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+ Data communications and computer networks are two of the fastest growing technﬂ|gg.ca| areas in
today's madern world. This is because there is an almost unlimited demand for informatian transfer,

= Data communications and computer networks deals with data/information transmission, Data refers to
the raw facts that are collected while processed data refers to information,
« Data can.be representad in many ways such as a human voice, text, numbers, images (graphics), audio,

and videao etc.

» Data communication is a process of exchanging data or infarmation between twao devices {a sender and
a receiver) through some kind of transmission medium such as co-axial cable or fiber optic cable (wired
communication) and/or air (wireless communication).

+ A communication invalves the transfer/exchange of information. Communication means the transfer of

ar Message

information between humans, computers
machines in a meaningful way.

* Data communication can be defined, "the exchange
of information between two computers capable of
generating processing and interpreting data”.

* The data communication process shown in Fig. 1.1,
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Fig. 1.1: Communication between Two Computers
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Data Communleation and Computer Hatworking 1.2 infreduction to Data Commun catlon

* Fig. 1.1 shows communication between one computer (sender/source) sending a2 message to another
computer (receiver/destination) over a wire or radio waves called as transmission media.
* The main objective of data communication and netwarking is to enable seamless exchange of data

between any two points in the world. This exchange of data takes place over a computer network.
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* Communication is the basic process of information exchange. Communication, whether betwaen human
beings or computer systems, involves transfer of information from a sender to a receiver.

* Communication is the conveyance of a message from one entity, called the source or transmitter or
sender tc:. another, called the destination or receiver, using a communication channel.

* Communication is defined as transfer of information, such as thoughts and messages between two

entities. The process of sending or recaiving data between two points of a computer networks is known
as Data Communication.

Definition of Data Communication:
*. Data communication is defined as, “the exchange of information (in the form of 0's and 1's) between two

digital devices via some form of transmission medium". OR
* Data cf:rr?rnun'rcat'lr::n refers to the exchange of data between a source and a receiver via form of
transmission media such as a wire cable (twisted-pair cable or co-axial cable) or wireless (air), OR

* “The transfer or exchange of information from one computer to another is known as Data
Communication”.

InmE Process of Data Communication

* Data communication refers to the exchange of information/data between two devices through some
form of wired or wireless transmission medium, It includes the transfer of data, the method of transfer
and the preservation of the data during the transfer/exchange process, '

* To initiate data communication, the communicating devices should be a part of a data communication
system that is formed by the collection of physical equipment's (hardware) and programs (software),

* Fig. 1.2 shows process of data communication.

* A data communication process is made up of five components namely message, sender, receiver,
transmission medium, and protocol are shown in Fig. 1.2,

* The functions of each component in data communication are as follows:

1. The message is the information in the form of data to be communicated. It can consist of text,
numbers, pictures, sound, video or any combination of these,

2. The sender is the device that sends the data message. It can be computes, workstation, telephone
handset, video camera and so an.

3. The receiver is the device that receives the
message. It can be computer, workstation,
telephone handset, television and so on.

4, The transmission medium is the physical
path by which a message travels from
sender to receiver. It can consist of twisted
pair wire, coaxial cable, fiber-optic cable,
laser or radio waves.

5. A protocol is refers to a set of rules (agreed
upon by the sender and the receiver) that
co-ordinates the exchange of information.

Without the protocol, the sender and the receiver cannot communicate. Both sender and receiver
should follow the same protacol to communicate with each other.

Protocol

W7 S
Fig. 1.2: Process of Data Communication
between Two Computers
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Communications System
data

« The communications sy stem prt:-'.-uh‘ a vehicle of carrying information from one point o another
A data communication system is the combination of hardware, software and data transtes links that
make up a communication facility for transferning or exchanging data

+ [Data communications is the movement of computer information from one point to another by means of

electrical or optical transmission medium or air (often called data communications networks),
* The communication system transfers information from one place to another in the form of signal. There
is & transmitter on one side and the recelver on the other. In between these, there 15 the channel as a

medium to transmit information. It is shown in Fig. 1.3
Transmittad L Raonivad

own Input - Bl o e Output
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Fig. 1.3: Simple Data Communication System

wo
OR Components of Data Communication
| of * In the case of sending and receiving messages or data from one place 1o another, we have many
OR elements working together all these elements put together to work efficiently is known as a system. T.hE
Jata communication system has the sole purpose of passing data or information in the most effective
manner. |
e A communication system itself can be either analog or digital (or a combination of twa). The infarmation
can be transmitted in either in analog from or in digital form within the communication networks. }
me e For data communication to take place, the communicating devices must be part of a communication
sfer system. Fig. 1.4 shows components of data communication system
Sourca Systam Dastination Syalsm
thon
ol Fig. 1.4 Components of Data Communication
« Following are the building blocks (components) of Data Communication System:
xt 1. Source: Source generates the data which is to be transmitted. Examples of sources includes
E telephone terminal, personal computers, mainframes and 80 on,
, . . " T : e
ne 2. Transmitter: The transmitter, also known as the sender, is the device that orginates the informatio

iransfer. Data from the source are not transmitted in the same form which are generated by source,
\ransmitter converts and encodes the data so as to produce electromagnetic signals. Modem is used
to convert incoming data stream into analog signals that can be handled by telephone network
Transmission System: It is a single transmission line or netwark connecting source and destination.
abling, microwave, fiber optics, radio waves and 5o on.

Examples includes ¢
o known as the sink, that receives the information transfer. Receivers can

4, Receiver: The receiver, als _ s ca
> include telephones, printer terminals, host computers, and video monitors. Function of the receiver |5

to accept the information from transmission line or network and converting it into digital data in the
form of stream so that destination computer can handle the data.

5. Destination: Destination is a device like computer that receives the data.

The efficiency of a data communication system depends on the following basic characteristics.

1, Delivery: The systam must deliver data to the correct intended destination.

' 2. Accuracy: The communication system should be deliver data accurately i.e. without any error.
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» A signal can be énything which coreeps \nfarnation. For sxanple @ sictre of & persen gives youl
information regardiag whether he i sqort ar tall. fair =f black et Mahamaticaly sigael is dafined & 8
function of cne or more depangant variables that conveys mFermation abiod? the stata of 3 system.
ang of mlactrical signals that may b in digital
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«  Data is tiarsmitted from one point ko anothar point by ME
ara analog form.

v Signas can be of bao fypes rame’y, Anabeg gignal hawe infinite values in & range ard Digital Signal
have fimitad numbes of dafined values.

something st is continuods in mature Anakcg data can nave Ay walie within

s The term ‘aralog’ means
Jous, For example, sounds made by 2

= specified range. Anaiog date refers to [nformation that is cortin
human waice generates cantinusus wavas in the air.

¢ The term ‘digital’ means something that s discree i naturs. Digital data can hava anly smaified values
that must Be discrate in nature. Digital data sefers 10 ifermati« that has disorete states, Digital data
take on discrete values, For sxample dgta e stonad in compular memBary ir the farm of Js and 1=

e In data communication there ara b Bpes of transmission tachnkiUes namely Enakog (ransmission and
digzital transrission, Analog trandmlssion ic 3 mians of fransmitting ansieq slgnals (representing stner
analog or digital data) while the digltal transmission is a maars of transmitting digital signa's
(representing ether anakag or digite’ datal.
Analog sig ,_m_.___.w_u..ﬂm wsed to represant analog d2ta and digital signals are uses to rapresent digital data.
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+ A sgnal that soes nol rapzals it pattern oW

E Periodic and Aperiodic Signals

fn analog signal can take ore of fwo forms namek: cedafic of pon- P (ApEiaas).

1. & periodic analeg signal comoletes a paltern within 1 messurakle Grne frame, called = paricd Ard
repeats that pattarn over sETsagUenl igarical pericds, The comgleiinn ot one full patie is calied 8
cycia,

2. A nonperiedlc analog signal changes without arnibill
data ComInicatiars, we commanty use perisdic analeg signals

rpreal of sime i@ csted pericdic signal A sigra! is

ower oyl af ime ar regular irlerval of tirne. This

rig a patiem of oile thal reanats SUer tIme, Iri

A sigral which repeats isalf after a specific
pongderad 10 be paricdic sigral when it is repeatel
neans perods sigral repeats its patharn ouer a perioed.
& signal can o= classifad as perindic sgnal T it regess itue] after & time interyal of T sphere T is calied
pesiod of the signa!

pashamatically @ sigrs fit] s said to be pari
zerm wakie of all possibla walues of constants T for which

oedic W T+ Ty = Fit), whara the T 5 the siratasl D0E
tha eguality hoids then T & said ta be parfed
of %)

5 zine waye is geriodic waue wipich satisfeas sin (0] = win (A0l + BYwbere no= 0, -1

Far ekample, & 5
~ 2., But as per definiion of period prly Zpi guaifies 25 pariod. Hence, sin {6 1= said 10 be paradic

waith pearoad 281
er & period s called aperlodic signal or ren-perindic
defined &5, "8 panoti signal with infinite perid”.
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(a) Parlodic Arabog Signal

pdattematically it can be

(b} Bupericdic Analed Gineak

Fig. 1.6

« Parindic anglog signals can be classifid 22 zimple or composite 35 eeplained e
1, A zimple perodic analog 59 agl, @ ire wave, (aNnot oa decomposed in10 simpler slgmals.
3 compasite pericdic analog signal 1S COMEUS2C al muiple snewaves,

«  The sing wawe Is the most fundamental frm o & periadic zralog signal, Wihen we wisualize it a5 & simule,
gseillating curve, 155 change over the course of 2 Oy is cmoatn and conslstant, 2 cevptinurds, 1onrd
1w

« Fig. LT shows a sine wave. Fach oyele conssts of 8 single arr abgwe The e auig Sollowed Dy @ single are
below it
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*  Asine wave can be rEprasentad by following carametars: : ; ;
: S ty, proportional tq -
L. The pesk amplitude of = signal iz the absiute valug of 25 ...__.._._E._" .“Mm_‘_“““._..._“.“rn_ i 2 Ihy
ENERGY it Carmies. Far miaceric signals, pack ampitude 15 rarmally me=sdi
i

Period refars o the Amaunt of tire, in seconds, & sigaal needs 12 nn__.“.__..___m._”m._ 1 e, 4 Peie

3, Frequancy nieasiid in Hertz (He), refers o the namber af pericds it 1 =etonc. Period Ang
A".._.._n__.J.".:._....w...x_n. inverse of aack ather (f = 1T} - )

4. Phase describes pie Pusitizn of tha waveforn relative to fime 0 and (s measured in degran: e
FAgliars, ;

5. Tha ___-r.._._d._m_._.i.n_.- i5 he

Aiskance a simple =gnsl can travel m ona pericd. Wavelenath Sinds ty,
e ar e f B

#nay OF 2 siinpla sing wave ta rhe propagation speed af the medim.
Time and Frequency Damains

A sine wave is comgrehenshialy defirad by ite amolitade, frequency, and shase. We have been showing ;
SN wig

e B using what is-called 4 tima-domain plat, wihich skaws changes in sgnal amplitoda wipy

TOSPECE 10 time while to ehaw the relgtionship betwasn amphivde ard frequency, we cen psp -
Irequency-domain plot

*  Fi. 18 shows 8 signal in Bt the fime and fraguensy damalns.
Ampklude

T sand (Frecuency: 8 }
5 LEREk weiue: 5y

A
___ TR, Thoe B

(2l A Stre Wave in tha Tima Domain Piot

. _nﬁn_._._ﬂ._._l_u_.
[HZ)

{B) The Sanss Sinp Wais in Hhe Frequency Damaln Plgy
Fig 18

In the frequency demali, a sine wave i represenied by aoe spike. Tha Fastion of the splke shows the
frepuancy; fts Aeight shows the peak amplibude,

*  For mrample, the fresqueny domain js mMare compact and u

oo sine wive, Fig. 1.9 showe three sing waves, sgch |
reprasented by theee spikas in the irequency domain,
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(4] Ropresentation of Timo Dremain Plag

E Composite Signals

¥ Simpls sine waves haove Mmany aoplleaticns in daify life, such
Enotier. However, if wa had anhy cng single sine wave
make na sense and carmy na information,
*  Wa waould Just bear a burz we nosd te tend g LOMposta signal o :
i ) COMMunicete data,
signal is made of many simple sine waves. # Gata. A composite

L] ?ﬂgiilmig Demain Mat
Fig. 1.8

h A5 sending energy from ang olace to
H0 CONVeY 8 conversation ovar e Phone, it would

Tiion
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I the eady 130, the Frencl mith=matician Jean:Baptste Fauriar sherwsed shar
sctially a combination of = pla slre waves with different fra
it signal can he pafadic of non-
Feiodic. A pericdle camoosita signal can he
decomposed into a seripg of ¢ Tple Hne waves m
with discreys
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4ry Damposne sigral is

Guoncies, amglitudes and o R,
& cormpe
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frecuerclesfronuencias trat are __ n
iples  of " the  fundamenial _ _ — i _
: 2t A ard 5o oplL A no-paraic i _“ ] —
campasite sgnal can be decomposse into s ( R oot
comainstion of e irfinite rumber of sinple 4.._.,._._.__. STAT "
SNE waves  with cortinuous  frequentes,

frevquencias that hva real valies,

integral
frequensy (14
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Fig. 1.18; Compesite ParksSic Signal

A compasite periadic analiy signal 5 comprsed

af muiiple sine waves, compisie signal s 2 Sgral
That 5 cempased of athey sgnals,

Ay compasite signal ks gctually & combination of siinpEle cire wives with different Frequencics,
ampitudes, and phases. Fig. 1.10 hows 2 perfodic Compasite skl

Decomposition of Composite Signal:
*  Mtis very difficult to manually dacompose this signa

il inio & sares of dmple son waves, Fg. 111 sheres
the rasult of decomsosing the abeve sigrat in Bom the tme ang fraquanty demalres,
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Fioa:
= Fraquerioy |
Arphuda P
——— Frequency 5
.___._.:.._. Ea F

L4 Timne Domain Becompasition of a Conspasibe Signal

Arpliuda

_ 1
i, " e

(b} Frequescy Domein Decompesition of the Compasite Signal
Flg. 113
Decompesition of Mon-periodic Signal:

1 af 1. i I or 2
* Fig, 1.12 shows a non-peradic composite sigral, [t can be the sigial credted by a micrephora
telephane set whan 8 wond & pronounced.

i i Wi are repaatng the
* In this case, the composte signal cannet be pariodic, because that implies that we are rapeatng
sarme wond of words with exactly the same donie.
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Bandwidth of a Sigaal :

* Bandwidth of a signal iz defined as "the pertion of the gleciromagnetic spectium soouped _“____m.m
R

signal”,
Wa can alse define the bandwidrh of signal as "the frequency rengde
transmitted”

+ Headwicth of analog and <igital signals are calculated in separsta way
measired in terms of [t frequency (He) but digital sigagl barkiwidth is meazured in

per second, [bosil

oear which an infermation signal 1

g gnzlog signal bandwidih is
terrs of bit rate [bits

i. Bandwidth of Compesite Signals:

& The range of frequencies contained in a composite sigral is |35 bandwidth It i nermally a differance
a P 7

hetwarn taso numkerns.

+ For example, if a composite signal contains freguencies batween 1000 ard 4000, i bandwicth is

000 - 1003, or 2000

+  The bandwidth of @ composita signal ' the difference betwaen the highest and the lowes: frequencies

contained in that signal.

s Fig. 113 shows the concspt of bandwidth which depicts two composite signals, one periodic and the

athar non-pericdic.

»  Tha bandwidih of the pedodic signal containg many discrete frequencies that are integral multiptes of

the fundamantal frequency. The bandwidth of the non-periodic sigral has the same range. but the
frequencias are gortinuous.
Amplitude Amplilude
ﬂ Birdwictn = 3000 Hz

_:._ _—. Bancwids: = 3000 He
i

N

. |
| _____ .:____ ___\E: __h_.___"._a Fraguancy

1l
Wil
L __
1000

fa} Bandwidth of a Periadic Sianal

1_.m.. 1.13: Bandwidth of Perladic ard Eﬂﬂ_u_lrt__n H_u._._.ﬁl_._.n EE_F

1001 T o
(k] Bansdwidth of & Man-pericdic Signal

_lu_n.E Cemmusd catlan and Sompuier Mook g 1]

2. Bandwidth of Analog Slgnal;
+ PBardwidth of an analog signal 5 exprassed in 4
terms of s frequencies B is delined a5, "the
range of freguencies that The composite analog
signal carries. [t is calcudated by the difference
betwesny, the mazimum freauency and  the

Tanimam frequency.

Irér educten o Date Connorimlion

* The sgnal shown in the Fig, 1.14 has a minimum
frequency of §, = 30 Hz and maximuir frequency
of f; = 90 Hz. Hence, the bandwidth is given by,
_....I.”.. = & = 30 = 60 Ha.

3. Bandwidth of a Digltal Signal:

s It defined as, *the maxdmum bit rata of toe signal to
be trancmitied”. Basically, the Bandwidih |5 the
diffarance betwaen the upper and lower frequency
firilts of the signal. Bach of these sgnals (voice, Trusic
i, signals) will hawe i85 oen frequancy’ TBNOE and this

frequency range of 8 signal is known &5 s pandwidtn

The range of voice signal & 300 Hz to 2900 H= s ST

L
in Fig. 1.15.
Therefore, BW [Bardwidthy= f;—f = 2400 - 0
= 3400 Hz
Signal Propagation:

Movarment of signal fhrough the channel wired ar
wirnless is calied as signel propagation. Fig. 11E shows
a sgnal source, & communication chanrel and the
destination of signai recelver,

»  The signal containirg the data or infiormaton is in the
plectric form and it |s applied at point X of the

conducting medium,
s The electrors in the conducting medium il transfar
the charge to the adjacent elections ara the signal &t
point ¥ gets transferred to ¥ and then to 2 which is the

racilving point, {See Fig. L16}.
« The shape of the signal at the receiver g point £ Is
s same as that at the source e polnt 3, but the
finite delay called

al
sgnal reaches point I after a
propagation delay.

» The signal in the Fig. 116 producing SHUrce tan

slgnal, 1f we apply a signal at
propagated to 1he otner and of the medium.

o
[+

- PR ..|“...._:.—.

s An electrical impulse
termad as & signal in communication systems,

be & person talking on the COmEUtEr
arse end of the conducting medium

er an electramagnetic wive Wit

1,=30Hz ;=90 Hz

Flg. 1.14; Bartwidth of 2 finaleg skgnal m Time Domein

arel Freguendy Damain

D[ 1= 2t Hz s s

Fig. 1.15: Bandwicith of Voics Signal
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= A continuows sima varving signal whish rapesEnts ..u.._._q..__.r.pu_..____”_w__m“mn__.._._m.._m_nmm signals.
Signal. Signals which are continuaus in time &d m__.=_..__=.h__w ¢ perod of time. AN analog signal is
* Ar analog signel has Infinitely meny levels af 3”5_“_"_.. u.“_.._m_.,,m_“.m dgnial & ysually represerted by o,
cortinuoy ; erqoottily over Umes £
i3 continucus wave form thet changes si by * ;
des Wiaye, ; o -m.....n —“_-_m e oy from value ko
= An analog signal can take on any waluain g n_.._.mn_.mnﬁ_ ange .u.._"m.._u_u”Mm_“_u nath.
- B, it passes through and inchides an infinite numizes of vwiues #1202

pl = 8 smple examnple (s Alternating Currert Ay, which ..EET
| {}Q) =

o contirucusly veries between sbout +110 welts and
Fig. 1.17: Analog Signal

of ~110 vilts I & Sine wave fashion B0 times ser sacond.
s & mose complex exampie of an analop dgnal & the
— time-varying  electical woitage generated whan 2
P parsan  speaks  into a _..___.l__m_._._mﬂ _.__:..._.n__u_._u.am ar
talephaona,
Advantages of Analog Signals: gk
1. The main advartage is the fine definltlon of the analog signal which has the poteatial for an infirite
armount of signa! resalutlon.
1, Compared to digital signals, analog sigrals are of higher density.
Analog signals are best suted far the tranemission of audio and video

Lis

4, They consumas lass bandwicth than dgital signals to camy the same Mformaticn.
5. Analog signal |s less suscepdible ta nolse. :
Disadvantages of Analog Signals:
1. The primany .u:..r.na_.._..._m.__.__“ﬂ.m_ﬂ of analoeg u.m_n._..._m___-ﬁ ic that any Syctem has nelse — i.g., randem urnanted

variation
2. The affects of nolse create signal loss and distortion.
3. Mostof the analog systems also suffer from generation ioss
iR Analog Transmission

» Analog tansmission is a mesns of trarsmitting enalog signals. [representing either efalog or digital
datal.

+  Tosend the digital data over an analog media, it needs to ba corverted into analog signal. There can b2
fallowing taio cases according to data formatting:
1. Band-pass: The filiers.ant used to filer and pass fraquencles of interest. A bandpass is 2 bard of
frequencies which 2an pass the filter.
2. Low-pass: Low-pass is a filter that passes low frequencies signals
= \When digital data is converlad Into-a bandpass analog signal, it 15 calied digital-to-analog conversion.
When low-pass analiog signa! & corverted inte bandpass analog sigral, it & called anslog-ta-analag
COMVErsion.
s Analog transmigsion means of transmitting only analog signals. Dats could be analeg or digital signal is
always analog. Propegetion could be over guided {wire/cablel or unguided madium (spacs, atrmosphere).

E Digital-to-Analog Conversion

« The process of changing one or more the attributas of analog signal based on information in digital data
is referded to 45 digital-to-analog convarsion. It is also called as the modulation of the digital e

« [epending on whether the amplitude, frequency or phase of the carrier slgna is medified, Digltal-
ho-aindlog conversian e the process of changing one of tha characteristics of an m:m_n_m i

the infarmation in digital data.

Diis Communicalion and Comguter Nabaorking 4,11 Inirad uaike In Cale Communlsalion

»  Flg. 118 shows the relatiorship betwesn the digital infarmation, the digital-tn-analog medulating
process, ard the resaltant analog sgnal. The digital-to-analog convarsion is done Dy madem. kodem
stands fer modulatee and demosalator.

& A modulabes uses some coding scheme and corweerls & digital sigral inbe an anasq signal and

demodulator convarts the arakeg signal back into the cigiu! sigral.

Baredar Fas=raar
o Cigial data
Diigilal data Finalkeg #igred j.. 1
[0101 101] 4_,::.._3 o104, 101
_ Kiodem _
Medam g Link -
Modulaior Cempdu alor

Fig. 1.18; Digitak-te-Analog Comvarsian Ini Bratn Cosmmumication

= i u L i " - M Y
&  There are three Tinds of digltal to-ghalog convensions sossible as given el

A : . . ﬂ_
1. amplituds Shift Keying [ASH): i | By 1 : 1 .. , ;
: i : |
= In this corwersion  techrigue. the n _‘__ i __.__ s i __ ,._
apitude of analeg  camier  sigral 1 " {1 ____ _ {\ |
is modified w reflect bineny dea o gl b it AR _ W BT
g HETR _“ Ry AR _“ g
# ‘When binary data represenis digit L te M _ | ____._" el ___._._ n __,:
amplitude is hald otparvise 15 sel ko | | _. " i i " “
Both frequency and phase remain sams i y
% - - " “F
as im tha asiginal carrler sigral. | Flp. 119 Amplitede Shift Kaying (ASK]
Advantages of A5K: = e

(il Wery smple to generate and detect. e
L ASE I5 A relatively low cost pcdulztion techricle.

Dizmdvantages of ASK;

Ui AEK s very sapsithee to noise.
(it ASK has low auality of digital madulation,

2. Frequency Shift Keying (FSK):

o In this corwession technique, the frequency of
the analog cemier signal is modiied Lo reflect
“binary data, (See Fig. 1200, | 3

s FSE technigue uses Ds frequencies, fo and fa. 2
one of them, for maEmple f,. & chosen o w.

represent binary digit 1 and :,.m. other. one mm. _
ysed o represant  binaty digit 0. Botn _ _
gmplitade and phase of tive Carmer wave are
kizpt intact.
Advaniages of FSHK: :
[t FSK nas better s i munity thar _n._m_.h. "
{ii ek s gimple and easy Lo irnplement/genecate.
i tages of FSK: |
u..ﬂ_._u_":mnﬂ_“_.__ﬁ high _“_m:_u___.,._u.:._. I 3 b b taik, = Hag bk rRr
(i FEH s praferted only for the 10w spaed rrvodems.
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2. Phase Shift Keying (PSK):

1
1
1
Fin e : ! !

En this corearsion technigue, the phass

fl
|/l

o

of the oiginal carmier sgnal 5 attered
H _“_.._I:_.n..mﬁ the binany data.  [Ses o ‘ _ __ __ _ __ !
- Fig. 1.21], W _ _ i F i ———
1
= * When a new binany symbol g E ‘c CC q ! < q i “
Pu encauntared, tha phase of the signal is ! i i ___m ]
b sltered. Ampitude and freguency of i m | “
or e argiral carier sgnal is kept intact. Fig. 1.21: Phase Shift Keying {PSK)
e Advantages of PSK:
dﬂ (1 High data rate of trarsmission can be achieved using high leval of FSK muodulations such a3 QPSE.

0 Efficient madulsticn fachnique & compared fo ASK and F5E
Disadvantages of PSK:
il PaK has lower bandwidth efficancy.
{ily Maltileve! schamea in PSK are more sengitve to phase variations
4, Quadrature Amplitude Modulatisr QAN
*  QAM iz combinetion of ASK and P5K modulation tachniquas and is empsayad in crdar to minimize the
2mars in fhe received datz.
5. Quadraturs Phaze Shife Heying [QPSK}:
* s a multilevel medulation techniques in which four phaze shifts are Laea.

¥ . g i
QPSK ._.,Eﬂ. e phase to reflect teo binary digits at ance. This is done in twe different phases, The main
Ftream of bingry deta is divided aqually Inte two sub-strearms.

# .4_& .E&__ dats ix corverted into paralll in both sub-streams and then each stream i conearted to
digital signal using NRZ tachnique. Later, both the digital signals ére mergad together.

ey Analog-to-Analog Conversion

*  Analag .m_..m_._m_m ara modified to represent analeg data. This esrversion s also knownh as Anela

Modulation. Analag modulafion is required when bandpass is usad, :

Analag to analog conversion can be done in rollowing threa ways:

1. Amplitude Modulation (AM): - t
* In this modulstion, the ampiitude of the carriar sigral i g L
medalified to refiact the analog dats. ,/...:I...L...lui
*  Amplitude modulafion i imol
Wiie : __._H.n_ _ﬂ._..q_,_w_.__“m”u gy means of a Camer Wave
-ciipuer. Tne emplitude of modulating signal [aralog h\
n_m_& 5 Multiplied by the ampiitude of carrier frequency, __ ___‘_ __._ 3 _‘._ __._
which then reflects anekg data. : : r_— ______ _.___ _.___ : : -
* In AM, the frequency and phase of cardar sigral remain : : _.‘__
wnchangig,
"_ Advantages of AM: e
! i AM is sirmple and £agy to implament, o
[ii) Al waves requires low bandwidth.
{lii} Al waves can be travel in 8 long distance. Flg. 1.22: Amplinue Modulation (AM)

Dwls Comsin calon and Compuier Hotrorkinag 1.3
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Disadvantages of AM:

[ AM is not efficent in tarme of its use of bandwidth
[ AN Signal is not efficiant m terms of 5 power Uses.

2. Frequency Modulation (FM):

= In this modulation technigue. Lhe fraquancy of the carripr
sgnal 5 modifind to reflect the change in the woltage
lewale of the madulating signal (analag datal

= In B8 the amslitude and phase of the cardar signal are ngt
alterad.

Advamtages of FM:

01 P improves notsa immunity

(i) FM reguires ko power for diata transmission.
Disadwvantages of FM:

(il FM requires very large bandwistn

(i) FBA has infinita number of data sidebands.

3. Phase Modulation (PM);

# [n tha modulation technigue, the phase al carrier Sonal is
modulated In arder o reflest the change in voltags
tarmplitudal of analog data signal.

# Phase modulatlon s practically =milar to Frequency
Podulatien, bub in Phase modulation fraquency of the
Carrier signal is not increased,

= Frequency of carrier is signal is changed (made dense and
sparss} to redlect woltage change in the amplisuda of
miodulating signal.

Advamtages of PM:

) M incressed immunity of noise.
i) P provides higher data trensmission ratas,

Dizadvantages of PM:

il PM requires mare complas raceiving hardware.

i PM recquires wida bandwidth.

Comparisan af AN, FM and PM;

FPEPRR P

P

R
e e G P

j Aralog Dala

Fraquandgy Midulalon

_H.*_" INLAAHIAAL A
__ Ty

Flg. 1.1¥: Freguency Modulatian [FM)

H\\.ﬁlllr!.f/. £naksg Dala
e
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.__.___q____ ) _._._. e
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Pnasa Moduatcr
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Fig. 1.24: Phase Modulation (PM)

! broadoasting |

L Bandwidth Wide

2 Sp=ctrurn _uu.q_._nhmx__..__ql B A _ m_ﬂEm||. ; .i_ Compies _ Comphes
3. | Power efficiency AL R b B
4, Ease of modulation/denodulaticn Simple | Diffecult _ Moderate
5 Moise _.mm_m_ﬁ_._n_u _ Lorw _ High _ High

a, _pnﬂ.__.“.w_ﬁ_u_._m _ Ricdio and T _ Radia m.:..._ T | Data

_ Commdnication
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al Is digerese in raty

A digital sgn
(L)

jmple as 1 anE W

yalugs of sane Bhy

B : ra, Digital Sigra|
* Information can alss be raprasented by & digital sigrial
can have only 2 limited aumber of d2finite values, often 8= 5
s Transmission of signals that vary discrete’y with fime hataesn H__..n
wvalisg reprasenting the Binary number §and tha other fegresanting 1.
is typically tha waltage of ih .
fensity af seme pither phys

cical quantity, one

: o electrical patential. With fiber-

# With copper cabling, the wariable guarticy = cal guantity is used.
cptic cabling or wiraless communication, waratiah in i

» Digital wignals use discrete wakies for the bansmissan of i
binary information ovar a comemunlcation medium such 25 &
nabework caide or @ Lelecormmunicetians lirs.

