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Syllabus...

DCCH : Sem. IV {Computer Engineering Growp (CO/CMARCW), MSETE)

Lnit Topicsand Sub-topics
Linit - | ; Fundamantals of Data 1.1 Process of data communicatian and its components
Communication and Transmitter, Receiver, Medium, &essage, Protocol,
o ter Network
ek o 1.2 Preotocols, Standards, Standard oeganizations. Bandendth,
SISO G PRov NG 4 Data transmission rate, Bawd rate aned Bits per secand
1.3  Moedes of communication (Simplex, Half duplex. Full dugplex).
L4 Analeg slgnal and digital signal, Analog and  digital
transmission | Analog to digital. Digital to analog conversion.
1.5 Fundamentals of computer network, Dedinition and need of
compater retwork, Applications, Network benefis,
1.6 Classification of network LAN, MAN, WanN,
L7  Network architecture: © Peer-to-Peer rtwork, Client-server
Aeetuiarie
Uit - 12 Tranamisslon Medla and 2.1 Communication Medis ; Guided fransmission media, Twisted
Switching paircable, Co axial cable, Fiber optic cable.
EEAN e ITA LS 0. £an T 2.2 Unguided transmission media, Radio wayes, Microwaves,
Intrarsd, Satellive.
23  Line of sight transmissian, Paint to point, Broadcast.
24  Multiplexing : Frequency Didsion Multiplexieg, Time division
miu tiplexing,
2.5  Switching Circuit  switched netwarks, Fackst  Switched
netwarks.
Unit - Il : Error Detection, Correction 3.1 Typesoferors: Single bat error and burst error, Redundancy.
and Wireless Communication
.2 Emar Detection ! Longitudinal redundancy check ([LRC)
Refer chaplers & and 7 Wertical redundancy check WRC) Cyclic redundancy check
ICRC), Forward error correction,
3.3 IEEE standards : 8021, 8022, 802.32, 202.4, &05.5,
34 Wireless LANs 20211, Architecture, MAC sublayer,
Addressing mechanism,
3.5 Bluetooth architecture : Piconet, Scatternet.
3.6  Mohile generations D 1G, 26, 36, 4G and 5G.




Linit Topics and Sub-topics

Linit - IV : Network Topologies and 4.1 HNetwork topalogies | Introduction, Defimition, Selection
Metwork Devicas ¢riteria, Types of topology © L. Bus 2. Ring 3..5tar 4. Mesh
5. Tree & Hybrid.

Refer chaplers & amnod 8

4.2 HNetwork connecting devices © Hub, Switch, Router, Brdge,
Repeater, Gateway, Modem, ‘\Wireless  infrastructure

Components.
Lnit - ¥ : Reference Maodels 51 5] eeference model © Lavered architecture, Peer-to-Peer
Refer chapters 10, 11 and 12 Processes-Interfaces between layer, Pratocals, Drganization

of the layers, Encapsulaticn layers of the OSI reference model
Functians and features of each layer and protocols used),
Physical layer, Data-Link layer, Netwark Layer, Trahspart layer,
Session layer, Presentation layer, Applicabion layer.

5.2 TCRAP maodel : Layered architecture, Data link laver | Nodles
and links, Services, Twe categories Of links, Two sublayers,
Limk layer addressing, Three typez of addresses. Address

resolition protacol (ARP), Netwark layer @ Addresses
Address space; Classful ard classless addressing, Drynamic

host  configuration  profocol  (DHEP), Network  address
resolition (NATY, Transpart layver pratoco| @ Transport layer

services, Connectioniess and caonnection onented protocal.

53 Introduction, Addressing mechanism in the Internet 1P

addressing - [P address clagses, Classless 1P addressing,
Subnetting. Supernetting, Masking.

54 IPwd and 1P

.5 0% and TCPAP network model.

i




ﬁ Table of Contents

DCON (Sem. 4 ¢ Comp. | MSETE)

unit =1 |

1.72  Effect of Fulse Width of Data on the
T — e — o
Bbatt . Fundamaniakiol Dils Gosmainicaiion PR et et ot g b S e gl 21
-1 124 173 Banchidih of 8 Madium |Channel
- _ : L P | ) O ~1-8
Syllabus Process  of data communication and  it=
components o Transmitter, Recaiver, Medium, Message, | 18 B o PEEEIREY i 1 v g g4 i G -
By P R R R R R 181 B IREVAL oo 18
Bandwidth, Cata tranamission rate, Baud rate and Bits per
seicand. Bedes of mﬁumm'm |:$||-|'|I-:,|'E5|:I HEleUFI]IE'H, Fuill 1E2 55 T o T e 1 e Ly ) etk L L 1-B
Sl il B ok B0 A UGt el B oy ] e 153  Baucs jor Baud Ratel 18
transmission - Analog o digital, Degnal 1o analog commrsen.
1.9 The [atz Transmission Rate and the Bandwichh _1-2
11 o i i i ML £ i s AR LA 1-2
3 121  Belaton betéean Reguired Bandwidth
AT Mmoo Dt s i 1-2 R T ot i T 1-5
12 [evtrecisction to Data Commrundcation o “E20 | 110 Digital Yersus Anateg Bandwicth .o 110
121 Definitian of Data Cormmunication ... -2 1101 Analog Bancwidth @i 1-10
122  Characteristics of Data Cormmunicaticn 1.10.2  Digital Bandwkdih... .o s, 1-I0
BT T LA ot i i-2
i 11403 Types of Channels (Medioms) ... 1-10
1.3 Companents of Daty Cammmunlcation System ... T-2 e : _
1.11  Transmission of Digetal Signals s 1-10
14 Protocols and Standards ..o SE-3 .
1111 Eeseband Transmission ..o 1-10
1.4.1 Frod v P B o ST T3 o L P W g 13
R 1112  Broadband Transmission fwith
142  Imgodant Elements of a Pratocal ... B8 L MO TR e s o L1l
Ld  SEancdards e ST 4 | 11} Medes of Communication Simplex, Half Duples,
Id-"-l- EI'.E'II'Id-EI"Iﬂ ':'I'Q-HI"IEHD:CII"L‘I- ........................ L 1_4 DI.'IFIIEJ; cm i N B8 R o O W e A R R 1'11
B R e s S 15 LLA1 Smphed SOMMUnIEANON. i -1
151  Analog and Digited Dats ... ooooo...... 15 1122 Half Duplex COMMUMCAHAN ..o 1-11
152  fnalog Signak —.— oo o bkdi A FUBPAEy RARMMUNEIBAN i L
15.3 Digitiﬂ 5|g|‘li||'§ IIIIIIIIIIIIIII T TR et F e 1_5 ].H D tﬂ Ii I:*..a..tl:l D Eﬂﬂ'ﬂE‘l"ﬂﬁ:‘"l e ——— 1-12
154 '::'EII'I"IFI-EII"i‘EI'_“II"I if Eh-g.it-iﬂ and .I’lflilll:lg 1131 EI'IE':":“"I'Q and Modmation oo =R
SIGNAE. wiinmtiimisim i 1-6 | 134  Digital to Analog CoOnersion ... ... 1-13
L35 Classification of Signals <. _1-6 1141 Meed of Digital Carrer Wave
156 Perindic and Man-periadic Signals ... 1-6 AT RSN et il HH
16 Composite Signal apd Tramsrmission Mediam ... 1-5 A.L42 - Tines of Dagital Carner Nadulbon ... 124
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22:1  Sharing Tnformabion e e 2
1176 Dizadvantage of BREK 1-17 R T e
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1178 Companson of Binary Modulation 224  Ciher Benefits of Compater Nelwarks,.,...2-5
T ) T S e T 1-17 R e St S
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119  Pulse Code hMpdulaton (ROM) L 1-18 231 Sepdce Provided by the Network for
{560 B Ransmiter b el i i 1-19 ErgaRlaations - s 25
: 232 Seraces Provided by the Network to
1.192 Shape of the PCK Signal ... 1-19 e 27
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1184 Quantzation Process e U R T 5y R R R P (4 28
1185 Quantzation Error or Quantizatian 26 Nebbork Classification by thelr Geaglaphy ... 2-8
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1.20.3  Appfications of PCM ..., R N 1-22 267 Comparison of LAN, WAN and MAN _ 2-12
121 [5cheme Qiesticns and ANSWers. ... ... 1-23 | &8 Nebrork Architectur® e s, 213
v Review Questbons. ... ... _q.og |28 Peer-to-PeerBetwiorks ... 2-13
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Fundamentals of Data
Communication

Syllabus

Procas=s of data communication and s components - Transmitter, Fecetver, Medium, Mes=age, Protocol,
Protocals, Standards, Standard organizations. Bandwidih, Data fransmission rate, Baud rale and Bds par

second. Modes of communication (Simplex, Hall duplex, Full duplex). Analog signal and digital signal,
Anzlog and digital transmission © Analog io digital, Digital fo analog conversion.

