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Foreword

This handout, a crucial resource, is specifically designed for third-year LMD students in the
Electronic field. It serves as a comprehensive course manual for the subject "Local Computer
Networks", aiming to introduce the fundamental notions of local computer networks.

This handout is structured into five chapters as follows:
Chapter 1. Notions on data transmission.

Chapter 2. Local networks.

Chapter 3. Ethernet network.

Chapter 4. The TCP/IP protocol.

Chapter 5. Wireless local area networks (WIF).
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Chapter 1. Notions on data transmission

Chapter 1. Notions on data transmission

Introduction: Signals

I- Analog and Digital:

1- Analog data and digital data:
e Data can be analog or digital.
e Analog data are of continuous form.
e Example: Human voice, video clips, ...
¢ Digital data are of discontinuous form.
e Example: text files, memory bits, ...

e Both analog and digital data can be converted to signals to be transmitted [1] [2].

2- Analog signal and digital signal:
e Signals are the conversion of data when transmitted through a transmission medium.
¢ Signals can be either digital or analog.

¢ Analog signals have (theoretically) infinite levels of intensity over a period of time.

Intensity
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A
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o Digital signals have limited number of defined values, as simple as 0 and 1 [2][3].

Intensity

Time
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I1- Analog Signals [4][5]:
1- Sine Wave:
¢ Analog signals can be simple or composite.
e Sine waves are an example of simple signals: they cannot get decomposed to other signals; they

are elementary.

Amplitude

A ——
\/ Time

e Assine wave is periodic; it repeats itself after each period of time. Others are aperiodic.

<
l

Period = 0.5 sec

e A sine wave is mathematically described as: s(t) = Asin(27t + ¢)

where s is the amplitude at time t, A the peak amplitude, f the signal frequency, and ¢ the phase.
2- Peak:
e The highest amplitude a signal can take.
e For electric signals, the amplitude represents the voltage.
3- Period and frequency:
e The period is the amount of time that takes a signal to complete a cycle.

e The frequency is the number of cycles or periods that a signal takes in one second.

o frequency = .
period

Amplitude
Frequency 5Hz
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Period = 0.2 sec

P
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Unit Equivalent Unit Equivalent
Seconds 1s hertz (Hz) 1 Hz
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Milliseconds (ms) | 10°s kilohertz (KHz) 10° Hz
Microseconds (us) | 10°s Megahertz (MHz) | 10° Hz
Nanoseconds (ns) | 107s Gigahertz (GHz) | 10° Hz
Picoseconds (ps) 10 Terahertz (THz) 10" Hz

e Frequency is rate of change with respect to time. The more changes the higher the frequency. The

lesser changes the lower the frequency.

e Reception devices can distinguish different signals from the rate of changes in a second: the

frequency.
4- Phase:

e The phase describes the position of the waveform relative to time zero.

Amplitude

\/ Time

Phase =0

5- Time domain and Frequency domain:

Amplitude
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Phase = n/2
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e Time domain is the signal representation through the relation between amplitude and time.

e Frequency domain is the signal representation through the relation between amplitude and

frequency.

e An analog signal is best represented in frequency domain.
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Time Domain

Frequency Domain

Amplitude Amplitude
5 : 5
: Time Frequency
1sec 0
Amplitude Amplitude
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: Time Frequency
VAVAVAVE |
Amplitude Amplitude
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Y
: Time l
— ; Frequency
; 8
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6- Composite signals:

A simple sine wave signal cannot transmit any information we need to send. For instance, if we

use high amplitude to encode 1 and low amplitude to encode 0, then the only info we can send is a

series of 1’s and 0’s : 101010101010.

information:

On the other hand, other signals (composite signals) can easily transmit any kind of encoded
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e Based on Fourier analysis, any composite signal can be decomposed into the sum of several sine

waves: s(t) = Assin(2nfit + ¢1) + Agsin(2rfot + ¢p) + ...
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¢ Since most information we transmit is of digital form, or encoded digitally, let’s see the example

of a square wave signal:

Amplitude

A

Time

e Using Fourier analysis, we can prove that the above signal is of the form:
s(t) = “Rsin 27t + “2sin 2723 )t + 22 sin 272(5F )t + .
V4 3z 5z

e The square wave s(t) is formed of a series of sine waves with frequencies f, 3f, 5f, ... and
amplitudes 4A/w, 4A/3r, 4A/5T.

e The term with frequency f is considered as the fundamental frequency.

e The term with frequency 3f is called the third harmonic.

e The term with frequency 5f is called the fifth harmonic, and so on.
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N Amplitude Sianal with
4 ignal wi
/\ /\ frequency 5f.
\//\v>\ /\\//\ /<\//\\/>\\/\\/
| Y >/ \\/y Time
) _ Signal with
Signal with frequency 3f.
frequency f.
- Composition of the first 3 harmonics
Amplitude

Time

e As we mentioned above, a signal can be best described using the frequency domain. The frequency

spectrum of a signal is its description in the frequency domain:

Amplitude

| £ 3f  5f  7f Of ... Frequency

Frequency spectrum of a square wave

Amplitude

I

| f 3f 5f Frequency

Frequency spectrum of an approximation with only three harmonics

7- Bandwidth:
e When a signal passes through a medium of transmission, usually it loses some of its quality.
e Each transmission medium has a low and a high frequency that allows passing through it.

e The composite signal frequencies that are not in the range of low-high frequency are filtered out
(lost).
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Input Signal Output Signal

—C muﬂu

e The range of frequencies that can pass through a medium is called the bandwidth.

e Example: a coaxial cable allows frequencies between 1000 Hz and 5000 Hz to pass. So the
bandwidth is 4000 Hz.

e Even though the bandwidth is related to a medium, you can also hear the term signal bandwidth; it
refers to the medium bandwidth that let pass all that signal frequencies.

e The signal bandwidth is the difference between its highest and its lowest frequency.
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I1- Digital Signals [1] [3][4][5]:
1- Bit interval and bit rate:
e Data can be represented using digital signal.

e Most digital are aperiodic. Thus, they don’t have a specific frequency or a period.

Amplitude
10721 .,21,0+:0.:0 1
lsec Time
<— Bit interval = 0.125 sec
< » Bit rate = 8 bps

e Bitinterval is the time required to send one single bit.
¢ Bit rate is the number of bits (intervals) sent per second.
e Aswe mentioned above, a digital signal is composed of infinite number of sine waves. Thus, it

requires an infinite bandwidth to be fully reconstructed at the receiver site.

2- Required Bandwidth:
e The required bandwidth to transmit a digital signal is related to the desired bit rate.

e For instance, if we want a bit rate of 8bps, in the best case we can use a signal of frequency 0 to
represent the set 11111111.