*  (n a serial rransmission line, 3 digite! signal is franis ithed

1-bit 4t & time. A 'L is reprasantad by o positva waltage and

3 ‘' is reprasanted by a marn voltage.

Flg. 1.25: Digital Signal

Glt Rate: F4f# .
s Muost digital signals are non-pariodic and thus period and Irequency are rot appropriate chatactersis.

The term bit rate finstead of requency] i used bo dasoice digiital sgrials.
»  The hit rate is the number of bits sent in 1 second, sxpressed in bits per sacard thps)

For example; Assuma we nead to downlead text documnants at the rate of 100 pages per minule. What
is the required bit rate of tha channal? A page bs &n avarage of 24 lines with B0 characters in gach lina, )

we assume that ene charactar raquires 8 bits, the bit rate is given belos:

" H = i = 133 E f
100 = 24 = 80 = & = 1,536,000 bps -.m_n_m_._um

Bit Length: 1
The wawelength for an analog sigral is the distance one cycle oecugies on the transmission medium,

L]
while In & digite! signal /s tha it length,
»  The kit length is the distance one bit, occuples an the transmission madium.

T .

__"..>m_..m _.m_w_m_..ﬁ_m_ = Propagation Spead = 3if n.__umn_nm\_

Digital Signal as a Composite Analog Signal: o
*  Bazad on Fourier analysis. 2 digital signal is & composite analog signal, The bandwideh is infinita.

* A digital signa, in the tima domain, comprises sonnected vartical and Aorizantal line sagroents. A vertical
fine in the time domain means @ frequency of infinity (sudden change in timel & harizontal line o the
fime damaln means a fraquency of zero (no changa in firme),

# Going from a fraquancy of zero to & frequency of iafinity {and wice varsa) implias all frequencies in
betwaen are part of the domain.

+  Fourler analysis can be used fo decompose a digital sgnal. If the digital signal is periodic. which is rare in
data communications, the decomposad signal has 4 freguency domain reprasentation with an infinite

bancwidth and discrate frequencies. If the digital sigral is non-periadic, the decomposed sigral still has
an infinite bandwidih, but the fragquencies a2 continkias,

148 Inradustion be Dat Cemmunimalon

Cai= Communicatinn and Sompuber Hebworking

: | T TR P
Tme f o s T o= 1T 1A Froouency
ial Time and Fraguaney Domalrs of Pericdic Digital Signal
|ll‘-ll.l_l.l.l|.| |.n|r.
Fraguenoy

Trma 0
(b} Tire and Frequensy Domains of Mon-pericdic Digital Sigrnad

Fig. 1.6

Adwantages of Digltal Signals;
1. Digital dgnas are MO8 seCLne.
2 Digital signals suber less from noise because any errols Can be dewected and corrected using
ragenarators.
Disadvantages of Digital Signals:
1, Digital sgnals need more bandwidth to trarsmit the same information.
5 The trarsmitter and recaiver have ta synchronize very carefully 5o that the information riakes sarse

E Digital Transmission
The digitel Tansrission is & means of transmittirg digita! signats (represanting aithes analog o digitah

datz).
; - f i o = ki
A _m__.. data communications network is designed to send information from gne pednt to another ana This

formation naeds 1o be converted into mither digital signal or an anglog sgnal for ransmisson.

Digital transmigsan means of transmitting Soth digital ar< analog sigrals. Usualty assume the smnal s

carrying digital {or digitized) deta. ™ p a-dd

s Can only be propagated a limited distance before attenuation distorts tre signad and com _“_:“_:..._..mm. the
data _Emu:_.__:_...__,. rECaatar x.m,..z_.md._mm tha {digital) signe’ recovers the idigital) dats,_eqg, a pattern of 1's and

{'s; ratransmits & new signal. |

b similar technique used for the analog signal whare we assume that tre data is digiwl or digitized,

rapester racavers the (Zigital or digitized) deta ans amplifias only the dats and retransmits,

»  Fig. L27 shows digital transmissicn by a fepeater.
Eauncs

Dostmalian

-Li

-po-digital conversion technigues, medhiads whath con .
anaiog-to-digital corsargon technigues,

Fig. 1.27: Digital Transmission

= If data is digita), we need to use digltal
data to digital signals. [If data is analog, we need 1o use
methods which change an analog signal to a digital sigral.
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._,,.E Digital-to-Digital Conversion e
*  This saction explaing haiy tn comert gt e .n__..u___u_ m__u_._u_m,-E._l_u.w .Ln__-_w __.__u_._._..|.w. _._......,_Mu....___..q
coding ang E coding. For all cemnmunications, line coding is nEcessary Wneras Dot coding j,
dpticnial
1L Ling Coding:

-

gigital signal is said to by Line Coding. Digital data is faung

he pracess for cunverting digil data |

In Sinary format. i is rapresented {stored) imtarnally as series of 15 and 0

*  Line coding s _._m*_:._...n._ as tha _“__.n_HE. af m_u_ﬂ.__.m._.u:.n _“__E.E_ data or seouence of bits to digival signajg
._u.,__..nn_m; i5 usad at the sandar's gnd 2o creata 3 dightal agnal from digital data and decoder is sed at th,

Racsiver m.m

recaiver's and to recragte digital data from digital signal

m Zandar

01341, 10
Oigrtal Ciate

Dital Signal

| it 4
L [T

Fig. 1.28

ol P oy

= Digital slgnal 1s denated by discrees signal, which rapresets digital dats, Thara are thres types of line
coaing schemeas svailabla z: expaliea bejoas

i) Uni-pojar Encoding:

*  Uni-palar entading schomes wse singla votane leval to ﬁ b AR s e i
"2hresent datz. I this cass, to represen: binary 1, high _ _II_
woltage = transmitted and to "epresant 0. no voltage s ] —
Lransmittad. _ . T

Ampituda

) .=..ﬁ sl called _._.,_."n_u_mq-:_.._._-EE_._._.E.HE.,.“_. Bacayse
thare Is no rast candition Le. it either reprasants 2 or 2y
(i) Polar Encoding: e

Fig, 1.29: Wnipalar Encoding

*  Folar encoding scheme ses Muftiple voltage lavels o

reprasent binery velues, Polar ENCodings is available in L_ . j “ _JI

hour tynes &2 given bieiow: W_ L j “ 1
(@) Polar Mon-Return ta Zorg (Palar MRZ); i
" IF wees bwo diferent voltage lavels to represent hinary fiils A1 a1 _h L
1
values, Ganarally, posliive veitage represents I oang _ .
negative value represents 0. It ic alig NpT bacausa tharg

i5 No rest candition.

MRZ scheme has bwo variants namely, NEZ-L and MRZ-T.

MRZ-L changas voltage leval at when 2 diffarent it Is
encauftered whereas NRZ-[ changes veltage whan a 1 I%
encauniared.

Fig. 1.30: Palar Mz Encading

e Famnseation wnd ﬂEl:?EI?F._:.l S [ § Irirsdustioe 1o Buie Communication
(b} Raturh to Zara (RZ):

* Froblerm with NRZ i Lhat the receiver Enngd conclyde
when a hit erded and whan s next bit is starbad, in

A i
i
-

.. . m

,.E__......_,.u_.mm_.i...:m_:n_.u..,.._m..._mqu_._.f...._.“.....n_ Jcnﬂh
SYRCTTOnized. .um.,

* RZ uses thirea g 2ge levels, positve wvoliage o
TepresEnl ﬂ..lzmmuﬁmﬂw.-ﬂ_.ﬂmn.m o reprasent O and zem
voltage for nome Signals change during  oile mie
bzbween hiks,

Fg.131: RE Encioding

(el Manchestar

*  This encodirg scheme is 3 combination of RZ ard MEZ-L Bit time |5 divided inte two habes, T Fra nEE I
the middle of the kit and changes phaze when 2 diferent bitis ehcounsered,

(d) Differential Manchester

* This encoding scheme is & combination of A2 ard NRZ-
LM also transt a3t the middla of the bit bt changes
phese only when 1is encouatersd.

{ill} Bipolar Encoding:

* Hipolar encoding uses three vo'tage levels, pnstive y
negetive and zenc. Zer valtage represents binary O ard
bit 1 Is represented by allerirg positve and nogatva

[
-
=
L
(=
L=}
s

Amphude

=

Flg. 1,53; Bipolar Encoding

]

valtages, |

Black Coding;

*  Toensure accurasy of the received data frame radundant bire are used. Far oM, N ear-parity, one
parity bt iz added 1o make the court of 15 in the frerre evan, This way the adginal nembar of bits 5
increased. Tt is called Block Cading

*  Block coding is raprasanted by slash natasion, mE/AE. Maans, m-bt Biock 15 substiuted with m hit block
where n > m. Block coding invalves theee stecs namel Diisior, Substitution ard Combinatien. Afer
block coding s doae, it is line coded for Trensmission.

R WE Analog-to-Digital Conversian

h\\u Micraphones craate anakog voice and camera creates analog sidens, which are treated is analog _“_.m...m...m.n_
tranermit this analog data over digital signals, we nead aaaleg-ta-digitl carvarsian.,

*  Analeg data is @ continueus stream of data in the wave fomn whereas Sgital data 's discrewe. Ta carwest
h : ; & o ]
anglog wewe inta digital dita, wa use Pulse Code hodulation [PCM). i

POM is ene of the most commonly used method to convert analag data inte digital form. [ walves
thrae steps namely, Sampling. Quantization and Encading.

=
"

s,

1. sampling:
+  The analeg sgral = sampled every T interval. Mast impartant factor in sarmpling is the rate at which

ana'og signal is samplad, : =
o birries @ highest fragurn
Arcording 1o Myquist Theorem, the sampiing rata mist be at least teo times of the highes? freguercy

i slgnal,
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L] ERALTE Ry PRy
i Description A analog sipaal is dégor = PR e e =
N \I/ku.....x = ] _ o 0 signal is désoribing bytha | & digital signal (s deserised by biit rate |
w o . n___”n._..__LL:. periad o frequency, znc bt irdervals “
q_.,...._m | Anzlng Signal oot - e Lo —_— |
i -8 ANe A E : p T -— b i
Fu Flg, 1.33: Sampling Ang “nialog signal has no fired range. Digial signal s a fnibe ranos i 2
L 2. Quantlzation: —— tetwenn a1
Ak [ty 3 ; 4. | Exangl i P i Ey T
o 3 Hm_.._.._.. 2ng yields cliscrete farm of continuous nalog signal. Every fiscrate pattarn shows the amplitude of e Human volce in air, snalog ehacironic | Computers, €05, CVDs, and ot er
Ta 2 anaicy signal a2 that instance —— AELE. | cigital glectaoiic davic
Eif ;i i T P [ o T RIRCIIEHNC v
. - [ Flexibility | Aralag hardware is nob flexibla, [igital hardware is flesible in |
. |
WLEE R .__1 i ! ; implemantatizn.
I g o i ) |
“ “ m : .“ nn_.l_.n._"..m m.. Lises Can e used in analog de e Ol #est suited far Computing and ¢ gital
: : __ Hest suitad fas sudin and wides elect-arics,
Ammng Cantzation | Lransmissian.
*  The guantization e aisinin | 9. | Apslications Thermameter PCs, POAS .
R e 1 is done _..._m.ﬁ__..ﬁn_.._ Eu madmam amplitade valvg and the mirdeam amoiityde valua, 10 s il N .. " k |
3. Encod THH IR eppromimation of the instantaneous analag value, — : R S R FERIINpES e SRgik| ¢ powes. _
A o _.._mn. |
11. st Lo cost and porable Cast & high and rot easd
: ; o pamab & high and rab easly gortahble,
= [n .m_u_nEﬁ___._m. 0N approxirnated valise /5 then carverted inko _u:._m_..._.. farmat v ; _
- 1z . Impedanca Livar. High arder of 200 magaahm
" . 13. | Distortion #n selag signal is more prone to | A digital signalis less pron to _
S 1000 wienn |, 110t distartinr distortion.
_ s 14 | Adaptability Aig less adaptahle 1o _..u..".__...._.w. sfuse, | Are .._..h_...n..uu.nu_"u_u_: 1o varaty of wse. |
15 Madiurm o Wirafwireless. Wirn, _
Fig. 1.35: Encading : Eransmission {
Bie shows afference bebwser ana e
Pttt Lo _.u..m. .._un_ digisai zsigrals 1k Ty of values Positive/negatve isine wave half Pesitive valias anky |
& ! | C q ; n___.n__..,m” : gEniR Lt o
[ Ty i - — . 17, Sacurity Mon-aroryptio E i _
| _ | .U___._ a_.ﬂ__um .."T_ma_ is 7 contiugus | & @iaital signal is a discrate wava that L - % e
| _ _ _E.,.._m nat changes ower a tima Carries information in binary farm 18, | Cepacity/ Law, Kigh. _
s e | _ bandwidtl: _ .
| ] Sgral Anglog signal i ndis : T = 2y ‘ .
__ __ _ ......__d_n:ﬂ..... e 54 _.....u. ..”_.__.___u_._m slgnal _ Digital signals 2re diserate fime Ry Data storage Storgs data in the form of wave _ Stores data in tha form o of hinary bits, |
_ _ _ i _._.“ﬂ_.m_m_Hna Pysic | signals penefatad by diglt| [ sigrial,
— ol il | moduation. ] : 3 .
_ e 5 i T ] 0 B pareaicth i i . : |
|4 | Reprasantatio | An analog signel is represented by 3 A digital sanal | g el i .E.: .i AUREBINE SR
| | Bl e | 1 Sgna Is represarted by transTission | tramsmission
| __ _ . _ BQU#me tedvac, B
] _ a -
! | _. .h____ - | t Practice Questions!
| ._ | _ i 1 | ] 1. What is data communication?
I .
f ._ | _ ...,/.l\\al_u_m_qn_._.. _ _ H_. _ : g Z.  What is signal? Detine it
I | R [y S B = . » ; 1 i : 3
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Define the following terms:

(i) Data communication

(i) Message

(iii) Bandwidth

(iv) Protocol

(v) Signal

(vi) Bit rate.

What is periodic and aperiodic signals?

Explain the components of data communication with diagram.
What is meant by digital and analog signals?

State advantages and disadvantages of digital and analog signals.
Differentiate between analog and digital signals.

What is ASK? Explain in detail.

Explain the bandwidth of a signal in data communication.
Explain the term digital to analog conversion in detail.

Explain the term analog to analog conversion in detail.
Explain cdmpnsite signal with decnhpcsitinn.

Compare periodic and non-periodic signals,

Distinguish between analog and digital signals.
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Multiplexing and
Access Techniques

" Conterls

2.0  |Intreduction
2.1 Multiplexing
2.1.1  Many to Ona/One to Many
2.2 Types of Multiplexing
2.2.1 Frequency Division Multiplexing [FOM)
2,22 Time Division Multiplexing (TOM)
2.2.3 Wavelangth Division Mulfiplexing (WD)
2.3 Applicatiens of Multiplexing
2.4 Different Access Technigues
241 Frequaency Division Mulliple Access (FOMA)
2.4.2 Time Division tultiple Access (TDMA)
2.4.3 Code Division Multiple Access (COMA]
2.4.4 Wideband Code Division Multiple Access PWCDMA|

245 LITE
2.5 Concept of Demultiplexing and its Circull
2.6 Switching

2.4.1. Circuit Switching
2.6.2 Packet Switching
2.6.3 Messoge Switching
* Proctice Questions

« Multiplexing is the process of combining multiple signals into one signal, over a shared I'ﬁEIj'ILjITﬂ.
Multiplexing or (muxing) is a process to combine multiple signals @'EQ ﬂi_ﬂ'ﬂa_'} for transmission
" over a single line or media. ™
« Multiplexing {sometimes contratted to muxing) is a methed by which multiple analog or digital sighals
are combined into one signal over a shared medium, In short, multiplexing combines multiple analog or
digital signals bound for transmission through a single communication line or computer channel.
s A device that performs the multiplexing is called a multiplexer (MUX), and a device that performs the
“r_e-v;:qg_ei“;:-u.rr:rcess is é:élied a de-multiplexer (DEMUYX or DMX).! Multiplexing methods are Frequency”

Division Multiplexing (FDM]) Time-Division Multiplexing @_L-.’!}' and Wavelength Division Multiplexing
(W DM). '

s The mechanism for exchange of information between different computer networks and network

- . . i i ne
segments is called switching in networking. Switching is process to forward packets coming In from O

port to a port leading towards the destination.
[2.1]
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T ra @wailable nemely, Cireuit Switching, pag,
e multiplexing technigues  that PIavig,
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relass medium.

ble connections, .

*  There are Basicaty three types af switehing rnathods :
awitching and Message Switching. Acress methads af wired o Wi
LommMunications services to multiple users ina single-parawidth rits or ca

* Communications channels, whether they are wirsless spectiur mmﬂq_..”_w:mwm_n cver limited resourcas ¢,
expensive, Communications serdices providers must engages multipee pal L
make 4 orofit : " :

= Access methods allow many users to share these limited channels to provide the economy of sgy,
meCEsEany To7 & successhul communications busingss,

* The basic access or mulfiolexing methods includes Freguency bi

Diivisian Muitiple Access (TOMA), Code Divisian Multiple Acgess (CON

vision Multiple Access (FOMAL Time

o .-
into a single dete or physicy
sagments called e

A e P "

»  Multiplexing is a process in which multiple data channels are _“_u=._u:._m_n._ :
channel 2t the source. Muliplexing divides the physical line [medium) into Ingical

channals.
Multiplexing is the process where muitiple channels are combined for transmission OVEr a temmaor,

tranamission prth
Multiplexing is & nebwork that allows a number of simple and inaxpensive marminals o share each

.
communicatian line

ram Y Many to One/One to Many
Multiplexing is the sef of techniques that allows the simultaneous transmission of multiple signals scros:
2 single data link. Fig. 2.1 shows fhe Basic farmat af multiplexed system.
MMultiplexing 15 done using a device called Multiplexar (MUX) that combine n input lines to generate one

output line Le. {many to cnel.
At the receiving end a device called Demultiplexer (DEMLUX) = used that separate signal into s

componeant signals Le. one input and several outpots (one bo many).
In multiplexing, different channels carny data simultanecusly over the same physical madium. Hardware
equipment called multiplexer {or MUX) cambine (or multiplexes) the inputs from different sources, and

Izad thern on different channels of a medium.
e combined data traverses ower the medium simulianecusly. At the destination, a demultiplexer (alss

called DEMUX) separates [or demultiplexss) the signals and sends them %o their diffarant destinations.

*  Networks use muliplexing for following two reasons:
To make it possible for any network device fo talk to any other network device without having to

dedicate a connectian for each palr, This reguires shared media;
o make a scarce or expensive resource stretch fuerthar e, fo send many signels down each cable or

fiber strand running between major metropalitan areas, or across ane satellite uplink,
or digital signal streams into one signal over a
e ...._1_H|_.__._.u: =

Demuitiplexirg 15 the process of  separating
1 Enk,
f Input u ik, N channak M kS
4 U
single shared medium, such as a single conductor of
Fig. 2.1 shows Multipdexing and Demultiplexing concepts.

1
L.

2

multipiexed data channels at the destination
copper wire or fiber aptic cabfe, Fig. 2.1: Multiplexing and Demuttiplexing

Demulticlex (DEMUX) is the reverse of the multiples
(ML) process combining muftiple unrelated analog

Thus, demultiplex is reconverting a signel containing multiple analog or digital signal streams back into
cpparate and unrelated signals,

Camm Communizalion and Compulor Networking

Multiplesing i wsed in sl ans whera the tiensn itting mes

R R —
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dia is having higher bandwidihn, but the

signals hawe lowar bsnduiclil U . ;
4nas have lower bendwidth. Hance ther = poszibility of sending a rumber of signials simultanesieshy

Lr

this situation, multiplexing cen be used.

k 14 ¢ 1 r 1 o § e [
dultplexing can be used ta arhieve the fo oing goals;

1,

F

3

To zend a large number of signals sim ultansnusy
To reduca the cost of transmission
To make effactive use af the awilabs

bardwidth

Wultiplesing are of following fomrms:

Fraquency Division Multiplexing (FOM}: F08 is an analeg roaltiplering technicue that combines

1.
analeg signals. Each slgnal is awigned a diferent fraguancy

2. Tima Division Multiplexing (TDM): TOM is = digital multiplexing technique for comiining several
low-rate digital channals into one hign-rate one, Each signal is assigried & fixed tme dot in & fued
rotetion

3. _--_H._._.m.—m._-_m.:._ Driwision ?ﬂE—.—.—ﬂ—.m.H—_.._m (WERN): WA s an Maing _-_...h_n__.__uxm_-_m_ tecnnique to comibine

ootice! signals. Each sigral i assigned & particular wavelength; used on optics! fioar,

Advantages of Multiplexing:

Sirmple and eady.

-

Tt reclucss purnber of wires.
Large capacitias and scalable.
It reduces circuit complexity and cost.
1 simplifies logic deasign,
B, [nexpensive and signals may have varying speed.

Wb WM

Disadvantages of Multiplexing:

s Fig. 2.2 shows types of multiplexing.

1, Complexity.
Bandwidih s wasked.

(o]

3. Added delays in switching pors,
4, Extra 'O ports reguired to control the meitiplexer.
L RN R T T e PR v ke T i s T
W .‘. 1 .n._... ‘_._._ 5 1 - e ...u.u - a?%?ﬁa T .H S —. = e u.r..“....p

Multiplaxing is the set of tachniquas that allews the simultaneous transmission of ruitiphe sgnals acrmss
a single data link,

Whenever, the transmission capacity of a medium linking two devices is greater than the transmission
_.r_ﬁ_m__.mm af the n_m_._.._nMW.. the ____r. can e shared in arder 1o 1_mHm"._s_mH.m the utilization of the __:n.,. such &5 one

cable can carry a hundred channels of TV

Fig. 2.2: Types of Mulniphbering
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E Frequency Division Multiplexing (FOM)
¥ P an. Hera, the fraquancy SPEC . :

* Itis most popular and usad axtensively in radic and TV ransmiss af a particular f
- - i q i
dividad o sevars! lagical channels, glving Each user guclUsive prssassio f _.mn__._mE_.
band, Fig. 2.3 shows basic conogpt af FOM.

‘Dt S ommuniariies g Compuisr Mitmarking 2.5

: __E_._:.._..._-n..“_ ared .n_n.r...-. Tz bk

Channsl 1 Channel n
Chaninal 2 Channal 2
Sharra 1

Channsl 7

AT N EERIAZ BR N mERl ‘

Fige 2.3: Basic Concept of FOM

F piwi . . e, o -
" Frequency Division Multiplexing [FDM) l& & scheme in which rumerous signals are combined far
+r Ak : i . g . 5
..m::..__:mm.._u.: an .w..p._._m_m cammunications line or channel, It & analog multipbesing tachnigue. Each sign
o 2 __.._.J..m_“_. & different fraquency (sub channel) within the mein channel. its raquires chanrg
synehranization. FOM multiplexing technigue Is based on orthogonzlity of sinuscids
LI | i | i . B 1
n FOM, = gnets i be frensmitted must b analog signals Thus digital signals nesd to be comverted 1o

analeg form, if thay are to wse FORL
@ [b) FOM Dauttiplexing Pro<ess
Flg, 2.5

» If the channels are very close to one other, it

leads to inter-channal cross telk. Chanmels must ﬂ Charmel 1 Chanrel 2 Channal i
ke separated by strips of unused bardwidth o ol T L
prevant inter-channel dross talk. These unused

channels betwesn each successive channel are
known as guard bands as shown in Fig, 2.6,

S e pipmedion

ghefim 30 )

=

I
1
m ; | = FOM are commonby used s radio broadcasts and Guard Bands
. L i I T 3
e TR N 55 S 5 K TV networks. Fig. 26: Use of Guard Bands In FOM
Gy Fraquancy 2 Frequancy 3 F :
. % * A typical analog Internet connection via a mwisted pair telephone line requires approximatety thres

kiloheriz (3 kHz} of bandwidth for accurate and reliable dates transfer.

— .
Overall bancwicth of communication channel ————
* Each radio and TV station, in 3 certain brosdcast araa, is alletted @ specific broadoast frequancy, so that

R A AR T inclependent channels can b il ly in diffarert broad F e AM radi
* Basic approach is to divid ; . p . independent channels can be sent simultanecusly in different broadeast area. For example, the AM radio
smaller dndnentient *.hﬁhhﬁmvwﬂw“a_ﬂmzqinﬁ & a .m_:m__m physical medium inta 8 number of uses 540 1o 1600 KHz freguency bands while the FM radio uses 28 o 108 MHz frequency bands.
inter different m_..m_.n_r.m:nw bands = Usihg medufation, independent Message signals are trapelatsd . ®  Twisted-pair lines are common in households and small businesses. But maor 1@lephone cables
[ i : ir large businesses, government agencies, and musicipalities, are capable of muh
& ANl the modulated : : : : ; aperating between
= n__..“:._u_u are combined in a lingar summing circuit #o form a cemposite signal for larger bandwidins.

transmission. Thea carmiers used ta modylate the Tndw 1
; individual m d : :
as fy f ... f,in Fig, 2.5 [a). BESA0E SI0Nals are callag sub-carriers, shawn Advantages of FOM: : :
¢ A the receiving end the si : : 1. In FDM a large number of signals jchannels) can be transmitted simultaneousy.
nbomin. o -onel & eppled o 5 bank of b FDM does rot need synchronization between its transmitter and receiver for proper operatan

W_.__n_n_n_mmm filta hi : z?
frequency channels, The band pass ffter s, which separgtes ingivicusl :
P gutputs are the Demodulation of EDM is easy.

" demodulsted and distributed to different 3

output channels as showr in Fig, 2.5 (b,
4, FOM i5 inexpensive.
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Disadvantages of FOM;
L In FOM the communication channel must hawe 8
2. Large number of madulators and filters are required i
3. FDM =yffers from the problem of crositalk,
4. All tha EDM channels get affected due to widehand fading,
Applications of FOM;

1. FOM (5 usad for FM and AM radin brosdcssting. Esch A : 3
i hand  froy |
carmiar frequancy. In AM broadcasiing, thess frequencies use a specal oM 530 4,

L/0D KHz,
2. FOM s used in selewksion broadeasting.
3. First generation cellilar telephone alsn uses FOM.
e Time Division Multiplexing (TDM)

* In frequency division mulfipfaxing. all signals cparate at the same time with different frequencies, bt 5,
Time-division mulfiplaxing all sgrals operate with sams freguency & differant timas.

* TOM is the digital multipiexing technique. Tn TOM, the channeldink Is not divided on the basis e
frequency but on the asis of time. Tote! time available in the channal is divided between several user,

#  Each user is alinied & particular & time interval called ime skot or fime %2._&._3.:@ which the dsta .
transritted by that user, Thus esch sending devica takes control of ntire bandwidth of the channgl f:-
fixed amount of tima.

* In TEM the date rate cepacity of the transmissien madiurn should be gregter than the data rate requing

by s2nding or recaiving davices.

*  InTOM afl the signals to be transmitted are rot transmitted simultanaously. Instead, they are transmitg
one-by-one. Thus, eseh signal will ba transmitted for 3 wery short tme One cycle or frame is sald 1o b
complete when all the signals are transritted onee on the tranemlssien shannel.

= The TDM system can be usad to rultiplex analeg or digital signals, however it s more suitable far t
digital signal ruliiplexing, The TOM sigral in the form of frames |3 transmisted an the commzg
Corimunication medium, i T

wery large bandvidth.
i1 [0

and FM radio station usas g n_.q_.._mav

Fig. 2,7: Thmea Divisian I_..__.__.___.F.E.._m _u.n._-.-”_.
Advantages of Time Division Mukiplexing:
1. TDM systems are mare flewibla than FOM.
% InTOM, the user gets full bandwidth of the channel in 3 particular time slot.
3. Time divisian multiplexing circuitry is net complex,
4, Problem of cross talk is not severs,

Caka _un.”_.__._._:_.__n.._._n_“._ and .nn_._._....._iqz_x....ﬁ.._ﬂ__._n 27

Multiplaxing and Ased i Tachikgies

Disadvantages of Tlme Divisien Multiplaxing:
L. Eynchronization is required in tima division my tiglexing,
<. Tris nat much suitable for continues signals
3. TM TOM exdra guard time are MECEREary.
£ Complex to implemert,

Applications of Time Division Mubtiplexing:
L Ttusedin]50M (itegrated Sarvicos Digital Katwork tzlephone lings,

Itis usad in PETH {puslic owilshed telephene ratwor),

It is used for soma telephone system

It s used in wire ling talephona lines.

* Verous frpas of time disisien multiplesdng namely, Synchoenous TOM and Asynchronous TOR.

1. Synchronous TDM (STDOM): ¢ pa oo ™ (I |

* Insynchronous TOM, egch device is given same tima siot to transmit the daty cver the link, irraceactve
of the fact that the device hes any data to tarsmit or not, Hence the name Syrchronols TOM.