Chapter Contants
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1-2

Fundameniala of Data Sommunicalion

1.1 Data:

Data v delined as miormastan which s stored in the
degital form. A single data wmt is called as datum

Data commurcation i the process of exchanging the
degital infarmation between tan paiits.

1.1.1 Type of Data :

| O
Gompter 1

Crata can |::-'_1rr|:'.|:'.=-:-n::| fo alphakeete, rumenc or symbels
ared It consists. of any ahe or the combinaticn of the
folloring © microprocessar OPcodes;, comirad codes, user
adresses, pragram data or data base infarmation

At the source of destinetion the data 15 o digital form
but dunirg the fransmission, it may bein the form of
analcg or digital signals.

& data communicatian sebaork can be :.=||1||'.1|:!.I I:;.-'_1||.:|=rir|r:|

of two computars connected 1o each other a public
belecommunicatian mebucr,

[ ]

Computar 2

te-142 Fig. 1,1.1 : A simplest possible data
cammaunication nebanork

ised  far
cermpting

(lata  communication

inlercanner! ing al

wetem  ane

types
Equi|:|r'|1|:f|.T.~:, R Hn i L ]

[m this' chapter
communkcaton and netaorking

af  digital

we are  going  discuss  data
The alm of data-communication and netwedking & 1o
allow the exchange of data such &= audio, text and
viclee: hetwesn any points in weoarkd,

The transfer of data takes place over a computer
neteark. A neteark is like 3 path or a road over whidh
the data trawels smoothly from sender to destination

1.2 Introduction to Data Communication ;

[ this chapter we: are
EamfUricatican and net'.'.lﬂrl:il'r':‘]

going  disouss data

The data communicaton s netearking . allows the
exchange: of data betweern any points in world, The data
can b audio, teat, viden or o some other iorm

The transfer of data takes place over a computer

neteork. & retwork provides path over aviech the data
can travel to e degired destination

1.2.1

Definition of Data Communication ;

B el mhangir:-.] infarmation, creators and e gsers
of data should agres upon how the mformation shauld
be presgnied.

Arinformation that 15 presentecd misuch a farm s ¢alled
s data,

Data comemunication car be defined as the exkchange

of data between a source and destingtion over some
kind of lransmission medium, such &= a8 co-axial rable,
rwirad communicatson]-ar air fwireless comrnunication).

1.2.2 Characteristics of Data Communication

System : Schems @ W-19
The -three imporiaet characteristics of a3 . data
caornmunacation systen are
1. Delwery A ACouracy 3. Tineliness

Dafivery

A data cammardcation systern {OC5) must detiver data
nnl;,-"tr:- the usar wha |s Intended 1o we £ and not to
anyone Mse.

ACCUTRCY ;

Due 1o moise the data may get altered or correctad
when it is trawelling ower & communication rmedivm,

Ermrors will be introduced and the accuracy of - the
received data 5 adversely affectad.

(DES, must be
dﬁigr'rnrl irs such A Py that the delivered data s

The data commurscation systam

socurate arvd dree from-any efrar

Tirmeliress :

T e K -:_:Il:l'.'.-|:|-' i l.|r'-.1|:|:|:|.1l,all,:le+ for the awedio-ad vidano
dala as it introduces emrars in the reproduced sound or
pickure

&0 the DCS shodld defreer the data withalt anyg e
delay.

cuch a-data delivery is called a: real-time transmission
of data.

1.3 Components of Data Communication

System :

I-Scheme : W-18, 5-22

Bloch diagram :

I we specifically consider the communication belwesn
twe compisters then the data: communicatian 5:.!!-.I:-|-.-|r| i%
as shosnin Fig. 1371

Teth

FaSlil AT IQE g
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-3 Fundameniala of Data Sommunicalion

[t has the fallownng fie cempanents.

1. Massage 2 hender
3, Medwm 1. Receiverand
5. Protocol
(P EEE T
— -
i

it-2j Fig. 1.3.1 - Five components of a data
communication system

Message -
Messade 15 pothing but infoemation ar data which is to
b sent from serder to the recahver.

A message can bein the farm of sound, text, number,
pechures, vries orcombination of them
Sender |

Senclar & 8 dewice such as a host videno  camsargs,
telepivane, work station ete which sends the message
cwar the medium.

Madditam :

The message afginating from the serder needs & path
owar which it can travel g the receiver. Such a path is
called as the medium o chanoel,

The exarnples of transmission mediem are coasial cable
bwisted pair wirg, fiber optic cable; radio waves (used in
terrestncal or satellite communicationt et

Rucaiver

[t 15 the dewice which recenes the msessage. and
reproduces it A receiver can be in the Term af a
wiarkstation, telephone handset, & TV recalver, efo,

Protocol :

Pristocol is defined as the set of rodes agreed by the
serder ahd receiver.

There can be different protocols defined for drifferent
functions. Pratacols govern the exchangs of datain true

SENEE.
&zt ot such rules i knowryas a “orotoccd” of the data
commumncation system,

Piary different protocels are wged in‘the modern data
commurscation system.

—  Tha imterconnecton of ane station o many stations s
callad as networking,

A network s any Intercontection of twn ar made
stations that wish to comnunicate.

—  Protocod and standards are the two frequently  used
words in data communication

Let us define them first and then exgdain tam.

1.4.17 Profocols :

lScheme « 522

For success{ul cormenunication to oceur, it is riod nrn,:l.:gh
for the “sander” to simply transait the message and
“wsume” that the “recemer” will receive it propery.

- There are cértain riles that must be fallowed o ensure
prossr comemunication.

— A successhul commwnication of data can be ensured i
sencler and  receiver agres wpan oertan rules and
pracadures i eelation with the data.

Definitian ;

- A protocol & defined as the et of rules agreed wpon by

the sending and receivirg] computer systems, to
facilitate 3 proper communication Babween them

Luch ndles and |'.|r|:|r_le‘.L‘,|.JrE are cakked At protocals.
by pe=s in data
cammnacatians,

Different of protocols are  used

Pracess of data communication !

— In data commwnications a message consists af more
than one characier, & group of characters forms a block,

In order 1o sehd a message 11 s baoken up into smaller

blocks anid each block & separately identified by
rm:n"_.rruirl:ing CifeE O Tors ':Flrriaj characters belfore or

after sach black

—  Some of the characters at the beginning and end of
each block are used for “handshakirg™ purpase

Fig. 1.4.1 dermanstrates the baske handshaking process.,

./—':Ilan-l:l:h:-:hing ines
Fieady

Busy
Ot i

Recsivar

Transmitiar je

#5473 Flg. 1.4.1 : The handshaking process

Teth

FaSlil AT IQE g
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1-4

Fundameniala of Data Sommunicalion

1.4.2

L. The frarsmitter starts by sending & "Ready” signal
to: the receiver to indicate to the receiwer that it
wants te send a characker,

2. The identifies  this

commmunicates 115 status (huse or reacy) on the
*hugy” line 3 the transmitter.

Pl signal  and

3. IFthe recewer s busy then it & ndicated by the
recaiver by sending a dharecter on the busy line,

4, The transrnittes will walt if The receiver is busy and
will s2nd the data only when the recefver 2 not
busy and the transmitter beoomes ready:

Important Elements of a Protocol :
Sorve of the mnportant elemerts of & protoool are |
1. yniax o EETEInICE 3,
Synlax

Timin-g

Ganerally the data is presenied in a particular structure
o farmat ar order.

The structume ar format or order in which the data 15
presenbed is known 25 ks sentae

Epmantics *

& protocol defines the meaning of each seciion of data
bets, or mierprets & particular pattern of data ks

Thiz is knowt as semantics of a protocol:

[t alsz tells us about what action is to ke taken based on
the interpretation,

Timing ;

The third etement of a protacol 5 tonng. 1 takes into

consideration the instant of sending the data and the
speed at whickh the dstas to b sent

1.4.3 Standards :
Dafinition :

Chata commyiskatian standards are defined as the
guickelires te the product menufacturers anid versdors 1o
ersire raljiomal and inlerpational inter':l:lnh:ﬁlil.lil;:f

Mead ©

Standards are needed for ensurirg the interconnestivity
aruf :'nl_-ﬁ'-:.IFu_ﬂ.-r.al:,lilil_'g.l arnong vaArious  hardwars anc
sofbesdre Componesnts,

Withoat standards, it i not possble to o ansure
conpectiaty and interoperability wodcdwide,

1

1

1.

Classiflcaticn !

Data communication standamds are classified nio two
EaTageaiag,

1. Defactd standands

2. D jure standards
Do facto ;

The meaning of De facto = by fact” o *by corvention”.

