data communications to occur, the 

communication devices must be part of a communications systems made up of a 

combination of hardware and software. The effectiveness of a data communications 

system depends on three fundamental characteristics: delivery, accuracy, and timeliness. 

1. Delivery. The system must deliver data to the correct destination. Data must be 

received by the intended device or user and only by that device or user. 

2. Accuracy. The system must deliver the data accurately. Data that have been 

altered in transmission and left uncorrected are unusable. 

3. Timeliness. The system must deliver data in a timely manner. Data delivered 

late are useless. In the case of video and audio, timely delivery means delivering 

data as they are produced, in the same order that they are produced and without 

significant delay. This kind of delivery is called real-time transmission. 

1.1.1 Components 

A data communication systems has five components: 

1. Message. The message is the information (data) to be communicated. It can 

consist of text, numbers, picture, sound or video - any combination of 

these. 

2. Sender. The sender is the device that send the data message. It can be a 

computer, workstation, telephone handset, video camera and so on. 

3. Receiver. The receiver is the device that receives the message. It can be 

computer, workstation, telephone handset, television and so on. 

3 
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4. Medium. The transmission medium is the physical path by which a message 

travels from sender to receiver. It could be a twisted-pair wire, coaxial 

cable, fiber optic cable, or radio waves . 

5. Protocol. A protocol is a set of rules that governs data communications. It 

represent an arrangement between the communicating devices. Without a 

protocol, two devices may be connected but not communicating, just as a 

person speaking French cannot be understood by a person who speaks only 

Japanese. 

1.1.2 Data representation 

Information today comes in different forms such as text , numbers, images, audio and 

video. 

1.1.2.1 Text 

In data communications, text is represented as a bit pattern . 

.A sequence of bits (Os or ls). The number of bits in a pattern depends on the number of 

symbols in the language. For example, the English language uses 26 symbols ( 

A,B,C Z) to represent uppercase letters, 26 symbols (a,b,c z) to represented 

lowercase letters, 10 symbols (0, 1,2 9) to represent numeric characters, and 

symbols(.,?,:,; ) to represent punctuation. Other symbols such as the blank, the 

newline, and the tab are used for text aligmnent and readability. 

Different sets of bit patterns have been designed to represent text symbols, each set is 

called a code , and the process of representing symbols is called coding. 

ASCII the American National Standards Institute (ANSI) developed a code called 

the American standard code for information interchange (ASCII). This code uses 7 bits 

for each symbol. This means 128 different symbols can be defined by this code. 

ISO the International Organizations for standardization known as ISO, has designed a 

code using a 32 -bit pattern. 
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1.1.2.2 Numbers 

Numbers are also represented by using bit pattern, however, a code such as ASCII is 

not used to represent numbers ; the number is directly converted to a binary number. 

1.1.2.3 Images 

Images today are also represented by bit pattern. however, the mechanism is different . 

in its simpler form, an image is divided into a matrix of pixel, where each pixel is a 

small dot. The size of the pixel depends on what is called the resolution. For example, 

an image can be divided into 1000 pixel or 10,000 pixel. In the second case, there is 

better representation of the image ( better resolution), but more memory is needed to 

store the image. 

1.1.2.4 Audio 

Audio is a representation of sound. 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. 

1.1.2.5 Video 

Video can be produced either as a continuous entity (by a 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. 

1.1.3 Direction of data flow 

Communication between two devices can be simplex, half -duplex, or full - duplex. 

1.1.3.1 Simplex 

In simplex mode, the communication is unidirectional, as on one way street. Only one 

of the two devices on a link can transmit; the other can only receive. 

Keyboard and traditional monitors are both examples of simplex devices. The keyboard 

can only introduce input; the monitor can only accept output. 

5 
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1.1.3.2 Half - duplex 

In half-duplex mode, each station can both transmit and receive, but not at the same 

time. When one devices is sending, the other can only receive and vice versa 

The half - duplex mode is like a one -lane road with two-direction traffic. While cars 

are travelling in one direction, cars going the other way must wait. In a half -duplex 

transmission, the entire capacity of a channel is taken over by whichever of the two 

devices is transmitting at the time. 

1.1.3.3 Full - duplex 

In full- duplex (also called duplex), both can transmit and receive simultaneously 

The full-duplex mode is like a two way street with traffic in both directions at the time. 

In full-duplex mode, signals going in either direction share the capacity of the link. This 

sharing can occur in two ways: either the link must contain two physically separate 

transmission paths, one for sending and the other for receiving; or the capacity of the 

channel is divided between signals travelling in the 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. 

1.2 What is data communications? 

The distance over which data moves within a computer may vary from a few 

thousandths of an inch, as is the case within a single IC chip, to as much as several feet 

along the backplane of the main circuit board. 

Over such small distances, digital data may be transmitted as direct, two-level electrical 

signals over simple copper conductors. Except for the fastest computers, circuit 

designers are not very concerned about the shape of the conductor. 

Frequently, however, data must be sent beyond the local circuitry that constitutes a 

computer. In many cases, the distances involved may be enormous. Unfortunately, as 

6 
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the distance between the source of a message and its destination increases, accurate 

transmission becomes increasingly difficult. This results from the electrical distortion of 

signals traveling through long conductors, and from noise added to the signal as it 

propagates through a transmission medium. 