* Synchronous TOM requires that the total serd of varous input finet hauld Aot egcsed foe capacity of
Fath

* Each device placas its data orta the link when its time slot armives Le. esch device i given the possassion
of line turn by tum, If any device doss not have cata 1o send then its time gt ramains empty.

*  Tha __.wlq”.nim _“_.—._._m slots are grganized inte frames and, each fraree consists of one o more tma sots

dedicated to each sending device )i there are n sanding devices, thera will be rslots in frame iz one

siot far pach device.
i Az zhown in Fig. 2.8, thers are 3 Input devices, 5o there ara 3 slots in each frame.,

L a3

+

Time sok

Frama 3 Frame 2 Frams 1

Humbar of input gevles = 3.
Mamber of sota per rame = 3

Fig. 28 Synchromows TDM

Multiplexing and De-muliplexing Process In STOM:

[n STOM every device is given the ocpportunity to trensmit a specific amaunt of data onto the link Eath
device gets its tum in fixed order and for fized amount of ,._._._m..._.:..m process s knows es interleaving.

W can sey that the operstion of STDM is similar 1o that of a fast interleeved switch. The switch opens in
front of & device; the device gets a chance to place the data onto the link. Such an intedeaving may be

done on the basiz of a hit, 3 byte or by any othar data unit.
In ETDM, the interieaved units are of same size i.e. if one device sends a oyte, other will ko send & byte

and so &n,
As shown in the Fig. 2.9 Interleaving 18 done by a character (one byte). Each frame consists of four s1s

25 these are four input devices. The slots of some devices go emgpty if they do not have any data 1o send.
At the recelver, demuitiplexer decomposas each frame by extractimg ¢ach character i TLM. A5 B
character is ramoved from frame, it i= pessed to the appropriste receiving desice
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© Fig. 2.5 Multiplexing and Demultiphdng in Synchroneas TOM

Advantages of Synchronouws TDM:
i) Redatively simpshe,
(il An ordar is maintained.
i) Commaonly used with ISDH Integrated Services Digital Network)
(] Mer adedress information is requirad chanrel capacity should he large.

Dizadvantages of Synchronous TDM:

{{} I TOM, the channel capacity cannat be fuily utilized.
il The capacity of single communication line that is used Lo cary the various trarsmission should be

graater thaa the total spead of input [ines.
(i) If nex Input slanel is present 2t one chennel since a fived time slot is &slgned to each channel, tha:
time siet for that channel does not carry any informaticn and thare is wastage of bendwidth.

Asynchroncus TOM (ATOM):
It is alse known as statistical time division multiplasing. Asynchronous TOM & called so bacause i thic

type of multiplexing, ime =lots are not fixed ie. the slots ane H_mﬁ_u___.. Hare, the totel speed af input linas

can be greater than the capacity of the path.
in synchronows TDR. if we heve n input lines then there are n slots in one frame. But in asynchronous i1

is not S0,
In asynchronous TOM, i we have ninput lines then the frame contains net more than moshots,

with m less than n jm < n} In asyichroncus TO#, the number of time slots in & frame is based on a
statistical analysis of number of input lines.

Mumber of Inpul devics = 5
Murrbar of akils perframe = 3

Fig 2.10: Adynchranows TOM

Bt Cominunicallon and T fignskar Motwsorking sq M it e

_____._.._.__u m._.._h,.._z._ slots are not predefined: the doss e allacar ved e ary of the device that hos data be serd,
& Multiplexer scans the various input lines. scoapts the data from the lines that have dsta o send, fills
tha frame 20d then sands the frame acros the Enk:
4
TF there ure not enough dals o fill &0 the siots in 2 frafrie, then tha Frames are mancmitted partially filled.
Asynchronaus Time Divisien Multiplexing is depicted in Fig. 2,110, Here we have fre input fines ard thres
dots pe=r frame.
@ In Case 1, anly three out of five input fines place data oma the link Le. sumber of input lines and
numbar of skts ger frama ara samea.
o In Case Z four out of fiva input lines sre active. Here number of input ling is one more than the
numizar of slots per frame.
o InmCase 3, all five input lines are ackive,
In all these cases, multiplesar scans the verious lings in ceder and Ffits the irames and transmits them
acrass tha chanmeal.
The distribution of various slots in the frames is not syrmmetricel. In case 2, dewice L oooupies first slot in
first frame, second slat in second frame end third slat in third frame.

{1 1#] (EslSs [~ ] [Ea] 0[] [ [ee]Es] [Bfule:] [o _m._F__m_ME

Humbar of Acdyve Lines = 5

Fig. 211

Advantages of ATDM:

iy In ATDM code utilization of communication chanmal,

(il T circuitny is not wery complex,

(i) Communication link of low capadity 15 used,

idwl The problern of crosstalk & At SEVETE,

] Full awailable channel Bandwidth can be utilized for each channel,
Disadvantages of ATDM:

[l Frames have different sizes.

(i} Raguires buffer.

iiif) Address information is needed,
u___._"u:m:_na _l__;_._i! m....__q.nrqu:uﬁ TOM and .n.&:!..i_._u..ﬂ TON:

1, |In synchronous .:u.__.__._.
gllocates exacty the same
davice at all times, whether or not a device

slot o each _ Tts tirme slok s eliothed 1o another device.

:.m.. _.::_n_n._mxmq T .___.r._.n?___ if ther devics have =n_~ﬁ_._._._.h.ﬁ to transmit :E .

has something to transmil in contrast.
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_M._._...;__._ rEquires @ cammsa n__.._n.“,. um__.m. al ___._._u_._.._ HEE=T | 13 | Mot Flagibia oo %
_r Yy bath the ands [EEnder and receiver). e —————— S a T e h _...b_._._.n.l..l T - il _u?n...__-m__ muich better fax :____.u_ _
_l AR otical TOM, na. af slots in edc R e, 11 | FOM requires quard bards for _Fn eraticn TOikd
¥ 3. [In synehroncus TOM ne. of slots in aadh | [n statstca o : . ol _ requines sync pules for its cperation,
[ o [ nput lne: —_— y 2 s
_ | fremme ara egual to re. afinput lines, =L STET. maﬁq_ dynam .nw___._ B | O lneaich ol puindCie ¥ | YOM 15 more efficent and iz widey _._FT.__
_ _ In synchronows TOM data fow of each mput | [n statisticsl TOM slots 26 Sa0ik e If 2l oy 2 bechriqua in multiplexing
B e shots in au Wit . B3 |
g _ connection is divided inte units and E,.._.d inpat ling is giv i 13 | FOM 5 Lised in T ang RADIO broaccasting. _:?._ 5 uded in Pulse Code Madulation (FCM), _
_ inpUt DCCLges ona autput time slot. it hes data Lo sen _— 3 e
_ | Buffering is not dane, frame Is s2rt after a | Buffering Is done ans only these i EM_ _m__..aa E Wevelength Division Multiplexing (WDM)
: 3 contains darg by
_ _ particular intareal of fima whether somaone | dets i output frame whose buffer 18 b The WOM is a multipiesing technigus to combine optical sgnals Optical fiber communications usa
{ has dats to send or not. send. | WOM techinigue, to merge diffarant wavelengihs into a single light for comruriztion
_| a. _ Syachronization ._“__._m are wged at the | Mo synehronization bits are usard, i *  [nshor, WOM usas a single fiser to transmit multiple optical sigrats.
_ | beginning of esch framea : A * [0 WD, the avalable fiber-cmtic transmission channel is shared by a number of diffeseat light souroes
_ T _ Maximurm bandwidth utilizatior if all inputs | The capaclty of link is rormathy i less than tha oup, WM & concaptually gulte similas te FOM.
_ | have dats to sand. af tha capacity of aach channel. * A prime application of WO is the SCHET (Synchronous Optical Nemwork) standard davsioped In North
_ : : T fparlE AN e L e L WA E e R S i S TR T T 2
_ g _ Supports high cata transfer rate. Elower data trarsfar rate. iy o . . ;
= : * Opdical signals {in the form of lght) at differant optical warealangths (oolors) ars comhbirad oy the
_ ? | rultipleser at tha sransmitter to fomm a snale lght 1o e transmittad thraugh 4 i
k . g the algn-speed fiber-oatic
-_.-. n
_ _ E..HEU = o= 2 _H_||_mm_ cable and the splitting of the light sourcas i done by demuitipleser at the racaiver,
_ _ E_hnl_hu_ o ——r - ¢ The combining ard splitting of light scurces %« M
_ Fiarbar o s e T w3 are done by wanous optical davicas, such as " Ly
: T TS 3
prism. e e St ;
] ; ¥ Qpfica) :
* A prismm, which can turn different wavelangtns gl 2
into a single lirg, can ba used at the output of & e
Flg. Z13: WOM

i _

MUK and input of DERLEK,

Advantages of YWDM:
1 Eagier o recsnfigure,
2. I provides higher bandwidth.
3. Elmple to implement and High sacurity.
Disadvantagas of WDM:
1. Cost of system increasas with 2ddition of opticel components.

2. Light veave carrying ln WO ars limited to ben-point cirauit,

_.En signads which arg Hc_u_u_m__ﬁt are m_un_mn_ _ﬂ The h_m__._ﬂ_m which are :E_._ﬁ...__mxm_“_ CBN oCouDy
_ | the ime comain. But they accupy differant gofs | tha antire bendwidth in the time demain,
| [ in the *_.m_.._r_m.ﬁ___ dorrain, _
|

2. | synchronization is not required.

_
_ Ll __ FOM is usually preferrad for analog signal.

_ m"_jn_.:.n__._nm"_n: is required.
_4n______ ke preferred for digital slgnal and analog

__ _ ; : | Signals
- __ L T _3____._ circuitry fm:__ simple to built " " o ficaki F I g be!
| 5 . P = arous applications of Multiplaxing are givan below:
__ . __ M.MMMHWJM;EE the cross telk immunity due to _ TOM s not sorsitive for cress talk (noise 1. Telephone Systam:
i i { immanity), ; ; \
51 ; | s PAultipl nas long ke el ool of th hone indistry uses bath FOM and TDM
G r plexing has long baen an essential tool of the telephone industny uses bath FDY
___ ¥ __ M“Mm:ﬂ ”ﬂ__”_ﬂhhxﬁnm_?.‘m””“.”._m__._m__“ mH:HhHH___.__EE: | M_“___u__. @ fea TOM channels will be affected due to 2. Cable TeleVision (Cable TV):
, B ] : r
__ 7 _._u T is chared [ = = [t s a system of dellvering televidion programming to consesners It has long carred multiplesed
_....m..- FEQUENCY AN d _ Tirmgs scala is shared, | talevision channels, end late in the 20h cartury began offering the same sendces as leephone
] = e - 5 — : 4 ;
a. _ Inference is high. Interfarencs is o, companies.
] * The cable TV systam uses finer-optic cabes to connect and multiphay difterent rahle channnle Coaxiz
cables caming from individual premises are miitiplexed in the junclion boxes and converted 1o oplical

1
In FOM tatal frequency bands are divided into | in TOM tot) available tima i divided intg mms_mqu_\_

]
| u=Ereg, (eephong
i —_— Mﬂmla signals.

[ & [
| sawaral wsers o, television broad Caating.

e
T Conil
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*  Optical signals at the swiching station ase multiplexed, us1d Wi

signals

IFTV (Internet Protocol TeleVision):

IFTV is also depends an multiplexiag. [t the daliv

netvwarks,

= IPTV iz defined as. multimedia services such as talesisionsdan ! .
IF based networks managesd to provide the required level of quality of service 2

interactivity and reliability. : .
*  IPTV services may be classified inso Live televisicn, Wideo on demand frob) and live fedia stc,

t owar [ntemet Peatoeg| o,
5l |

LT ]
5

ery of taleision conten

i diogtens/graphics/data delivered g,
nd esperence, secy ity

4. - Analeg Broadcasting:
* In F broadeasting ard other analog radio media, multipleing is a tarm comrrionly glven to the sroce;

of adding subcarriers to the audia signal b=fore it enters tha transmitter, where medulation aceurs, ),
fact, the stareo multioles slgnal cas be genersted using tme-divisien multlplesing, by switching betwen,
the two {left channel and rght channal) input Sgnals at an ultrssonic rate (the subcarrier), and they

fiftering aut the higher harmonics)
Multiplexing in this sense iz sometimes Enown s MPX, which in fur Is also an old term for sterecphani;

FM, seen on steren systams sinee the 19605,

5 Digital Broadcasting:
In digital talevision systerms, soveral varisble Bi-rate data streams are muftiplesad together ta & fixed

L
bitrate transport stream by means of statistical multiplesng. This makes it passible to transfer severs
widee and audio channels sirmulfaneously over the same tequensy channel, togather with variou:
s=rvices.

+  This may invelve severs! standard definition television (SOTY) programmees (particularly on CWVB-T, DV
32 ISCE and ATSC-C), or one HOTY, possibiy with a single SOTY companion channel over one -6 to
& MHz-wide TV chennel. The deves that accamplishes this is called a statistical muftiplezer, In several of
thess systamns, the multiplexing results in an MPEG transport stream.

# The newer OVE stendards OVB-52 and DWVB-T2 has the capacty o carry several HDTV channels in cne
il hipen

_Si~Digital Radia:

+ In digital radio, a multiplex ¢

\also known as an ensemble] is a number of radio stations that ere grou ped

together,
A muftipley is a stream of digital informistion that includes audic and other data.

7. Video Processing:
-

-

-

= In video edifing and processing systems, multiplexing refers to ha process of interleaving audio afvd

video into one coherent data stream. In digital video, such & transport stream s normally a feature of 3
cantainer format which may include matadata and other information, such az subtitles.

The sudlia and video streams may have variable hit rate. Sofoware that produces such # transport stream
andsor container is commenly called a staistical multiplexer or muxer.

A demuxer is softwere that extracts or othensise makes available far separete peocessing the
such a stream or container.

compenents of
= ol . L ....t.uu . L T 1ea] *

i -_
FFEREMNT ALLE L L

&
ACCeEs

carmé communication channel or transmiszion medium.
i this section we study different access techrlques such as TOMA, FOMA, COMA ate

techniques are based on multiplexing, that allows seversl datg streams or sianals to share the

baln Communl=ton and Compusr MoTaarking
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pnd Frequency Division Multiple Access (FDMA)

Tha .ﬁn.__.._____.._“_;:_._m_ actes scheme is based on the Frequancy Division Mulsiples g (FOM) seheme, which
provides differant T_mu__...._n.u..._.. oands ko differant data sreams,

Basle Idea;

Flg. 213 shews basic idea af FDMA,
In FOMP, the available bandwidth is divided inta frequency bards. Each staticn is gllocated a bard io

sand its data
In ather words, each band = reserved for 2 spedfic station, and it belongs to the station 2l the time.

Each station glzo uses a bandpass filter 1o confine the transmitter fraguencies. To prevent sttion

interfarances, the allocatad bands are separeted from one another by small guard Sands.

Fig. 2.18: Concapt of FOMA
s In FOBAG, the svaiable bandwidth of the comman chanrel ls divided inta bends tnat are separated by

guard bands, (5aa Fig, .14

FOMA spacifics a pre-detarminaed freguency

band for the entre perlod of communication, This means
that stream data (a continuous flon of data thal may not ba packetzas) can eas!

L]
ly b used with FOMA

Guard bands

B
2z 3

Herd

Fraquancy

Flg 2.14: Chamnel Bandwidth dhided [n Bands

i 1] d the
s jig shown in Fig. 2.14 there ara ‘N’ bands which are nan-cwerlepping. Each cnannel ls asagre:

frequency siat (band] perrrenently,

Advantages of FDMA: :
1 I FOMA the channel bandwidth is utilized rmare afficiently.

&

2. Me synchronization o codaweord is requirsd In FDMA,

3. The users in FOMA can transmit continuausly without any interuptan.




o

-

L ]
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Disadvantages of FOMA:
1. Extra guard bands are required in FORA
£, Power efficiency is reguced in FOMA,
Applications of FOMA:
1. Used les wireline channels for voice and data transmissian.
2. LUsad in talephons commaunicatlon

o avod __._mﬂ:_._::___ iriterferares.

EW¥-Y Time Division Multiple Access (TDMA) e TH
= The TOMA channal access schame is besed on the Time Division __._F.L._H__n__m.x__..m _"._,N_“_Mcuq.m =
arovides diffarent tirma slots to differant transmitbers i a cpoicaly repetitiva frame = ;

ittar when it stz
#  For example, node I may use time slat 1, node 2 tme skt 2, et urtil the last transmitter s

Loy
Baslc ldea:
=  Fig 215 shows the basic idea Sahind TRMA
»  In TOMA, tha stations shara the bandwidth of the channel in time, Each station & allocated a time slat

during which it can serd data Each station transmits its cata in 115 mﬂ“m:mn_ tirme nn&..
Ciala Dala

F
Statian A WE

e
1 g1 o oa
] _“ _“ "

Fig. 2.15: Concept of TDMA
The problerm with TOMA lies In achieving synchronization between the different stations and esch
station in TOMA needs to know the beginning of its slot and the location of its slat, I

This may ke difficult because of propagation delays intraduced in the systam i the stations are spread
ovar a large #rea, To compenzate for the delavs, wa can insert guard times, (See _m._.m 216) P

== Time
Fig. 2.16: Thme ic divided im 5]

A 1T e e £ = P VA Nt e A ) .13 Mulliplaging ond Aceaas Technigss

Advantages of TDMA:
1, The user in TORMY gets full pandwidth of the chanrel in @ particuiar time skl
2 Wost suitable tachnigue for digital transmissian,
Disadvantages of TDMA:
1. TOMA is not much suitatle For santinuaus signals.
2. In T exbra guard times ane necessany
3. Synchronization is necessary in TEMA
Applications of TDMA:
1. Used for veice and data trarsmission.
2. Used for trarsmission of bursty signals.
F¥PE] Code Divislon Multiple Access (CDOMA]
s [0 CORA meshod avery user is assigned Lhe pnigue code sequarnce, The sgnal = then spread across the
ceenplete fraquancy band with tha neip of the code. At the receiver, the dgnal is recovered with the Frelp

of same code. .
+  Since, the signals in COMA spread over the camnplete Frequency wand, it i5 alse celled Spresd Spactnm
Multiple Access (S5hAA)L : :
« Brcess 10 the user is given rendomby. Herce, signal tranemm ssrons from various owenap in Ume 35 wed 83
frequency, Fig. 2.17 shows CORMA concapt.

.— Time Time
u__ﬂT. st 2

Erscpianoy _.

Eraquency Dand £

Fraquenzy band 1

Tima

Fig. 2.17- CDMA Transmisskan

Basle Idma:

v Let us assume, we nave four stations. & B X a
stafion A are dy, from statien 2 are d; and 5o 0
gacond i and 52 o,

o Wa asaurme that the essigned cades have following Tas propesdes.

1, Fwe multiply gach oode by @mtner, wa get 0.

3 1fwe multiply sach code by ftsalf, we gat & (the nurnber of stations). :
« Wit these two propestias in mind, et us see how the above four stations can cend data using the same

eammon chanrel, as showm in Fig. 218 :

s Station & roitiplies its data oy lts code 10 get dy + o3 Station .m_._._.__.__..m._“__"uw its _.._Ew.w_._n.__ _H_._ﬂ.m.m_.._”nu_..._m_m..
¢y + £3 and 5o on. The data that go on the channel ara the sum of &l these H.mi.m. E_.- _“_...___._ i

»  Any station that wants to recene date from one of the other three q_.__.._.:_”____mu Em_“ “,”m_.,“ mﬁm_._ B wanis
tha code of the sender. Far axampls, suppoze stations A and B are talking to mmnun o w.mu._“_: p

ta hear what stafvon & is saying. L m uitiplies the data on the channel by o, the cooe .

nd ¥, connected to the same channel, Tra data frosn
n. The code assigned to the first station is & 10 the
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1] e
Eﬂ|ﬂﬂa|!:E .ﬂ..uﬁl:ﬂhcaqﬁi._h i ||IE||M__ s S B _.._m...Em_...." the rasult _"_”_.. 4 1 ges _“_._M :
. 2T B W E i L ] o r} - LD TP | e o
2 ”H_ﬂhﬂnﬂaﬂ_wmh _n_.._.__un_.”q.“..h.rmn__uL.Mm_...._..ﬂu_”__“_ q._ﬂ“”__“.__.nr_“_ ._“”"mu.uuﬂ_,..__am_._n.m:n_.. station 15 assigned a code. which is 2. _ Synchranization _ ”.u :”..__mmm.._:uﬁwm.?u_._ = | Time _.q_.__.ﬂ_.:..._n"uu..mn_.. is | Mo .u..u._....".:n..._mm.._;n: is _
sequence of numiers callad chips. Dt E. : .uw__.__.ﬂ I _._.. > -y TETEE _ m.....m.h.mwF. 3 : _ . N
s S o ; P ower  eflicieney & Fu pawer afficiency is | Full perie efficiency is _
' ] | Y reduoad, _ poszitale. | oossibia. _
pX-¥.8 Wideband Code Division Multiple Access (WCDMA)
'COM is  high speed 3G mobile wireless technology with capaciy to offer higher data rate 1hen
COBAS WIDMA is the leading 35 wireless standars in tha winrld today.
g _______._nn__..______. has the capacity to easily handle baadwldth-intarsive apslications such a5 vides, data, and
image transmission necegaary for mobile inlernet sarvices.
dy. 0+ B = s gyt gl s WCDMA (Wideband Code-Division hultizle Booessy, an TTU stendard derived from Coge-Diigen
— - Multiple Access [COMA), is officially Erown as [MT-2000 direct pread
*  WODKMA is a third-generation (3G mohile wirass secinology that promisas sruch bigher data spaeds
to mokile and portable wirelews davices than commenty ofiened in today's market,
o WCDMA along with URITS [Universal Mobile Telemommunications System) DAT-2000 CORS THrect
Spread is an air intesface standard found in 35 mobile telecommuriations retenres.
s WD was adopted as @ standard by tha [miernatioral Mooie Talecomeranications- 2000 (kT 2000
with the intention w create = global standard for resl tme muttimedia services and inmrmelanal
Fig. 2.18: Simpli ldea of Cammunicatien with Code resaming. -
Advantages of COMA; » WCDMA s the air interface of the 3G UMTS [niversal
L In COMA, magimum utilization of the channel takes place. .?___..__u__m ks .._..,....mh_mz._f._. ne n._.._1m PAEr
2. In COMA, syncheonizetion is not nacessany. et | e ._.._n.u_.u_..__mn_ _._“._wm... ki :._u Ewﬂ__._m _uavr__
cammmurication Core Metwork (CR] et with & totally rew
Disadvantages of COMA: Aadia Acoass Technology (RAT) in the form of WEDMA, [t Wit
1, In CEMA Chanee of date collision because of overlan. radies access s based on FOD (Frequancy Division Db, ‘
«  Cursnt deployments are mainby st 21 GHz bands. E
Desloymants at lower frequencies are also possille, such e Eqdpatl 2
Fig 218 L

2. In COMA Protocols are necessany to evoid caollighon.
s COMA also calied spresd-spectrum and code division muttiplesing, ane of the cormpeting transmission

tachnologies for digital Mebile Phones,

o - = e

B T

Techaigqus The cverall ‘bandwidit’ of | The ‘time" of the ._.:m.. 'Hme® a5 well a5
| _ the channel is shared by | chanral is shared by | ‘bandwitdh’ of  the
[ _ rruftiple users. | ruttiple usars. channel is shared by
| .- multipde users., L
__ 2 _ Strictiing ST
[ _ Fregusncy
| I...,.m_._n_._._ [
| _ _ Ll ands
i | S Freausnoy
| _ < ot
{ 3 | Code word _ Ha code word is S 1 Tl
§ / reguired. | M
| __ _ 0 code is required. Cade words or ﬂm_._m..___.,:m
| S A : . g wavetarms a uired.
| 4 [Guard times | Guard bands  are Guard  time ——
f { and bands _ required. _ requirad. S| auend times and n_m_.__“_m.
— " both are required. |

Canti.

35 LIMTSO00, UMTS suppotis woice and multimedia
SETVICAs.

Advantages of WCDMA:

1. Service Flexibility: WCDMA sllows each carrier of SMAZ to process milwed semica frea Skbps to
Ztdbps. In addition, clrouit swilehed sarvica and packet switchad service can be carriedt out in the
same channel, and a single terminal ls used to carmy cut muttiple dircult and packet switched SBMViCeE,
s & to realize gerine multimedia service, WCDOMA supports sendces with differant requiremeanis
tsuch as volce and packet date) and ensunas high quality and perfect covarade.

Spactrum Efflelency: WCDKA can miaks nighly efficient wie of available redio spectrums. Becausa
ehanning is needed. NeTaark capacity

2,
singte call multiphedng is adopted for WCDRA, no frequency
can be notably improved oy using technclogies of tararchicel cell structure, adaptive antenna Brray
and coherent demcdulgtion (hidiractional;
3. Low Power Spectral Density: fig the signal & spread over a arge frequancy-pand, 1he .1_?_.@
spectral Density 15 geting very smak, 5o gther communications sysiems do fet guffer fram 1his kind
of eommunications. o
: ! . PR L He P
4. Network Scale Economics: Whin WCDMA wiraliss aooess & added to exuting digia E___.__“__n
GSM) and the natwork I8 anning in two systems, the same core merhes
ade i.e. micro-cel LIBMEIEEION

network [such as Europeen

can be multplesed and use the same base statons. The |atest AT m




-.#:EE._:H ared Afcagy T

mmrggnﬁaau:iz-_giwm ||u|."_a|||l||IIMH_.ﬁ GEM Core ety -.-_.mw.,_“_
Procedure is used far the finks betaeen WCDMA 0585 .._n_ﬂ,_ug_n_::m ﬁmumﬁm,qim”ﬂ__n_m_u,“_,.-_,.“
Methca can process highly affactive data packets. ol .n...u_h_ mh_m.w:_._m_ natwork. It is estimg i

lines to 300 voice calls comparad to 30 vOICE smlc R i i

abour 505 remiceian coots d. ;

L M e SN e = o,
user, This maans that it is herdly possible to detct the massage Ot ot

Disadvantages of WCDMA:
1. Cost: WCDMA famtocells are more costly 1o develo
when compared to & handset (only 155 in WCDMA).
2, Complexity: In addition, the components are more nnau_mn._m_._ e
axpensive. The handsets are more costly and if carriers ara going rEprer ?.__ __um. /B® Package, ,
will need 1o replace some of the handsets since, irwarlably, some Usars will sHill be on G5,
Interference: it is far mora difficult to accommodate interference in WCDKA networks.

-

p than GSN, due to the reduced reuse pf it

d thus, the raw materials g, -
Mgy,

.

# The Long-Term  Evolution iLTE] s the pext ayolutionary step _...ﬁ"__._u.-._l A far mohile .-._.".mmm
COmmUnication.

= LTE is 4G (4" Ganeration] technodogy that simed to provide better quality of service a3 compare g Btp
3G and WIMAX technalogy. LTE offers faster data rate transfer as compare to @xsting 35 nepy,,
equipment’s by using radic waves over fhe sarme bandwidth

LTE is the wireless dats communicatians nﬂn_..__..:u_nm___. and a deveispment of the GEMAIMTE sta Tekarg;
LTE is commanly marketed as 46 LTE and Advance 45, but It does not meet the technical criteria of 5 o
wireless service, as specifisd In the 3GPP Release & and @ docurment seres for LTE Advanced, LTE is ks

cortmanly known as 3,956,

LTE was slarted &= a project in 2004 by felecommunication body known as the Third Generz:y
Farirership Praject (3GFF),

* LTE m___u_.‘__m..m_ from an earlier 3GPP system known es the Universal Mobile Telecommunication Systay
(UMTS), which in turn evahved from the Giobel Systern for Mobile Communications {GSM),

Even related specifications were formelly known as the evolved UMTS termestrial radio access (E-UTRY
and evalved UMTS terrestriel radio access netwerk (E-UTRAM), First version of LTE was documented iv
Release 8 of the 3GPP specifications.

A m.EE _bn_.wmmm of Mobile data usage and emergence of new applications such 2z MMOG (Multimes:
n__.__u__._m .um_._..___._.m_"_.. mobile TV, Web 2.0, streaming contents heve motivated the 3™ Generation Partneshp
“H.”ﬂ (IGPPF) to work on the Long-Term Evolution {LTE) on the way towsrds mn_t_._"_._Jm.m__._m_m._”mn_.: 45,

* The a.w_.m: goal of w.._.m i ta provide # high data rate, low letency and packet ontimized radicacces
.M_mn_.._anm._w_m_.____.m_:_u___uun_nm_ flewitle bandwidth deployments, Same time i network architecture has o8t
ezsigned with fhe goal to support packet-swi - A Hh
SErvice. ' PRI ER switched traffic with seamless maokbility and great qualiy .

LTE Metwork Architecture:
#  LTE network is referred to 4G network. This parallelism s d [

: Ueta b e i
a5 wireless broadband. igher speed offered by It. This is ki
The high-level neteark architecture ef LTE Is comprised of follows

Fatity .n_._ - 3
1. User Equipment (LIE}. A ponents

2 Evolved UMTS Terrestrial Radio Access Metwnpe (E-UTRAN)

3. Evolwed Packet Core (EPC)

Do Commiini
bnlpablan hﬁﬂuﬁ;ﬂ-.l!a&...ﬁ..-_:n Eors =
e WHplod feg wed s TacEnigues

*  The avolved o i A
il 1 ._MKE SOFE COmmurisates with peckel data metworks in the outsde world ich as the

i ¥ale oo B = UISs : -
ke s de ._...:.q.mnm networks ar the 1P multimedia wibgyslem. The interfacas betwern the

i the gpztem gre danoted Uy 51 and 5Gi a5 chean belaw in Fia 3 20 n 1

= === Signals
— Traflic

Fig. 2.20c Arehikecture of LTE

* LTE uses Orthagonal Frequency Division Multiplenting [GFOW, far the downlink im, from the Sase statian
Lo the terminal to transmit the dats over marg narromy oand careers of 180 KBz aach instead af
Spreading one signal over the complete SMHz caroer bandwidtn e OFDM wses 2 large number of
narow sub-camers for multi-carner transmission to carry data,

*  Drthogonal frequency-divigon muttiplexing (OFTMY is a frequency-division rudiplexing [FOM} schame

u=ed as o digital multi-carrier modulatian method,

QFDM meets tha LTE requirement for spactrum flexibility and erablas cost-oficlet salutions for veny

wide carriers with high peak rates,

Advantages of LTE:
1. Low Latency: Time required to connect to the network is in range of 2 few undred millisacands and

power saving states can row be enteres and guited very quickly.