Thase standards are astaidisbad by the manutactures
and-adopted as standards due to thelr widesgraad uce

bt
organizations

they are not  dpproved by any  standard

Do jure ;

Thi reaning of this waord is “hy lew” or “by regulation”
S0 De jure standards are the standards wheich have the
backing of law or which have been approved by
standard crganizaticns.

Advantages :

Many comgputers froen afl the word can connect
together for communicating. because they are using tne
international stardarel.

Easier matdenance 4and inslallaton because WMoy ged
usiéd on the standard

Upgradation and adoptions of standard becomes easy.

Risadvantages :

Probderns occur In standards, it takes time 1o solve as |1
inrcfves all internaticnal regulating bodies.

Al eompanies: and  manufactanas  must campulsariy
Fallow standards 1o commumcate

Thea standards cannakt be modified o custarnized as per
the need by inrdividuals.

1.4.4 Standard Organizations |

Meed of standard organizations !

The standeard crganizations are needed due o following
FEASONS |

They create and maintain oy open and comgpedifive
markat Tar manufaciurers

They  guaganies  npatonal and internaticnal
interoperability of data and telecommunication
techinology and processes.

T|h:':|l' Flrn-'.ri-de l.:rlll'-drelinl:s ta manfacturers The dala
cornmurdcetldn  standards  are  dewsdoped  through
caollective  efforts: of committess, forums and
government rgqulatory agencies specially tomed {or
ereaticar af standarcds.
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Standard creation commitbess |

Same af the standard Sreatinn committess are

[rstituke of Electrical and Electronics Enginesrs JEEE)
Electronic Industries Association (ELA).

o

aneerican hlatioral Standards Institute (ARSI

1.  [rtamatangd Telecammunicatkan e

Tefacommunication standards.
£ Imtermational Drganiztion foe Standardization 150}
Regulatory agencies

—  Federal Cormmunicaticns commEssion (FCC1 05 the

gowsmment reguigter bBody i WS for all

comminkcaton tedhnalogy
Standard orgenlzations for data ceommunlcations

Some  af

the  standard caganlzations  for - data

commiunication are as follows

1.  Electronic Industries Association (ELA)

- ElA = a Ua organizatsan. It forms and secammends the

indusinal standards,

EW has developed the RS (Recommendsd Standard;
series of standards for data and =lecommunications

2. Institute of Electnical and Electronics Englreers
(IEEE] ;

— It s a professional organzation of eleciranics, cormputer

and communicatons engineers Dased in Linrted States
of Arrer e,
3. American Mational Standards Institute (ANSI)

. ARSIis the afficial stardard AgpEncy fear Llnined Srates.

4. Consuliative Commifies for International Telephony
and Telegraphy [CCITT) or (ITU-T) ¢

e The COITT is rod a standard m‘gﬂnigalinn [ear the Linited

Maticans.

—  Mamy government authontes and reprasentativas are
members of CCITT

- COOT develops the recomrnended sets of rules and
stanclards for telephone and telegraph communications

On Marcl 1993 the: pame of this  Commatles  wat
changed to International Telecommunication Union-

Tefecommunication Standards Sector JTU-T)

5 International Starndard Organizaticn (150]

- D50 & one of the intemational organzation  for
standardization, it cresfes sets of rles and slandards for
graphics, dooument exchangs et

[50 has 3 role of erborsing and co-crdinating - the work
af the otherstandard crganlzatons

. Stancdards Councll of Canada (SCC)

- HC 5 the official standarcds agency for Canacdla, & has
simmilar respansibilities to thase of AhlsL

1.5 Signals :

In the long distance communications, the camputer
data cannat be transrmitted s=-if is.

-  We have to fisst comert i into electrical signals Tvired
carmnmwrscation) ar  glectramagnelic sagnals (wareless
carmmanscation),

Bath data and the Sgnals which represent them can be
of analag Farm ar digital form.

1.5.1 Analog and Digital Data :

Analog data :

—  The human waice & the best eample of analag data.
When a person speaks, an anakag wave s created inoar,

- We can coavert it inta-an anakog: signal by means of a
microphane

Cigital data :

—  The data is stared in camputer memory in the form of
Qs and 1s 15 digatal daka,

1.5.2 Analog Signals :

—  Thaseare the signals which fan have infinite number of
different magnitudes arvalues,

—  They vary continuoush with lime Sine wave, tianguiar
wave etc, mne the examples of analog signals.

1.5.3 Digital Signals :

A sigeal i cabled a5 a digital signal if 11 had anly & finita
nuribet of predetatmined distinet magninides.

—  The digital signals are discrete time sigmals, e they are
not continuous with time as shown n Fig 151
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i
0 \’Jf "1
k- PR Ll ol L e - Ll
(e} Analog signal
iz S A rmmme
(k) Digltal signal
¢a-1426) Fig. L.5:1
1.5.4 Comparison of Digital and Anal
Signals | scheme :5-40
o,
i Parameter Analog sighals Digital signals
1 MNumber af Irnfirife Firile {2, 8,16
vElues | et}
2. | Nature i Cionbrious | Digerete
3. | Bouroes S hgeaal Commpdtars, &
qeneratore, b [
| transducers atc. | comvarters
4. | Examples Sinemiave, Einary signal
treangular waye

1.5.5 Classification of Signals :

Fig. 1.52 showe the classification of signals.

Hignals
1 —— i
Comirooes . Cotarminishe Poricdic . Symmotrioal Erargy
or ar ar or or
Diserole lemo Handorm Morponadie  Seyrmmecbrioal Piorim o
akjnats

pe-12508 Fig. 1.5.2 : Clasaification of sighals

Ot af these we will concentrate oaly on pefadic or non

ceriadi sigrials.
1.5.6 Periodic and Non-periedic Signals .
Periedic signal :

& signal which repeats itself after-a fived time period ic
called a5 a perind signal. The periogicity of & =ignal
ean ke cdalifed rrathematically as lallows

%y = kit + T, - Condifion of pepodicty - [1.5.1)

Where T, is calked a5 the period of signal x [8), in other
wwords, signal (6 repeats itself after a pariod of T, sec.

Exarnplcs of periedic signals are sing wave, cosine waves,
ccquare wave etc Fig. 1.53 shows a sine wave which is
periodic because it repeats itsalf after a penad T,

Nomn-periodic signal |

A sigrial whikh does not repeat tself after a Tixed time
period or does rot orepeat &t all bkocalled as a
non-penodic oraperiodic signal.

Tha non-periodic signals do not satisfy the conditian of
periodicity stated in Equation (1.5.1).

For a hin-periodic signal x (1] » ¥+ T.) {153

Sometimes 0 s saxd that an eperadic slgnal has a
perind T, = <, Fig. 1.5.2 shows a decning sxpansntial

i

senal
This expencntizl signal is non-periedic but it is
deterministic becauss we can mathematically express it

axitj=a "
.I:.l:l_:l

Parcd e agnal
mi = & mnldel 1

i,

. g

[ 1
\,/IITD \/
=Y

{a)
(L

Heer-praniinck: sz

2
ity ==

Maka sl one cyoka paiod
& 1,="2 hoio

(i)
a-1251) Fige 1.5.3 : Periodic and non-periodic signals

1.6 Composite Signal and Transmission
Medium :

The data is genarally in the farm of pulses and pulseis a
carmposite signal wihidh contains many frequencies.

Maobe that the peculiar-shape of 4 pulse 5 ded 1o the
sumt of specific frequencies at specific amphtudes and
phases
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[f there = any change in the amplitudes or phases of
these frequency componesits, then the shape of the
palse will not remain the same.

1.8.1 Medium ;

[npaut sgral

U =6

The sigral always travels ower some medium from
seender to destination.

The madium can be 3 coamal cable or opbcal fiker et A
recdiien deses ol pass all frequancies aqually due 13 its

Inadequate freguency spectrum

[t mary pass some freguendes and weaken or block the
cther frequiencies,

Hence when a compasite signal s passed over such a

trafemission mediui, at the recedving erdd we get &

Ly, ha'n.'ing A chilfesr st Rhaf:ﬂ A% shmaT in I-_-.-:_';. 1461,
Distored ouigua

gynal

e

Transmiseion miechum

{e-mn Fig, 1.6.1 : Signal distortion an a tranemission medium

1.7 Bandwidth of a Signal :

To avoid the sigral distortion the medium should pass

all the frequencies present ab the inpub without any
change

But no redium s perfect and =0 some-signal disioen
i5 Bourd o take place

Definition -

Bandwidtsy is defined us the

clectramagnetic spectrun oocoupsed by a sianal,

the poition  of

We may alsa cefing the bardwldth s the fraguency
rangie over which an infarmation sighal is transmitiad.