Amplitude

lsec Time
Bit rate = 8 bps, the frequency of the signal = 0 Hz

¢ Inthe worst case, we can use a signal of frequency 4 Hz to transmit the set 10101010:
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Amplitude
Bit rate = 8 bps, the frequency of the signal = 4 Hz

| 0

1
1
1
1
1
1
|
1
1
1
]

VARVARVARVARS

e Inanormal case, we can use a signal of frequency 2 Hz to transmit the set 11001100:

Amplitude
Bit rate = 8 bps, the frequency of the signal = 2 Hz

0

\/ \/1 sec Time

¢ In another normal case, we can use two signals of frequency OHz and 2Hz to transmit the set
11110011:

Amplitude
Bit rate = 6 bps, the frequency of the signals =0 Hz and 2 Hz

l1sec Time

e Therefore, in order to handle all cases, we need a bandwidth of (4Hz — OHz) = 4Hz in order to
transmit at bit rate of 8 bps.

e In general, using one harmonic, the required bandwidth B = n/2, where n is the bit rate.

10
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e If we want to enhance the quality of the signal, we can use more harmonics: 1% and 3" harmonic

corresponds to a bandwidth B = 3n/2 Hz. Using the 1%, 3" and 5" harmonics requires a bandwidth

B =5n/2 Hz. So, in general, B >=n/2.

1St and 3rd 1St 3I’d and 5th 1St 3I’d 5th and 7th
Bit Rate 1% harmonic _ T o
harmonics harmonics harmonics
n=1Kbps B =500 Hz B=15KHz B=25KHz B=35KHz
n =10 Kbps B =5KHz B =15 KHz B =25 KHz B =35 KHz
n =100 Kbps B =50 KHz B =150 KHz B =250 KHz B =350 KHz

3- Data Rate Limits:

e When transmitting data over a channel, the data rate capacity depends on 3 factors:
- The available bandwidth.

- The levels of signals we can use.

- The quality of the channel (degree of the noise)

e For each frequency in the bandwidth, we can encode one bit using 2 levels of a signal:

Amplitude

Level 2 +
Level 11

1 0

t

1 0

ANANA
VARV,

Time

e For each frequency in the bandwidth, we can also encode two bits using 4 levels of a signal:

Amplitude
00 01
Level 4 + '
Level 31 i
Level 2 - !

Level 11

10 11

11

/\
\/\/\/\/Time
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e For Noiseless channels, Nyquist defined a theoretical formula to calculate the data rate limit of the
channel: Bit Rate = 2 x Bandwidth x Log, (signal levels).

e Forinstance, if we have a noiseless channel that have a bandwidth of 2 MHz, and uses 4 levels of
transmission signals, than the (theoretical) bit rate = 2 x 2 MHz x Log,(4) = 8 Mbps.

e For Noisy channels, which is a realistic phenomenon, Shannon defined the channel capacity
following the quality of the channel vis-a-vis the noise. He used the SNR, i.e., the signal-to-noise
ratio, usually measured in dB.

e Capacity = Bandwidth x log,(1 + SNR), regardless of how many levels of transmission signal we
are using.

e For instance, if we have a noisy channel with SNR = 31 and a bandwidth of 2 MHz then the
channel capacity = 2 MHz x Log,(1 + 31) = 10 Mbps.

e In practice, we use both Nyquist and Shannon formula as upper limits for the channel capacity.

I11- Transmission Impairment [1][6]:
e When signals travel through transmission medium, they usually arrive in different shape than the
originally generated signal.
e Three types of impairments are distinguished: Attenuation, Distortion, and Noise.
1- Attenuation:
e It means loss of energy.
e The transmission medium is considered as a resistance to the transmitted signals. Some wires get
warm or even hot due to signal energy that passes through.
e The loss of energy is usually regained through amplifiers. Amplifiers are basic components in

repeaters, switches, bridges, routers, ...

Original Signal Attenuated Amplified Signal

/\/\A AW /\/\A
\/

Transmission
Medium ‘

Amplifier
Point 1 Point 2 V Point 3
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e Engineers used the term decibel to measure the relative strengths of two signals.

e If asignal had a power P; at the sender, and arrived attenuated or amplified with power P, at the
receiver, then the decibel is: dB = 10logo (P2/P1).

e If dB is negative then the signal has attenuated.

e If dB is positive then the signal has been amplified.

e Example: a signal travels through a transmission medium and loses half of its energy, compute the
attenuation. dB = 10 log1(0.5P/P) = 10 log10(0.5) = 10 (-0.3) = -3 dB.

e Example: a signal passes through an amplifier in order to gain 10 times. Compute the
amplification. dB = 10 logy0(10P/P) = 10 log;0(10) = 10 (1) = 10 dB.

e Property: the decibels of cascaded attenuations and amplifications can be added to get the global
decibel. Attenuation (-3 dB) + Amplification (8 dB) + Attenuation (-4 dB) = Amplification (1 dB).

2- Distortion:

e When a composite signal is sent over a transmission medium, its components (simple signals)

might arrive with different latencies. This will change totally the shape of the composite signal at

the receiver:

/\

/\

N2 Vv
\MM/ Emm
\ww\* — N~ EPRY

Composite Composite
signal sent MAAAAAAAA Y AAAAAAAAA signal received
Components Components
in phase out ofiphase

Point 2

Transmission

Medium

3- Noise:
e The energy of the transmitted signal might get affected by the environment.

o Electromagnetic fields, nuclear fields, thermal noise and crosstalk may corrupt the signal.

13
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Original Signal Signal + Noise Received Signal

/\/\A MW/Y\\ N

Medium

Point 1 Point 2
Another Medium Electromaanetic field

e The noise signal is simply another signal that affects the original signal.

e The Signal-to-noise ratio (SNR) is the ratio between the signal and the noise:

SNR = Signal Power / Noise Power , SNRgz = 10 Logso(SNR), then SNR = 105NRH110,
I11- Other Measurements [1][5]:
1- Throughput:

e In order to measure the data rate coming out of a device (router, firewall,...) or an algorithm
(compression, encryption,...) we use the term throughput, which means how many bits are
released in a second.

2- Propagation speed:

e Measures how fast a signal or bits are transmitted.

e |t depends on the medium of transmission; in vacuum, light propagate faster than air, which is
faster than in fiber optic.

3- Propagation time:
e Measures how long a signal or bits are transmitted.
e If signal is transmitted for a distance, with certain propagation speed, then the propagation time is:

propagation time = distance / propagation speed

14
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Distance = d |
/\/\/\/\/: Propagation time =t, — t; i
Attime t; ‘
L
Attimet,

4- Wavelength:

e Measures the distance that a signal travels in a time of one cycle (the period).