2, High Threughpuk High data rates can be achiaved in both downlink 25 well a5 upliri. This causes
high thraughput,

3. High Data Rates: Az LTE supports MIMO, higher data vate can be achiavar,

FOD and TDD in the Same Platform: Fraquency Division Duplex (FRO) ard Time Division Duplex

(TODY, both schemes can be usad on sarma alathorm,

5. Swperior End-user Ewperlence: Optimized signsli~g for conrection establishreent and otber air
interface and mobility mansgement procedursas have further improved the user experlenca. Reduced

latenoy fka 10 ms) for bstber user exparienca,
6. Seamless Conmection: LTE will also support seamless connecthan 1o exdsting networks such as GEM,

CORE and WCDA A,
7. Plug and Play: The user does not hava to manually install drivers for the device, Instead gystem

automatically recognizes the dedos, loads new drivers for the hardvare i needed, end tegins to

wiork with the rewly conmected device.
£, Simple Archibecture: Because of Simple arcnitecture low Opereting Expenditura (GPEX).

Dizadvantages of LTE :
1. High Cost The cost of setup of new network infrasuciure and in case of natwark upgraces e

aquipment's will be neede to be installad,
perational

- -p ith E |E-E i ult _n @ _H.r_L_ ”_ . __H_E.___
trans ”.m.m."nu. 1.

that raises the need o use additonal antennas at netwoTk base stations for data
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Nultploxing snd Aocme, v,
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o T by

.Enlﬁﬂblfﬂhﬂ!i:n:mﬂiﬂ / ”....m_m“ .

& | 20 EX 1Ml T tha dastination, e < 3 .
] NC OF D L i Rannels & Mulg

. U..m_._..__.__..:u__u..._,..mnm i s mm_nﬁqmnw._m _._._E_._u_u.__m.u.m_u.n_un”_._w_ﬂm _...__-__.mﬂ._n.._ _.___-__..m._.n._.nm.n_ _nl_ﬂ:w__u._mm or o _u.
(DEMUX) is tha reverse of the multipies (MUK BIEEAsE O i as & slngle cenductor of copgg, .._.:m_;
signal streams into o signa over & single shared ek # f

il Eﬁu.m_.u Caie il w.._m__u.ﬂ ar .n__w_._“_w_ ..r.m_-__m_ ERLL ]t _-..n-.“—.. i-
*  Thus, demultipla: is reconverting 8 sional carialnind MRk o
e original separata and unralated signals. L) process = ecenbining muldiple e
such 25 # single eony ﬁ,

*  Demnuliplex (DEMUY) is ¢ verse of e mltiale { i
plex (DEMLEY i the : o+ 2 single shared mediurt,
analog of digita! signal stregms Into one signa o
af copper wirg or fiber optic cable.

* In demulliplexing process, we wse filtars L2
decamposa the motiplasad signal inta its
constitvent compenent signals. Then each
2gnal  j5  pessed to  an  amplitude
demodulation procass (o separate the carrler
signal from the massage shoral Then, the
meszage signal s samt to the waiting
raceivEr,

* The process of demultiplexing is shown in
the Fig. 221,

Circult of Demultiplexer:

= DEMUY are used fo implement general-purpese logle systems. & semulfaser takes one slngle irpy:

déta ling and distibutas it to ey one of & number of individual output lines ore st a g

Cemultiplaxing is the process of corverting a sigral cantaking multisle analog or digital signals kagk

inte the origing! end separate signals. & demulticexer of 2 oatpars has n select lines.

The demultiplexer i a combinational legic clrcut deslgned ta saltch ane 2ommen input line to one o

severdl sepesate output s,

ombinad
sipel

L T = ; J
sts of many swiching devices. In ap : A facd
. I , y ; e {0 connect gk ;i ey
be to _i,_.m a paint to point connection In betwean pair of et E.nb__m _.._m...__nmm one solution cau H
connection. The ether solution could be to keve 3 central devica and this increases the number 7
viz the central device which iz generally krefwn a5 - ,En.a_.um____ EOnnect evary deyica to each o

gath these methads are wasteful'and Impractical fap ya

: . f large .

be used at this stage. Hence, a better solution for thig mmnr.m"_“u_._ _M_HH_M i s e I can''™
ng.

e

EYallipdm i .m_.__“_ Eearaygn Tezhringues

.n_._._.u_ Cemmunioal ko sed Corrpd i Ketworlng B

& u...-__nn—._u.u network mﬂ Mage up of & feries of i Trarconnected nodes callad swite e,

Fig. 223
dilflerent routes, The data sart by sendar bafore reaching its

Initchlng is used lor to senc data aong
destination frawals win nuemerous equipment’s and nodes,

Tha procass by which those noses forwars data at ore of its nputs 1o one of its outoes i@ knoen &
awitching, Switching |s procass to fomwara packets coming n fram ore port Lo e port eading Lowards the

Jastination

Types of Switching Techmiguwes:

These are Decically three iypes of switching methods are avellable namedy, Circuit Switching, Packet

Switching aad Message Switching.
Cut of three methods, Sircait switching ard packet switching are commenly usan Byt the message

switching has Deen oppesed oul in tne general commiunication procedure but 5 Sl wsed in the

retworking apeication.

Fig. 2.2d: Types of Sultching

[Circuit switched network consists of a et of switches conrectad 2y phivsica) inks.

+ In circuib switched netwaork, bwo fedas communicate with each othes over & dadicated com u...__._m_EE_.._
patn. Thera is o nead of pre-spacified foUle fror whicr data will trasel and no other cata (s _.._ﬂ_-_mﬁu

Befars starting communication, the nodes must make a regeration jor the resonroes to e used during

{he communication. :
Lafllcatad path edists betwean both encs

In this type of switching, once a connection is estabished, 2 «

il the conraction is terminated.
The end syszams, such as telephones or computess are diractly connected g
municats with system B, systam A ne2ds 1o recuest & cornecinn B aysE it

&

ted to B switch. Winen systenn &
that musl be

maeds 1 com
accepted by &l switches as wall as 'y B itsef.
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Circuit Switchad [ecdwaork
paseryed ar pach link 2
~aisfer, can tpRe placadfter all datg 4y, %

ig. 2.25; g :
e . nd the cormbingtion of gy _
This is called as sztup phasa in which a ciruit is o
channels dafines a degicatad path. .
After tha sstablishment of the dedicated circuit, the data t

frarsfemred, the ciragic is fam down

Zircult Switching is generally used in the pablic retagrks 1t orme |

in acdition to digital dete. However, digital date hendling by the

proved ta ba inafficient.

Ther natwiork for circwit switching s shown in Fig. 226 :

[7 circui? switching the routing declslon is mada when the path is Set up &Cross the given q...l__.”.u.w. Ay
1= Moraingy

link has been sats in batwean the sendes and the receives then the fnfermation

pan exstence for handling vojcg -
pse of gircuit switching mathag, o
-

tha
cortinuously over the provided link.

After the link has been set between sender
and  recelver, irformation L forwarded
continuoushy cver the fink. After the link has
et up, mo additional address Information
about raceiver is required.

In circuit switching, a dedicated path i
ectapdishad  batween ssnder and  receiver
which is malntained for entire duration of
CEAMVETEALioa.

In dircuit switching a dedicated link/path is
established across the sender and the recsiver
winich is maintained for the antire duration of

Fig 2.26: Clreuit Switching

canvarsatian,
Circuit switching wiss designed for voice applications, Telepliana is the bBact muiteble example of o

switching. Before a user can make a call, a virtyal path between caller and callee ic established over £

netwirk,

In clreuit switching, routing (selection of path over hetwork) is made when, path is setup across

fiehwork.
_..___._““.m._._ wa noclis Cam unicate with each othar over a dedlicated communication path. it 1< called drai
m__e_ﬂ.__.:m. There 'is a need of pre-specified route from which daty will :.m.._m_m_u,m_n_q 3 n._u._ datz &
permitted. In circuit switching, to transfer the datg, circLit st be SiHiihcy o w._u_ﬁ _Hmn__“m.wﬂﬁa_m.

can take place,
Circuits can be permanent
thraugh three phases:
1. Estshiish & circult,

2. Transfer the data, anl
3. Disconnect the circuit.

or temporary. Applications which Use dreuit switching may have 10 ¥

Advantages of Circuit Switching:
1.
.

LU

L]

The dedicated pathycircait astablished between sencer ang receiver provides 2 quarantaed data rate.

Cmce, the circuit is estabiished, cata & transmisted without any delay 25 thewe is no waiting time a8

each switch,

Less Repensive.

Fixad transit dalays and throughpas
Mo loss af maduats ar aut of ordar packats kara as this & connection oianted netwark unlike packet

eattched networs

Dizadvantages of Clrcult Switehing:

1. Asisitdedgnes for weice traffic, it is not suitable for dasa transmEsion.
Circuit swilehing usvally done wsing a fiked sate steeam (For axample, 94 2hpe),

£

3. Circuit switchad netwesds does not Growics flove cantrel nor erar controf
4 [Cadicated channels require more bandwsidih,

It Is more expensive compkare 10 othar techrigues due to dedicated pate reguiremani.

Bacause connecions ama not shared, more links rrast be availzBle v ansura new conractions are not

@

blocked

p: %A Facket Switching
acket switching., messages are dwided Into packets of fiwed or varieble siza ard sach of which

In !

m_._nﬂﬁmm a header with source, cestinaticn and irtarmedizta noda addrass informanion, Indwidual

Packets in packet switching techiigue take different routos to reach their respactive Setinalion.

« 8y sending a large file In savaral small chunks over 8 network, packet swiching minimizes the imoacl of
data transrisslan ermors.

« The size of packet is decided by the ratwors and the goveming protocol. Resource allocation for &
packet is not done in pecket switching, Resources are allocelec on dermnznd.
The resounce sllocation is done on fisi-came, first-served basis. Frch seitching rode has a small amount

fler space 1o nold packets temposarily. 1f the autgoing fird is busy, the pacet stays in queas until

L]

of bu
the line becomas &valiabla. =
wﬁ

Wl i in & Packat? ot
o
| Evar | Dats | Header®

i ke chack | fup o | addrss,
[16 bit= gt 034 bita)| contral

_ > Packel
3 Gheramer

JE5 PAD (Packel
Bmasmbhy
_

Diaaazemidy] |

Fig. 2.27: Packat Switching




ltiplning and Accuns Tag,
L Totnyg,,

Dats Commnunicaiion an Computer Natwarking I.|||uu.+ —_—

*  The basic example of Packet Switzhing is Ch2 [riberngs. n
suitably-sized piecas in variable lengin or Blocts *
independently by network devices based on the oSt
header within each packet.

+  The packet switched netwarks allow sender and ;%..E..._.
existing between sender and reciplent in 8 packet switehl
to transfar packets between sender and recipignt.

Advantages of Packet Switching: !
1. Packet Switching use diglial netsork and end

=,
v

: Swit
i led packets that ean be |,
g are 2 . :
1 ¢ contained certain o

iration add

TES

reing the cireuit. Multiple Pathe .

that rese :
o They does not require a ca|| 4, -
iy, 5

bles digital data 1@ Be diractly transmitted tr,,,

castination.

Bettar utilization of the network seg migfks in
Efficient for busty dataand efficient used natwork paths.

rauting.

1 is keapt high error fred)

ry storage, costs &8 mirimized to great aep

tarms of the USA0# of the netwark path.

In packet switching, the quality of data transmidsic

As gwitching devices do not reguire massive seconda
Hence packat switching is very cost effective technisue,

Packets are rarouted in case of any problems (2. Busy fn

2

- |

4, Computers &t each node allew dynamic data
5

&

ws or disaed links), This ensures rafiy,

b |

communication,
iy wsers can share the same channel simultanecusly. Hence pa

available bandwidth efficienth,
Disadvantages of Packet Switching:
1. Packet switching network cannat be wsad in soplic

of serice e.q., refiable voice calls.
Protocnls used in the packat switching are complex and reguire high

Variable transmission celays coused by packet procassing and packet queues at packet switchas.
Some packet-switching networks support variabie pacet slzes: this gantributas to lorger packst

a, cept saitching makes use g

atlons requiring very Fttle delay and higher gualry

iritial implementation costs

processing times at packel switches,

The inclusicn of overhead data in packets means that cata trangmission afficiency and throughput s
jower than that in clrcuit-switched networks.

If the network becomes overlogded, packets are delaved or discarded or dropped, This leads 12
retransmission of lost packets by the sender. This often leads to loss of critical informaticn if grmors

are not recoverad.
7. 1t ls net secured if secusdty protocols (e.g. IPsac) gra not usad during packet trensmission.

Connectionless Packet Switching or Datagram Packet Switching: ¢, .. |
T

In datagram netework, each packet routed individually by netwerk devices Based an the destinstion

acdress contained within each packet.

Cue ta each packet is routed individually, the rasult &= that each packet is delivered aut-of-order #i
u__._“_"m_.mE paths of transmission, it _“_m_u_w:_.._ an the netwerking devices like (switches and routers) at ar
given tma. 3
After repching recipient locatian, :...._.w packets are reaszambling to the arlgingl form.Datagram Enf_m"

switching is narmally implemented in the netwark laver. Each packet carries 4 heacler that contsins te
P T = i
full information about the destination. _J..#I i that carts
e
1P .._“E..__.._..n..r._".....r

T 1

== . gta can bBe fragrens,
hirng. d | b Dnis Communicailen and Compuier Metwarking

when the ssiwch recelves the pacest, the
destination address in the neader of the packat i
paamined: the raciing table & cansulted o find
the corresponding  port throegh which
packet should be forsardad,

Advantages of Datagram Packet Switching:

1. Mo call setup phass required,

2. Mo flexdble becauss rauding can ba uied 1o

ayoid corgrestes port of the network
3. Cheaperin cost.

Disadwantages Datagram Packet Switching:

1. Packets are fonsarded slowly as compare tha

wirtual cirpuit approach.
2. Processing time request more at Foce.

Connectlon Oriented Packet Switching o
[ this type of Matworking packats Are

transfer the packets,
thrae phase
1. Setup phase. =" Bedyre Leed
- ¢
2o Dinta transter phase. ™,
3 Connection reieas: .u:mm..mh_

. A

tha sender if the receivar agrea.

238

]2

packet switching is narmalny done at the data link layer

yirtuah circuit packet Saitching estaklizhes a fined
path betaeen 8 source ard @ destination

b source and destination hawve o go thrawgh
5 1% a virtual drouit packet switching:

n.ll- - i . - .
legical conneston i estanlisrad when 2

sender sends a satup request to tn@ recenes and
the raceier sands back an acknowledgement tn

All packets belonging to the same source ars

uitiparaing mnd Aol Taghniauss

Flyy. 139 Bwtagram Packet Switening

r Virtual Clreult Packet Switching:
send in sequential oroer ower @ defned soute. M

cireuit

L]
destiration travel the same patn The infarmation
s deliverad fo the receives in the same orderas S
ransmitted by the sendar. Fiq, 2.29: Virbua Circult Packes codiching
Advantages of Virtual Packet Circuit switching: .
1 viral drouit provides packet sequencing and error contral
2 macket forwarding i Tast and Uik i
1, Multiple packets sand by the SamiE 30UIC2 A0 saine destination.
§ Virtual Packet Circult Switching:
s rough thit node =0 it i5 lass raliable-

1, Loss
7 Lass flexibl
3 Caostis hig

of 8 node losses all circuits th
& than othes appInaches.
h than datagram approach.
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Mhuilligledng moad dcoaps Texfelgues

Oa L :
IEI,...H..FE_EE!,.._ Cofipuler Malworeig____ — ——— 3 o
ST Bl Dk LAl nle ol
e to digl U8 lines in circult switching —— o and Gntvpuler Hetwarking 2.1
rage fiassa stehing |
. fage me E.__:._ 2 vEny Slow Decause of store-and-forward technique Message saitcnes can be
pragrammas with the informatien azaut e most efficiert raute as wail as infarmatian regarding bo the
e used for forearding the pressns rmesszge 10 fneir recuired dastination.

Virtual Circuit &
pproacheas: L .
L. Switched Virtual Cireuit (SVC): SVC format 3 nu;_naam +o Igased ling in cinali SWtching,

2. Permanent Virtual Circuit (PYC): Tnese are comes

m
rbual Circuit,

s Perrizrent ¥

1ear siilches that cap
Sikrs and E

Torann]

ﬁ, — &l
.

o>

| S TR '._...... : I.n. ....rr.. . : ] y
PR, T o b L -
: stznds for P2 e
[t | SV stands for Switched Wirtua' Clrouit, |.|1mlm|uulcq2 gnd a destinaticn :._.._u.:“_._u_.,.ﬁw.u._...,
I 2k _ In SVC 2 source and 8 destinatian coraect | [0 E___n_u{_n R :
- when data are being transfemed. Qe L ml|.m|]|ﬂm_._|m_.n b Mansagy
- T = m ﬁq - !
3, |sve crastas a temporary shert connection. | FVE creates 2 W —
| e G e N > <>
_ | ! AN e b -] Siara Al Sre and
4 | Cheapast in cost. Cost is high — " —_ | Soura farward forwand
i — Catbe, 1 ; :
| 5. | Examples: ATM, 5,25, £0r, Framples Frama Relay, X.25 g, il : Fig. 2.3 Mesage Switching
- T »  The slaring and Forwarding infroduces the concest of delay. For th z this skl = not
- i sching: g ang ing | . oncent of celay. For this reasan: this switching s n
Comparisen of Datagram Approach and Virtual Clrcuit F Brcke m_._.,_ : u R recommendad for real time apploatons like voice and video.
Tk F EPAUE P CRET SWTRE T 7 Advantages of Massage Switching:
1. As more desices share the same chanrel simullaneaudy for messaqe trarsfer, o has pighar crannal

T R T T 1 — e -
. B B s T i
5 ¥ T

o
L LalLlE )

First packet gees and resenes resourcas for tre |

efficiency compare o cirit switthing.
2. [ Lhis type, messages are stored lemporarily en-roule ard hence corgestion can be reduced 2

1 ._.n"............_.......lr Sy S L T o
| L | Al packets are free to ga ta any path on ; i [
_ | &7 imtermadiate router which is decided subspauent packets which 45 & :p”m:: m.n___u_..__ the |
_ e the go by dynamically changing scating | same path for the whole cannection time,
| _ tabas on routers greater extant.
] _ . e 1. [t s posstla to incorporate pricrities o the mecades ag thay wee store and forward tzchnigue for
[ & More Aexible becawss of muting can be Las flexible. dalivery.
_ _ wsed to svald cexmpestad port of the 4 [ supports message _m_._m__“_._w of wnlisnited size
= | T 3! L. [t doas not reguina physical conrection bebwesn sowrce and destination devices unlike ciredit
| 3 | Slowin packet forwarding. Packats ara forwarded quickhy. swfiching.
| 4 | Mare relizbla. Lase rellable because lass af node Insses all Disadvantages of Message Switching:
_ | circuit throagh that nods. 1. The meshod is costiy a4 store and foreand devices are exparsive This is due to large storage disks
[T . _ o " T ; . . ; requirements to store long meassagas far long duratian,
| . | !¢ cannactionless service Itis connection-oriented sendce, 2. Message switching type does ot establisn dedicated path between the devios, As there | no direct
| & Mo circuits or path established. Wirtua! circuit iz estabdished between source ard link between sender and receiver, it is not reliable sormmunication \
__ i y destination befare data transfer. 3. This switching type is not comeaatible for interactive applications such as voice and Wides, This 1s due
Lol His Out of order, Sequential type of dali ta longer massage delivery time. :
e “ = A 1 2z ik — Difference between Message Switching, Packet Switching and Circuit Switching:
L& | Me resgurce allacation required. Resouroes are allocarad on demand. . . —— i Ll m - el 2 i e i
_ g _ _I_w.___..m..__ﬂ_u_..m_ Wi i = | . y f s IS e R T e e
iy 5 & ci . : - itk EHis tach .
| 10 | Unpredictabie dela; : . roults are highiy Rellable. — 1. | Concept In message switching, each | When you eryod Hall kg EH_E__ _
_ i | “Npredicia e delay. High n_lmu__. : | ; svqitch shoras the wWhoke somnputer places a | meckets are wank as _
I R L Example: .25, Frame Rl = | messoge and foaras 0 AR AT O
_ 1z __ implementation is easy and cost efficiest. | i : : &y LR | | the nest ewitch, Atnaugh, h.._....,.ﬂ:_:u afuipment | anvailalla,
- . Femeniation of vimual circuits is costly. | we don't soe message | within tha telephone | _
RN Message Switching BE switchinig 8t Yowses layers, it _ EVETEM amm_."ﬂ_u_.“,” _
S ; r R - welcal path all the way
* In message switching, it is not necessary to establish a dad; . : _ s 5t used in sorme pri
céted path batwae transmitter and recelvel ! applications like electronic _ from your telephane to
the receiver's telechone.
_ miail __m_._._.__m___”_. ) - _ |
_ This technlque is callad
._nlm_.n_._m_. switching. | |...,.:.u_

L

Irv this, each message Is routed Independently through the nate
ark. Each messa thel
e carrles a heade

cantains the full information about the destination,
# Each intermediate device receives the messade and store it upti] ¢ 7 _
then this message Is forwarded to the next device. For this R Ll e
sametimes called as Stere and Forward Switching.
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3.8 Refarence Models
3,81 OF Eoterarcs Mocal

1. Whar i multiplaxing 7
2. Explain circult switching with axample,
3. WWhat is packet switching? State its advantages and eisadyvantages.
4. Write short aote on: Message switching,
3. What is meant &y switching?
8. What ane the types of multiglaxing
T Explain the term FOM in detall
4. What is TOM?
9 Explain datagram and wirtual circuit retwarks in desal,
12 What are the typas of TDM?
11, Define the terms: (i) Multiplexing, i) Switching.
14, Explain WDM in detall,
3. With the help of disgram dascribe TOM,
4, Compare FOM and TOM.
15 Compare circuit, pecket and massage awitehing,
16 Explain FOMA in detadl,
I7. ‘What is TOMAT State its advantages and disadvartages

18, Describe COMA diagrammatically.
19. Wnte short nate on: LTE.
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A.E.2 TCPAP Befarenca Madel
*  Prachcs Glueslions

i _.“.... ._..u..__..:.. Tere Ty ."..._m.“.._.m s
A b W g -

...l." i 1] .1|1_ a o ) 3.

LY INTRODUCTION T4 "UTER MET VYLIRS

»  The word i@ surging toward a digital revaluten whar computer retwores mediate Buety aspett of
maderr life, from paying hills to buyirg real astate, and from reading & hook to .E...._..:.”J_m_ a film. .

s Continued growtk of the global Interret @ ore of the maost :,._.:R_r__.u_ and Exciing _H_Eq..,.__.._.....a i
rajesh that insolved & Tes doizén

pabwarkifeg. Just over twenty years ago. tna Internel 'was a reseanch p "
sites, Today, the [ntarnet has grawn inte @ ehoduction commznication syskemn that reaches hurdreds of
digital comociers b

closer 'y e

millians of web sites, . .

» Tha processing of all ypes of digital informaton signals with she helo of
1 . = =l h | e .

revnlutionized the concept af information exchanga, Teday the entire wor d is brought "
the bl of dissaminating information faster and mon

giobal computer netwerddng. This has mada
£n &% printers, madems 2o, cormected together s clled &

efficiant. :
» & group of computers and otfer dervicas su iaviei. s
int ] fara resources, which callen rebasking. :
aetwari, The intarcannected Somputars can sna i - b

y : pA entities togetnar 1o form & graup or otk b perie
nange/transer amarg

K E e
Matwerking is linking of wo o mare o . gt ! }
some specific task & compules neswark providas the facliyy of information e42

tha compaters, connecked to it
121]
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Date Cemmunication and Comp

..
s o E Corpuine Motwork

MBS Definition of Computer Network
MNode “hwio
: " W0 O Midre Lomputes connactag b

A netwbrk is nothing mere than two or .
EGMNECtion sa that thay can exchange infarmanon.

5 g5 podes)

* A natwork i5 3 et af desces (often refarred H.._m can be @
connected by communication media links. A nOY

aetner through & commupication medls jcoaxisl catle, fiber

Opncs of stallite) is called as computer netwark® oR
8 Compter neteod ic o ;
I Netaork is dafined a5, a set of electronically conmected compaters which can share
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— : . B ding and/eT s uak o o

ey computer, printer, or any other davice capable of sendind faernation and Maources amang themselves®, OR
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H ecniving dets generated by other nodas on tne rigtet i Lk * A mebwork as “an interconnncted collection of autenomows COMmpUters”. Twa compubers are ssid to ba
. 2 el dnra) Fefs”. T compute said to ba

caf *  The links connecting fhe devices are oftan called commurd nterconnect=d if they are capabie of exchanging information
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J refiers to A OSMMILEAICE P Fig. 3.1: A Typical Natvrari MNeed of Computer Netwark
* A computer

canrnels, The tesm chane
betwern twg comrmunicating dedcas, [t can be either reefer
Dhivsical medium (wira/cables),

stwnrk, often simply referred & retwork, is 3 collection of compdters and devices
. i . : En_._ ihat Lsars _u_—_-.m:..___ CoMm plters _...__...u.r...r..|1 connected _n_”.. ."..n.n-__l__-_ﬂ__nu__..ua channsls that faclitate cammurication AMONG UsErs ard allow users to

* A nedwork provides the ability of resource sharing to its users ) e - k' share rasourcss with other usars

under ary anvironment] connected via a network £an access e ERE R Ep e ey

| ®  Computar NetwWoRing is the very impartant and crucal part of formation Teckaology [T Mill f
printers, modems, ete), periphars! devices, electronic mall ja-rnall}, software, etc, regardless of p, 4 RAT & og¥ [} Bilions o

compLters are retworked together to farm the Tntermes,

physical locations, *  Metworking plays en Imperant mle in every kind of organization form small to medivm szed, in barks,
multinational companles, sack exchanges, airports, hospitals, police stations, post offices, collages
universiios and even in the hame ir shos networking glaws an important nole everysiene where
cOmputers ara used.

= W nesd computer ratwork for fallowing reasons:

i mTan.

1. Sharng of infesmation and data ever the geagraphical
Commurnication from ane compuzer to the other computer.

sharing the resources such as printers among the retwork users

Exchiange of deta ard infarmaton amongst the data end users, «ia the nebeork

)
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Sharing of edpensive softears’s and database.

5 5.
t @ EEE] characteristics of Computer Network

Wiraless & The ._".u___u_...__..?m craractaristics should Be considersd in oormpier nolwork Gesdgn and Qg

i
ACoass print w"_.___\,_ Lapiops malntenance;
1. Availability: Availability is typicaily messured in a percentage based on the number of minutes that
Wiriass

axist in 3 year, Trarefore, uptime would be the number of mirutes the network iz available divided

nebarark by the numbes of rminutes in @ year,
2. Cost Includes the cost of the network components their installaton. and their ongaing
g rmaintenance,
Camputars ______..ﬂ_...__mm_..m.___.ﬂ_.__.mﬂ.un_ PA 3. Raliability: Defines the refiabylity of the natwork compenents and the connecivity heraeen them,

Mean Time Betwae Failures (MTEF] is commarky used to mansure reliability.
4, Security: Includes the pratection of the natwork comBenents and tre datz

data transmitted betwean them

i i 4 ;
5. Speed: Includes how fast data 1= transinittad balwesn neswodk end points, :
edapt o reEw growth, including nes Usans.