Bandwidth is the difference beteesn the upper and
lcraer frecuency limits of the sigral,

‘We already ke different types of basebard signals
such a5 yoice signal, music signal, TV signal etc. Ezch of
these: signals wdll have 115 own frequency range. This
frecuency range of a signal is Enown as s bandwidth.

Far eample the range of music signal is 20 Hz 1o
15 kHz. Therefore as shoom in Fig. 1.7.1 the bandwidth
15 1. = f,i.

BW = f,-F = 15000 - 20 = 14980 Hz:

Barchsidih

Ty !
e — 'I—I—L_.* Fl'l]"_ll_h'_rh'_"r'

d .= 20t 5= 15kHz
ra-1255) Fig. 1.7.1 : Bandwidth of music signal

The bandwidths of diffcrent signals are as listed in
Table 1.7.1.

Tahl=1.7.1
ar, | Typeofthe  Range offroquency |Bandwidth
hln-.i sigral ln HE in Hz
1, | Voikce sigh 00 = =40} 3100
| [epeech) Tar
| telephory
2. | Muslc =ignal 20 — 15000 14, 280
. | TV exgnals 0-5MHz 5 MHzZ
e
4. | Cligikst dala = 00— 3400 200
I i Usig The 1ele phwir line
far = traesmlsgion),

Miotes Actually 1he requieed basdoasfih o in the dala
bransmission depends on the rate at whish the
data |z being ifransmitted. The BW Incregses
with increase in the rate of date ransmission.

1.7.1 Frequency Spectrum :

Freguenoy spectrum s the reprasentation of a signal in
the Ffrequency domain. It can be obtained by using
cither Feurer series or Fourior transienm

[1 consists of the amplitude-and phase spectrums of the
ciynal The frequency cpectrum indicates the amplitude

and phase of warious frequency companents present in
the glven sigral.

The frequency spectium  enables s fo- snakze and
eylithesize a signal.

1.7.2 Effect of Pulse Width of Data on the

BW :

When data is to be trarsmitted the bandwidth degpends
on the puelfsa widih of data,

As the width of the dafa pulses which are o be
transmitted reduces (Ccompression takes place in fime

domam),  the bandwidih  rmequirement  increases
lexpansian takes place in the frequency domaing
according to the fme scaling property of Fourder
transform

TethKnauiledgs
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This is &= showm o Fig. 172

F iy

Al e

'-l|—=|—|llI i I |
[ E e
+¥im shannps
fva Fafi N
== Han:e icth
8 namow pulksa
I mirsasnn
I |"r? -|-1."|_.I
S — 5
— T - i \1-_1'1 i M |
P e = el 4—
Eesr iy k3 EN

Compirmes b in Hime comain = Expsansion in fracqueoncy domalin
G-1255) Fige 1.7.2 - Effect of data pulse width on BW

Hence the signaks having higher data ratas need larger

Parcdinicdth

1.7.3 Bandwidth of a Medium {Channel

JULg

Sanding s

Bandwidth) :

The rangs of fraquencles that contain the: informatian Is
called @s thw  bandwidth. But the term  channed
Bancwichth is wsed o describe the range of Tequencies
reguired to rardmit the desired infemmation

Far ezample the amplifude medulation: (AM] sestems
heeds a channel baddwedth of 10 kHz 1o transmil a

sigjhal af 5 kHz banciwidih,

But the single sideband system [SE5R) needs only & kHz

chanrel barsbyidih to framemit [he g ngnﬂl.

fdl the effarts should be made ta reduce the reguirsa
charral bardbreidth sa that we canhit in more nomber of

chamriels in the same seailable EM spectnum.

Bandwadktty of 3 medn false called as chanret
bandwidth] is defined as e maxdmum fregquency it can
alow 1o pass through B owithoort attenuatng it and

i thoul distorting the shape of the signal.

Il the mediurm has less bandwidth [han :-e:quir-e‘.l.'l. ther

sigrad- distarton will take place as shoeen in Fig. 173

Kledium vath
(M s nel
L)— L L diskartinn

Fauaivry &rxl

Adnouahe BW

M u kesdiom wilk [} miEHEMMI

Sanding and

signal)
Lasema BN Fécaiying sy

1G-1258) Fhg, 1.7.3 : Importance of channel BW

1.8 Digital Signals :

1.8.2 Bit Rate:
Definitian :

{ 3
Ak 1
=
_ﬁn\ ‘u,_ g 0

T fim ir||:|l.|l oala wheeh = =ither ﬂnuhg o rligll;al can also
be represented by a digital ssgnal,

Cefinition :

A digital signel ls a d=crate time Sanal having : finite
number af amplitudes, For example s2e the  digitsd
signal shawnin Fig. 1A,

A O s represented by gero wolk and a 1 by sorme: pasitive
vallage.

ot | 0 | 1 | @ 0 i MET
l’ll'lll:iitl.ll.?l':lr TI Cagital a:gnal
q ‘ = Titna
Ty e T,
i5-822) Fig. LA @ Digital signal
1.81 Bit Interval :
Definltkon ©

The fit interval & the time corresponding to one single
fik 0 o 1

Az shown in Flg. 182 tire corresponding toa Qara 1
I5 T, hence 1 is the it interval or bit lanath.

I-Scheme W-18, 5-22

Bit rate is defimed as the nupnber of bits trarsmitted or
went in cae secorel 305 eaperessed e bils - per second
[bps].

Relation between bit rate and bt inkervad is as follows

1
BLrale = Biinterval
Bit rate i5 also called as signalling rate and is defined as

thee number of bits which <an be transmifted in 2
Eacnnd

Ii the bt duration is “T, " then bit rate will b2 1/T,, Look
al Fig, 1TEZ wou wlll dee that the bt diwaticn s
necescanly equal to ™ pilee dyration.

In Fig. L&.2 the first putse 15 of two bit durathon

o |k

1 1

=1

4623 Fig. 1.8.2 = A bit siream
Teth
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Bit rate is also called a5 slgnalling rate and i1 should be
a3 high as possible,

Howesser wiith increase i hit rate the batdwidith of
ransmisston  mediuny [channel bandwodthy must be

incraased, in order tooensure that the signal is recerved
i thaidl sy distortinh

1.8.3 Bauds (or Baud Rate) |

I-Schema

Defimition -

Baud is celined as the unil of sgnalling speed or
rrpdulatian rate or he rate of symbad fransrmission,

[t indicates the rate at which a sgnal leve changes over
& Qiven peripc of time
Baud rate of binary transmission :

When tanary bils are transinitted as an elecincal signat
and "1 the bit rate and the
rmodulation mate |2, bawd rate s sames; This = 85 showr

- =
-

with two levels 07

irt Figg. 138.3[@).
MR
[Fiul 1
i S (T RPN SN R R R R T
| | | L.
% T =1 e o Tima

B4l i = S i Baud min =& Wudns

i6-g4; Fig. 1.8.3(a) : Baud rate for two level medulation

Thies for a bweo kevel sigral (hinarg signal) the bit rate
and Balds are ecual.
Baud rate of M-ary transmission :

Mo cansider Fig, 1.8 30k where four differént bevels ane
Used 10 represent the data,

-I—.Err_ —r

gl TERET T O T SR
10
1 11 ‘
e ai
Kt
oo e vzt — —ﬂ

B rats = B bitarnes Heud il =4 fruds - diovels'nees

o357 Fige 1.8, 2(l) : Baud rate fer a four level madulation
Each leval s bebng represented by & comblnation of twe
bits e DO or 01 et Thus each symbaole consists of
2 hits,

The kit rate is therefore not equal o tha baud rate,

The bit-rate k& 8 bits/sec: but baud rate is only 4 bawds
as there are-4-levels per second, or four symbals
trarsmitled g secand.

1.9 The Data Transmission Rate and the
Bandwidth :

The digital signal ehanges its armplitude instantaneously.
As memioned earlier, an imstantaneous change in
1o number  of
I'.|iE|I|-‘.'I| cexntairn

frequency componests,

infinite
signa

amplituce  cormespands

Frequencies. S0 a it Pl

Herce a digital sigral is actually & composite sqgnal
That reans the kandwidth af & diglial signal is infirite.
Yo as to presenve the shape of the digial signal the
medivm aver which o is seni showld also have an
infinite. bardwidth. Bul practically il doss not happen
that way.

A practially available -medium swech a5 codrial cabla
does not have an infinite banchwidty but it hag 2 wide
barmdwidth.

When 2 digital signals is treasmitted ower such o

madivm, some of the frequencies are blocked by the
meditim. bt still encugh frequences are passed.

S0 the dagital sgnad at the recemning end will have a
decent shape withy a small distortian,

A medim hawving a narrow Bandwidth s called as a
bardlimited medium, The example of bandlimited
metinim 1= the telephone ines,

We can send the digital sigmals over a bandlimited

medium. Tha best ekample of this is the data transfer
puret telephane cables inintarmet

The most inmpodant: guéastion hére & that what should
be minimum bandwidth of the mediam (B Hzl if we
want to transmit @ signal of n bps,

The answer ta thls questior 15 given by the Mhyquest
thecrem and Shanoen capacty theorem.