Distance = Wavelength

R ——
Propagation time = Period

Attime t;

AVAVAVAV

At time t; + period

e The frequency is a characteristic of a signal, but the wavelength is a characteristic of signal that
travels in a medium.

e Wavelength = Propagation Speed x Period = Propagation Speed/frequency.

o Example: The wavelength of red light (frequency = 4 x 10 Hz) that travels in vacuum is:
Wavelength =3 x 10°/ (4 x 10**) = 0.75 x 10°® = 0.75 um.

15
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Digital transmission systems

I- Line Coding:
e Digital data are represented by sequences of bits.
¢ Digital data are converted to digital signals in order to be transmitted.

e Line coding is the process of converting bits into signals.

Line Coding
01001100010

v

1- Pulse Rate and Bit Rate [3]:
e A pulse is the amount of time required to transmit information. In digital transmission, a pulse is
the minimum time that a signal can maintain one level of a signal before changing it to another
level.

e The pulse rate defines the number of pulses per second.

Amplitude
Pulse Rate = 8 pulses/sec

< [
< »

> 1sec Time
Pulse = 0.125 sec
Amplitude
Pulse Rate = 4 pulses/sec R
1sec Time

+—>
Pulse = 0.25 sec

e The bit rate is related to the pulse rate and the number of signal level.

¢ Bite rate = Pulse Rate x Log, (Number of Levels).

e Example 1: A signal has two levels (0, 5) with pulse duration of 1 ms. What is the bit rate?
Pulse rate = 1/(pulse duration) = 1000 pulse/sec.
Bit rate = Pulse rate x Log,(2 levels) = 1000 bps.

16
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Amplitude

a1
|
T

Time

e Example 2: A signal has four levels (0, 5, 10, 15) with pulse duration of 1 ms. What is the bit rate?
Pulse rate = 1/(pulse duration) = 1000 pulse/sec.
Bit rate = Pulse rate x Log,(4 levels) = 2000 bps.

Ampljtude
005015105115005105105115
st
0+ —
st L
0 r o

Time

2- Coding that causes transmission problems [1][6]:
e The DC (direct-courant) component, the simple signal of frequency 0 is undesirable for two
reasons.
e 1% Reason: it accumulates energy in the transmission medium, which render useless after
sometime.
e 2" Reason: it always requires a low-pass medium (with 0 frequency), which is not possible all the

time.

17
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Amplitude

0 1 0 0 1 1 0 1

Amplitude 25 4+ R S S S S S
0 1 00 1 10 1 25 i i Time

50 | i Coo

0 ! ! e A signal without dc component

Time
) ) Ampljtude —|—
A signal with dc component

25 —tt

S e

The dc component

e Lack of self-synchronization: if the two clocks of the sender and the receiver are not in synch then

the received signal might be interpreted differently than the sender.

Amplitude Sent Signal
1 0 1 1 0 0 0 1
5 ; | |
0 1 1 1
Time
Amplitude Received Signal
1 1 0 1 1 1 0 0 ©0 0 1 1
5 ' | | | | | l | \
O 1 1 ! 1 ! 1 1 ! |
Time

e Example: if the receiver clock is 0.1 % faster than the sender clock, how many extra bits per
second does the receiver receive if the data rate is 1 Kbps?
1000 bits sent — 1001 bits receives — 1 extra bit.

e Also, when the sender is down, the transmission medium is idle. The receiver might interpret it as

a low signal, and encode information based on the used coding method:

18
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Amplitude Idle
5T : : : : : : : :
O | ] | | ] ] ] ]
Time
Amplitude Interpretation at the receiver
5 -1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
0 | ] | | ] ] ] ]
Time
3- Unipolar Coding [1][6]:
e Verysimple and very primitive, so it is obsolete today.
e It uses one polarity to encode 1, and the null value to encode 0.
e Disadvantages: dc component, lack of synchronization.
Amplitude
1 0 1 1 0 0 0 1
5 : : :
0 | ] ]
Time

4- Polar Coding [1][7]:
e Characterized by the use of two polar levels of voltages: positive and negative.
e There are several schemes of polar coding:
4-1- Non return to zero encoding (NRZ):
e The transmission signal is either positive or negative, not null (0).
e Two popular forms of NRZ: NRZL and NRZI.
e In NRZL (NRZ Level), the level of the signal depends on the state of the bit to be sent: positive for

0, negative for 1, or vice-versa.

19
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Amplitude
0 1 0 0 1 1 1 0
5 ! ! !
O 1 1 1
Time
-5

Advantages: No dc component (in general).
Disadvantages: Lack of synchronization.
In NRZI (NRZ Invert), the level of the signal is inversed once a state of a bit is encountered (1);

otherwise, it stays steady (0). So, 1 refers to a change in the signal level, O refers to no change.

Amplitude
0 1 0 0 1 1 1 0
5 ! ! : :
O 1 1 1 1

Time
_5 |
Synchronization

The receiver may adjust its internal clock whenever a change in the signal is received (1); thus

self-synchronizing with the sender.

The levels are meaningless to the receiver: only at the beginning of the pulse, the receiver looks at
the signal for any possible changes to convert it to 1. Otherwise, it keeps converting to zeros
following the internal clock.

Advantages: No dc component (in general), synchronization (in general).

Disadvantages: A long stream of Os (not as likely) may cause a dc component and lack of

synchronization.

4-2- Return to zero encoding (RZ):

The transmission signal is either positive or negative, but it returns to 0 for certain period.
The signal always changes during bit duration: 0 is encoded by two changes: “zero to negative and

then negative to zero™; 1 is otherwise.

The receiver may adjust its internal clock in each bit duration; thus self-synchronizing with the

sender.
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Amplitude
o+ 1 ¢+ 0 ¢+ 0 1 1 1 1 1 i 0
0 :
| | | | ' Time
-5 | | | | |

e Advantages: No dc component (in general), full synchronization.
e Disadvantages: Requires more bandwidth (two changes per bit). Also, if the number of Os and 1s
are different, then it may cause a dc component.
4-3- Manchester encoding:
e Uses a signal inversion in the middle of the bit duration.

e Aninversion from positive to negative encodes 0; otherwise, 1.

Ampljtude
0 1 i 0 ;0 1 i+ 1 1 1 0 Synchronization
5 | | | ; |
0 ; : ; : i
| | | | 1 Time
s L] 5 L

e Advantages: No dc component at all, full synchronization, requires lesser bandwidth than RZ (one
change per bit for non consecutive streams of bits).

e Disadvantages: Requires more bandwidth than NRZ (two changes per bit for consecutive 1’s or
0’s).