Y COmiAn and for the

Flg. 2.2 Commpiter Motwerk (Wirgd and Wiiralegs)

*  Network services are the thing that & network cen do. The major networking services sre;
L. File Services: This includes file transfer, starage, .
gohieving
2. Printing Services: This service produces shared secess to valugtde printing device
3. Message Services: This service facilltates smail, *

{tha clata rate),

data rrigratio (et 1
AN ALE Lpdate, synchranization 21 6. Scalability: Definas how well tha network can

applicatons, and nieteark cefmpanents,

7. Topology: Descrioes the physical cakling lapout and the Iogicel way data moves SElEST

voice mails and cocrdinate object orienttd

FAind COMpanents, ; fiogr ambeis Usar
ERERERL ST : . B. Integration: All tne COmponants of the network woms in @ coordinated manner b0 3 e
4. Application Services: This senices ahiws to rertralize High profile applicati incradse ey ﬂ.gq | -omputin
e A O m____x_._ m_.__._. puter natworks enable sharing of Fies. eaftwang, handware rasaurces and compuling
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Dals Communicatan and Computar Netwarkg __ ———
..-._m._” 55 the softwa 1] j.m_u__n Bs

E Components of Computer Natwork hysical B&7s = b
*  Computer naetworks cofponents _..r.._._.__u_:mm.” Eﬁmﬂﬂ.n_ at hromeé: :
installing computer networks, hath at arganizatiot transmissicn meditim,
= The hardware companents are the sarvar client: _u__nmq.n,um.
software componants arg operating systemm ard _.._.._..“ﬁ_.“_.....n._.r The oS
»  There are differeat companants of 8 computer P :
netwark are listed balow:

and cannecting de,.
iy ¢
1

essantial campanents gs =
B

thas manage the eSO nCEs of thie “._m._.._....n_qn. G
_,m,.. :

. ati 2 ion and & .
1. Sarver; Servers are high-sonfiguraton nn_ﬂ.___“__m__.m.m e and process _:Eqﬁ,mﬁ__m_._.__._ w_.w_.“_ m_ﬂq_ Pz,
- tars that run waricds sOfmwEr : computers. The Dasic
e Feter o e ble 10 s ot eeorked GHTIPS Uty
human interface for the users 19 ; cors o the natwork.

server is that provides senvices to the ather CoMpE

2. Client: Computer that uses the services that @ =t
and receive sarvies from the servers to access and U5
pereerful than server,

3. Nodes: Nodes are the computers on the n
tasks using the netwiork, : ; e gl

4. Transmission Medlia: A physicel connection betn J,ﬂmﬂ mmhhmﬂamﬂ.ﬁmjmmﬁ_ﬂ___m”_rﬁg_ﬂ

k i i which data is transerns : ;- :

w_qm...m__ﬂm_...uﬂ_._ﬁw"“ __.”__“w .H,U_M._“:."nmu madia like coaxlal cable, fiber pptic cables etc., or ung s,
madia like radio waves, microwaves, infra-red waves etc

5. Metwork Adopter: Metwork adopter or Metwark _”“._.._..n_._".mnw Ca
compenents recessary for sending and receiving data. Jtis phgg
the PC and transmission cable is attached to the connectar an the M

6. Network Opersting System {NOS):The network requires same softwars [0 centrol al t:
‘nfarmation transter activily on the network, like the traffic police to coniral the traffic. The SOftuY:
called NOS handles these tasks. Metworks, which are mare complex, rejuire netwark device: [a
hubs, switches snid routers to carry out different network function. : :

Resources: Anything availzble to a dient on the network is consicered as a rescurce. Printers, dd:

fax devices and offer nebwork devices and information ane resources.

8. User: Any person that uses 2 dlient fo arcess resourcas on the natwaork.

9. Protocols: A protocol is a rule or guideline foflowed by each computer for data com municasia®. b
netwark protecol is usually an agreed-upon or standardized set of rules used for transmiting ”_u_
and/or estabfishing communication between them. Protacols are the languages that cormpuers i«
to talk to @ach ather on a nabwark,

10. Connecting Devices: Connecting devices act 2 middleware between netwaorks or compUiens o
binding the network media together. Some of the common cannecting devices are Rauters, Brid?*
Hubs, Repeaters, Gateways, Switches efc.

E Advantages and Disadvantages of Computer Network

+ Advantages of Computer Network:
1. File Sharing: The major advantages of a computer network is that allows fle sharing and remoté ¥

n_._ua_u_m. Clients are complers that Mty
B .=._m _._m_“r.-._nl....r“ "u.m..m._U_L_u_.n“_.nrJn. ._.—..m un_mmﬂ.“ .w_m

powirk, which are provided to the usess to carry gypy

re (MIC) is @ circuit board with g
gd inta ona of the available slak,

7.

access, A persoh sitting at one workstation that is connected to & network tan easily see files prest!

an another workstation, pravided hefshe s authorized,

2. Resource Sharing: A computer ngtwork pravides a cheaper altemative by the provision of res”

sharing. All the computers can be m_._.aauzzm_..nmn using 2 network. and e i
efficiently pravide the services to all users : :

£arn

2= " Dai Communication s Compulm Retwnriing ™

Compainr Hefwok

3. Inenpensiv SR, g
_.m_u_._.u.._wf. m Sat-up: .”._.m.__un_ FEsturens mesn reduction in hardware costs, Sharad files mean
A UL IR MEMmory raquinament. which indirectyy means raguction in fle S10fa0e SxDerices.
4. Flexible Handling: & usar rap oo on 1 : X
files. Th nelfing: & usar can log on 1 & camputar aryhere oq the network and sccess hishe
iles. This affers flarikilpe © o
i R tars flasib Ity to the user 25 10 where hefshe should Ge curlieg the course af bisfhe
routine.
5. “_.-_._nﬁumm_n_ mEq.u_mm Capackty: Since, thare @ more than ane comoutar on 8 network which can by
snare files, the imue of storage cepadity qats rezolved 10 & great extont
8. mm_m__“ Communkeation; [ is wery gagsy 1o commumcale through a network, Peopie can communicate
efficiently using a rebeors with & groug: of pecgle. They can enloy the berslit of emails, nstant
messaging, telephony. viden confarencing, cnet seams. et
T m_uuﬂ_“ Sharing and transierming fies within nesworks is very repid [fast), depanding en the sype of
RETADrE. Ths will save time wiille maintzining the miegrity of files.
8. Flexible Access: Access af Fles from computars througbeat the warld, ard 24 = 7 erwincaiment.
Disadvantages of Computer Metworlk:
1. Securtty Concerns: One of the major drawbecks of computer netwaorks 15 the seourity issues that arg
irmnzlved,
Z. Expensive to Bulld: Building a networc is 8 complex and time consuming for large scale

arganizations.
3, Virus and Malware: Viruses can spread on 2 network essily, because of the inter-connectvity of

workstations.

4, Lack of Robustress: [f tha main file server of 3 computar neswork oreaks Gown, the entire sysiem or
rebwocs bapames Uoaless,

5. Moeds an Efficient Handler: The technical skills and knowladge ranuired to aperate and administer
a computer network.

6. Lack of Independance: Since, MOSt NETWOTLS NEVE 3 cemtralized server and u...__ﬁ_,.,n_mq.....”:n.__.m. e
cliant users lack amy freadom whatsoever. Cantralized decision making can sometimes hinger Tow 3

chient user wanis 1o Uuse his own sampuaier.

BB Applications of Computer Network

s Varicus applications of computar nelworks are listed tealo : 3
1. Marketing and Sales: Computer retworks afe used axterszively in ‘oth _ﬁmﬂ.nm,_:_._. ard ﬂ%
araanizations. Merketing professiorals use tham to collact _..H_”_..mﬁ.,.m. and analyze ,_m_ﬂ_.., .:wuhﬂ.mh_._.__w.
customer needs and product development cycles. Cales application .._n__._.n_mm tale-shopping .._
usas arder-entry camputers of telepnones confected to order processing network, ard onling
ervation services for hotels, airlines and 50 .
2. H”n:n._u. Services; Today's finarcial services are wtally depended .__u._.n.n..“.__.__u._;””..uq_..ﬁ__m_m_ah_“.”_
Application includes credit history searches, foreign axchange ..m._._ﬂ_ .. :um.“.“ T :_.,n_hm_ .F._m_._n =
electronic fund transfer, which allow ey witnout going I

gzar ko transfer mo : ", b
i sranic fund trapsiier gulomatic Pay-Ei=LE =
T fina § an example of elecironic 1u
Autornated Telter Maching (ATH) is
E.ﬁ..n_._mn_. . >
wmarmmn_.>3?

3. Manufacturing: Computér nebwers
manufacturing process [iself. Two of trem tat usa nems A
Carnputer-added Design (CAD) and Computer-fssisted Manutaciunng
multiple wsers to waork on @ project m..ic_..a_._m_u_.._ﬂ___. o S
i y B s zanyices allow st ol THE >
4. Directory Services; Directory 2

wafldwicle search operatons.

v aspects of manufacturing Inc udirg
ark 1o provide essental $Endces are
JCARY, bt which alleny
(CaM], bath of

ral lacation to speed
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ﬂ“._.-m_._:_.E_ﬂi___n: ond Campuber Mebeorking __ — R = ._.__n__._n__mm .H.;..____w___ar poards and daty _.._.n._. !
L . it ; i Ao 1
5. Information Services: A Network __._q.?__._ﬁ__ﬂﬂnw_mh._”_mﬁanmza: fior @ NEw praduct Is an __._ncT_M
; et
World Wide Web (Www) site affeand .
, ing doc .
e £pd allows LSiness irfarmation, Including documenq B},
6. Electronic Data Interchange (ECI ot using PARET i .
purchase orders and inaoices. 10 be transferted ,s.z_uﬂ_.__u_.:m_ ateork application.
7. Ebectronie Mail: Probably it's the mos widsly 452 1o oecur without the participants
B. Teleconfarencing: Telaconfarencing alloias E..Jﬁ%ﬁdﬂ.ﬁm_ [where particpants _”_uq.._:“_...q....H
the same place. Applications include simple E_._”u video conferencing where participants ¢y, *

through their normal keyboards and monitor} 3

see as well &s talk to other fellew perticipant ad for a variety of business and o,
way Tigp
8. E-Commerce: Computer networks heve pe pizatians can pool funds, by,
transactlons anling, popularty cales e mqﬂwﬁﬁq funds and hardie __.__u_.““_*n_u
items, pay bills, manage bank accounts, pay LEREs . ey

alactronically.
ftes = e b=

e T

ication, Protocal Is very important for net,

3.2 TQCOLS - : R e, e

miitdr

+ A protocol is & set of rules that governs gate oo
without proface| commuricaticn cannot occlr .

+ & protocol defires what is o be anmmuricated, oW it s to bE commu nicated m_._n_. when 1t i tof
communicated, Both sender and recelver should fallows tha same protocol to communicate daty,

Functions of Pratocals:

1. Protocsl cefines data saquencing rules. It also Ge
path between the source and destination.

3 Protocol defines date formatting rukes which group of bits of characters within packet corsis

data, control, addressing, ar other information

3. Protocol defines flow contral of informiation or data.

4. Protocol defines eror control rules are designed lo detect errors In messages and to eras
transmission of comect messages. -

s Protocol defines pracedence and order of transmisgion rules ensure that all the nodes get a crae
+0 uze the communication lines and other resources of the network based on the priorities atsE
to them,

6 Protocol defines connection establishment and termination rules that define how cannection: i
astahlished, maintsined and terminated when two nodes of & network want to commUNICEe wk
each other.

2 Protocol defines data security and privacy that built into mast communication software packigs

The most commaon protocals are, Ethemet, Locaialk, Token Ring, FODL ATM and <o

soes data routing rules which the mast efiidy

EW2 8 Definition of Protocol

A protocol is defined as, “a set of rules thet govems the cemmunications between computers ort
network.” ik

A protocol Is, "a formal set of rules, conventions and data structure that g how compute™
DVEINS oW

ather network devices exchange irfarmation over a network” i |es i
- i ]
procedures for the network cammunications. Bwark protocols: define the s ik

w4 set of rules or 53 ndards designed 1o enable computers tg
tennect with one another aver @

. 1 T m*—--—ﬁ
to exchange information with &s [ittle error as possible* L

and

,,rE Elements of Protocol

Fl oy ;
¥ I ol

Dianta L 1 | &

Data Comenunication ond Comvessar F_I...a...:._____...|" i

Codnipular Metwark

] fi! protoced def s the bl i i b ela mants:

1. Syntax (What i
at is } 4
dats, This maan H_..._. = nﬂ:..:._._..q..__._nu.naﬂ.m___- The syrtax of protccal defines the strecure or Farmat of
s arratns 5 Thart the arder inwhich it 1s to be sent = decided. & protoog! could dafine that the
5 = 5 07 & data Transmission must alvays cortain the receiver's addrass,

Semantle i i

e .n_._m.uﬁ._.._._"_.n_...q it is to be communicated?): Protocol semantics defines the intarpretation of the

q._“._.n. et S g gznt, For example: The semantics could defing that f the last nwg Bits of the
i g = o 1 g .
Alvars godress field contein & 00, i mears that the sender and the receiver are on the same

e

—r——

— ]

netsigr,
Ii!ll.r'..l

E ._-.__.._.._-_.._m _“_-E__-_.I_._ it should be cammunlcatedi]: .:|_|___-_E refers to an agreamant b tha spnder
and the recelver abiout tha data transmission rates and duration.

EWEY Protocol Standards
* Standards are necessary In our daily e, Evary tning thet we use in our daily life has some comman

features, some swEndards. Stondards are alse necesmany In data communication 1o Ensure
nterconnectivity and interoperability between various networking hardware and software companents,

Withaut standards we would hawe proprietary peoducts creating salated islands of users which cannot
Ilercannecy

In data commurication, standards are essertial in creating and maintzining &n opan and competitie
market for eguipment manufacturers and hsc i guaramtesing netlonal ard internationsl inter-
operability of data end telecommunications wechnology and processes,

Standards provide guidelines to manufeciurers, wandess, government agencies and other service

providers to ensure the wind of interconnectivity necessany in todey's markeiplace gnd in intematicnal

commuretions.

Data communication swandards fall inwo two categories nemely de facto imeaning “by fact’ or "Dy

corantion® and de jure (maaning by law” or by regulation®) as explained b

1. De facto Standards:

=  This category includes standards that have not baer approves formalty by some suthority but Have bean

accepted a3 smandards because of treit widespread use.

»  For example, the UNIX aperating system has largely been ysed in compltar srienca departmants of Most

uriversities and thus has been adopted as the stangdand.

« De facte data communication standends an D further gnwides Into

standards as explained below:

{i} Proprletary Stendards are n
gain popularity. Proprietary standards
devices/systems of other vendois T :

(M} Mon-proprietary Standards e those that are devetoped oy an aEm_.__mm_::_.___. E_._..j_.:mm__.mmn_;.__””_
which become popular and vendars start supperting thar. zu:-n_.n._“_:ﬂmd u.n.m__._Eﬂn_m_.m_.m wwm.
hecause anybody adhering to those autornaticalty gains access to all others following TS

standards.
2. De jure Standards:
* The Dejure stardards are farm
« The De jure are the srandards that nawe baen _mm._mm_ﬁm_“_ oy a
usually led by governments &l gawernment appointad dgenceEs.

proprietary and PN propTiEtary

wented & ones oy an organigation who first uses trerm, and wch
i¢ cloged, because they rlose-off communication with

aily daclared 85 lagal <tandards by recog wized standardizaton authorities.

afficial body. These De jure starcards &




market.
5 PR .
.n_m_n,:.n_m_.._nnm_._ﬁm___” _._M_E._ms_m M_._M Mﬁmm changed by service
sommunication hardware an wides and alleeat provide .
es ratio frequenci rs, technical specificaton?
ez, ate,

Compubar Mafwerk

Dnts Bemm

8 Semmsnication and Gompuser NaiwerE0g_ ||1|1-.m_m1--|1

E.. . Standards Organizatlons S ey, ggndards Creation cop, . Dt Cammunicalinn und Compiter Hebwcek

w..m_ ndards erganizations can be lagsified Intd threé ca1® bz, i ER

erums, and Regu : ] —er e e e —

gulatory agencies. A zarylng A% <lardard s e e B
. E J -.. I mﬂ_mmn__uﬂm I _._uH = - ____. Nt T A o L : ey # B - - Y
Standards Creation Committess: THErs are fot O ! ,.:._mcu._ that qm__u_.“.nq_m YWD OF Mure davices connecied t ) AP
committers, S0m #n I . ; I - Sler data from on : ted throagh 2 link & link is & physhcal oor :
() Ameri me of ther aré S t=0 8E nsh: ANSL is a private nor-prefit arganizy that is capable to nmL.u ' one device to srothar, Dedoss can _.,_u 2 - g rmﬁ cal| e LmeRHN pathway
merican Matlonal Standards Iriest|turk® LA I i nerally, &l AN ”n_.. th. Al il @red receive datae e @ COMpUTer, printer ar any othar device
daes mo have ary direct Ha with tha LIS ._"ﬁ.ﬂ.mﬂm_ .uu_.-_.m__._u__._-_m__.._._”. 2 ¥ all ﬂ_:.l....u__“—._m =] # Line _n_h.___,..mw_:ﬂ._“.n_ﬂ_ b |. ]
3 sy inect D@8 WY R _"_E*.mmm_n_._w_ qQraupes, regulaton b configuration defl 8 veEy TAD O MErE comranicalon i
undertaken for the social benefil of the US CitEe ¥ beg; . res the attachment of s calion devices attached to = lnk, Lnk
e » apsl ks bwo devices must b mENt of communication Awitlona b i Firk ' pi, L
government, and consurmer groups represem: AN 2o T & connectad in same way toth ! 5 10 & fink. For communication 10 ol
(i} Elec I y e rofit prganizatan that is aligned wi: s These Bre wo possible lin % o the same link at the zame time 3
tranic Industries Associabion (EIA: ELA 5 3 nanp : bt 4ith b Configurat stible ling corfigurations namely, Point w Point Li S
El4 focus is public awareness and lobbying for standards. The main n.”.__:ﬂ.: Utions to the .uﬂ_“ . SRl : gint Line Cenfiguration and Multigaint Lin
communications technakogy are the development of Interfaces for piwsicel connectign, 1. Point to Point Line Configuration: piy deuires
. s, . = B ~ [ 1 - . . Fr L L T -
slactronic signal specifications for data com unicatians. te = Inpoint e point line configuration there is & _“_mupnm“an link b
- . = . i AESE a L .- _ S
(i) International Telecommunications -.—:Tu:1._.ﬁ._mnﬂ-=qjﬂanﬂ=n-jm E—.—E.ﬂ-nr Sector (ITU =T M, # The link is totally resened for trarsmisdon spe | .n..n._" EIWEER Tha cOmMmuUnlCaTNg deices,
A i H Ly 2 i : - [E o ] Al .I..._. e P . J
was eaffier known 25 the Consultativa Committee for [ternaticnel Telegraphy and Telegke,, connactians ere estblished with cable or wire thaugh S _.u:n_.g.. wio devices, Wost point to point
[CETTTY, ITU-T was formed by the Unitad Matons In response 10 she demends from some _._.s__.;._ » For examphe, operating any device such s telavision us _.. 3 VR el 7 1
' : ; % Conn Fank i " ; SICn Ul remate oo Al X :
wih were deveiaping their cwn natonal ctangards for data comm nlcations In the early 1970 =) connectian betwean the devica and the remate cortrol gt comh il Ten AN Y
which led to issues of incarmpat bility witt each cithar, b § Lk | .
fiv} _q“_._ﬂ_m___:.nm. of Electrical and Electronics Enginears (IEEE): IEEE s the biggest prefasi. : ﬂ_
”__..w_w._nzmmj:m_ body in the world, TEEE focus areas are developments in the areas of alagtsic -_”u Ll Workatalion
_31. Em_.n engineering and radia scignces, [EEE also cowers the development and E_UE_E.
¥} rmational computer gnd camMunications starclands. ; 3 .“_n..._..m_z
v} [Internatio nda . ) .
nal Stendards Orgnization (150) 50 is a wall-known multi-natiznal standard mﬂ_
Dpen Systems Interconng ti . 5 bocy
Okt e nn n 2h [D&] model as & natwearking pratetol 15 @ major centribution 1l P oy
e data communications world. Kost membes af 150 ars their res b i
représeniatives. 150 created In 1247, th ! PeCtivE Qaonermimer
Mambers from aver elghty devel m_m vz [50) 5 a non-proftable standards creation arganizaticr h_.._...m:
] e ; Ty deyviin pations aciive ] A
2. Forums: R ‘ons actively reorezent the 150
# The main drawbs
: acl of standards cormi ;
T mimitie
B A o 4 ae are notorious far the slow pace of developments an ; Warkztgtian
# Forums generall . : Flg. 3.3 Paint to Paint Lirve Configuratian
i y corcentrate an @ particular tachnolegy, and thi 5 1 2. Multipoint Line Configuration
.ﬁ. eat amalnt of .n_u_q..n__LE.—-_wu._E.n _.-___.n_..._ h ributi 5 15 ET“_E__HW."__U—..__ _u_m._“_m ﬂ_u_ﬂ.:-_ ﬂwﬂ_u_mm_..m 3 & [t i F } '
i Rt otk v : ontributions from a vanety of forum members t is ale called multidrop line configuration. 10 this Yine canfiguration tao or Mmars devices share @ Single
ps, industry representatives, university student g : ks |
to address the various issues and concems of d i .m.___“___m:w come together and set up fon=s « In & multipoint % i ingle fink i ;
standards fron time to ti of data communicetions technalo ¢ iy L ﬂ_. ine configuration. & Sing'e ik is snared betwean o of mare devices, i, there 15 1
_ {IDE; gy, and come up At dedicated link between ThE Comnunkcating devices (a5 Showin in Fig. 3.4 e
Eij ﬂ-Fﬂ. u*. “.n‘:qﬁ- S ———— ¥ : 1 = ) I _u ..
. 3 be utillzed by many it QL
) Internet Society [1SOC) -~ tillzad :,m_._H_ devices mﬂF__..m:mE.nﬂ_w_...ﬁ. _m..r...m___s_ 45 3 .m._.._m._m__mu.uw.,.p.m._m_..
ity F d iif} Intemet Enginearing Task Fo EEEEEEH. the Jiplk, Bt s oomn 2% & Tymasrared
jiiiy Frame Relay Forum, and (iv} ATM Forum rce {IETF}, conhzChon. :

ml - . T = el I.. 1
mul—u.ﬁmnﬂﬂq hE |.I=HEHL _._.-._Euwﬂm._._,”_q. ...-._.“_q_.n.m.—..ﬂ-...-ﬂ-.._ ...._.,__._._u.._. ..._.u.n.u...

« Covernment appainted agencies, for example, Fedaral w._m N\A.a_.r i
.L_.______mu_ﬁ__ involved in .cwm__.__wﬁ__.__m standards, Thesa G Cornmunications Cammission :u_n_U_ﬁ aof the LIS ! Lirk N T
interasts of the general public in ' bovernment appainted : ! X £
e blic in areas such as radio, televisian an i sponcies help protect ¥ ;

; . : .
ry portian of commuAICEtans technology must be a red eammunications -
PpRraved ] . .
by FCC before it can be cold i ikE Fiainframe
Fip. 3.4: Multipoint Line Conflguraticn

o
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A notwork topology is Lhe arrangerment with i

1o @ach other. Tapelogies may define bath phy R

* Network topology refers to layout of 2 netwark an
each ather and how they commanicate it dewices in a netwark. ”_._._m word g,

* A topology is geometric amangement af coT i the map of @ netwerk L. a topg), _#
comes from topes, whith is Greek for ‘place’. TSy
\ayout ef connacted devices. ; t5 of 4 netwark &re mapped- They dac.

*  Petwork topology describe the ways Iy which the gl mearn 0
physical and legical arrangemeant of the netwe .

: . tels i
*  Topology refers to the way in which the networs of compt!

laaical +re. "
Ve tepalogies are broadeast and teken passing

cal dlan ram of . o =
—od o office retwork, vou s s '
ual _..__-__..:..H.n__ etk « FOU Ay shiote a Sonnection ataeen city A and

€ legical pash s 3 e Your Qata may ge through switching points in several other
; 115 & igih-ley | repracentation; the physica! path = the o
Difference between Phiysical T i B T
e A SO opalogy and Logleal Topology:

Sr.No. | %.mwhﬂuﬁﬁn R TR
L | Definition: phy

nd logics! gspet
w different no

* Forexampla, In 3 o

g, city B. But in the agt
B, citias ac well Th

des in @ network ars

al rourta,
putars and

Lo o - e o s e o -
E:mmgn Logical iopalagies refer 1a the

ingical paths in which dats acceszes the madia [
| &nd transmits packets across i,

_ itk .m._:.__ topologies
phiysical layout of denices and reatwiark
madia.

it

rk nodes.
5 n_.l._.q.__u_m_ﬁnm_m m.m_n_-_ ._“_U_u__.lu_ _r._ﬂ”_.. mm u..._.=.._._.”_

specific tasks and has its own advantages and disachantages. inment bein " - I_u.___._.....m sl w:uh:_,“ﬂmn. _ Hiwe the data s trarsfermed. y

®*  The chaoice of _.ﬁﬂ.ﬂ_.u.m_.“_.. i _u_ﬂtm_._n_m_.___ upaon by m_._n_. ::_.._.._w_m__. of equip 9 :mmn. n__m_._.”. 3. _u__.____,m_.n..__ ._H__u__u___nmw. defines now the nodes of ....:..m..nm__ ._”_u._u,.u..._u.m..__. dedicated cornecsinns Detaaen !
appiications and rate of data transfer requirsd, respanse Time; A cost. : | the netwarkare physically connacted. cemain selectad source-destination pairs usirg _

* Topology can he defined ss the geometcally inferconnection Rl b _..___.___m_._ e St | the undedying physical topalogy. i
(radesicompurens) sre conpected using sulteble transmission media (which can be point-to-pg;, * 4 ._”_____”___w,u.a includa: | There are two main tpes of hﬂﬁw. topolagies: _
braadcast), . il Bus topology (i) Shared meadiz topaiog _

*  Network topolugies are classified as physical and logical tupologies as shawn in Fig, 3.5, i Ring topelagy | 1) Token-besed topology. _

Loy s (il Star topelogy
sifizali iivl Tree topology _ _
vl Mesh topdlogy [
3. | A physical topology describes the way in _ Tre togical topchogy describes now the devicas |
which the davices are consected together. | communicate or the shage of the _
. communication path. _

RN Definition of Netwark Topology

; # Thewsay of connecting the computers in a neteork is callad as topology. OR
B S « The topolagy of a nevwork is “the geometric represantation of the ralatiorship of all the finks ard linking
1. Physical Topology: dewvices (nodes) in a network”™, OoR

: ; . ; i e L S H ..
* Physical topalogy mentions the physical design of 3 network including the devices, location and ct: i Matwork En.u__u.m."_ﬁ iz defired z= : the physcal intercannectio betaean vedous elements cn canm E__m.mh,
instaliaticn, metwark, such as links and nodes”,

s A topology is a usually "schematic description of the arrangamment of a network, Incuding s nedes 2nd

® A physical topology describes the placement of network | [ i .
o p rk nodes and the physical connections betws connecting lines {inks" Tt R
. : . logy for your deplayrment environment depends upen sevars)
. : . * Selecting #n appropnate tepalogy for your CEpyiners Br8r =
_uma_uﬂnﬂ."__.m_wm topalogy of a network refers to the configuration of cables, computers, and o¥ wWhen you select a topology pattern, canzidar the feliowing factars:
: 1. Curent Harchwara,
# It describes the actual layout of the network transmice ia. This i ;
; ArETIESION media. This ine grpart i i (3
iecation of network nodes and they are connected. e the o M M_HM ¢ H”m ._”,“m””_“ﬂ“.ﬁ
: d a1 Limitations.
= Bus topolegy, star topelegy. ring tapology, tree topol : A
: : | ogy, mes ; gt izbil
physical topologies. 9%, mesh tepology, ete, are the examo® M. Hmm_“ _"““__”“H wm_m”“__ﬂ_.ﬂ
2. Logical Topology: il e et :
e It _W also _Mﬂmu MM_. signal topalogy. Lagieal il
- Ladical topology refa : ir ing.
fram node to node, d¥ retens 10 the nature of the paths the signals =" 7. Easeof Trou _u_m%n_n_ﬂ__._m
. g 7 ol
¢ Logical topologies are bound to the netwark pratgenls that g 4 EWy Types of Top m_.__. . called the Topology of the o puter patviark
fers to the path =t direct haw the daty moves across a nete® in wihich the connections are mare i o
Logical topology refers to the paths that messanes take tn geg frg L) ol gl Ip AL | f topologies in computer network
place, i cne place on the netwark to ans® * Fig, 3.5 shows different categories or types o
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. fORK TC rems or Pety Ll *  The ™o most commen
42 . P et wit which n_nn_”_tﬁ_ww_mﬁn.m_..n af the network, Eq, e icio ___1u? ._.._,L: :_u._u_.. ot logical toralogles are broadoast and toker padsing
netwaork topalogy is the arranges _._u__m._.nm_u:n [ogic in & network are o B sk | “gical disgram of your e i e .
ta each other. Topalogies may define bath P how diffesert noces n ey <y B. But In the actual phygcs| et v « yEU Ay show B conneclion between city A and
= Mgt . efars to layout of & retwork 7d : ) citles az wall. The Ingic path w.u_ ﬂm...;nqr. YOl ata iy go through switching pints in severai otner
wWarsl Iopoiagy refars 8 -=1 [ath s

esch other and how they commuricate.
* A topology i geometric arangement of Zom £ e
cames from topos, which i Gresk for “place’ Topolody
layoul of connected devices.
*  Network topoloay describe the ways in whic :
physical and legical arrangerient of the network nOCEs.

devices in a network. The worg »
g map of @ network 1. a topg)

ATl - ey qm.uxu_u..m.m_,.._..u—_..,.l.ﬂ“ ths _-__u_.u..m__-m_ patn |
gy and Logical Topology:

; FECE topologies refer to the
Physical layout of devices and netwark

s tha &ciuel routa,
flerence betwean Physical Topols ,

.._u__n._”_..T

fil s
computars 3 oy .
- ﬂ...

& e wlamas ol & netwdnk are mapped. They dag .