1.9.1 Relation between Required Bandwidth
and Bit Rate :

In: compater commaracation we have to send as many
hits as possibds per second far fast data transfer,

That means the kit rate should be-a= high as possible.
But ircraase i bit rate hasan updesited side eff et
Tha signal bardwidth and the required bandsidth of

the medium {channel bandwidtn) increase with increace
in bt rata.
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— [If we doubde the bit rate then the maguired channel
Bandwgictth needs o B couhled,

Thiee it rate aext bendwldth are proportional 1o sadh
ather,

Relation between bit rate and BW ©

- The general rdaticn bBatween required basdeadih (B)
anil bit rate |n) is as follows

B = %-::-rn-fEE

—  Thus ower & medium hawng a bandwldth of 4 kHz we
can semsd & digilat signal with a hit rate upto 2 kbps.

— In praciice the maxdmum B fate can be mors tham
30 kbps using the traditicaal MODEME.

1.10 Digital Versus Analog Bandwidith :

Sirce the frequency response i identical to that of 3 low
pass fifter, this channel i called a5 2 low pass channal,

Ampinids

5 F_I Frenquerey
b Low pass cipamisf

i-77% Fig. 1.10.1 : Types of channels

1.1 Transmission of Digital Signals ;

Il e Are ._'ge-:ndlrl!:_| nnah,:l-'ﬂ dala crder & imedicm, then Lhe
analcq  bandwiddy  of that mediom sheould  be

considared. Analog bandwidth & exgeressad in Hz

—  But if ther chgutal data is being sent over a mediem, then
e shoald codisicher its -:‘:Iigii.&l bandwidth,

The digital bardwidth & dxprassed i bits: per second
thps). The analog ard digital bardeidths are different
From each other,

1.10.1 Analeg Bandwidth :

[t is defined as the rarge of frequencies that ane allewed
ko pass by the medium withoul much reduction in
ampditude. Analog. bancwidth is measared inHz

1.10.2 Digital Bandwidth :

—  [t'is defined as the rmaximnum bit rate that a medivm is
able to- pass or support. The digial bandwidth =
expressed in bits par second {bpe]

Bath analog and digital bandwidths should baas large
an Fn!-:'-:ihle. [-:I:.:all}l ]ilq:_',r are irfindta,

1.10.2 Types of Channels (Mediums) ;

—  There are tem types of communication channels o
meddiipms r.a:rr-e:l:,r i

1. Lowpesschannel 2. Bandpass channel

Low-pass channel ;

As showin in Flg. 1.1014a), & les pass channel (s-that
chanrel whase bandeddth extends right fram 0 Hz 1o f,

Hz Thit means it passes all the signal  having
Frecquecios in the rangs Ot f,

—  Tha digital slgnals can Be transrutted from one poind to

the other using one of the following teo approaches |

1 Bazeband transimlifian

2. Bandpass transmmession faith modudatian).
1.11.1 Baseband Transmission !

— A bazeband digital signal = the eriginal signal withaul
gny  modulation. In the modulation process the
basabard digral signal is corverted irta analog signal
Basebard traramission s the transmisson of baseband
digrtal signal,

A hasehand signal occupies bandwldth frem & to f, Ha.

—  Hence baseband transmission recuires the use of low

pass channel This low pass chanmel can haved a narrow
handidthar wide Bandwidth.

If we send the digital sinals over the law pass chanrnel
with a amall bandwidth Qelephane cablel then @
frequency campanents in the digital signal get blocked
and the shape of the recened signal will be badhy

distarted &g showttin Fig. 1.11.1(h)

r_llh.:lm:
w=al

Lugs cislored
rec el SnE

. T [

Wido bard midib
(m b A LH

{a) Baseband transmission through a wideband chanmel

Ciig Lil CElatod
gl FRe P R R
Flaroass ol b
chuurss

b} Baseband transmission through 2 narrowband chanmee|
je-1300) Fig. 1.11.1

Teth

FaSlil AT IQE g



ﬁEEEH (2am. 4 [ Somg, S MSETE)

1-11

Fundameniala of Dala Sommunicalion

& prectically available medigmn such as coaxial cable
does rot have ancinfinte bandwidth bot it has & wide
bandwacith,

When a digital sighals 15 maremitted ever auch &

rmedipm, some of the frequencies are blocked by the
rrecditm bt sl encigh frequencies ane passed.

- 5 the dgital signal at the recening. end wall have a
different shape with & small distorticn as shown in
Feg. 111 1(ak

Conchugion :

- Basebard transméssian ot digital sianals over a low pass
chiarmel withaul wasveiomm distortion is possible if and
eatly if the channelbhes a wide orinfinite bandwsd the

1.11.2 Broadband Transmission {with
Modulation)

- Apaseband signal s passed through a 0o & canmverter
ba abtain ar egquivalent analog swral.

This is modulation and the modulated analeg signat is
ealled as 3 broadband signal

- Transmassion of a broadband signal 15 keewn &S
broadband transmission of digital signal. The spectrum

of 2 broaclband signal exterds from f to 4, so it i5.a
Bandpass spactium

Wa have 1o use a bandpass channel o camy this
Erarermissian. Fi-g. 1,711 2 shevws e modsilaticn procass

&l Broddband transmigsion.

Ingeil Okt
A k) san il Ak annal
J-I_ Dighnl m m Anang i J-L
== |:|.|1|l|i:ﬂ M T — i -:l.uln-l =
gl Corwo ey Dandpaes oonsreder | ot
il heddahinn e Pesrriodii b o Ii.llt;l:llilﬁ

15021 Fig. 1.11.2 ;: Broadband transmission of digital signal

Mote that the output digital signal i distortion free,

- We can send the digital =gnals aver & baceflimiled
rmeclivm. The best example of this 15 the data transfer
ower telephonae cables ininternet.

The mwst mpoctant guestion here s that what should
ke piramium bandwicdth of the mediam (B Hz o if we
want 1o trarsmit a-signal of n bps

- The answer to this quesbion will Begren when oe shudy
the Byquist thaearem and Shannon capacity.

1.12 Modes of Communication : Simplex,
Half Duplex, Duplex :  [CNNENEER)

Based on whether the given communication syskem
cammuracates onfy in one direction onby or in Both the
directions. the communkabion 5!|I'$|.H'I'I'IE. are olasified 55

1. Simplex systems.
7 Hali l.'.|II.FI!I'!"|' syslEms.

3. Full duplex systems.

1.12.1 Simplex Communication :

I-Scherses - S5-19_ W-1
Cefinition :
- A simplex  communicatian s defined  as fhe

cornmrwinication in only one directon

In these systems the infomation 15 communicated in
only one difssciion For example the radla or TV
braadcasting systems cary only transmit. They canmot
FECENE,

communicaten

- In data system the  simples

cornmurication takes place & chown in Fsg 1121

Directan of daa

z|

' Lirschon of dala

PR e T
EZTE
TT18Y -i|

Haybaard

533 Fig- L1212 ; Simplex mode of data transmission

The cammunication from CFU 1o mondtor or kevbesrd
to CPLHs umdirectional

—  Keyboard ardd traditioral menitors are ‘saamples of
cimples dewices,

1.12.2 Half Duplex Communication ;

I-:Schaime : 518 W13 °

Cefinitian :

- A half defined as  fhe
hideracticmal communicaton which does not take place

fdupdex  communicaton s

sirmutanecusly.
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-I

These systems are bi-directicnal, s they can-transmit
a5 weell a5 recene but not sinnultanesushy,

At & fime these systems carreither transemib or receve,
For example a fransrecefver or walky talky 221 Thus the
direction of communicanon will keep changing itself.

& data communication system working - in the half
duiplas mode & shoiwn in Fig, 1.12.2.

|

: |

Diraction of data at fima 1 I.'

FeE—

e

Chrestion of data 24 ime 2 Workstation 2
iG-54) Fig. 1.12.7 : Half dupiex system

i

Wiorkstatian 1

Each =siatin can Tramsmit and recejve, BOf el &l Lhe
same time, When one device s ending the other one 1=

recesving and vice yarsa

I halt duplex transmésion, the entim capacity of the
channel is utilized by the transmitting (sending| systam.

2.3 Full Duplex Communication ;

I-Scheme ; 5-19, W-19, 5-22

Defimiticin -

& duplex communication is defined as the lype of
comminication in which & simultancous How  of

informaticn takes placaat any green time.

These are truly bi-directicnal systems as they allow the
coffmunication o take: place | both the direction:
sirmuitanenushy,

These syslems  can Tarkmib a5 weall & receive

simuitaneoushy, for example the telephona wpstams:

& Rill dupdes data communication system is shown in
Fig, 1.12.3. Each station <an transmit and receive
sirrubtaneowshy.