4-4- Differential Manchester encoding:

e Uses a signal inversion in the middle of the bit duration.

e Aninversion at the beginning of the bit duration encodes O; otherwise, 1.

e The levels are meaningless to the receiver: only at the beginning of the pulse, the receiver looks at
the signal for any possible changes to convert it to 0. Otherwise, it keeps converting to zeros

following the internal clock.
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No change in case of 1 A g of O
Amplitude
0 c1o0 1 0 1 0 Synchronization
ST | | | | |
0 : : i i i
| | | | . Time
s — s

e Advantages & Disadvantages: Same as Manchester.
e When compared to Manchester, Differential Manchester cares only about the signal changes in the
beginning of the bit interval, which is easier than testing the signal levels.
e On the other hand, with differential Manchester encoding we cannot use more levels to encode
more bits.
4-5- Other schemes of encoding:
e 2B1Q (2 binary 1 quaternary) is similar to NRZL where 4 voltage levels are used to encodes 2 bits

per pulse.

Amplitude
10 +

00 01 10 11 01 10 00 00

Time

I1- Block Coding [1][6][7]:
e Block coding handle a sequence of bits instead on separate ones.
e It passed through three steps: Division, Substitution, and Line Coding.
1- Division:
o First of all the sequence of bits to be sent is divided into groups of m bits. For instance, in 4B/5B
encoding, the original stream of bits is divided into groups of 4 bits.
2- Substitution:

22
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e Then, depending on the encoding scheme, a map table is used to substitute the m bits with n bits.
For instance, in 4B/5B encoding, each group of 4 bits has its corresponding sequence of 5 bits
following the 4B/5B map table.

3- Line coding:
e Last, the sequence of n bits are encoded using one of the previous line coding schemes (RZ, NRZ,

)

4- 4B/5B Block Coding:

Data Sequence | Encoded Sequence | Data Sequence | Encoded Sequence
(4 bits) (5 bits) (4 bits) (5 bits)
Used for Control

0000 11110 Q (Quiet) 00000
0001 01001 I (Idle) 11111
0010 10100 H (Halt) 00100
0011 10101 J (start delimiter) 11000
0100 01010 K (start delimiter) 10001
0101 01011 T (end delimiter) 01101
0110 01110 S (Set) 11001
0111 01111 R (Reset) 00111
1000 10010
1001 10011
1010 10110
1011 10111
1100 11010
1101 11011
1110 11100
1111 11101

e With 4 bits, we can have 16 possible groups of 4 bits, whereas with 5 bits, we can generate 32
possible substituting groups of 5 bits. 4B/5B selects the best sequences of 5 bits to be sent over the
transmission medium.

e When data are transmitted, 4B/5B guarantees that no more than 3 consecutive 0’s are in sequence,
and also no more than 8 consecutive 1°s.

e 4B/5B gives the possibility of sending control symbol for better synchronization.
23
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e Advantages: with simple line coding (NRZL), 4B/5B ensures synchronization, with alleviation of
the dc component in some cases.
e Disadvantages: loss of 20% of the bit rate (bit rate < pulse rate) (an overhead of 1 bit in every 5

bits sent). Also, dividing and substitution time overhead.

4- 8B/6T Block Coding:
e In this block coding, each sequence of 8 bits (2° = 256 cases) is substituted by a sequence of 6
ternary code (3° = 729 cases). In the ternary code, three units are used (+1, 0, and -1 V).
e So not all the 729 codes will be used. 8B/6T selects the best sequences for data, and reserves other
sequences for control.
e 8B/6T ensures, in most cases, that the substituting signal of 6 ternary codes or levels of voltage has
no dc component: the signal leaves zero energy level in the transmission medium.

6 Ternary

8 Binary L " 0 " L

v

00011111

Data Sequence | Encoded Sequence

(8 bits) (6 ternary signal)
00000000 —+00—+
00000001 0—+—+0
11111111 00+-0+

e Advantages: 8B/6T ensures synchronization, and better alleviation of the dc component in most
cases. Also, no overhead in the bit rate (bit rate > pulse rate).

e Disadvantages: Use of 3 levels of voltages. Also, dividing and substitution time overhead.

24
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I11- Sampling [1][6][8]:
e If we want to convert analog data (voice, video, ...) into digital signals, analog data are first
changed into digital data through the process of sampling.

e Sampling a signal means measuring the amplitude of that signal at equal intervals.
1- PAM:

e PAM (pulse amplitude modulation) is a sampling technique based on sampling and briefly holding
the signal.

e The result of PAM is a series of pulses or samples of amplitudes that looks like the original signal.

Amplitude Amplitude
Il ||m|‘l
Time Time
Analog signal PAM signal
Amplitude

Time

Restored signal from PAM

e There are two extremes in sampling: the more sampling the better quality of the restored signal.
Yet, the lesser sampling, the lesser bandwidth needed to transmit the PAM signal. So what’s the
perfect sampling rate that makes it possible to restore the most significant characteristics of the
original signal?

e Based on Nyquist theorem, we need to sample at a rate of twice the highest frequency of the signal
in order to ensure a good quality of the restored signal. In case that a signal has components of

frequency 0 then we need to sample a rate of twice the bandwidth.
25
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Example: if we have a signal composed of a wave signal that has a frequency of 4 Hz and a dc
signal (0 Hz), which needs a bandwidth of 4 — 0 = 4 Hz, then we need to sample that signal 8 times

(4 x 2) in order to be able to restore back the original signal.

Amplitude
Bandwidth =4 Hz

AViVivim

v \J U ) Time

Original sine wave signal

Amplitude

VARVARVARYAE

Restored signal

2- PCM:
PCM (pulse code modulation) convert the pulses created by PAM into binary codes in order to be

transmitted digitally.

Amplitude )
Sampling rate = 8 samples/sec
l1 sec
| | | | Time
PAM signal

PCM is made of 4 processes: PAM, quantization, binary encoding, and line coding.

PAM converts analog data into samples of pulse.

Quantization is the process of associating numerical values to the PAM pulses.

26
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Amplitude +45 144
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+30
+2523 +?§-9 7+25
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+20 718
+10
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|

Time

-25

-38 40

Quantized PAM signal

Binary encoding the process of converting the quantization numerical values into binary codes:
+20 : 00010100, -2: 10000010. The number of bits used per sample depends on the range of
quantization numerical values. Then, the bit rate can be easily calculated as:

Bit rate = (Sampling rate) x (bits per sample)

Example: When sampling a human voice, the quantization process emerged values between (-128
and 127). If the human voice contains frequencies between 0 and 4000 Hz, what’s the bit rate
required to transmit digitally a human voice?