. 1 v
5 1 = o

_ Definition: Logical iopologies rofar to the

[ logizal paths I which data acceszes the madia
i) y ik _u_._" n_u__._.__u;._ﬂwqm s n_u._-_—._m_n_“m._n_- m_m_n_._ ._“nu_...u.n__.......u_q mw u.:__m._._. media, A and traremits ﬂ,.mrhm_.r arross it _
*  Topology refers to the way in witich e nemwar 2. | Howthe wires are connectad : 1
o 7 and disadvantagas. ; - Mneched. Haomwe the data is trarsbarrrd .
specitic tasks and has ifs own advantages her of equipment Being used § i Physical topalogy ded |
* The choice of topology is dependent upan fype and 3_._3.__.__&_n_u__m..\H ' Parg, | 3 :._m____._mﬂ..ﬁq_“_n_ n_m__._:m”___q_m howe the nodes of | Logleal topelogy dadicated connections between
. 1 ] re = o o i % - 3
applications end rate of data transfer required, response tima, & G ), Are physically connected. certain szlecien uu,_._.._“m._“_mﬁ._,n_a._ pairs using |
* Topology ean be defined s the geometically inferconnection patteim by which the o, _ - LW At i physcal topalony: '
POy carr be defim . a . iesion media fesitich can be point-tg N0 - 4, Types include; Thera are teo main types of logicel teoologies: |
inadesfcomputers] are connected using suiteble transm {i)  Bus topolegy Shaared medi ot
broaticast). : 'y [l Shared media topology _
i in Fig. 3.5. il Fing topology Gt T ! T .
*  Netwark topologies are classified as physical and logleal topologies as sfiawn in Fig. 3.5 _m_u__ m,“w_ﬁ_”__uh_u,m,_w _ lii) Token-based wpology. |
|..-.L 1 e |I.|".|. s =] 15 . .1.
alficea - [y Tree topology _ _
(vl Mesh topogy _
3. | a physical topology deseribos the way in _ The legical topaleay describes how the devices |
which the devices are connectad together, comimunicate or tne shape of the _
_ _ communication path . |
E Definition of Network Topology
#  Theway of connecting the compubens in @ netwoark s called as topsiogy. .. ..ni.
Flg. 3.5: Classification of Topelogy = The topalogy of 2 network = "the gaormetnic representation of ._“_._m.qm_mw.__u..._m_.___u of all the links and __:-“_M____m_ﬂ.
1. Physieal Topology: devices (nodes) in a natwork’. .
; ) i . - , ] fined as “the physical interconnection between warious elements on computes
*  Physical topology mentions the ohysical design of a Rr el thetderices, location and cd Metwork E._HESE_ is define mm. e phys . pot
. . Iy it e 9 network, such as links and nodes”.
fnstallation, : . *gehematic dascription of the arangemant of & netwark, including itz nodes and
. ; : » A topology is a usually "sche F
* A physical topology describes the placerment of network nodes and the physical connactions balves connecting lines (ks
tha : « Selecting an appropriate topelogy for your deployment eaviranment depends upon several factors.
- _.._._.w [hysical topology of a network refers to the nn.%m:...ﬂ.&: of cables, o MPLIGErS, and o When you select & topology pat=m, cansider the fallewing factors
E__.ﬁ:m.a_m_ L. Current Herdware.
# Ir n__m.mn:_um the actual layour of the network transmission media. This includes the arrangerment 37 2 Sirp af the Metwork,
lacation of netwark nodes and they are confeced, 3. Budget Limitations.
#« Bug .E_un._am_.___... E.,m_, topalogy, ring Topoiagy, tree topalogy, mesh topalagay, ete. are the _mu__m_._.__n__ﬁ__ 4. Meed for reliability.
physical topalegias. 5. Bandwidth capacity.
M. E“ﬁﬁ.ﬁ- qﬂg—én : m. m_nw_mgu__:w. m:ﬂ mﬁmm "_l_w.nm__mﬂ_.ﬂ_l_.
™ w, is m_mﬁ_”_u..".m:mu .H._,., signal tepology, Logical woonleqy refars 1o the natuse of the paths the m_m:m_m fol= 7 Ease of Troubleshooting-
1 é ta node.
rorr fd L W ._u.w dﬂﬂ“ ﬂ-ﬁ ._—-.u“n—uuu‘ i Bl har :m.n._‘._”r.__.r.
Logical topalogies are bound to the netwark Brotacels Lt : ; B de is callad the topology of the somzalt
! #at direct how the dara 3 netes in which the cannectians are ma :
Logical topology refers to the paths thar Messages take o MOVEs 3¢S L #  Thewayin i s of topologies in computer et
place getiom ane place on the network t a1 s Fig, 3.5 shows differant cateqories of fypes

l




__Gompurion Hetu g,

T EE:.EH&HHEE'::HE:F L

1. Bus Tepelogy:

s In networking a topalogy that alloaws
network cable at tha same Hme S called a5 b top AL

» I this typa af rabaor opology. all the noces of 8 rbwark dr2
madium having ™o andpoints
«  all the data thas trawels ower the perenn i yransmitted throdgh comman t
a5 1he bus ar the backbone of tha nebwork
s When the transmssosd madium has et e enc points:
linear bus sapolody’.
a A& patwork that uses a bus topalogy is rafarrad to 853
Wiorking of Bus Topelogy:
s Fig, 3.6 shows bus topaelegy. The cantral cable i= £
e name], Evdry wiorkstation ol node carnenunicate
e & sigral from the scurce broagcasted and it
sithaugh the message s broadeasted bt iy the irtend
matches, scoepts ik
. the MADIR address of maching does not maten with the i
siginal.
. A terminator s added at ands of the central cahle, fa prevert bow neing of signals-
bha sid toextend it

g the s8ME I

.H....EnEn ta

tha piabanark 10
“Eus Meswore .
= hackbone of the I

& it the Gther dlanvice thinawg this BUS,

ravals b2 all e

Modes

m ﬂﬂ wﬁmmaﬁns
i

= m e

Fig. 3.6: Bux Topelogy

. Features of Bus Topology:
1 [ transnits data only in one dirgctice.
2 wm._ﬁQ gevice js connected to 8 single cable In bus ooy,
Adiantages of Bus Topelagy:
{il It is coat effactive and capling cost is less than ather topologies.
(i) Easy fo install and set-Up. it is very easy 1o connect 8 COm puter or peripheral to a bus.
[l Raquires less cahling length, $0 createar
{iv) Any ona computer or dewice being down does nol affect the cihers.
iv] Fast as compare 1o ring topelegy ard sufficiant for sall RErErs.
fuil Easy to expend [OIRing THO cables togethar. i
Disadvantages of Bus Topology!
il Cable hasa lirnited langth, so it canhot cannect & large numiser of computers.

fiiy A favlt of beeak in the bus gable stops il data sransmission, Difficuit to identify the oroblen if tre

entire natwork shuts dawn.

e Sa0 e hrough the
2 comiman ransmidsing,
q.u_._m_._.__mu__..__.. madium knsen

palogy is known by the narmg

atwark and # frEsun a5 BUs (thes

fotalions connected 10 bus cabiz
ing] recipient, WhOsE sanC address or [F addres;

ritarded sddress, machire discards the

A barral connector can

1
—

'tul

mﬁhﬂEqﬁﬁn_fuf.E
—

il Collision iy oocuy,
il Tarminators 2 requlred gt ey e

. 1 ramwerk Tasfic Eradi _.1“...L...._..f.....__..n Backlare cabie.
Ring Topology: =

B mer
meee the pefarnancs of the nepunrk QRCriss.

RS ._...L_u_.n....n,m_... s & ramunek b

forms @ [INg 35 2acn rud_..hﬂmw__. that 5 sm-un m drodar fashion & is called fng tepelogy b

: : Correcied to g ;

first. Exactly o neignbars for cach de Mﬁm_.ur . anchbar comobar, witn tne faet
J.- 3

srauss

i connecied w ihe
o oo, wntl i reachps 1R

4zukiriation. M a node ralaies
a0 Tl [2iefves o rigral inky ’
oasses ik grial irkzmdad o another nooe s Papealar rEErs ates thie signal and

h made in this wpaicgy
Eac i PRIy omtaing ropenter, A signal passRs noan

Token 15 A gpatal thiee oyte fm
e gl baeds armmd ha T e o men darkwisa O

sriclockdse. Bing tooolog: L, @ ting netwars. 1E <20 fiew cockwisa wf
gnticl ¥ : g tenfany s @ pamt o ook neleork.
b numDEs of refeslem ang gt 1 A 3
s e et .,_u.m_... e Ring teonlogy wiln laryz rumber raas, e iF s =Tl

1 .H...__._u___ 4 u...u.. k ! uTL e lask nods i tha fng roaology wrth 100 juores, then the ks will P wo
pass gh 99 nodes to reach toe 100th node, Hende e prervent dala loss repEATELS 27E e i tre
_-_.m._..__..__n_.r.. :
The transmission is uniirectcnel, but it cen o6 e idirecienah Dy havimg 2 connechians patwaRn
pgch natwork nooe, its callen Dual Ring Topology.
I dugl ring topology, W 1irg nelnrks 2k formed, Sne data o is 0 apposite dmechial m e Rz,
i ora 1Ny Faiks, the sapard ring Car acL 252 hiackiin, 19 KREP thi Fbsars SR
i @ ring retwore, the data and tha signas thel pass guer the petmoT wanel in @ s direcrarn Fig. 3.7
showis & ring topoiady.

% o

Flg. 5, 7: Biseg Topelogl

Warking of Ring Topolagy: )
gignal % srarghered sequentiaily i i
an, atiaches Lot and o deslinaTsn

s Inring topelogy _._m..,.___“_:.u...qa:mmu_m_._:. gl s rarsfe
to tne naxt, If a node vt 1o s, i graos” te i
. and then sends [T ground tne g 5 | .
« The token Traveis along the 00 it it pearthes 15 _.u_qﬁ..ﬂ__m_,._“q.._._
[ecpining COMmpUTEr ackmoneiBages recRiph With 2 q.w‘,_u:;. prissase
. ypIEr -
v-an for use by anatner oM : :
L s mn__..ﬁ sha irnended recipient. wiose iR andness 07 4
aithough the messa0® &
malches, accepts T
s 1 the WMACTY address
signal.
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E_._ ﬂ_n_.:_._._:_._ru._u:n___ ard Cennpuior Natreackin Y |W.h.| el =

ral connE=tor can

¢ ._u..__.,.um. A bar
o e

-

* A terminator (s added at ends of the central c2608
be used o axiend it
Advantages of Ring Topalegy:
41 Require luse cabfng.
fii}  Lass axgsansive. -
{7 This type af retwork topology is very argar zed. Each ._._u.n_n Tl
an e pty token, This belps ta reducess charces af calll=an-
{iv} Each computer has pqual aocess o rRECUITES
f)  Thers is no need far netwark serear o et the H..._ﬂh_un._..__..___ henves
{vit Evan when the load on tha netwark INcresses. lts performance is petier 412

o send the d2%E whan It resrives

wigrkstations:
o that of Bus topolodgy.

fil) Fault isalation is smplified.
fwill) Gond comimynicaticn cvar long distance
fixd  Hardles high wvalume of traffic.
Bizadvantages of Ring Topoloqme
(il Traffe; is wnidirectinnal.
(i) Metwork is highly deperdent on the
G Fadusa of ona computar disturbs the whale natwork.

i [
wira winich connacts diffarent o poEIis-

i) Show i spsed
ivl  Adding or delet ng the compures disturbs te pemwnrk activity.
fviy Reconfiguration is needed to add one node; while network must he Sown Fest.
[will Difficult for trovhleshooting the fag.
3. Star Topology:
= Star topolongy is ane topekagy in which a central unit <alles & hub of
cables that redliate out ta exch node on the ratwork
+  Unlike bus topciogy, where nodes ware connected Do cent
connectad fo central davics L2, Aul or concentretor with a point-to-paint connaction.
s«  The data that is transmitted betwsen the network nodes passas aoross the cantrsl hub. &ll the data on
the star topalogy passes tanough the central deice anfore reaching the intended destingtion,
s Hub acis 25 8 junction to connect differant nodes present in Star MWetwaork, and at the same time it
mmanages and controis whole of the netwark.
¢ A distibuted star is formed by the interconneclion of twa or mone individual star networks, The
centralizad nature of & star natwork provides a cartain amount of simalicity while also achieving isclation
of sach davice in the nebwarc

concentrator kot 2 set of nabwark

ral cable herz all she wnrkstations are

Hub
MNaode

Tl_n. 3.8: Star 4.Dﬁ§u.
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nuu._._.__._._:_.__inn_. e Com pfigs 3
g mmme e T U LT
LIt ——ieg = Ly
_H_m.-_u.-.-ﬂu.ﬂn.u. of Star ﬂ.n_Tﬂ_.n_mw."

3 Eas install. reconfia

ip  FY ._”..u.. Feconfiiune and wir
Cantraimad maragar ;

1] IR, W hafps ;
: MRIES In Iy T
i Robustness L2, if npe fipk £, nilaring

il Fast &S COMEE™ 10 fing bagadmee

: Fi fanesg _.u_ _u_r.._.-._.l.._.

PAultipts devices can transfar daen
A 5 c I e

Eliminatas traffe probiem

thaut ecllishar,

il po disreplions 1

wiit] Lt 51| " Feark fat,
puili]) Tt I5 285y T2 OEIRCt the falure ard taurleshon it,

glapdvantages of Star Topology:
i [T ceniral naede (hub or switch) i
_”__.”. phare i

1 15 requirag than ous topalogy.

1

LT ek
s aps T
SrE KAk fink s affectad.

i) Supportes by sewaral bardwiare an sofoears wanders,
H - 2

Compeatal ra::l:.w

1 the raty L
18 Fetwinirls shem conrecling e remnanying desices

vt Aoty tien ertire nebyors poos doan

e SMENSVE T (e it : , . .,
il More sdpEnsve han bus topoiagies because of tre cost of the concentratess (i o .y

Lh
rapacity of cerare! devica,

4, Mesh Topology:

. in a mesn network topoiogy, each of the network
pnoda,  CoHMpUiEs wrd devicss,  are
interconnectad With one angthar

b

. Eyery node not oaly sends its own signals oul also

relays data froen otner nodes. I fact, 2 troe mesn

topology is the ane where avery nnde ‘& conneced
sy ety oiner node in the nebaor.

« In this type of network each rede may send
message dactipation through maltipie paths.
wihile the data is travelling = the Mesr Mersark T
is automatically configured 12 reach the destmation
oy taking tne snortest route which means the eest
numiker of hops.

= This typee of topalogy 15 very axpensive &5 thers are
many redundant canmactions, thus it is not mosty
smi in computer netaorks 1 is 2 reomly used n
wireless nitworks.

+ A mash topology employs ong nif two conrect

topoiogy.

i In a full mesh pEbwoTl, Eal
this arrangemenit of podes, it DECOMIES |
node Lo several other pdis.

{if) In a partially connacted mesh NEtWe
than ‘one node. This & langficial over &

o . i dask
point-to-paint finks bietesen all the no

- = . - -" .-.
+ The nodes of & mash nework jequire passEssl

data travelling over the mtwnrk. take tha

ion arrangaments, full mesn

i, ebwOrk AOGE 15 comaeched T Buery TENET pode in T

sible ot

rho, omly 52T
fully connected nash

. some kind of rauting logic &2

m_.n_:mm_. _uwnﬂ.

i) Perfarmance arc g5 wall number of nodes winick can be added in SJch Togology = demenden on

_ML Caompter

Fig. 3.9: Mesh Topaiogy

opoindy o partial mesh

& pabwork, Due 10
2 erultarsous transmisson of gignals from one
potad o roTe

& of tra netwark niodes ase ooan
paused by tre

in terms of redundandy

that the signals and 1M

dyring each of the transmiEsinns.



Advantages of Mesh Topology-

__ Gomputnr ey,
Moty

Dts Communioation snd Compuior Manworking __ ————"

her systems.

1 ; . ypusable:
{il Mash topalogy Is rabust TFene link hecomes UNU=2

(i) Elirinates traffic problam.

(i) Each connection can carry its dn data load dug
{iw) Privacy or securily bacausa af dedicatad line- ool o
iv] Point-to-point link male fault (dantification and troubles

t n_mﬁ_mnm"m_n_ fir

Disadvantages of Mesh Topology:

« A tree topalogy can

il Mare cables are required than other ropalogeEs atwark topelagies.
fi] Owerall cost of this network i5 fe high &5 cornpared it device must DE connected to aye,
i) Installation &nd reconfiguration iz wary difficult prarause @ach S
other devioe.
i) Set-up and mainterance of tis topalogy is ¥
fv) Expensive due to hardware requirements such &
Tres Topolegy:
As its name impliss in this topolody devices make & I1ee
characterstics of star and bus topology.
In tree topology, the number of star atwarks are connected =2
main stem of a tree, and other star networks as the branches.
It is aiso called expanded star topology. Ethemet protaco
Fig. 3.10 shows tree topalagy.

ery difficult.
ables and inpubOUERYE poFt=.

etructure, Tree topology Integrates the

ng Bus. This main cable seams like

Fig. 3.10: Trew Topology

of star-configure workstations connected to a linear bus backbone cable.

« Tree topologies aliow for the sxpansion of an edsting netwerk and enable schools ta configure ?

network to meet thair nesds.
Adwvantages of Trae Topology:

Easy to install and wire.

Esst gs compare 1o _u.m_._m.;,..__u_um_“_.m__mur

| iz carpmuonly used in this type of topalagy.

als0 combine characteristics of lingar bus and star topologies. It consists of groups

pata GamMurenton BT Sampun; fy
= — Alming
T —— IAT

it Multiple deviess can traneio, 4 T ; Compulit Petwsrk
: ot : =R data i WL
giwl  Eliminates traffic seopag, i Withoet collision

[ Incransa the distarce = "

- ; v S anE b STE
iy Mo diSTUpiens to the napgr, kA raval betwaan netwiork desices
o - . 2 = TIEPNOrg 1y o L 5.
Easy to Setoct fauls and Bl Danmectin

T e Bt L s e AN
Suppored by sever THNE PATIE,
it _a.:u oW several hardware and sofhwar
It allcrdus 141 _._m.m..-.,..i_.n.. . - 3 2 UENETE,
SR o |5alat R
B 200 prinrites communications fomn didfarent compuiens.

Each noda in tre
G2 U0 TRe retwark having - .
_E_m_.n._m.m__._“_.a.. g & spaciic flued niemioer nodes connected to it at the nead (ower

pisadvantages of Trae Topolagy:

i1 Because of its bags; ;
E i struciure, tree Gt . ) :
_._m,,...,.aqr_m.n:n..._mn_. tapoiogy, reiles headly on the main bus cabie, if @ Draaks ot

M“_”_ﬁ. ﬂrwﬁﬂ.ﬁﬂﬂ.”#ﬂh M_.M. topolegies because of the cost of the concentraters (nun of Suiten).
_H””_d Hm_.._.n__”_“:”_._n__u_n ”._..__M_.”mﬂ“..uh.,__uﬁ“ .H..hn_ wmm.._.mn.h are sddad. the maintenance becomes diffioult,

. : . ; depends an tne type of caple usea,
{iy Failure in the cenitfal huts brings the enfir network to 2 halt.

g, Hybrid Tapology:

»  Hybrid, &s the nama suggests, is misture of bwo differant things. & nyorid topology s combination of twa
ar mars netyore topoingias.

« A combination of two or more differant tooologies makes for @ Tiybna fopoingy. This comiination of
sopelogies is cane ecconding e the requirenents of the organization Tn other wards, the 1npoiogy that
combines mare that one topolegy is calied biybrid bopology.

. _._”__.n_.m.n_ topalogy & used to conrect a network that = divided wnto smaller 52
sagments.

s Twa common examples for Pworid networ are star ring networic anc S1ar bius rebanre.

(i) A star-ring natwork consists of T ar mone star topalogies connected using 3 Multistation Access
Uinit (MAL) a5 3 cenitralized nub.

(i) A star-bus network consists of TWo o more
trunk serdes as the netaords packbori).

= Fig, 3.LL ghows a hybrid star and bus tepalegy.

dions also known 2%

punk (Ehe Dus

gtar topalagies connected using 3 Ous
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Dnts Commumieation ard Computer Notearking_ ————

Fig. 2.11; Hybrid Topalogy

1 this type of topalady.
15, withaut disturking existiny

Advantages of Hybrld Topology: .
il Unfka other natworks, fult detection and moubleshooting is Easir
fiiy It k= easy o incrpase the size of network by adding nevw comEenE

architectire,

{il} Hybrid network can oe designed according B2t
aptimizing the available resources. Specizl care can be given
where chances of fault are high.

(iv) Hyfrid topology is the comhbinstion of
that strengths of constituent epologies ara maxirnzed

Disadvantages of Hybrid Toepology:

i) One of the biggest drawhack of hybrid topology is Its design, Itz not easy to design this type of
architectura and it's a towgh job for designers,

iy Cenfiguration and installation process needs to be very aficiant,

i) The hubs used to connect two distingt nefwarks, ana vary sipeansive.
{iv) &5 hybrid architectures are usually larger in scale, they require 4 lot of cables, cooling systems.

rk devices, etc.

T - 3 *_ ol - 3 o

ha reguirernants of the n_ﬂm__,_mm.:_u_._ and by
b nodes where teaffic |5 high &8 we o

s or more topalogies, 56 we can design it in such a way
whila their weaknessas are neulrallzec,

sophisticate netwo

* The direction of data flow Beteaen fieo fnked deviees 15 called a8 mode of communication, There an
three types of direction of data flow namely, simplex mode, half-cuplex mode and fuli-duplex mode

Dirscticn of data Aow i
k)
.._a.“_m!.“

Kanior

1. Simplex Transmission Mode:

¢ In simplex mode, the communization can take
oiace in anly ane directicn,

# [In simplex maode, # terminal cen only sand
data end cannot receive it ar it can only
recalve deta but cannot send it. [t means that
in this made communication is umi-directional.

Flg. 3.12: Simplex Cammunleation Mode (Malnframe ta
Manitor drection of Data Flow}

s not popular, becsuse most of the modem

Taday, simplex mode of data communication
communications requirg two-way exchange of data.
s The some exampies of simplex communication modes are Radio ang TV transmissians.

pain Gomimunloatian angd Ty g Mo
T T |||h.._m.

.____n___._.b.._.._"w_mnm of Simplex ._.E;._m_._..__uﬂn

__h._._u

—_—— AN
—— Campuisr Metwark

[n COMPLEET S5Eem, pha sbinan
can only be used to arer 2. irybr ;
i o 0 BP dang jng Prater sne evamgles of smpler devices. The keyboarnd
putput .

= Damnig ksl =
WUIEr, Whila mofites ard printer can n__..._“_. HLCept _.u_1.“..,|_...ﬂ. Tk}

BT apd

A Maodg:

it Wery dmplo and eqy, ;
il A5y oy MUNICSice matyod

ill Cheaper in cost,

pisadvantzges of Simpley ._.__.m_.a_._._.ﬁu.E.._ Mo

i only allovis Sor enpm, Nicstion in il i
. ek oy
(i) Slmplax transmission are Nt ftan yspg e
ard. i
7. Half Duplex Transmission Moge-

.,.. ek 1 P h
HBLALSR 1113 not possible bo send back arnor e the transmit

« In haif duplex mode, the commurie.r h = : .
. PIEAtian can t2e placa in path diractions, but enly in ene direction at 2
FIme.

¢ [nthis mode, deta is sent and recaimed = ; :

ust give way in ordar b o d qm._.m?.... slematvely. [1 05 like & ane-lane bridge where two-way Taffic
.._.__. il |.r.m1 m_._.._. :.. .u..,.. ._ LH_._._nw. 2y ..,.._..r..:. I haf-duplex mode, at a time only one end Lransmits data
s = Teeanes. In sdditien, it is pozsikle to perfary ermar detecton ard requast the sander to

re-transmit information.
=] Chacion of s Powanime 1 -
Q-8
T
Clwwtian of dil Bowe ol e 2 .

hdcrentrdon [

The Imternet Srowsing looanp mxample of hall
duplex mede When wa jssue 5 rafuest 1
downlosd a wab dacument, then shat documert
& downlcaded ard diplayed bafore we isue
anather racuest,
A walkie-talkie operates in half duplex mode. [t ez enly send or receive a transmission at any given tire.
It cannot do oth et tha same Lira,
Advantages of Half Duplex Transmission Meda:
(i Enablas to o way cormmuristion
il Lo cast than full dupdes cospmunizaiion mna,
g}
Dizadwantagas of Half Duplen Transmission Mode:
il ©nly one device can transmit at 2 time
[iih High cost than smplex mode,
3. Full Duplex Transmission Made:
* In full dupies mede, the communiclition can taie
place in both directions simultaneausly, Le. st the .
same time on the same charnel Ful-cuplex
mode is the fastast directionel mode o
communicatan,
* The telephone communication sysem S an
awample of full-duple: communication mocs.
Advantages Full Duplex Transmission Mode: :
(i) Enables tow-way communication simt TANETSH
fi] Festest method of daté communicatiar.
125§ da;
ﬂ_uﬂn—.{.ﬂ—unﬁ.ﬂnﬁ EFull _U:_..-_HH .-.-..m-.__u_._.._nu._n___._ Mo
fiy . Mare expensive and comples method. o
. i vegulrad for data transmesEs
il Twe bandwidth channels s =04

Fig. 3.13: HisH Duplex Commupaiatian Mads

Clrectinn of duta firw ok e trma

Vicrkeisioe Worslation

Fig. 1.14: Full Duplex Commumication Mods

WAL




_Computar Ny,
¥

Rl Sl
Data Communiomilan pnd Compular Networking ___ ————
; I ther g
: pmputer ta ama LT
Types of Data Transmission/Communication: jgrmatian framn o8 € ti
*  Data transmissior mesns tansferring of 2812 n_”wa._m_qu ppic £
using & trarsmission mediam seal a% coial cab Lo
g
»  Types of gate trensmission mades are explained B R
P pparate Communic,
1. Parallal Transmission _“.n_u..-.__._.._zl_nu._"_n—.__”_ {5 o m_ﬂ,_t_._“..m?mn_:u.._w on sep Micatig,
* In parallel transmission, all the bits of data are trarsmi
lirves, Paralled transmission is shown in Fig. 213 s == =
»  Parallal sransmission = used for nid ﬂj”..lnlu.||1| 1
shart distance commusication. 111 e S e [
Q=== et
r Parglle]l fransmisson 15 .nn__..._._._E._____. .“ 1m.|1|1|1|.‘“mn‘|1|1|| g
used to  trensfor  date  from 2 .|._|-|..|1|..-.-1|.-.|-..-|- 1
computer to printer. The printer is . ﬂ-nll-“ﬂhmu\:}.ulu ”
- 4| f ar art of e | e P T e
connected te the perallal p 61 .|_|4|~||.i-..-| 7
computer and parallel cable that 1 1 =m0
has many wires is used |0 CORRECT = Commubcation

Fig. .15 Parallal Data
the peinter to compiatar,

Advantages: . .
e , d sirmuftanecusly.
(i) Fastest methad for data trangmission becauss o he data gits will be transmitied i sly.
It doas not require high frequency for operation.
Dizadvantages:
i} Costis high.
iil] Reguires separate lines for each kit of word,
2. Serlal Transmission (Communication]: ____‘___ 34_“.“. egt h”nw‘ i
e In serial data transmission, bits of deta fiow in sequantiad order through single commuanication line, Sera
transmission is used for long distance communication.

s Serial data transmission is shesn in Fig. 3.16.

s+ Serial transmission is typically slower than parallel transmission, because data is sent sequentialty in a bt

by-bit fashlon. Seriaf mouse uses serial transmission moda in computer.

mm (TS e o mﬂ

Transmimar Racesar

Fig. 3.16: Serial Data Transmisslon

Advantages:
fiy  Cnly one communication wire required.

Cheaper than parallel data transmission,

Disadvantages:
i) Speed of data transfer is show.
Tt requires high frequency for data transmission cperations.

prale Commeramiamion ing ry
|4 Ml Ml ey q

L i Coempuier Blabeesk

. ofie ﬂ_n__.r _..":_m_.r _ 5, i bks
7l Numibe sar af lin ....-:._“_.._H_._“n o [ | e
transmiis o | i _ Liria lirez, _ i lines
i | .ﬂ_.__-_.m._n_ ol data ._..x_-_w—ﬁ.__ﬂ T ._H I ||_ e _ —1
[ . e Slorey, Fast
4, Cost of transmnisgan N e T
EEE YRR Ty EAEY L B one line is raguired. _ Higier as n __1:... ame rauired
L. | Applicaticn F TALE AT
ong distards cemmunicallon | Shorl distance communicati
] .

- |

# Theme are two types _.__" St

— | Behween bun com sulers. liea cnmiparter to prirttar

i = 5
rANSMsSieTs v ! tretemissicn namaly. synchronous and asynchrareus both these
I Tt b U3 1

it Enehronization, it synchronization s a function that is required to deterrning
.._..._.__m_._ tha B2ginning and and of the data tra- ansmiszion occurs.”

_“_“_ .mu__...._n_.-_.ﬁ_._n_...ﬂ. ﬂn_._._.._.._.._.._.._nn._n_-._.

E

# Tn this type of transmissior, dam s transmitted blode-by-block or word-byword simulanaously. Each

block in this transmission ,_,.uu Conts saveral _.:r.; o A

= In synchroncus Tarsmission, 2 special commurication device krown a3 synchrorized dack is requined to
schedula the trarsmission of ribarmatizn. ._.?: spacial commurication device or equiprnent s expensive.

Ciraclor cf
n _—
Tranafigaiamn
= I Lol Era
mm |Fiag | Blockoibyies [Fiag | s |Flag | Blockoiuyes | Flag |
| 1
Traremiller | _ e gt | " Ratatver
_ Blomk 2 |< _ Boch |

Flg. 3,17 [a): Symehranous Daka Transmissian
«  Synchronous transmission does not use start and stop bits. In this method o straam is pombimed ints
longer frames that may contain multiple bytes. Thece is no Gap bietwean the verious bytes in the data

stream, ﬁmm m_ m_.H_. thill.