Although some precautions must be taken for data exchange within a computer, the 

biggest problems occur when data is transferred to devices outside the computer's 

circuitry. In this case, distortion and noise can become so severe that information is lost. 

Data communications concerns the transmission of digital messages to devices external 

to the message source. "External" devices are generally thought of as being 

independently powered circuitry that exists beyond the chassis of a computer or other 

digital message source. As a rule, the maximum permissible transmission rate of a 

message is directly proportional to signal power and inversely proportional to channel 

nmse . 

.It is the aim of any communications system to provide the highest possible transmission 

rate at the lowest possible power and with the least possible noise. 

1.3 Communication Channels 

A communications channel is a pathway over which information can be conveyed. It 

may be defined by a physical wire that connects communicating devices, or by a radio, 

laser, or other radiated energy source that has no obvious physical presence. Information 

sent through a communications channel has a source from which the information 

originates, and a destination to which the information is delivered. 

Although information originates from a single source, there may be more than one 

destination, depending upon how many receive stations are linked to the channel and 

how much energy the transmitted signal possesses. In a digital communications channel, 

the information is represented by individual data bits, which may be encapsulated into 

multi bit message units. A byte, which consists of eight bits, is an example of a message 

unit that may be conveyed through a digital communications channel. 

7 



A collection of bytes may itself be grouped into a frame or other higher-level message 

unit. Such multiple levels of encapsulation facilitate the handling of messages in a 

complex data. Any communications channel has a direction associated with it (Fig 1.1 ). 
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Figure 1.1 Any Communication Channel [2] 

The message source is the transmitter, and the destination is the receiver. A channel 

whose direction of transmission is unchanging is referred to as a simplex channel. 

A half-duplex channel is a single physical channel in which the direction may be 

reversed. Messages may flow in two directions, but never at the same time, in a half 

duplex system. In a telephone call, one party speaks while the other listens. After a 

pause, the other party speaks and the first party listens. Speaking simultaneously results 

in garbled sound that cannot be understood. A full-duplex channel allows simultaneous 

message exchange in both directions. It really consists of two simplex channels, a 

forward channel and a reverse channel, linking the same points. 
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1.4 Serial Communication 

Most digital messages are vastly longer than just a few bits. Because it is neither 

practical nor economic to transfer all bits of a long message simultaneously, the 

message is broken into smaller parts and transmitted sequentially. Bit-serial 

transmission conveys a message one bit at a time through a channel. Each bit represents 

a part of the message. The individual bits are then reassembled at the destination to 

compose the message. In general, one channel will pass only one bit at a time. Thus, bit 

serial transmission is necessary in data communications if only a single channel is 

available. Bit-serial transmission is normally just called serial transmission and is the 

chosen communications method in many computer peripherals. Byte-serial transmission 

conveys eight bits at a time through eight parallel channels. 

Although the raw transfer rate is eight times faster than in bit-serial transmission, eight 

channels are needed, and the cost may be as much as eight times higher to transmit the 

message. When distances are short, it may nonetheless be both feasible and economic to 

use parallel channels in return for high data rates. On the other hand, when 

communicating with a timesharing system over a modem, only a single channel is 

available, and bit-serial transmission is required (Figure 1.2). 
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Figure 1.2 Bit serial transmission [2] 
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The baud rate refers to the signaling rate at which data is sent through a channel and is 

measured in electrical transitions per second. In the EIA232 serial interface standard, 

one signal transition, at most, occurs per bit, and the baud rate and bit rate are identical. 

In this case, a rate of 9600 baud corresponds to a transfer of 9,600 data bits per second 

with a bit period of 104 microseconds (1/9600 sec.) (Figurel.3). If two electrical 

transitions were required for each bit, as is the case in non-return-to-zero coding, then at 

a rate of 9600 baud, only 4800 bits per second could be conveyed. The channel 

efficiency is the number of bits of useful information passed through the channel per 

second. It does not include framing, formatting, and error detecting bits that may be 

added to the information bits before a message is transmitted, and will always be less 

than one. 

8 I nfmm ~ion Brt :; 
11 Tot.~I Brtf 

.B lnfurmctim1 Brt!. 

SIDIDID DID D DIDIPIT 

01anne Efficie-1cy = 8/11 
= iJ.73 Far %DD BaJd, T = 1042 

lSB 

_.I 1-4- r 
Ml:B 

T = 1 IBaid P~1te 

Figure 1.3 Data Rate of the Channel [ 1] 

The data rate of a channel is often specified by its bit rate (often thought erroneously to 

be the same as baud rate). However, an equivalent measure channel capacity is 

bandwidth. In general, the maximum data rate a channel can support is directly 

proportional to the channel's bandwidth and inversely proportional to the channel's 

noise level. A communications protocol is an agreed-upon convention that defines the 

order and meaning of bits in a serial transmission. It may also specify a procedure for 

exchanging messages. A protocol will define how many data bits compose a message 

unit, the framing and formatting bits, any error-detecting bits that may be added and 

other information that governs control of the communications hardware. Channel 
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