Sampling rate = 4000 x 2 = 8000 samples/sec.

256 values need 8 bits to be encoded.

Then, the required bit rate is (8000 samples/sec ) x 8 (bits/sample) = 64 Kbps.

In line coding, one the above mentioned techniques (NRZ, RZ, Manchester, ...) is used to convert

binary code into digital signal.

3- Differential PCM:

In Differential PCM, the quantization deals with the differences between samples values rather

than the values themselves.
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Amplitude +70

-20
|

Time

+15

36,

Quantized PAM signal (using differences)

e For instance, the range of differences between samples is between -4 and +3, then 3 bits only are
needed to encode the quantized values.
e Advantages: Lesser bits per sample, if the differences between samples are considerably small.
4- Delta PCM:
e In Delta PCM, only one bit is used in encoding to mention higher pulse (1) or lower (0) than the
previous one. In this technique, a fixed amplitude value (A) is either added (1) or subtracted (0) to

get the value of the new sample:

Amplitude
A=4

+A
-A
¥20) A,

+A
iA A +A+A+A I r i
|15 ot LT

-A Time

Quantized PAM signal (using delta)

e Advantages: Only one bit per sample.

e Disadvantages: does not work for signals with sharp variations.

IV- Transmission Mode [6]:
e We recognize two types of transmission modes: Parallel and Serial.
1- Parallel transmission:
e Instead of transmitting bits sequentially, a group of n bits are sent simultaneously. Therefore, n

links or wires are required for transmission.
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e Advantages: Bit rate is enhanced n times.

e Disadvantages: Expensive. Therefore, parallel transmission is usually used in short distances.
2- Serial transmission:

e Inserial transmission, only one link is used for data communication.

o |If data is originally packed in groups of bits, the sender needs to rearrange then in a sequence of

bits in order to be sent over the serial link.

e The receiver collects the arrived bits and then regroups them in their original structure.

00110100

Sender Receiver

OOHOHHOO'
OOI—‘OI—\I—‘OO'

Parallel-to-serial
converter

Serial-to-parallel

converter

e Advantages: widely used (cheaper).

e Disadvantages: not as fast as parallel transmission.
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3- Asynchronous Serial transmission:

e It’s a serial transmission, where bytes are sent asynchronously; the receiver has no idea about the
next time the sender is sending data.

e When a byte is transmitted, at least two bits are added as a header (start bit) and a trailer (stop bit)
in order to handle the byte synchronization between the sender and the receiver. So this mode is
asynchronous outside the byte level, but synchronous inside the byte level.

e This mode is used in slow and asynchronous communication, like the keyboard where the user

might type few words and stop for a while to think what to write next.

0] 1101000 |1 f 0] 01100110

Sender Receiver

Gaps between data units

4- Synchronous Serial transmission:

e It’s also a serial transmission, where a collection of bytes are sent together in a frame with no gaps
in between.

e It is synchronous because the sender and the receiver are basically communicating all the time of
transmission. This mode is used for faster transmissions, thus no header or trailers are added to
bytes.

e The line is then filled-up with bits, and the bytes’ divisions do not appear while in transmission.

e The receiver regroups the bit back into bytes and restores their original structure.

¢ In case the sender has nothing to send, then it sends the idle message (like 11111 in 4B/5B) instead

of leaving gaps.

1001101)01000010(01100111(11000011(00101

Sender Receiver
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Transmission Media

e A transmission medium can be broadly defined as anything that can carry information from a
source to a destination. For example, the transmission medium for two people having a dinner
conversation is the air. The air can also be used to convey the message in a smoke signal or
semaphore. For a written message, the transmission medium might be a mail carrier, a truck, or an
airplane [1].

e In data communications the definition of the information and the transmission medium is more
specific. The transmission medium is usually free space, metallic cable, or fiber-optic cable. The

information is usually a signal that is the result of a conversion of data from another form [1][9].

Sender I Physical layer _I I Physical layer IRecejver

L ]-JI._ il
I- Classes of transmission media [1][10] [11]:
¢ Intelecommunications, transmission media can be divided into two broad categories: guided and

unguided. Guided media include twisted-pair cable, coaxial cable, and fiber-optic cable. Unguided

medium is free space.

Transmission
media
I
| |
Twisted-pair Coaxial Fiber-optic Free space
cable cable cable 5P

1- GUIDED MEDIA:
e Guided media, which are those that provide a conduit from one device to another, include twisted-
pair cable, coaxial cable, and fiber-optic cable.
e A signal traveling along any of these media is directed and contained by the physical limits of the
medium.
e Twisted-pair and coaxial cable use metallic (copper) conductors that accept and transport signals in

the form of electric current.
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Optical fiber is a cable that accepts and transports signals in the form of light.

1.1- Twisted-Pair Cable:

Insulator Conductors

A twisted pair consists of two conductors (normally copper), each with its own plasticinsulation,
twisted together.

Unshielded Versus Shielded Twisted-Pair Cable:

The most common twisted-pair cable used in communications is referred to as unshielded twisted-
pair (UTP).

IBM has also produced a version of twisted-pair cable for its use called shielded twisted-pair
(STP).

STP cable has a metal foil or braidedmesh covering that encases each pair of insulated conductors.
Although metal casing improves the quality of cable by preventing the penetration of noise or
crosstalk, it isbulkier and more expensive.

The following figure shows the difference between UTP and STP.

UTP and STP cables

Metal shield

Plastic cover Plastic cover

a.UTP b.STP

b)

Categories:
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e The Electronic Industries Association (EIA) has developed standards to classify unshielded
twisted-pair cable into seven categories.

e Categories are determined by cablequality, with 1 as the lowest and 7 as the highest.

e Each EIA category is suitable forspecific uses.

e The following table shows these categories.

Table Categories ofunshielded twisted-pair cables
Data Rate
Category Specification (Mbps) Use
I Unshielded twisted-pair used in telephone <0.1 Telephone
2 Unshielded twisted-pair originally used in 2 T-1lines
T-lines
3 Improved CAT 2 used in LANs 10 LANs
4 Improved CAT 3 used in Token Ring networks 20 LANs
5 Cable wire is normally 24 AWG with a jacket 100 LANs
and outside sheath
SE An extension to category 5 that includes 125 LANs
extra features to minimize the crosstalk and
electromagnetic interference
6 A new category with matched components 200 LANs
coming from the same manufacturer. The
cable must be tested at a 200-Mbps data rate.
7 Sometimes called SSTP (shielded screen 600 LANs
twisted-pair). Each pair is individually
wrapped in a helical metallic foil followed by
a metallic foil shield in addition to the outside
sheath. The shield decreases the effect of
crosstalk: and increases the data rate.

c) Connectors:
e The most common UTP connector is RJ45 (RJ stands for registered jack).

e The RJ45 is a keyed connector, meaning the connector can be inserted inonly one way.
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UTP connector

il n

12345678

R-J--’J-S-i-'"emale R]J-45 Male

d)

Performance:

One way to measure the performance of twisted-pair cable is to compare attenuation versus
frequency and distance.