Dirsction of dats al all tmag

|
Worksanon 1 Werkstation 2

{5-55 Fige 112.3 : Full duplex mode

Irv full duplex. made, signals going 0 either directicn
share the full capacity of Enk.

The Bnk iy coftain b

|:|h_:.l$.iri3|||:|.' separale
trensrmission paths ore for sending and another for
receiying.

Crmenyize the capacty of channel is divided between
cignads travelling in both directsons:

Comparisen of communication modes |

1

51 Hall Fuill
Parametar | Slmplex
M, i duplax duplex
1. | Communie | Only one | n bath | I bath
gticn takes | dwection | directions | directions
plase in at & tirne i bt nok | -simultanca
| simulanss | usly.
Lis .
2 Evample | Radia Ty | Walky Taleshons
becadcas | Laiky
fing |

A3 Dto Aor Ato D Conversion :

—r

A computer. metwork is- designed 1o sand information
Fraom one poant to the other

I11s negeseary to convet this information o either

digital signal or analog  shgeal  for transmission
depersding. an the  traramission  mediurm and
application.

13.1 Encoding and Modulation :

It 15 possible to encode any type of data into any type of
gqnad as shawnin Fg. 1131

Fig. 113.1]a) illustrates the concept of digital signalling
in which the Input data (analog or digitall & encoded
Into-a digital signal

Fig. L1131k}
signalling in which the analog ¢ digital saurce is wsed
for modulatng & contindaus - e camer signal o

ilastrates  the comcept of analeg

praduce an anadeg signal called moduiated signal.

I - r
Lﬁ;;ﬁﬂ;—{ﬁ‘—-mjllal cigral
{a)
P ICH 1T
d-ni:uﬁula Modulstor |—Ansiog signal

é ﬂ&ﬂ'ﬁr
ih)

i-23) Fig. 1.13.1 ; Conversion from analog f digital data to
analug / digital signal
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Encoding Types .

There are fowr diffarent possible transformateons as
Feallestaiss :

1. D[ugital data, digital zagmal,

2. Analog data, digital signal.
3, Digital data, analog sk,
4.  Analog data, analog signal

1.14 Digital to Analog Conversion |

— Inthe process of Dot Acoaversion tha digital data at
the inpat is converted into an aralog signas,
These analesg  cignals  are  trarsmitted  over the

trareEmi ssan medium

—  The meast familiar applicatien of 0¥ to A corwersion is for
transmitting digitad data theough the public telegphane
network.

The D 1o A conversion i dane by the modems 1o
conmwert the digital data from the compubers inta the
analcg signats that ame sent on the telephone hines for

0 I 8

This: ansdeg sagnal & e transmitted on the telephone
lines.

; Dgpital
Cogilsl Arialcg
i CRFTer —
=g el ikl signal L

L-1) Fig. L.14.2 : Diigital carrier modulation

Tha guestice is whi £an't we send the dagital signal as it
i o the I:I,':I¢|:|I'|.n-r'¢ lines ¥ '-'l."lllg,r sl ] e mmicsdiglate i1 7
Here is the ansiver for it The digital data conssts of
binary O ard 15 therefore the waweformn changes s
value abaupthy from high 1o low or ko 1o high

In order to carry such & signal without any distartion
being introduced, the communscation medium needs to
hawe a karge bandwidth,

Unfortunately the telephone lires do not have high
baradwdidth. Thersfore we hawe 1o coneem the digital
signal first im0 @0 anakeg signal which needs lower
hanavddth by means of the modulaton process,

thie Taternet 1.14.2 Types of Digital Carrier Modulation ;

1. oigita Rigitad 10 | Analog -
dama ;_nﬂln.u nkgrai

=791 Fig. 1.14.1 ; Degital data to analog sianal

1.14.1 Need of Digital Carrier Wave
Modulation -

O o A carversion s alea callad as dlgll.'al LAMMET Wave
miodulatian.

- PUM (Pulse Code vindulation) comeerts analog message
cignal inte a digital signal.

Mo wa will krarn soame tachniques which convart the
dicital messaae sigaal inta an arnalog signal and then
[Farsmits 15,

— Such modulation schemas are <alled as digital carrier
modulation schemas.

This type of digital to analog comverlon & essential
when the digital message signal 5 10 be sent over a
Bandlimitext chanred such as the telephomne lre,

- The best sppication of digital carmer modulation =
PACDEM.

The modem will modalate the digi:al ilata -sin;_;||:1| fram | —

Che DTE [computer] itto.arn aralog sagnal

Therg anm three basic types of maduolation techmigues
for the transmission of digital signals,

These metheds ars hased on the three characteristics of
& simusesdal signal amplitude, frequency and phass, The
corresponding modulaton methads are then called as:

L. Amplitude Shist Ezying [ASKE)L

2. Frequency Shift Keving [FER).

3. Phase Shift Keying (PSK,

4 Quadrature Phass Shift Keying (QPSK) & 4-PSE.

S Quadrature Simplilude Modudation (OO

QFSK s & multilevel modulatlon in which four phace
shifls are used dor reprasenting four different syrnbals.
At high bit rates, a combination of ASk and P3K 15
emplosed v ceder to minimize the ercors in e
received data.

This method s knewwn oas “Quadrature Armplitaicis
Madulation [QAK" Let us discuss these methods ane
b e

Fig: 1.14.3 shows the classthcation of digital to analog
radulation systems.
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gital C¥F medalalicon

1, AR ahih Ryl
[AE k] |

—— 2 Fhagusnay 2iH kaying Gk

[F5K) J
3 Fhase il kaping
(PSR

— QPSK

it-62; Fig, 1,14.2 ; Classification of digital CW modulation
—  Digtal W modulaton is demonstrataed in Fig, 1.144.

Digtal CIN 1 o 14

mindulatons | | re M
- Oy

Arsleg auee

I 1
-J_lll:-! —I'|
Dsilel

ingut

it-621 Fige L1444 ;: Various digital CW modulation schemes

1.15 Amplitude Shift Keying (ASK) .

Defimition =

- ASK-is the digia carrier medulation in which the
Ay sie af the sirnscslal camier will fake cire il Lhe
bwe predetermined values in respanse ta 0or 1 value of
digatal input sgral.

Generation and waveforms

- Amplitede Shift Eeving (ASK) is the simplest type of
digital O modulation. Here the carrier s a sinewave of
frequency . f. W can represert the carrier signal
rnathermatically as follows

] R

E, = A1151)

The digital slgnal fram the camputer s a unlpalar MEZ
sighal which acts as the modulating signal. The ALK
modulator 1= nothing: But a muttiplier Followed by &
band pass Fllter as shontn i Fig. 1.15.1/a

1

ﬂ—U— el
] T Bardimnad
. BasK
MNREZ unipedar :
digital sdgral Bl rate R = 1T,
Ry eomgaLiar a sn(2n k)

arner ruacilbioa

{L-s01ee3) FQ- 1,15.1(a) - ASK modulator

Due to the multipllicaton, the ASE output will be
present only when a binary *1° & ta be transmitted.

—  Tha ASK citpul corresponiding booa tenary “0° 15 zaro-as
chowm in Fig, 115105}

ogmidas [T [ 1 L o ] o | ITI

Chgitzal A

anal || | I .

(MRS ]
|""T.|:|““'|"'"T|.-|""|

BasSK .ﬁ ."'i

: ‘ﬂﬁﬂv%ﬁu

|||—.f'-ll'l ||'|I._,‘| —l.-lq— (] —I-I

il

ik S

1 ke

— — | B0 +
Bit rate =& hitw'sec  Baud mta =6
o B mile = Bawd mi
fL-ooifaps Frg. 1.15.1(b] : Waweforms of ASK

—  From the waveforms of Fig.. L15.1{b] we can conchucde

that the carmer is framsmitied when a binary 1 510 be
cent and nocartier ks ransmitted whan 3 binary 015 ta

be zent.

—  The ASK - signal can ke matharnatcally esoressed as

Forllows -
Vaeg () = dsin [2xTH] 1152

wihere d = Cata bit whech can ke values 1 -ord

Vo ) = sin[Zn ) whend = 1} _

(1153
ard W T = O wihen o = 0

1.15.1 Bandwidth of ASK :

= For ASK the baud = equal 1o the bt rate, and tha bl
rate is alsa egual 1o the minimum Mycuist banchwidth.