[Feacae+0] 100111 | paodaitn ] ootioodt | 011001 |

e

Trraction of flos
Fig. 317 |b): Synehronous Transmisssan :
Iri tha absance of start ana stop hits, bit sy wchranization is establishad Detween sender and recsie

oy "timing' the sransmission of pach ol €ince, the warous bytes are placed on the link witnout any “wn ;

AN ire 5 i WX " : o

is the responsibility of raceiver to separate the ‘ot stream into bytes SO 85 o recons ngin
=l . L r

infarmation.
* In order to receive the data ermoe
Synchronous transmission is used for igh 08
Advantages:
l8) Speed of data rransmission is ,.mq..,_.___u_. o
ib) Lower averhead and thus greater throughput

frede, the receiver and sender operates at the same clock freguant
e communication batween computers

Disadvantages:
(2] Expensive and ¢
(B] Reguires pro

omples data transmisson mthod.

pi ...”_. ._n._.:_u__u__.uw._n_.r.__._
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18 Communication and Comguter Networking ____———

Aatio frejt privibes
* The communication network established e n__“.__.“m_ m ...../_‘

purpose of connecting computer devices of _u#_ﬂ
use is known as the FAN (Personal Area Netwd + =
: i

* Fig. 3.21 chows typical PAN. Personal ared ﬁ.m_....q_u_...n
may be wired with computer buses such as LS8 2
FireWirg,

A& Wireless Personal Area Mebwaork _"_______.m_.b._.___”_ can also
be made possible with network technologies such Fig- 3.21: PAN
IrlA and Blustooih,

Advantages of PAN: .
([l PAN network is easy to use. No advanced SE0p is Ean___mm.nmn data sharing.
(i) PAN network is secured because all the devices are autha .ami_z_im w} N
[iif} Many devices can be connected o one device 3t the same 1l

(iv) PAM is an inexpensive way of communication. NI e nge is not affected. That gy,

{v) A person can move devices as it is a wiraless n
PAM is portable as well.

Dizadvantages of the PAM:
iy PAM has sl & transfer rate. : h
i) PAN s c..“wu?w:unﬂ,mﬁ_ devices such as smart phones, PDA, laptops, tablets nﬁ.h:_.% s
{iii) Signal range is maximumn 10 meters which makes [imitation for kong distance snanng.

£. CAN ([Campus Area Network)

* A Campus Area Network (CAN) is used to connect buildings acro

= A CAM is actually a type of Local Area Network
{LAN]. It Is larger than 2 LAN but smaller than a
Metrapolitan Area Network (MAaR].

«  Fig. 3.22 shows typical CAM. Fig. 322 shows an
prample of the CAM is the networking between
school, library and hostel. School management can
scress to library and hostel data through the
network. Any student with login access can search
the book by connecting its computer with the library.
Similarly, school staff can check hostel data through

their computers,

Fig. 3.22: CAN

& CAN is a3 network that connects two or more LANS but that is limited to a specific and contigucs

geographical area such a5 a callege campus, industrizl complex, or a military base.

e A CAN is also known as & Corporate Area Network [CAN), CAN is a computer network made Up ot

intercennection of local area netwaorks (LANS) within 8 limited geographical area {1 km to 5 km).

+ A Campus Area Network (CAN] is a network of multiple interconnected Local Area Networks (LAN) 73
limited geographical ares. & CAN is smaller than a Wide Area Network (WAN) or Metropolitan A1

Metwark [MAN,

« CAN is a computer network made up of an interconnection of Local Area Networks (LANS) withir?

limited geographical area.

Advantages of CAN:
fij CAN are economical and Cost effective way for data tranemission,
fii} CAMN is sim ple and easy 1o implement.

i) Helpful for universities and corporate crganization to wark B e

speed of data transfer,

e —

5= campuses of colleges or Universitiz

plsadvantage of Capy. — s

3

Communkalon spg r

Al

SO Mt
T

Carmipdilir Kalmbrk

[ CAN covers smy) Q8Barg
LM ‘.EHH_ Arpa :Uﬂ.tmﬂ—.”.._ Pical darg
Local Ares Mebwos: LA,

Bl

like a home, office b ..nmﬂ.._u...__..: Ny Taned neSvinrks
R H T

i 1k 105 km

. af sl i ; “......._G..:-_..." a8 small geogranhic snea _...m..mm. than L km),

LAN is a group of compie.. . SHINgE lexamiple, campas),
- 10 2 = e ]
devices ~annected by a o .m..nn.._.w_.m_.r PEnpherg!
. ! Lo

capable of sharing files 504 i bnications channel
saveral uses T resDurtes amang
L Reansinits: darm with o “Peed of several mengh
SECond 6 - “Blal megabits
per seco: F_w.n:..“ e $BCond). The mangmiein,
medium is normally coaxial canlas MiErnissio;

LAM links computers 5 -
. o s0ftware and hardware, in
the sama area for the pe

: . "Pose of shering information.

Usually LAN links  compysers wWithin 3  [imited
_m_m.n__wB_uT_ cal area because Erey mist be s nectad _.m.
a cable, which is quite expensive. 5

People working in LAM get maore capailities in data
processing. work processing and ather infarmation,
gwchange compared 1o stand-alone Lamputers,

Fig. 3.23 shows simplest fom of LAN that conrect two computars tagetner

A network which congists of less than 500 intercannected devices scross seversl buidings, i sl
recegnized as a LAN shown in Fig. 324,

Fg. 3.23: & Local Area Metwark [LAMNY

Cusiams: sarviis officas

: Piaricting dapsrtmant ofices

Sapsars for losal araa nebeoon

Fig. 3.24
nnecting personal rompUters End WOTK

_u_ siatian in .wn_"._...“..wq..".ﬁ..- =i and

* AN are widely used for o0
factories 1o share rasources g

s Because of this information exchangs st of the pusing
LAM,

¢ A LAN is 2 high-speed data
typically connects warkstations,

»  LANs offer computer users MEW :
exchange betwesn connected USET
applications.

& LAM have datar2

g5 and gQovemment crgarizalions are usng

L [ i1
3 relgtively smail geograpnic ares less than 1 krmn and [

rk that cowers : $
I vl comnpuiters prifiters, Sanrs, and oiher devices.
\ =1 - i
P aocast to dawices And aprlications, te

incdi Tared

Juaptaaes, incuding sl : s ) :
e .nmp.“;_.;:_nuzn_._ bhetween wsers via elactromic mai and ot
A CL :

ta 10 ta 120 Mops




Coen L8

R T — Sy,
b -._”__",w.m.
Onm Communicution and Cei Mol _——="
e el |.n__...__-2.H|III : 3
. ith any othef computers of the netse,,
Characteristics of LAM: h ..n__._..q._.__._:n.w..m W i n_uq..__u_..*_m__ i the netwark deoge i
) Every comguter has the potadts u..m_.mm e ileTE af o,

fiil - The reiiability of narwork & Righ 0%
the functioilng for Gt compute™ gfy pUTEFS-

High degres of intarconnect=n Lol

CHiy
(vl
a)  Inesprasive madium of
wi)  High data Lransmission rate,

[wiid Leags grpensve 1o install.

(i) Peripheral devices can be shared.

Easy physical connection it
data transmiss Ol

jocalhy ar rarmately o a fle sera,

Componaents of LAMN: o b erped
(i} Weorkstations; Workstations may glic: dat soffware and hardware rescurse; .,
(i} Servers: & server is 8 cofmputer thEE provies ey .
shared on tha LAM. ] ar
: fronfs @ 8=
{lil} Clients: & cliant s amy rpachine that requires spmesfinG
{iv) Modes: Each BC o the rabased B called 2 _.__nn_m_.._.u kit _”p...“__...u.. of LAk adapter, functing: :
. The Metwork Interace ke s
v} Network Interface Cards: Th i _..ﬁ_.,__n____."_"m_“__:.m__ o 11 LSt SBre Tt fTAskers,

interface betwoen the compdier ar |
. g1 i
{vi] Connectors: Coanactors used Wit TP (Twisted-Fair] 11€
irt cu - Tipanies.
it current use by phone compant et (NOS) sofuware acts as the cormy,

[ A
(wii) Metwark Operating System: The Netwark Operating 23 Tt Function t
center, enabling all of tha network hardesara and all other natwork software to function woeahe

e cohesive, organized systemm.
Advantages of LAN: :
i1 The reliabifity of neteork is high because tha
tha funetioning for other CoMpPUiems.

ded RI-13 and RI-45 modular ee My

fsiure of one computer n the network does not ey

(iiy  Additicn of new computer io nabaar % easy,

i High rate of deta transmissics ks possible

fiw} Peripheral devices like magneslc disk and prirter &N be shared by cther cemputers.
(vl Less expensive to install

Limitationz of LAN:
fil Used for small gecgraghicel aneas {less than L &mi.
fiil  Limited computers are conrected in LAN.
{ili) Special security measures are needed 1 stop users from using erograms and data that they shos
ot have adcess i natwork.
1 Networks are difficult to set up and need to be maintained by skilled technicians.

() [ the file server develops & sericus fault, all the users are affected, rather than just oné uiser |
case of a stard-alone maching

MAN [Metropolltan Area hetwork):

Mak (Metropelitan Anea Metwark) which s a netwerk co &
3 : VIR & y pabwdE
il computers within a iy, larger area than LAM, say &

LE

A MAMN may De awned and operated by 4 single organization byt |s used by a larger L g

individuals and org gnizations. A MAN can cover a geup of corparate ofiices 1 by an aan'
ar a towm ar ol ,

gither privately or pulslicly cwned.
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one f BWG canias ang 4 re. that wanrecs el areg apet, :
3 e i areg nebwores in a metropolitan amea. b BWUAK empoys
VEsIbchivg elarnents, whick sieplilies the design.

aile af yni : )
wnice and data frarsmission ower @ diatancs of up o B

Cafiguier Hatwiae

2 wojpe
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& The bnst Eample of AR
X iy |5 cinle +
il ar < CETlE talmyigiap 1
hill and signal vias ten pips 1y o0 eUlian. In Enair earty systems & larpe anterna was alaced on tap of
= 55 ber : a
o A BARH is smallar tham a Wil & b i
= A W
dasignea o exterd over 2 A [
) Firg iy
»  biultipte local ares petworks ¢
= POk (LAN 1hat arg oo |
speed backbone, L that are cornected an a campus o industial complee using a Hah

bWk, G ‘et anger shan a Local Brea Memwork (LA BAN is

+ Multiple netweds thet gre cop
= rarreched withim the same ciy 1o form @ cibyaide pem ook for 8 specific

governmant or indusiny, Any netearg bigaer ¢ : i
called as BAAR, ¥ MElveark bigoer than a LK but smaller tham & wits rea netwark DYAN] 1=

« Fiper Distributed DataInierfacs (FOCG i 2 geod netwark techralogy Tor building 2 BAN
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flg. 3,15 Metropoliian Area Hetwork (MARK]

Advantages of MAMN:
() MAN speas large grograpnical area than LeN

i) WAAM fallsin hekypen the LAH #0d WEN Lhenaon, i
rhod 10 esiabih B wite ane

fiif) WAAN time saves the cost atta
{lx) BAAN offers centralized Mars |
() MAN enables you 10 Cenn e rary fask LAMs togRiner
Disadvantages of MAN: o

pataen of WM TEGIFEs wgh 2251 i
i HEMM_” ._,mﬂ_ i hppomnes diifcu b amage it This s i o & secunty problem and

(i) 1§ WA pecomes HOGEET
i _u_.n.qn_-_. .. : e
....._._“_._?_w__1 m._...._”..._“h._m _U.n__m."._q_”_:_.q__.u_._ caaries of atacEmg backers an tve pateark coOmpare | &

iy In KA thets g
i ool peapie thik c2
(iv} To setup A it jRauines spchricel QEOF

creages the efficiency of franciing cata,
a network.

germent of data.

LA, 50 data may

n correctly satup MAN.
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5. WAMN (Wide Area Network]: icalions ptwork
¢ Wide Area Nebwork is a long-distarce O

8% & SLate OF courtry oF aven the e worid m_g_...__m.uﬁ__.___.nu__ il
& A whide @raa netwdrk s a bk Rt spare 8 g
aptoris (LANS) 204 1%.- .Han“_n 2
“_._....n.__..__m_ OF Prieatie WLy .

meit COMMION Bxafmple b

jitan Ared Metworks figa,

tha [rtermet. o SENVCE fESidens,

o A WAN is contrasted 1o smaller Locil Ared e
L&NS are hame or office metworks, while 3

ity much as in 3 ciywide wirglasd or WiFi netwark

i e ATy iyt
s The [nternet is 3 public WAN, but ther ’

private WAN is sssentially two or more LANS 50 s, WO
* A WAN provides long-distancd rardriBson _u_._u:..a_..
puographical armes that may R?EE...%. or naning
WAN cordsinens a collection of machines intended

Area Networks (LANS) jomed aNtO & single r.,

. imfarmEtan e -

u..“.# w & ] L |
il foblon Eractivc...
5. W will follow tradic.,.

usage snd call there msching Rost _
4 geographically distributed ratwark compased of Loca
retwork using sendices provided by comman cavrer.

Figg. 3.26: Wide Aren Natwark (WAN]

ot B entarprise eberki rronments i

& Wide Ares Networks (WANg) sre commonly Implem r Siaront .H.H 5 < WAN'S 50

which cormpany offices are in diffarent cities, stades ov colnties oF of i Hfi.:mi % AR
riare than one geographical srea and arg used to connact ramote offices to &b -

Advantages of WAN:
{il WAN cowers 3 (srge geographical sres 5o long dislance
fii) WAN shares software and resources with conncting workstations.
fiii) Mestages can be sent very guickly to anyone e on the netwark. Thess messages can have petLIres,

sesinds, or data included with them, (called attachments].

buginessas can connect on the one natwork

frél Expersive things (such as prinders or phone lines (o the imernet) can b shared by all the compuiet |

an the network without having to buy a different peripheral for éach computer,
f¥) Everyone on the network can use the same data. This avoids problems whefe some users may nas
oidler infonmation than others.
Disadvartages of WAN
fiy WiANs are expenisrig and generally slow,
W WANs need a good firewall to restrict outsiders from entering and disrupting the network.

fii} Setting ug & network can be an expensive and complicated experience. The bigger the network e |

G Expersive il is

(] Secuirity is & real isgpe when mary differant people fiave the sbility 1o B o sthet

computers, Protection sgainst Rackers snd viruses adds more complexity and expense
ivl Slow speed than LAN and PAN. ENpense.
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a cofleclian of individust netaorks connected by networking d :
iy th IO COMETOn exarnple which 15 3 Bng

*  An internetwork is :
a5 a single larga networe. The gl Intemet is
that connects millions of computers

* [nternetworking refers to the NEUET and pra
sdministration of :..E?E....Hﬁ Y, of computer commimication ataorks every authorized

internetwa e ot : . i

e g R ._.._..ﬂq: rirate with ey gther awihonzed mermiber (node) dinscthy or 1.”.“___@..&_

i TS T
mermber of which could £d . .._..u_—_:u__-...u___._..w...._ . sicle ared masbarks _._”r.._“mq_n_uﬁ_q.__wﬁ_..mﬂ Jia a LAM :
* It may consist of cevaral _n_.a. __,. o depending Lpon tna specific context of use ",
i ) tel i
WAN ariented communicatit

3 - o v % v
ducts that are reaohaenl in the detlgn, implementaton, ana

firel 9




e — = ar
- =
.ul..mlﬂ.llllll.l-l.lll] n..‘._ﬁ_qx.. or internet ag she 2.3
aln Communioamion and Computer Netwersig_———" pecome 37 LRI e Into intermetwgr, "
-

i b
pd, they s are Jo s
When two or more networks ane conned ol Inicaal naltt :
Fig. 3.27, the boxes labefed R represdt 12

which in
use of 7.__“.._.3...._......_..._..:..% devices. These deyices

Fig, 3.27: Ineernetwerk (T ihe the protocols and methods ygey
* Yoo architectural models are commonty used 18 dEEIE TR and TCPAP model,
intemetworking namely, Open System hﬁﬁgiﬁﬁw
»  Thers are three units of intemnetworking as explal : : .
1. An Intranet is a private network __Hﬁ is contained within an enienprise and _mhﬂuuﬂmhﬂmn_m“ ,:.ﬂ..h. tha
tinks tagether different IT systems, hardware, databases and other _.mu_._:_u“.&;m 95333 CFip,
HTTP and ather Intermat protoceds and in genaral looks ¥ka a private varsion Thermet,

2. Extranat is a network of the intsmatwaork that's restricted in scope to one organization or e
hewever that sdditionally has restricted cannections o the networks of ane or a lot of differer
sometimes, however not esssntial. IU's very lowest level of Intarnenworking, usually enforced in ap
axcaadingly personal ares. .

3. Intermet is a selacted Intermetworking, consisting of a wardwide Interconnection .& Governmenty|
academic, public. and personal netwarks based mostly upon the Advanced analysis comes Agen:,
Metwork (ARPANET) developed by ARPA of the LS, Department of Defense additianally home to t

Woddd Wide Wab (WWW) and citad as the 'Intemet’ to differentiate from all different geserc
[nvtermebwonks. ;

* A reference modal in networking is a conceptual layout that describes how communication between
devices should occur, For afficient commnication, the reference model Identifies the tasks involwed in
intar-computer commienication and divides them In loglical groups called __!.__Fm..m. with each layer nml_u:.?
ing 4 specific function,

* A communication system designed in such & manner is referred to as |; | architecture, Reference
model offers a means of standardization which s acceptable \dwide. Since

igirg the
camputer neswork are located over a wide physical range, pecple using

architecture.

The purpose of the reference madel was to defing an a
communication tasks that are required to move informati
The two reference models are Q51 model and TCPAgp

bayers wiile TCP/AP consist of four [ayers.

qn__._ betwaen different computer systems,
t& model, The OSI model consists of seve’

Sl

nmuikallon and ¢
pate E — TR Mt gy,

g8

051 Reference ?__._u__”_m_u..u.q_.. —— AN

g 19TH, the Iilernatioew

In 13 atlonal Qrggp..

) 11 ictps § . FHEEENDN fnf S

pllow the devices of ifferan) Migr _.n...”._::.h_ tardardizatiop, 1501 developed an anchitechare that wed
sctams. TR e+ ;

oL 1 ' ek ogether Lo communicate with differem opemating

u_._ “_u.ﬂm.._. n_u_m 1500 .u.qr.n___.,......

e _ CompwarHetsork

¥ dip _”_1. A
., yEr CETY ra TS an ke e
(I [zt i action (5T Tiefi e Mo I .__.:.._.u.___u_._m_ stapdard krawn as the Open Systema
and protocsls exist and OpRrate oo g .._._._..i_ .H.._._..m_.u._ e defeimines how hardware, safwars, topclanas,
r dnl crrelc : LU
. The Q51 mesdal corsists of e

i SHpg LTI
pransPOrt, SEESION, presan:gy s ."_H”_.:.._._.n. a0t ralghed
- Eatan |
, Cpen Systems Intercennacsics 080 ¢ o layers,
Orgarization by SMandardizarge, _._,.,“_.._u_m .__.._“_F s
o 05l modal logicaily grougs e .
condust COMMILRHSaton by
peferted toas lavers
« D&l reference model is a Iogjcy, |
mmunicat "
un?:n& COmImAl D,.F__J pra brted 4 e Sinrubaria ol Bk el
. 0151 defines standards oy whic): COMpATbarS can &
wiich gesem bt varkous aspecs of networsng.

o The Reference Madel defined by 0% ic alss an sxcallent mode to
understand  how  networks wor In the 0% model fhe
..._u_n..cn_....n._...umﬂm commlnicatiorn iz celired inte seuen lapers Each
layer of 51 model provides serdces for the nest .__:m...__.uﬂ._a._.m.u

ldvers namaly, prysical, data lirk, neteark,

eferance madel developed 'ty 150 [ntemational
fure

- "HANs and sets rdes, called arotacels, necessary to esidblish and
WD oF more partins. The madel consists of seven Suncions, afen

rarraar fer standands

for the netesork comarunicaton. Taday many
kocils ane

omrunicate tagether, 081 = smply & set of pratzcols

« Each layer commuricates izqicaly with its nssocisted \aver on the
other computer. Tha laver baundades thauld te chosen to
minimize the information, Flow somss the interfaces

« I 051 madel the packels are sent from ang Yaver w another in
the order of the layers, from top to beftorn on the sending
computer and then in revesss order on the receing compuber.
Fach layer of OSI modal performs a unique, gererc, and well-
defined functiocn. -

»  Fig. 328 shows OEl reference madal,

1 R ¥ Preal
Fig, 3,26: 051 Model
» Layer boundaries are designed so that the amourt o "iuq..._..mn._n.a flewwimg _”_c,._.._mm: iy ,.._,..m Jm_w“._._._ﬂ_“_
layers. is minimized. This is acoamplished by naving sach layer f_ﬂ.:_.: an open gystem use the ol
provided by the layer below. Corversery gach layer provides a sufficlent numbes of services 1 EE By
immediately above it
Functions of Each Layer in the 051 Model:
iy : 1 model (Laver 1} s refarred as phiysical layer. Physical layer deals with the
ma 5 % t = .
*  The lowest layer of ¢._m 05l i fohe interface and transmission T
mechanical and ebectrical specibicatiors o HE =
Functions of Physical Layer: i
o Plysical laver mMadimes B
(Y Data Emcoding: Phy et
t0 bettar accommodate the O
synchronization. [t determings. i
{a) What signal state represems 8
(B) How the recelving station ¥ H.e._”. gk
() How the receiving SLET v

x El - A ; tha PO
the simple digital signal pattem .5 and P. ...:. oy F..m
: f e phiysical mediumm, and %o @id in bit and frame

ary Lor OF
when a ‘hit-time” Sharns.




nﬂ_:..“_w._h.u..

— e My
T e . iny,
A Caminurdcation and Compulor Mehworklng o —— T ﬁnm!:__#ii [ the Medium:
us 5
(i) Physical Medium Attachment, Accommodating Eq_n__ww o the medium:
X L . [ = -
() WIT a1 extorna) eransceiver (WAL B2 ,._m_u.u.n_._.n__....__._wn...._m._“ S 1 pir i f01 nemitted
(b} How mary pins do the connectors have 87 ps mrcacied pits will be SR o Dy,
grhat £ b

[iii} Tranzmission Technigue: It determines wi
(digital) or broadbard fanalog) signalirg.
v} Physlcal Mediuom Transmission: It transmiits B
phescal medivm, and detamines:
(al ‘What phiysical reedium opLicns can be usad.
by How many voltsdb should 52 usad fo magnes

scrrical o ogtical 3lOnals spPropriate 1,
its A% ke

using a4 gi
Sh e esan slgnal stete: €5 2 Gven gy,
rmedinm, tion of the aits __”_.. Prronigh
vl Bit Synchrenizatfon: The physical layar _“_.E____m._E the m......__..._.:.n__.__ﬁ o «-.FLn__.__r Kl
: Tt : T lEation - ..
clock. This clack contrals beth transmitter as well 85 [ECEHVET L o
|Ewel, d
- » | | ‘
{wi] Provides Physical Characteristics of Interfaces ud M
device connects fo network mesdla.
(vit} Bit rate comtrol Physical layer dafinas the
secovd, Tharefore it definas the duration of a bit.

fwiii) Line Configuration: Physical loyer also defings the , , . .
medium, Two diffrant fina configurations are used peint m point configuration and mulspg,

cenfiguration. To activate, maintsin and geactivats the pbgsical nn_z_.__.mﬂ_a:.
(iw) Transmission Mods: Physical leyer also gefines the way in which E._m data flows between the py,
cannectad devices. The various frersrmission modes possible are S MEEs iFduptex and - duply,
{x) Physical Topologles: Fhysical layer specifies the way in which the different, devices/nodes 5.

jutc Physical layer manages tha o
¥4
rangmission rate L2 the number of bits seat i Ghy

way in _...._.._m..u_._ tha dagices are connactag 1o the

arranged in a netwerck La bus, star or mesh.
{xi} Muttiplexing: Physical laver can usa differant tachnigues of muftiplexing, in prder to improva th
CHANM aificiency.
{xif} Circuit Switching: Fhysical laver also provides the circuit switching to interconnect diffieren
netwarks,
*  The major protocols used &y dnis layer include Biuatooth, OTM (Dptical Transport Metwark), C5L
IEEE, 802,11, [EEE 28023, and TIA 4449,
2. Data Link Layer:

* The second layer is referred to as the deta fink [ayer. This layer defines how frames of information an

congtructed. Generally this mean defining how bytes are combined inta units called frammes,

* et link layer sends data frames from the Metwork layer to the Physical layer, The transmission of the
data over the communicatian mediun is the responsibiiity of this layer. The 0s and 1s that are wsad it
the communizatian are grouped info logical encapsulation called fames,

* Data Link layer consists of following two sibelayers:
{1} Loglcal Link Control (LLC) Sub layer:
*  LLC sub layer provides interface betwaen the madia accass e
Internet protocol which is @ part of TCR,Jp protacol suite.
# L1C sublayer detenmines whether the CemMurication i
B criented at the data link layer

ds and network laver protocois sucn @

ptn Commuiention and o,

il ‘Madium Access Canyy, ™

going ta be cennectionless or connectan”

— Bl “._|2|_.._q=.“_q2

-—_3n
—— Crnirzuler Mahaork

pAaC sub laver & MESpohsinga .“...H_ S layar;
the actual _u_—..”...u."....m add 1 ..nﬂ...u...:..,.ﬂ by

. T D thg e, PRYSCE media At x
o Such 8 packet is cajlgy b " Detica, oy .._._nh...F._“.. uu_._uu_.. At ._.1.”_.__:._:. subllayer of Data Unk layer
sgurce JEVice 1o destingra o 09 rsing I i i e
N G 4l the atdressiag infarmation recessany to Yavel fram

punictions of Data Link Ly,

_"_”__ Link W...nﬂ_...__mm-._.._._n_.:" B
N Term;
Misthon: 1 ¢

*Fablis BE and termmates & | irk he
i Sandish 5 imakes tha oizal lirk Rebwasn Do
‘-_H_ “_ﬂ__m._nm_ Al dr mﬁm._._m_ G5ty Crend
. =ur

of sander and/or FECaraar |p ¢ 4 _“_.u__.__....m.. Jata _.._r._n”_._m_ &dds phywslcal adimesces [MAT addreet
In the hegdar - i Ee5 M T pridrene)
fiii) Frame Traffic Congpg). it 926N o eack frape,

frams _..__.__.._"mq._n % ol itk _.u_.u_...mu e

Hlp. the Lanziiting nade 1o “Gack-off algonthm’ wien no

i Frarme § ‘T
liv} Frame Ssquencing: _.Tm?w.:__k_.e_.m..._m. frames sequantially

(v) Frame Ackmewledgment, .y firk lnyer praid
; Ter pravidesferpacs frame atmioefadgrenly. Detecis ard

recossrs  from BT th
LA o | A I I
frames and handli AP In the phiysical leyer by retrapsmilting non-acknoatedged
“sidling _.__.“E__nu_..m_ irarmp Tenzint = 5

(i) Frame Delimiting: Daty [ ju

: el meates ard recognizes frame boundaries
wii) Frarme Error ¢ o k5 i ariTEs Tran arios,
_“ -.“ F._mnr._.-._ﬂ ”.r_w._. ___ L8 _w_..nq L -.-Hrln. ..ﬂFJ.:n.Tu wqm_u_mm s n_—_ﬂ-.._qw_.lu..

(wiiiy Media Access Mana : :
R PEMENt: It determines whan the aode *has the rignt* to use the physical

L H_“M—“mwn“u“q“_u“qﬁ.mq”__._“_TMqH.wnmn :..mt_m_...._n.. _._.._..u”,._m_._._.mv._..._.m..__,.u.__._n_._?.__._ wry Diata Link layer that pravaeris
s SWNINg the dlow receivar, I the rate sl which dabs is absorbed by receiver s
le=sthat the rate produced In the serder, the data link lzyer imposas this flew cantrol snachanism,

(x) Error ﬁ.u.:n-,n_“ Data lirle layar providas the machenism of arrar contrgl in which it delecis and
retransmits Camaged o lost frames [ also deals with the problem of duplicate Tame, fhus
proadding ...m__.“._w_n_#..“...nu. phiysical layer,

{xi} Access Control: Whaen 2 single commurication charnel i shared by multipie devices, WAC sub-
layer of data firk leyer nelps S0 determine which device has control aver the channel at B given
tirme,

(il Feedbaclke After transmittag the frames, the sysem wails for the feedbadi, The reCeiving tevice
then sends the acnowledgermen frames back to the source prowsding the teceipt of the framas

The protocols are used by the Data Link Layer Includes Point-to-Point Protoco! (PPP), Palnt-tg-Foint

High-Level Data Link Coatrol HEWC), Sedal Line Interet Protocoi (5UF), spannirg Trae Protocal (5TF)

Addrass Resolution Protocol (ARP), [EEESILI, ARCIET etc

3. Network Layer:

*  The third layer is in the D5 Mo
tonstructed.