A twisted-pair cable can pass a wide range of frequencies.

However, with increasing frequency, the attenuation, measured indecibels per kilometer (dB/km),
sharply increases with frequencies above 100 kHz.

Notethat gauge is a measure of the thickness of the wire.

UTP performance
20 Gauge Diameter (inches) 26 gauge
18 00403 | 24 gauge
18 22 0.02320
Vi
16 24 0.02010
26 0.0159

22 gauge
/

18 gauge

Alttenuation {dB/km)

10 100 1000
I{kHz)

Performance:

Twisted-pair cables are used in telephone lines to provide voice and data channels.

Thelocal loop-the line that connects subscribers to the central telephone office---commonlyconsists
of unshielded twisted-pair cables.

The DSL lines that are used by the telephone companies to provide high-data-rateconnections also

use the high-bandwidth capability of unshielded twisted-pair cables.
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e Local-area networks, such as IOBase-T and IOOBase-T, also use twisted-pair cables.

1.2- Coaxial Cable:

e Coaxial cable (or coax) carries signals of higher frequency ranges than those in twistedpaircable, in
part because the two media are constructed quite differently.

e Instead of having two wires, coax has a central core conductor of solid or stranded wire (usually
copper) enclosed in an insulating sheath, which is, in turn, encased in an outer conductor of metal
foil, braid, or a combination of the two.

e The outer metallic wrapping serves both as a shield against noise and as the second conductor,
which completes the circuit.

e This outer conductor is also enclosed in an insulating sheath, and the whole cable is protected by a

plastic cover.

Coaxial cable

Insulator

| Inner conductor

Outer conductor

|'/-]'-‘1:1.l;l'.ic -;:swr:;\H [shield)

a) Coaxial Cable Standards:

e Coaxial cables are categorized by their radio government (RG) ratings.

e Each RG number denotes a unique set of physical specifications, including the wire gauge of
theinner conductor, the thickness and type of the inner insulator, the construction of theshield, and
the size and type of the outer casing. Each cable defined by an RG rating isadapted for a

specialized function.
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Table Categories ofcoaxial cables
Category Impedance Use
RG-59 7562 Cable TV
RG-58 500 Thin Ethernet
RG-11 50 Q Thick Ethernet

b) Coaxial Cable Connectors:

To connect coaxial cable to devices, we need coaxial connectors. The most common type of
connector used today is the Bayone-Neill-Concelman (BNe), connector.

There are three popular types of these connectors: the BNC connector, the BNC T connector,
andthe BNC terminator.

The BNC connector is used to connect the end of the cable to a device, such as aTV set.

The BNC T connector is used in Ethernet networks to branchout to a connection to a computer or
other device.

The BNC terminator is used at theend of the cable to prevent the reflection of the signal.

ENC ronnectors

Cahle

BNe terminator wire

Performance:

As we did with twisted-pair cables, we can measure the performance of a coaxial cable.

We notice that the attenuation is much higher in coaxial cables than in twisted-pair cable. In other
words, although coaxial cable has a much higher bandwidth, the signal weakens rapidly and

requires the frequent use of repeaters.
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d) Applications:

Coaxial cable was widely used in analog telephone networks where a single coaxial network could
carry 10,000 voice signals.

Later it was used in digital telephone networks where a single coaxial cable could carry digital data
up to 600 Mbps.

However, coaxial cable in telephone networks has largely been replaced today with fiber-optic
cable.

Cable TV networks also use coaxial cables. In the traditional cableTV network, the entire network
used coaxial cable. Later, however, cable TV providers replaced most of the media with fiber-optic
cable; hybrid networks use coaxial cable only at the network boundaries, near the consumer
premises. Cable TV uses RG-59 coaxial cable.

Another common application of coaxial cable is in traditional Ethernet LANs. Because of its high
bandwidth, and consequently high data rate, coaxialcable was chosen for digital transmission in
early Ethernet LANs. The 10Base-2, or ThinEthernet, uses RG-58 coaxial cable with BNe
connectors to transmit data at 10 Mbpswith a range of 185 m. The IOBase5, or Thick Ethernet,
uses RG-11 (thick coaxial cable)to transmit 10 Mbps with a range of 5000 m. Thick Ethernet has

specialized connectors.

1.3- Fiber-Optic Cable:
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e A fiber-optic cable is made of glass or plastic and transmits signals in the form of light.To
understand optical fiber, we first need to explore several aspects of the nature of light.

e Light travels in a straight line as long as it is moving through a single uniform substance.If a ray of
light traveling through one substance suddenly enters another substance(of a different density), the
ray changes direction.

e The following figure shows how a ray of lightchanges direction when going from a more dense toa

less dense substance.

Bending oflight ray

Less Less Less
I
dense dense I dense
More More More. f
dense dense ' dense !
[} I
4
Fr !
I
I < critical angle, I = critical angle, = critical angle,
refraction refraction reflection

e As the figure shows, if the angle of incidence I (the arlgle the ray makes with theline perpendicular
to the interface between the two substances) is less than the criticalangle, the ray refracts and
moves closer to the surface. If the angle of incidence isequal to the critical angle, the light bends
along the interface. If the angle is greater thanthe critical angle, the ray reflects (makes a turn) and
travels again in the denser substance.Note that the critical angle is a property of the substance, and

its value differsfrom one substance to another.

e Optical fibers use reflection to guide light through a channel. A glass or plastic coreis surrounded
by a cladding of less dense glass or plastic. The difference in density of thetwo materials must be
such that a beam of light moving through the core is reflected offthe cladding instead of being
refracted into it.

Opticaljiber

Cladding

Sender Core A‘:’ Receiver

I ’ 1
Cladding

a) Propagation Modes:
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e Current technology supports two modes (multimode and single mode) for propagating lightalong

optical channels, each requiring fiber with different physical characteristics.

e Multimodecan be implemented in two forms: step-index or graded-index.

Propagation modes

e Multimode is so named because multiple beams from a light source move through the core in

different paths. How these beams move within the cable depends on the structure of the core.