W s hat,
Bandwidth B = m;aﬂ
B log.M = N
.
b
~ InASKE,M=2andN=1
B = f (Hz

1.15.2 Merits and Demernits of ASK :

- The achvantage of uging ASK is its sinnplicity. It i easy to
generate and detect. Howewar its disadwvantage is that it
I5 wery sensitive to noise, therefore it finds fmited
atplication iry dats transmissian.
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- &%k systern wses amd amplibede madulated camer 1c
brarsport the digitad informatican, IE 15 a8 relatively low
cosd, low quality type of digstal moddation,

Application :

—  ASK i5 notoused in omany applications. Cre of s
applicatiaons 15 very oW speed telametny cerourts.

1.16 Freguency Shift Keying (FSK) :

Definition and waveforms ;

F&k o the type of digital modulation in which, the
Frequency ol a sinusoidal carrier is shifted between two
dincrele vallaes, in response o the value {0 or 1] of Lhe
digital input sgnal,

- One of these frequencies (F) represents & Binary "1° and
the ather value (f] represents o binary 0

The representation of digital data using F5K &= as sholn
in Fig. L16.1%] Mete that there B no change i the
ampliyde af the carriesr

Crsika o |

I-.l- an s il -l+l- dde 4L —||-|

Hilmam= &
Baud =5

o T
A e |-|— |—-l-|-l— '.—-|-|-l|— |—l-|-l— b |—|-|

| 4 ESC0ND |

(L-202] Fig. 1.16.1{a) : Representalion of digatal signal
using FSK

1.16.1 FSK Geneaeration :

- Referto the FEE generator shown in Fig. 1.16.1]k)

LIL A

—s YO
Einary BFSH okl
sl

L7854 Fig. 1.16.1(b) : F5K generation

[t is basically a Voltage Comtralled Oscillator (WCO)
which procece sinewaves ot fregquencies foand f
recpectively,

- Corresponding ta binary O input, the WCO produces @
sineviave af fraquency T, whereas corresponding 1o

banary 1 input, the VCO produces a snewave  of
Frecueency &, ¢F = fk

—  Thus we obtain the Binang F5K {BFSK) signal at the
outpuk of VOO corresponding 1o the input digital data
bits,

1.16.2 Bandwidth for FSK in Terms of

Baud Rate :

For FSE aleo Bl rate s aqual 1o baud rate, Ths is dus Lo
the fact that each data bil at the input & treated as a
separate symbol

- We Zan inggine the FSK spectrum 1o be a combenation
of bwa ASK spectiums centered at frequersies 1. and -

a5 shown in Fig, 116 1)

fSrplikde
k. ]
A
|
1.0
+ i } + = ¥
I-n_ .IE' fa I Froajjesn
2
- 4 T +4
P 01 e |'-.-|.|.=.'-_'

e Handwichh -
(L-74] Fig. 1.16.1(c) : Spectrum of F5K

—  From Fig. 1.16.10c) the exprassion for bandwidth is given
by,

My P,
BW = E‘—[ﬂ—f.::'*‘é“
= [f=F) N, L1681
‘Where M, Bawd rate = Bit rate = f_

Mirirmirm Bandwidih wall l;nr'r-e-:5|:||:|nr.| tes Thee siruation in
1|'ﬁ+.|||:h. [f:_ | f:l = h.IL.

BW (minj
1.16.3 Advantages of FSK :

MeeNo=Z Ny =2, o(L1EY

L F5K s relatively eaty ta implement

20 I has better noise immunity tham ASK. Therefone the
prabBability af ames free raception of data s high.

1.16.4 Disadvantages of FSK ;

1, The major disadwantage is
recjuiresment as discussed earlier.

s high bandwidth

2. Therefore FAK is extensively used in b speed modems
having Bt rates below 1200 bitsfes

3, The FSK s not preferred for the high soeed modems
because with increase in speed. the bt rate increases.
Teth
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4. This increases the channsl bandwidth required 1o
braremit the FSE signal,
L as the telaphome lines have @ very lowr bandwidth, i1 is

not possible to satishy the bardeddth requiremeant of
F5E at higher spaed. Therefore FSE & preferred only Tor

the low speed - madems,

1.16.5 Applications of FSK :

—  Bimary F5K exhibis a poorer performer than the PSK or
Ak systems. Therefore ik wery ragly used for high
parformance digital radio systems

Harice generaily BFSK-is usad in the low perfarmarnce,
lefe guality asychronous data modems wivich are used
For data communications cwer analeg woice. hand

telephone ines
1.17 Phase Shift I{ayﬁng (PSHK) :

PSE iz another type of digital OW modulation. PSE s an
hd-ary digital modulation scheme which is similar tocthe
phasa modulaticn,

Howewer in PEE, the input'is a Binary digital ssgnat and
the number of output phases available is finita (2.4, &
atct

The input Binary Bitls are groupsd into grewps ol 12, 3,
gt (M =1 2 34 ) and thwe numibear of output phases

coald range from 1 too 12 or ever mare. The number of
BUEpUT phatesis I = 2

1.17.1 Binary Phase Shift Keying (EPSK) :

Definition and waveforms :

Definition -
BPSK ls & tpe of digital modulation in which the phase
of a sinusoidal carmer s seitched bebween two distinct
values (I ancd 1807 coeresponding ta the values of
dhigyital input |0 or 1)

—  Phase 5hift Keying (PEE) is the mest efficient of the
three moedulation rmetheds,
Theralfare i1 s wsed for ficgh Bt rates. [n PRK. phase eal

the sinusoidal carrer |5 changed according to the data
kit to be transmitied.

- Fg. L17.l@} shows the simplest form of PSK called
Binanr FSK [EPZK). The carrier phase = changed
batween 0° and 1580~ by the bipclar digital signal. A
Bapalar MRE sigral i used 0 représent the -e_'.|i|5|i1:.1| clala
frarm the OTE

[ o | 1 K

#n(2p L
Fue] fiee | i | i | o | i | ]

a2l )

|-.|— 1 sl ————————p
B fam = &, Edikl etk =5
¢ Bl sk = Bepx] b

it-503) Fig, 1.7, 1{&) : Waveform of Binary PSK (EPSK)
Mathematical Expression ;

- The BPIK signal can be representec mathematically as

Vazco (F = sine [2a §1) when Bnany *0° 15 to be
Fapracented
and Voo il = —sin{2x 1.0

sire (28 £t = nhwhen binary "1° is to ke
Paprasented.

— Comblrdng the two conditions we can wrike

Vapg, i) = dsini2ani w1 AT1)
wihered = L1
1.17.2 BPS3K Generation :
Block diagram ;
— The BPM generation takes place as shown in
Fig. 1.17.14E),
Dital ingul - o Handimiied
HFRZE | Eoduat | BFSER BREK
ﬂé‘:QILTH k| er -T.Il'rlud:.:lulurl_' i
i (2l 1
A
449 r___ F apciiahr
"y 1, = Bipolar
M aignad

-1} Fig. 1.17.1(b) : BPSK genaration

—  The hinary data signal s ard 15) & converted o &
MEZ bipolar sighal by an BMRZ encoder, which i then
apolied to a multiplier (balanced modulator).
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The ather ingaet to the multplier is the carder signal
(2 FEL.

The data bits Os and 1e asp converted inta g bipelar MEZ
signad "o’ as shown in the following takde.

Digital Blpolar NRZ

aloeal R EPFSK cutput
Bilnary 0 =4 Vepsi it = sl [2n 1 1]
Einary 1 d==1 Veoci (1] =—sin (2318

1.17.3 Spectrum of BPSK :

_'n-zl'.- I

The spectium of BPSK Is as shown In Fag. 1122
J.El:'ll

Pely

-2y

(3] Power spectral density of the MRZ daia bt}
LT

b B e bk L Lk Ledg

(b} Spectrum of BPSK
iL-22) Fig, 1.17.2 : Spectrum of BPSK

1.17.4 Bandwidth of BPSK :

From the frequency spectrum of EPSK signal, shewn in

Fig L172(by we can-come to a canclusion that the
bandwicith of 3 BPSK sonal is giver by

BW. = Highest frequency
- Lowest frequency momain lobe
= - pEdg = =1
BW = Zf JAL1RA
where o= 17T,

Thies the minimum bandwidth of BPSE signal is equal 1o
bwice the highes! frequency contained in the baseband

Eigrl.j-!.