* Network layer is rasporsible
physical add resses, It determines

St vk Ly iap sowters [etwark leyer inermediate systems) an natruct a

i s Makaork 18 :
0y~ Submet ._.._u..q..m_ﬁ nu.:“a_uiwmﬂwr_ _GU.E_.E sransmission when the reatter's buffer fills ug :
sangling station to et gtes logical addresses, of names, int phyysical

(i) Logical-physical pdvess Mapping: [t sl
addresses.

dal the metwors Jayer. This layer defines how packets of data are

ible for addressing MEssAGES and transiating logical addresses and names it
tha pouta Fram the source to the destination CompuTar,
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asd__- prpck of frames fop,. ~ |
== gp t arg
tn Cammunipssion and Computor Networkiog _——=="""__jjgns B keeP iy
Er _...n.u_._..__..__.__u : e A
(i) Subnet Usage Accounting: IL 1é= 2 otk By 5 - _u*.h .n__m.m_ s“r._.:_ Vg
subnet intermadiate Spsterls jrias =7 S P different tYPES SF nepay,, "7 |

)} Internetworking: One of the T2 0 jiog coMMER ) arkes eo formm @ S by,

bebwean differant aehecrk. IE P car be combined togethar |
hecausa af this lager, we Can conbilr _.m._n_..__.n_q.m....m soa on intErnEtaorg C1

h e ; T, ....._Jui.
At hnn_-ﬂu_.i_“_ _..Huq..“_ﬂ,.u_.n:ﬂ__”% In Jdress distinguishas each devicg gy,
Digger natwarks or NG g
retwark layer defines an addressiid B

——T :
.. togather to Create inkerna;

znd univarsally, : : cambred = : ; "y
4 (T e + ngtworks ar li8 B £ C 4 nation machine. The nenycy | 5
(vi} Rouling: When independent © aurge machine ba crce 10 destingtion. This i gy

muitinle routes ara possible from 5= ath 75 bast fram = e
pratacols determine which mov frraes MO : .
network layer is known as reting. :nzﬁ__d. E.._ha siorn the UERE |ayers ._.“.___._.n MH_WH 5 N By
y i o the J27 i, THIS ZiNg i# ey
(wii] Packetizing: The networs _E.mi_“..“hq“n_nmrm i5 kpawn 25 packetz g g ;.._._.r..
by encapsulating these packets.

% r _“_uq_._._m_”.
Internet Frotocol (IP; thar defines its Wi packs

g the larger packets into siall fragmang; i
NG

(vii) Fragmentation: Fragmentasian mesns dIERE by phiysica’ [2yEr protocal. Far this, ny,,

maxiimum slze for 3 fransportable packet __”._.___.Wi__.__..__m“,_i they can be gasihy sent on the Prpig
P ts wato fragmerts 5 ; isslon unet (MTL) siep s
fayer ;:Em”m the large packs : 1 positer's maxmur T : ! SR g
medium. If it determines that & dotwnsires ¢ fransmission and re-essembly o #

; 3 frame fo
than the frame siza, a router can fragment

destination staticn.
| P
* The network layer uses pratocols sush 28 [ntermet _";_n,ﬂnwawmm_m
Intemat Protocol wversion § [PvE) Interet Coman ilPsed). |
Management Protocol (IGMP), [nteriet Protacal Sa0Jnty I

Routing Inforrmetion Profooa! (RIP) ¢
4. Transport Layer:
= Laver 4 of the O8] model is the transper layer. Transpact
Transpart layer ensures that packats are dalivered erar free,
Transpart layer provides flow control, eror handling, and solv

«  Tranenoet layer provides following twa lypes of services:
{i} in Connection Oriented Transmission tha recesing davice sands an acknawledament, back o fe

source after & packet or group of packet is received. This type of fransmission is also knowe &
reliable fransport method. Because connection oriznted fransmission requires more packets di il
across network, it is considered & slower transmission methad, .
fii} Ir Connectienless Transmission the recaiver does not acknewledge recelpt of 2 packet Sendx
device assumes that packet arrive just fine. This approach eflows for much faster commun s
between gevices.
Functicns of Transport Layer.

{i) Segmentation of ___.__—E._.E,u- into Packet and Reassembly of Packets into Message; [t aoEpid
message from the [session} layer above i, spits the message Into smaller units [if not alreac) ard
eriougiTh AT e the smaller units dawn 1o the nerwork layer, The transpore layer @
destination station réassamblas the message,

(i) Message Acknowledgment: It provides
acknowledgments.

iriternet Protacal version 4p
protocol (ICAP), Intermes _u_._.-...“
ntepnatwort Packet Exchangsz

1ayer it rasponsible far packet creatior
in sequence with na lasses ar duplictior
g5 trangenission problems,

i : ) i

1.1

COmMINIERSEr: mrc
— — o ST
[l T Mty
gil) Massage Trathic 2 T im
are availatle, PO It g T ——— ComuterWoweark

HIMiting cpee P E
JREEE e i Multipigy M EL2tion o hade of " whien nc message biffers

__u_m_ Ty
b HALE of ......__.._.“. _q_._:.__....m_n FEukpal
§ S Maee / L= ol ot 4

1 Service Paing Acddragsg), e B0 by _.._u"._.n SUEAME, aF semsions ario one lagial link

i i " LN testiorg

FUnning on zq) i The nyp- !

30N SOUCy g PO b

L = ANgtng, ropert liyer is to CHIWENY mresage framm Gne arocess

that seua Lt ]
B waral Rrograpy 5n Pricesns rnrleg on

: destinatlom mgckine, [
the messp . = O machine, [X may ba pos 5
: HE 10 compp Pricags | H4nming an both she mackinas &t a e In o Hindiwicy
peart address - e - At In cader to dajpoeny

..:—__“_-u_...
Far addpn: - BYEr heade: indod Ly
; ] Hrags, T A= indudes & ype of address ratled com
ME3SEAA 15 delivered 1 4, " b saecifying address, tran i S s
U ppy e = o R, LEANS00n Wer makes suns fhak the

{vi) Flow Contrel; Like gy, ik FrOGEss an ductnatigr i

SUre that the sandor g m.m

centrol prevents the o,

Here, flow aontrgl

e, _..m:m_...-_._“ Iz

PRI als0 perfonms § 4 e
BuBr ooy S <IN T conbral. Transpor layer mgkes

S _._m_.“._.._.__.._._n.._.n_.. o & rata thay both can hardle Tnerefara o
5 Perfommeq g . ] dits peckets faster tnan the destiration cn handle
(v Ervor Comral: Like g : Hrieerd rather than acr a lipk :
perforted end-to-ang ....q_.."“q."_w..un Hansart iayer alsg perfiTng error cordroh, Here srmar conteal is
= &l . . T =
Entire message amua: = tha ?.H .w.q.,n_“_ﬂ g argle lirk. The serding Trafispors layer ensuses that the
- = 2 e - e i ¥l
Error correctian i5 achiaved Tirough .MMHH“M et R R,
=8 I .
»  SOME Protoceds wsed by dran inc :
e _a._d_“,_..ﬂh_n“.nmn_“ﬁw niluckes Datagram Congeston Contral Frotocol (DCCF), Swreamm
SEHLTRL Iternetwork Packsl Excharmes & E
f 4 hange! Sequerced Packst
[PSFL Structured Stream Trapsane 155}, User Digtagram Protace) [UDR et ackzt Eachange
o WSET o L=ET el

5. Sewzlen Layer
*  The s2sslon laver is tha 5 |xes of fha o kel
A ver of tha OS model. Sassion layer estabishes, mairizins tha iperackions

betwsen communicating syser,

» mmﬂ_n__._._.m_wmﬂ allows two applcatione Aunring on differant eampeters o estalish use and end &
connection called 2 Session. Session layer perforns name recagniticn and security,

*+  The sesslon layer allovws users o0 diffarent mackines 1o establish sessions henwean them. Sessrans offers
vanous services, inciuding ddague contro.

Functions of Sesslon Layer;
()  Session Establishment, Maintenance and Termination: It &llows two application processes o
different machiras 1 estehlish, use znd terminate a connection, called a session,
(i) Sesslon Suppart: It parforns the functions that alfiow these processes o communicate over the
metwork, performing ssourty, neme “ecognitian, 'agging and s on.
(i) Dielag Contral: Diakg comtral is the funciian of session layer that determines which dewice will

communicats first and the amaunt af data that @il be sent Whan 2 devlce i= contacted first, the

session |ayer is responsible for detamiining which tevice parficipating in e communication will
1 . :

transmit at & given time as well & controting the smount of data that can be s2ntoinoa

transmission. This is called diakg cantrol. The types of diakog control that can take place indude
simplex, half dupias and full dusles.

ﬂ ﬂﬁ [ i ] i : = _u__m. _.”u__ addir _M
nu-tv —u-ﬂ’u m a nﬂ.ﬂ_-_ o mw._.i-i__mn.ru_-. __._m FESHCAN .m__mq = ﬂ_..._nn _..u.m_u_.ﬁ_ 151 I
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r E__-_ arm ¥ = Erung m L m

i knenn as dialog saparatian.
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Dutx Combniation and Conmptsr Mepeoreilg _ _ ——— . _u_...n__.,..:u.-.__ _._L._._.T..._. Poet .... Peint ﬁ_.u__..mm-
» Junneling word AUtheTicatan pr, 4
*  Tha srotoools ysed in sesbar lyer iRC0ES E...._w._.m_“_n. _ﬂ.._..u_._.T...n_m.". pas fFast el
Pratucal (PFTP), Setwork Gesic Inpt Cataul 355
Seckets Dinect Protoonl (S0P ers
. : of the CEL mpg
B, Prassntation Layar 1 capeits 163 spanslatar larsr BE2lany,,
*  The B igyer of OU madal is the Aresentslion rer = :
I5 resporsibla far dasa converman and enTyEEan- - o yed B the applisetian l2per into 5 nuj___._.__._ m
e ; tz frani a fam . - o 3 lormat knoen
*  The presendation lapar may translate da ate e o fanmat ko thy

format at the sending stelion, and e frans
application laver st the ramasing station.
Fupstone of Arsmitatlon Layde P——— e L the presentation: jaye.
(i} Transations: Differenr compulers ase dl ods, THe presentatice (.,
responsEible foe ....:..._._...?.:u_u_._:.n behween thesn differ=nt .n__._u..._n._._..q_._mmﬂ.__._._n“_”.._._.__w.‘. mnig u_u.nn.._.__._._n._ qM_._.._....a
at the sender changes the information fram i senwer-HEpEnat .:._n.._ format into its rag ..F
Tha prasantation laver at the receiving maching Shangs the com A

£
dezeidant farmar, : & .
¥ all bus the indgpdg.
(i} Encryption: The process of rengaing 8 messape (ar dats) Lineabe e il
recipienss, wha have the abifty fo decreat it T —
{iif} Compression: Reducas the number of Hits 2o be trarsmiltes. S N : e
Extenzicns [MIME] Met,,

* The prasantation layer uses prafossls Altiourpose Incermet Pt -
MNeswss Tramsfar Prutocnl (NNTR), Transsart Layer Secury (T2S) and Sroura Sackets Layer iS5 et

I, Application Layer:

= Application laver (£ (op most lepar (Leger T)of Q5] ey
Application layer provides tha inferface and services that supgorts user aoplications and providg

qaneral access to the netwark. Application layer servas a5 a window for 6pplications to 300228 netagr;

madel.

GBI A
Functions Appllcation Layar;
(1 Network Virtual Tarminal: it allows 3 usar to bog an b3 & remota host,
(i) File Transfer, Acress and Management (FTAM): This application allows a user te access fles n
fernota computer ito rake changes or read datz), (o retrisve files from a remaote computer, and i
Marage ar coniral filas In & remmads computer.
(ifi)  Mail Serviee This appiication provides the besis for e-mail forwarding and storage.
{iv] Remote Logins: This layer allows logaing Inta a Aost which is remate.

{v] Mebwork AbstracHon: Provides an abstraction of the urderhlng network to an end user and &

application.

{vf) Directory Services: This application provides digiributed databese sources and access for glota

irformation ebout various objests and sanices.

Application layer uses protocols such &5 Secare Shell {S5H, File Transfar Pratoool CFTPY, Trivial File
.......n.....&ﬁ Frotocol (TFTP, Smple Mail Transfer Protocal [3MTP), Intarnat Missage Access _u_.n_w“u_n_...,_ AMAR
reverse Adclress Resalutian Pratocal (RARE), Anatsirap Protocal (BOQTR), Simale Netwark Managemeant

Frofocol (SNMP). Border Giteway Profocal (BGR), Hyperpx tTransfer Protacal (HTTE) et
The main benefits of the OS5I model inclide the follawing; K
Helps users understang the big picture of networking,
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Layer 1, 2 and 3 ar2 the ietwork sappont layars hey danl wilth physicel aspact of moving sata from ané
2 1E5VD : g . ok ; 9 s

dirvice _+.n atether (guch as electricl speeiication. physical connection) Layer 4, gnsures end-io-en

{ A, gr suppart [3yEn
rarermicgion. Leyers 5 6 #rd 7 #re L |
s _ emerted by softeare lowar layers are & combination of

L e by “_m.._.,a.m_.h__m.mh”“a...._..mﬂ_ i% micesky hardwers.
”””_r“_”“n_mﬂ”””_.Hm”_””.mm mm...w bags for tne 051 Hefarence Wndel to provide flexibility and
open-ended nm_.._mn___.#___ thircuign defioed in
e e S _”.m_.__“”_.ﬁ.m..h._ ara adbared i, &nim

mn_._mnm.

taripiEs : :
anged while leaving otrar layers unchangea. in prirsiple, a5
plementation can stil work,

long as standard interfaces to LN
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Flg. 3.5k Ceampies of 05 Madsl with Layensd Architeciine
EXE] 1cr/1P Reference Model

= TCRAP stands for Transmission Contral Protocol/nternat Protocol, TER/P model was developed by 1he
U5 Cupartment of Defense (Dol) to conneet multiple networks and prasarva data integrity.

The TCR/P is the conceptual model and set of communications protocols used on the [ntesnet an
similar computar nitiwvorks,

The TCPAP protocol suite ls named for twe of ity mant importart protocels Transmission conte

pratocal (TOF) and Intarnet protocal (IF), The TCPAP protocol suite establishes the teshnical foundatic
of the [ntermet, i

FERAP protocol suite slso called as Intermet protocal suite, TCRAP proyi !
vpecifying how data should be formatted, addressed, transmitte, E_H:Hnﬁﬂ“ﬂﬂﬁ _._“__““”__w“".hg
TERAP protocsl mode! came alftar tha CS[ rcclél and fhe nimbers of m_._____!.u In TCPAP differ from r_."m_._.._..

the Q5 model. TCEAP madal __...u__..._ﬂ__.._.mmu af far lagar
& nam niEhwo ]
Aetwark .."u"..._..q._. Priberrret, ___..w_.._“ﬂru__.ﬂ and B_u_u_mn.m__n__..___ 1.___.. rk BCLEgS __.m._m_u called higst i1

The netwark access _.n.”___lq n___" .__._”.?.__H_ﬂ J.vﬁn_.m_ COrna
; Bponds fo i ; i
s yers of %1 ___:,r.h q:m,,EE_..E oy commponds 1o m”._____@ _Has.”“mﬂwz of physical a:u_ &H“ _w
application layer _m.ﬁ._mL _._.._w Mn._mr,m.na sesgion, PrEsentation and application _____mq S _._._n_n:m__ ___.._._ 1
transport layer of TOF/IP performing a part &Eﬂn._._nu:____m.ﬂ X deilo Aygrs of 05l mode! Wil
aver of OSI model,
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Flg. 1.33; 041 Madal and TORTR Modal

Layers in TCR/IP referance miocel are axpainad below

1. Application Layer:

*  The top/highest layer in the Internel [

gferesice madel is the application layer. This layer prowides

functions for Lsers or their programs, and it highly spes fic to the apgiication being performed.




S ||nw_._._.n_uu..__.e=
|n_w_-lnn|i=|._..._.m-=|u_-.. and Compurar Netwerking . o L = 1 commUrCate ove Eha 1.“.........._..n.3”_..m
*  Application 'ayer provvides the sarvipes that user mﬂﬂ_ﬂnn_u.-_“_—mncﬂﬂmﬁm_ .n;.n.nn.mmﬂ.m RILES 41 o __._...w.n.. ._”._.

it is the dayar i wiich ieraccats natwork .?._.._...nmm__...ma_.p..”_.—.: sy LGRS B et awar, g
Users nteract with directy, as el as ether processes 2 BH t ﬂ.n_,z_..._m... transport Protecals 1o dejy, d

*  This laper includes aij applicatians pretoco's ¢hat use e __._..,m .J._.:. and decryption and com Pressig,, il

Other functions that pracess user data, such as dati BRCHEEEE "™
decomprassion, can also reside at ihe application et eetions] betwaed cooperating *BPlicas,

" ._-n.

*  The application layer slse manages the sessions HE_H_.___;u.L_ host programs intertace with 1.,
Appiication layer defines TCPAP applicatlon proftacold and o
layer sarvices to use the network.

Functions of Application Layars:
) It provides different serviess such a3 ma nipulation of In
files of information, distributing the results o,
() The funchiens such as LOGIN er password checking are also pertarmer
Application Layer Protocals:
() HTTP: The Hyptartext Transfar Pratacal (HTTF is usad B2 transfer filas nat Ak Up the Wep Bty
of the Warid Wide Wab,
(i) File Transfer Protocel [(FTF): A profocol that enabies & ERRE R el complere Files
fraim a senar,
{iil} Telnet: The protecsl thet iats vou connect to anather computer on the Internet in a teqr,
ermlaticon mods,
fiw) Simple Mail Transfer Protocol (SMTR): Ovie of servaral gay protocols that are used 1o Provios ..
mail servcies,
(v} Bemain Name System (DNS): The protocol that allows you to refer ta other host computer,
LENG names rather than numbers,
2. Host-to-Host Tramsport Layer:
* The protocol layer just above the internetwork layer is the host-to-host fransport laver. The Arimary jog
of the host-1o- hast transport layer is to faciitate end-ta-end communication aver an internetwerk,
u T 4l - - e L) g 1 i
:.“ responsible for praviding end-to-end data integrity and provides & highy reliable communication
._u_.m e for entities that want ta carry out an extended two-way convarsation.
* In addif i i
_ o to the _.__”Eu__ transmit and receive functions, the host-to-heet transport layer uses coen and
tiase commands 1o initiate and tarminate the connectian,

*  This layer eccepts Information to be transmy i .
i3 _ nemitted a3 a stream af cha i 1
the reckoant e recters, and it retums information 1

# Th i i
H..m Hﬁwﬂmﬁnﬁ ﬁ_._ﬂ.w nwzngﬂ ef & connection jor virtual circLitl A connection ls the state of the host-
] Arer Letween the lime that an apen command i i
! I h s accepted b te
and the time that the close command i issued by aithar computer, E .
= The transport layer is wher i ._..__nm_w.
! 1€ sesslons are establishad
Twi core protocals are found #t this layer: el R o
Functions of Transport Layer:

Ty i ‘eral Ways, rotransy
farmation i1 S T 15 Erring

i

by the application oy

..._.._.

It wses TCP and

TCP

it UDF protecal for eng g end fransmissinp
i% reliahle and cannection HEnkad protacn) |
: I.
(i) TCP also handies Nlow contra)

(v} The UDP is not rel

(I

izbie and 3 " rm
Fennection less protocgl alse doag ngs Perfarm flow contral
contreal.

1

ﬂ_n__._.__._._r___n_.___h_._ and
i T
gransport Layer Brogg,

i .__1._5“5_3“5: Con
Mgl gy
twe hosts, Tep

Hhing

T _nu._.__u__._.l_.‘.l_.l.:hr

Establiy I Fro,

the hosts, Rl T YOS rafahly po
k= SEinp _.._r.-.....nq__. e “_u_.n...:_. “orectian ariented transmission batwesn

3 !
{il} User Datagrap, Protoe frd ten ensuires delivary o1 parkets bebyenn
delvery %! 0P g,
YR CONMBMlantece

Internet _..ﬂ_—.n.ﬂ WEnRERE, unrelialie CNE-10-0fie or one-ia-rma Ty

The Internet laver of Tepyy |
reference medal, 4he e m_”_..c.m ”ﬂ..n..._u._ﬁ.. with
e P R U b .
« This layer g ESpOrsible g, o DTk aepe; layer s cafed 1
N s NG miasea e
responsitle for BN e e, _.a.d..._.,u..“..:___ﬂ__n_m.u thrauah interratwarks,
computer that hae b et ¥iin, _...__u_._ﬂ_._...__n_._.“_m.r The first dewice i
i Hief cg
This COMputer accepns g s
L 3 _._m..-_..,.._:. k-
1o & different RENOI 4ia the m_u“n.n.m.__ M ane nebwark sn ane netwierk cand and routes thasa packets
dedicated hardware deicy ha n.m_“_ 0 nebweck adsprer carg. The BBCONE Oevice i5 3 Fouier E_.__4. & 3
! 5585 Pack . Fauier, whic
Internet Layer Protocals; Rackets fram oam network te a diferent natwse

(i} The Intarnet Protoep| )
L | .._u_._—“w_&m erotacs) rp 5 r
fragmentation and Feassemaly of packets Frotacs! responsible for (9

il The Add i
iy rest Resolution Protocol 1ARP) s reszonsible far the resalutian ol

acldress to the Natwark IPferface layer acdriss such as a hardwarns adédress
Metwork Acecess Layar:

=  The netwark acc i
data is physicall e [2yer s tre lowsest layer in the Intemet refarence model, It defines datails of how
. ; Hﬁﬁ.m £ 3 ~.H_=.Em__.. the network, incluging how bits are elactrically or aptically sigraled by

.m.aqa_.m EvICES that inierfane direcily with a netwesk medium, sueh as coaal cable cptica! filker, or

twisted palr copper wira,

* This layer contains the pratocols that the computer uses to geliver data to the other compters and
devices that are sttached to the netesrk

* The protocols like Ethernat, ATY, Neighbor Discovery Pratocol (NDP), BOZ3 etc. at this layer parform
theas distinct functions:
i} They define how 10 use the rebwore to fransmit a frame, which i the data unit passad across the

th i L .
B retark laver of the 05 madel, n the Interne

& irternetwonk Layar

Twa types of devicer sre

calied a gateway, which is a

atkdrassiag, rauting, and the

b Iriberpest layer

phiysical connection,
{il) They exchange data betwean the computer and the pysical network.

_"m._m”_ ._._._mu__. deliver deta between o favioas on the sama neteork,

Unlike higher level protocals, the retwork access layer protocols must understand the details of toe

underlying physical network. such as the packes structure, iaxiruim frame size, and the physicsl address

schame that is used,

*  Understanding the d
format the data correctly ss that

gtails and gensralnts of the physical netwaork ensures that these protocols can

=an ‘2@ transmitted across the natwark.

¢ Ethemnet is one example protecal at the TCR/IP netwark interface layer. These indude LAN technologies
EMEL 150

od Togen Ring and WAN spchnolegies such as X.25 and Frame Rilay. th.wumﬂ&m_._nm
such as Ethernet 2  gives TCR/IP the abiliy to be adapted to new technalogies such as

fram any specific :m:ﬁ}ﬁn_._:m.ﬂ_..
Asynchionous Transfer Made (AT
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[ 3, _ CYE] is dase raliafes, TCRIP is more raliahle. St
e e
| F 1 e nse (Do 1
_ 4. |Developed by IS0 (international Standand | Developed by Department of Defense: (Daky,
= | Crganization), _
| : S e R 2 o
[ & | OSTis a concaptual mode! TCRAR & a client-saner model i when the g, :

oy Tl -4 S
__ _ raguesis far service iC1s provided by the St

——

| MO
__ 5. __. 05T meds is ussful dn n__.._.m_.n.q_h...._m networks | TORAP maodel is weak, bt _u:..._nuﬂ_m &re Spacifie ane
e | but pretacols s ton ganeral wiclely Lsed, skl

_ __ =
s ] . Protocod Independant Standard, Frotosed dependent standard. &

8. __ Protocols ang hiddan in 05T model and are | Replacing pretacal is not easy.

__| _mmmm__.._.mc_uqm.umh:._m Hmnrn.u_ﬂm_wn.,_m?mﬁu.
| 2 __ Q=T follows & Horizontal approsch.

1 e
| 1 | G581 Mol faliows & bottom-up approach. | TCRAP follaws tap to botksm sppraach

TERAP follows a vertical approach.

¥_ ﬁ.b.ﬂﬂ.ﬂnﬁm_mﬂn&m_.\._mm n_mqm_n_tmn. _ :..:uubnﬂnn_m_.___.Eunn__d..nmau_m___.m_nﬁmnq.a...u._u
befare the development of pratoasls. than the model was dewaloped.

TCRAP does nat hava vary strict Boundaries,

__ 12, __n_ﬂ_i strict boundarles,

| |
‘ iz R Model describwes any type of network.

podel only describes TCRAR which & not usehyl for |
_ aascribing any other networks

14, | Netw .
i ok layer supports both __‘..._mﬂ.__._n_; layer supports onby connectionlass servics,

conmaction oriented and connectionless
sgrvice.

15, _____um_._:cnm_ reprasents and ldea! qanu network model reprasents reality in the
WOF,

In TCRAP model transpeort does  not

Guaranteas delivery of packets,

__
___
H
___ 16, |In CSI model transport leyver guarantees lenyar

_ delivery of packets.

|
| Transpart layers supperts only connectien
_ criented service.

17 :
Trenspart layers supperts both Cennection ariented

and connecticaless sendes,

[ -
18 ___ Separate sezslon and presentation lenver __nn_._.__n_m.ﬁ.ﬁ the session and presentation layer in the

application layer,
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31 Explain star topology with suitable disgram-
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*  Media is the genarg! term used o describe e specili d 3. g RCUREian |g A M, ai die Uardd gy Heney frenuency shgrals can deteriomte mare
) : 12 los i
_.u,mn_.....n.m_._ Fandar (source] and .._m_..m_u_..m_.."_.._n..n_"_:m_“_n:._._. Kich data i3 sant and received, [n w_._“ rafers 1o kosg of _.u.-_u._u.._. ar .L..___ Nuzh slana weq i
ghraugh #h o sendar o recever, i, franuEncy, ¥ dgny e _..._....»..._..ﬁ.. 26 1t travels through & medium, Aitamusion

*  Communication medium raf wslcal charng! .
L ars to tha physical chare £
¢ rmation/ata if PAANGE, The smount of erergy kst denends on

communication media is a pathway that carmes the Info

*  Data is sent in the Form of veltage levels which make up
: while 0 €oITESRT

] i Me. of Users
vk diggital slgral consis) 4. SRR (Dngjgy,
e digital signal. A dig 5oy eammuUnicaion, %E_m.a.. 5 the o it

o5 i 8 o voltage, 5. Noise Absorption g Mter of wsers suppanediconnected by 1he

end 15 essentially, a 1 corrpsponds to a high voltage, sided Media er g ] . . L | P
* Communication media is broadly damified inta o e ._.___.._.n_u_“.n_mq_ ”_“.._u.m eta] and _______m_.h_m_._“._.__..a dstartion of date dgng _. “,__“..n_.h__?_..........m Vv snndla to axbermeh ehactrical ratse that can cause
Transmission Madia [twisted pair cable, co-asial cable and fiber OREES 5 o el 5. Tha cost of the transmigge, -
Unguided Media or Unbounded Trassmission Media {Micrawsve, Radic wWave: jcation ::,M_:. ec i 7. The data security cagatijp,, ._h._u
= Switching and multiplexing are both techniques wa wse t2 make dat? _H_:._q_:_._._m_ shysical Hmn.wd.n__._.__nm g. The communicaton med, .._ _u....q”..m_._m.._ b the transmicsjen mradia.
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*  Computer networking devices, are physical devices which are pequirsd Hor. GEMIMNICALan e 10. Radiation fefess o oy _.E_u. i.wu ot wegther conditians] is relisbbe,
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*  Computer networking devices ane units that mediate data in a corpUter s .m.__.__.,m_..mn . Fig. 42 Shows categories of tansmissag i

network equipment. Networking devices may include gatesils. rOULErs.
hubs, and repeaters and so on.

4.1 Fael

carried frorr one compuUter system 1o Bnather, The
gr is called the transmission

*  Transmission media mesns a communication nmm_:m_ is 4
physical path ower which the infermation flows from transmitter 1o recen
medium/camrmunication media.

*  The transmission medium is wsually free space, metallic cable or fibar

Need of Transmission/Communication Media:
1. Transmission mediz are needed for interacting with the devices.
2. Without fransmission media communication cannet teke place,
m.nn__.s_j__:_a___u_._gmn_am:_“_m_._.___“__n_mn_u;aIm_.amE_.aaﬂ_qmﬁ
.._..
m.

-aptic cable.

Transmission media is needed for faster communication,

It is needed for reliable delivery of data with efficient metheds, : . ¥ig, .2 Eategaries of Tranzmizsion Media
& Transmission media is needed for secure transmission of data, ;
i milzsion Media
Ohfimidout 4it eyt S e E ey e starn that quides the data signals gwmg a wﬂm.n..m__“ ._M__M.H_
Al T

= - 1=l 3 E.—. . :
S e crpnsmiscion. il \ees.a 8 A0 snich, incrudn Dwistad-pam cable, coaial saoe,

* A fransmission medium can be defined as Gulded madia also krawn as sounded media ¥

"amything that cam carny information from a i — it i
solfce to a destination”®, OR gptcEale. i these media is Grected and contained by the physcal imits o
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« Twisted pair cable s the Ma

= ; L e ; . T Jon medium 1
«  For selecting communicatian/transmission media following factors are considerad: and cost affective. T Juided wrarsmission medium. Ko
* The |east-expensive 2nd INast i ach with its gwn plasiic. TSLAEHET

e et mer N duirs jrormaly copperl. £
2. Bandwidth is the measure of the capaclty of the transmission medium ta transmit data. The consists n..,.:..Mu._H_: .
bandwidth of a cable is determined by cabie length (short cable genarally ean accommodate greater shown in Fig. &=

twisted pairs. & taistar pair

Criteria to Selection of Transmission Media:
pwisted Together ¥