Modes

J1J1

Source

Destination

a. Multimode, step index

J1J1

Source

Destination

b. Multimode, graded index

J1J1

Source

I111

Destination

c. Single mode
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b)

In multimode step-index fiber, the density of the core remains constant from thecenter to the edges.
A beam of light moves through this constant density in a straightline until it reaches the interface
of the core and the cladding. At the interface, there isan abrupt change due to a lower density; this
alters the angle of the beam’'s motion. Theterm step index refers to the suddenness of this change,
which contributes to the distortionof the signal as it passes through the fiber.

A second type of fiber, called multimode graded-index fiber, decreases this distortionof the signal

through the cable. The word index here refers to the index of refraction.

The index of refraction is related to density. A graded-index fiber,therefore, is one with varying
densities. Density is highest at the center of the core anddecreases gradually to its lowest at the
edge.

Single-mode uses step-index fiber and a highly focused source of lightthat limits beams to a small
range of angles, all close to the horizontal.

The singlemodefiber itself is manufactured with a much smaller diameter than that of multimode
fiber, and with substantially lower density (index of refraction).

The decrease in densityresults in a critical angle that is close enough to 90° to make the
propagation of beamsalmost horizontal. In this case, propagation of different beams is almost
identical, anddelays are negligible. All the beams arrive at the destination "together” and can
berecombined with little distortion to the signal.

Fiber Sizes:

Optical fibers are defined by the ratio of the diameter of their core to the diameter of their
cladding, both expressed in micrometers.

Note that the last size listed is for single-mode only.

The common sizes are shown in the following table.

Table Fiber types

Type Core (m) Cladding (\\m) Mode
501125 50.0 125 Multimode, graded index
62.51125 62.5 125 Multimode, graded index
1001125 100.0 125 Multimode, graded index
1125 7.0 125 Single mode

Cable Composition:
The following figure shows the composition of a typical fiber-optic cable. The outer jacket is
madeof either PVVC or Teflon. Inside the jacket are Kevlar strands to strengthen the cable. Kevlar is

a strong material used in the fabrication of bulletproof vests. Below the Kevlar is anotherplastic
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coating to cushion the fiber. The fiber is at the center of the cable, and it consists ofcladding and

core.

Fiber construction

Du Pont Kevlar
Outer jacket / for strength

Cladding

Glass or
plastic core

d) Fiber-Optic Cable Connectors:

e There are three types of connectors for fiber-optic cables.

Fiber-optic cable connectors

SC connector 5T connector

pori)

MT-R] connector

e The subscriber channel (SC) connector is used for cable TV. It uses a push/pulllocking system.

e The straight-tip (ST) connector is used for connecting cable tonetworking devices. It uses a
bayonet locking system and is more reliable than SC.

e MT-RJ is a connector that is the same size as RJ45.

e) Performance:

e Theplot of attenuation versus wavelength in the following figure shows a very
interestingphenomenon in fiber-optic cable.
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f)

Optical fiber performance
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Attenuation is flatter than in the case of twisted-paircable and coaxial cable.

The performance is such that we need fewer (actually 10 timesless) repeaters when we use fiber-
optic cable.

Applications:

Fiber-optic cable is often found in backbone networks because its wide bandwidth is cost-
effective. Today, with wavelength-division multiplexing (WDM), we can transfer data at a rate of
1600 Gbps. The SONET network that we discuss in Chapter 17 provides such a backbone.

Some cable TV companies use a combination of optical fiber and coaxial cable, thus creating a
hybrid network. Optical fiber provides the backbone structure while coaxial cable provides the
connection to the user premises. This is a cost-effective configuration since the narrow bandwidth
requirement at the user end does not justify the use of optical fiber.

Local-area networks such as 100Base-FX network (Fast Ethernet) and 1000Base-X also use fiber-

optic cable.

2- UNGUIDED MEDIA: WIRELESS [1][12][13]:

Unguided media transport electromagnetic waves without using a physical conductor.

This type of communication is often referred to as wireless communication.

Signalsare normally broadcast through free space and thus are available to anyone who has adevice
capable of receiving them.

The following figure shows the part of the electromagnetic spectrum, ranging from 3 kHz t0900

THz, used for wireless communication.
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e Unguided signals can travel from the source to destination in several ways: ground propagation,

sky propagation, and line-of-sight propagation, as shown in the following figure.

Propagation methods

Ionosphere Ionosphere lonosphere

Ground propagation Sky propagation Line-af-sight propagation
{below 2 MHz) (2-30 MHz) labove 30 MHz)

e In ground propagation, radio waves travel through the lowest portion of the atmosphere, hugging
the earth.

e These low-frequency signals emanate in all directions from the transmitting antenna and follow
the curvature of the planet.

o Distance depends on the amount of power in the signal: The greater the power, the greater the
distance. In sky propagation, higher-frequency radio waves radiate upward into the ionosphere (the
layer of atmosphere where particles exist as ions) where they are reflected back to earth.

e This type of transmission allows for greater distances with lower output power.

¢ In line-or-sight propagation, very high-frequency signals are transmitted in straightlines directly
from antenna to antenna. Antennas must be directional, facing each other and either tall enough or
close enough together not to be affected by the curvature of the earth. Line-of-sight propagation is

tricky because radio transmissions cannot be completely focused.
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e The section of the electromagnetic spectrum defined as radio waves and microwaves is divided
into eight ranges, called bands, each regulated by government authorities.These bands are rated
from very low frequency (VLF) to extremely highfrequency (EHF).

e The following table lists these bands, their ranges, propagation methods, and some applications.

Table Bands

Band Range Propagation Application

VLF (very low frequency) 3-30 kHz Ground Long-range radio
navigation

LF (low frequency) 30-300 kHz Ground Radio beacons and
navigational locators

MF (middle frequency) 300 kHz-3 MHz | Sky AM radio

HF (high frequency) 3-30 MHz Sky Citizens band (CB),
shipiaircraft
communication

VHF (very high frequency) 30-300 MHz Sky and VHF TV, FM radio

line-of-sight

UHF (ultrahigh frequency) | 300 MHz-3 GHz | Line-of-sight | UHFTV, cellular phones,
paging, satellite

SHF (superhigh frequency) 3-30 GHz Line-of-sight | Satellite communication

EHF (extremely high 30-300 GHz Line-of-sight | Radar, satellite

frequency)

2- 1 Wireless transmission groups:

e We can divide wireless transmission into three broad groups: radio waves, microwaves, and

infrared waves.

Wireless transmission waves

Wireless
transmission
Radio wave Microwave [nfrared

2- 1-1 Radio Waves:
e Although there is no clear-cut demarcation between radio waves and microwaves,
electromagneticwaves ranging in frequencies between 3 kHz and 1 GHz are normally calledradio
waves; waves ranging in frequencies between 1 and 300 GHz are called microwaves.However, the

behavior of the waves, rather than the frequencies, is a bettercriterion for classification.
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b)

Radio waves, for the most part, are omnidirectional. When an antenna transmits radio waves, they
are propagated in all directions. This means that the sending and receiving antennas do not have to
be aligned. A sending antenna sends waves that can be received by any receiving antenna. The
omnidirectional property has a disadvantage, too. The radio waves transmitted by one antenna are
susceptible to interference by another antenna that may send signals using the same frequency or
band.

Radio waves, particularly those waves that propagate in the sky mode, can travel long distances.
This makes radio waves a good candidate for long-distance broadcasting such as AM radio.

Radio waves, particularly those of low and medium frequencies, can penetrate walls. This
characteristic can be both an advantage and a disadvantage. It is an advantage because, for
example, an AM radio can receive signals inside a building. It is a disadvantage because we cannot
isolate a communication to just inside or outside a building. The radio wave band is relatively
narrow, just under 1 GHz, compared to the microwave band. When this band is divided into
subbands, the subbands are also narrow, leading to a low data rate for digital communications.
Almost the entire band is regulated by authorities (e.g., the FCC in the United States). Using any
part of the band requires permission from the authorities.

Omnidirectional Antenna:

Radio waves use omnidirectional antennas that send out signals in all directions. Based on the

wavelength, strength, and the purpose of transmission, we can have several types of antennas.

Omanidirectional antenna

Radio waves are |used for multicast communications,
such as radio and television, and paging systems.

Applications:
The omnidirectional characteristics of radio waves make them useful for multicasting, in which
there is one sender but many receivers. AM and FM radio, television, maritime radio, cordless

phones, and paging are examples of multicasting.

2- 1-2 Microwaves:
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Electromagnetic waves having frequencies between | and 300 GHz are called microwaves.
Microwaves are unidirectional. When an antenna transmits microwave waves, they can be
narrowly focused. This means that the sending and receiving antennas need to be aligned. The
unidirectional property has an obvious advantage. A pair of antennas can be aligned without
interfering with another pair of aligned antennas. The following describes some characteristics of
microwave propagation:

v" Microwave propagation is line-of-sight. Since the towers with the mounted antennas need
to be in direct sight of each other, towers that are far apart need to be very tall. The
curvature of the earth as well as other blocking obstacles do not allow two short towers to
communicate by using microwaves. Repeaters are often needed for long distance
communication.

v Very high-frequency microwaves cannot penetrate walls. This characteristic can be a
disadvantage if receivers are inside buildings.

v The microwave band is relatively wide, almost 299 GHz. Therefore wider subbands can be
assigned, and a high data rate is possible.

v" Use of certain portions of the band requires permission from authorities.

a) Unidirectional Antenna:

Microwaves need unidirectional antennas that send out signals in one direction.

Two types of antennas are used for microwave communications: the parabolic dish and the horn.

Unidirectional antennas

Focus

a. Dish antenna b. Horn antenna

A parabolic dish antenna is based on the geometry of a parabola: Every line parallel to the line of
symmetry (line of sight) reflects off the curve at angles such that all the lines intersect in a
common point called the focus. The parabolic dish works as a funnel, catching a wide range of
waves and directing them to a common point. In this way, more of the signal is recovered than
would be possible with a single-pointreceiver.
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b)

Outgoing transmissions are broadcast through a horn aimed at the dish. The microwaves hit the
dish and are deflected outward in a reversal of the receipt path.

A horn antenna looks like a gigantic scoop. Outgoing transmissions are broadcast up a stem
(resembling a handle) and deflected outward in a series of narrow parallel beams by the curved
head. Received transmissions are collected by the scooped shape of the horn, in a manner similar
to the parabolic dish, and are deflected down into the stem.

Applications:

Microwaves, due to their unidirectional properties, are very useful when unicast (one-to-one)
communication is needed between the sender and the receiver. They are used in cellular phones,
satellite networks, and wireless LANS.

2- 1-3 Infrared:

Infrared waves, with frequencies from 300 GHz to 400 THz (wavelengths from 1 mmto 770 nm),
can be used for short-range communication. Infrared waves, having highfrequencies, cannot
penetrate walls.

This advantageous characteristic prevents interferencebetween one system and another; a short-
range communication system in one roomcannot be affected by another system in the next room.
When we use our infrared remotecontrol, we do not interfere with the use of the remote by our
neighbors.

However, thissame characteristic makes infrared signals useless for long-range communication.
Inaddition, we cannot use infrared waves outside a building because the sun's rays containinfrared
waves that can interfere with the communication.

Applications:

The infrared band, almost 400 THz, has an excellent potential for data transmission.

Such a wide bandwidth can be used to transmit digital data with a very high data rate.

The Infrared Data Association (IrDA), an association for sponsoring the use of infraredwaves, has
established standards for using these signals for communication betweendevices such as
keyboards, mice, PCs, and printers.

For example, some manufacturersprovide a special port called the IrDA port that allows a wireless
keyboard to communicatewith a PC. The standard originally defined a data rate of 75 kbps for a
distanceup to 8 m. The recent standard defines a data rate of 4 Mbps.Infrared signals defined by
IrDA transmit through line of sight; the IrDA port onthe keyboard needs to point to the PC for

transmission to occur.

e Infrared signals can be used for short-range communication in a closed area using line-of-sight

propagation.
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Chapter 2. Local networks

1- Network Standardization [1][9]

- Networking standards define the rules for data communications that are needed for
interoperability of networking technologies and processes.

- Standards help in creating and maintaining open markets and allow different vendors to
compete on the basis of the quality of their products while being compatible with existing
market products.

- During data communication, a number of standards may be used simultaneously at the
different layers. The commonly used standards at each layer are:

v’ Application layer — HTTP, HTML, POP, H.323, IMAP

v Transport layer — TCP, SPX

v Network layer —IP, IPX

v Data link layer — Ethernet IEEE 802.3, X.25, Frame Relay

v" Physical layer —RS-232C (cable), V.92 (modem)

1.1- Types of Standards

- Standards are of two types:

v' De facto: These are the standards that are followed without any formal plan or
approval by any organization. They have come into existence due to traditions or
facts. For example, the HTTP had started as a de facto standard.

v De jure: These standards are the ones which have been adopted through legislation
by any officially recognized standards organization. Most of the communication
standards that are used today are de jure standards.

1.2- Standards Organizations

- Some of the noted standards organizations are:

v" International Standards Organization (ISO)

International Telecommunication Union (ITU)
Institute of Electronics and Electrical Engineers (IEEE)
American National Standards Institute (ANSI)

Internet Research Task Force (IETF)

AN N NN

Electronic Industries Association (EIA)
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2- |