Baud rate ©
In BPSE alse each -.'lif:]i[ o 1].cd the |'n|:|ul: |‘:IIE|i1.=uI data

represents a symbol, Hance symbol rate 15 equal to bit
rate

Baud rate M,

Bit rate f,

Bl = 2N,

1.17.5 Advantages of BPSK :

1. BPSK hai a bamctwidth whach |8 kveer than that of a
EFsk signal.

2. BPSK has the best perfarmance of all the sestems in
precance of nolse [toghees the: minlmum pocsitdity of
ET¥OT;

3. BPSK has & very cood noise immunity,
1.17.6 Disadvantage of BPSK

The anly disadvantage of BPSE & that generation and
detectizn of BPSE 15 nod easy. [Lis guite complicated

A7 Applications :

—

—  Phase shift kewing s the most efficient of the thres
madulaten methods and it 15 used for high: bit rates
even higher than LHCO bt fsec

—  Due i low bandwidth requirement the BPSEK modems
ang preferred over the FSK modems, o1 higher operating

speais.
1.17.8 Comparison of Binary Modulation
Systems |
Gr. Binary Binary Binary
M| CARMCISLRE ASK FSK PSK
1. | Wanable Ampliude | Frequency | Phass
charactenstic,
2 | Bandwadth f 21, 2,
{Hz}
d. | Noisa L orew High High
rmmurnily,
4 Error High Lo Liorie
prehability
5, Petffammance Frar Baller than Ealier
By presence ATH Ehan
ol naiss. FSks
6. | Complecxity Simple | Moderatesy Wary
SO chmplEs
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Sr, ; Binary Binary Binary e B4THATT | E 3F iF X |
Mo Pt oo oo FSK PSK i
| Eit rais Suitabds Suitahas Sunable
ez uprin about | Far high
100 1204 bit rates.
bitslzer bitefaec.
& | Detection I Ervelope Ervelope | Coherent
methad iL-as8) Fig. P. 1.17.4 : ASK and PSK waveforms
B 407 Shedch B Wit of PS5 for The binary Ex. 1.17.5:  |Busirate barary modulated waveforms of ASHK
secpeamncs 110100 and FER for the bit sequence 1010011,
Soln. : Solm. .

Figy. P 171 skows the required wavetohns

%:"1;5'_] _'1_'_ 0 i_l_::- & ;
PEK |
sgnal
=904t Fig. P, 13171
Ex.¥:17.2" Findd e baud ard  mindmom Bandwidbdh
n!qui@r! la pass 10 kbps binary sigeal Using
S&SK.
=oln, ; For Ak,
Bawd = Bicrate = 10 kbps T
Miramum BAY, = §, = 10 kHz Y L
Ex. 1.17.3; [Dafine PSK and draw the PSK wavelorm for
the data 10110
Saln. :

Refer Fig, P. 1.17.3,

sL-g0s) Fig, P. 1,173

Refar Fig. F.117.5

| o o |

H"||Jl“-|||" I

0L BT} Flg P 117, 5 ASK and FEH: '|'|IE'I.IEI'DI"I'1'l'5

1.18 Analog to Digital Conversion :

Ex. 1174 Ovaw aSK and PSE wsuelarmys for a data

afream 113101
Saln. -

Riefer Fig P 1.17.4.

The process of converting the analog data to digital
sign:-l'r is KEErdem A% digili;ﬂiun

—  This pracess is esseqntial inall the digital corsmunication
systerns such as Pule Code hModulaton (POM) or Delta
Macdulation (Cx54)

In arder to carmny ot this transfarrmation, ane has o
follow a sequence of gperations such as =amgling,

quantization and enceding,
i i
Analog 1o ool ||:- af Lo

—%— —F
E'EMI Cagital s=gnal

{L-214) Fig. 1.12.1 - Transformation from Analog signal to
digital signal

1.19 Pulse Code Modulation (PCM) :

PCM 15 a type of palse madalaticn like PAK, PO or
PPi bt there = andimpartant difference bebwern them
PAK, PWP or PPM are
evelerns whereas PCM s a “digital” palse modulation

Tanalog®  pulse modulation

sy EbEr,
That means the PCM cutput is in the coded digital form
It iz ih the farm of digital pulses of constant amplitude,
width and position
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The informatan s transmitted in the foem of "oeode
words®, A FCM Syslein carslsts of &8 POhT encoscder
rtrensmitter] and a PCM decader raceboer),

- The essenthal operations i the PCMW fransmrtter are
Eﬁr'r'lpli.ru_:,!_. E[TEER TeatyTe Aty Ehl::‘.:-dl.ﬂg.

— &l theze operations are usualy performad in the zame
circul called &s analog-to-digital £A to Dj converter:

[t shoiild be understood that the PCM s not modulaticn
in the carmsentional sense

— Berause in modulation, one of the charactenistics of the
carrier is wanad i proporticn with the armplitude of the
rnodulating signal. Mathing of that sort happen in PER.

1.19.1 PCM Transmitter (Encoder) ;

Bl diagrarr af the PCM framsrnifier {5 at <hwstt i
Feg, 1.19.1,

Stz Mimitaty
Bandimiiyg Pox aresded slynal
o | Pkl T ] o
e 14 FATER M larhrs . u.:x‘m' el ——-
le el e E 1 _|-\.E|:| |'.':I.'|':!.1
Al CondinuoLD ir_
e TReage
Ii_:"l.l. Lo I__I
nE e ior
| ——

IL-221p Fig. 1.19.1 : PCM fransmitter (Encoder}
Cperation of PCM transmitter :

Cperation of the PO transmitter is a5 foflows ;
The analag signal = [ is passes theough o Bandlirmiting

lcrar pass filter, which has a cut-off frequency f.= W Hz
This will ehsure that & £t will nat have any frequency
cexmiponent h.rghl:r than “W°., This wall e#hrenate the
poasitility of allasing.

- The kand hmited analog signal s ten applied o a
sample and hald cicul where 0t s sampied  al
adequately high sampling rate.

- Dutput-of sample-and hold Block = 8 fiat topped PAM
slgnal

—  These sampdes are then subjected 1o the operation
called “Cuantizeton” in the “Quantizer”, Juantizatson
paocess |5 the process of approsimation.

—  The gquantization is used to reduce the effect of noise
The combined elfect of samphng srd  quantizalson
produces the guantized PAM at the quantizer cwtpout.

—  Tha giantized PAA pukas are applied 1o an encodsr
which is baskcally an Ao I converter,

Each cuantized levsl & converted Into an W bit digitsl
wiard by the A to D carmverter. The value of N car be 8,
16 3, ¢4 ati.

—  The enceder cutput-is converted inko a2 stream of pulses
b the pacallel 1o senal conuerter bleck. This at the PCRW
bransrnitter output wee get a train of digital putses

A pube generator prociices a train af rectangular pulses
with each pulse of duraton *+" secands.

Tha frequency of this signal is *F" Hz This signal acts as
& samipling sgial for the semple dand bokd Black,

The same sigral acts as “clock” cigral fior the parallel to
zefial conwarter. The frequency °f.7 is adjusted to satsly

the Ryguist eriteria,
Wavetfarms !

- The wavefomns at vanigus poinds In the PCM transmitter
are 5 shown in Fig. 1192

=M

L gLy |t
LiTea
IS S
el

i |

Huso . &
r|l-r|l-|-|.l||-:l
L 1 ]

0

Find . o
L0 - i e
FAR e | o

| | FrrTLLL

s e
Ha

; I | i
u:-:||1|:|| |1| :|1|1'||Il}| |l]|l'.'l1|l]|1[l1|

(L-222p Fig. 1.19.2 : Waveforms at different points in PCA
Eramsamatter

g ]
TR

1.18.2 Shape of the PCM Signal :

—  Fig. 1.1%.3 shows input to and cutput of 3 PCBA system.

It is impartant. to pngemstand that the oulpat is in the
farm of Binany codes
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Ll
T
B .
=
d
a1
C"-ﬂruF;‘d“ |In e | T | o auy | o '
e T u

i P TWL ol b el eafl ol k

iL-a2ds Fig, 1.19.3 < Input and sutput wevefonns of
a PCM system

Each transmitted binary code represenis & partular
ampdiide of tha input signal

Hearee the “infarmation” & confained in the Ccoce”
whilch.is being trarsmitted.

The range of Input slgnal magnitudes 1§ divded into
Beequal levets. Each lewet is denoted by a8 three Bit

digital word betwesn OO0 ard 111

Irput segnal % [t} B-sampled. [f the sampla |5 |n the 8" -
wrndow ol amplitide then & digal word 101 s
braremitberl,

i the sarple is in the 2™ - window thar-the transmitted
ward 15 10 ard so on.

Iy this example we have converted the amplitudes into
3 bit codes b I practice the nurmber of bits perword

can Be as high as-&, % or 10,

1.19.3 PCM Receiver (Decoder) !

Fra. 1.19.4 shiows th block diagram of a PCR recaiver.

L

Hud=
[ g

jL-224} Feg. 1.19.4 : PCM receiver [Dedoder]

Operation of PCM receiver :

A PCM signal contarenated with noese 15 available at the
FECEVET INPUE
The regeneration cireuit at the receiver will separate the

PR pulses fram rdise and will recorstnuct the ondginal
P -sagnial

Tha pulse generatar has U3 operaté in synchromzation
with thak at i transmter,

Thus at the regeneration <ircuit autput we get a “clean”
FLCB signal.

The reconstriection of PCAA signal is possible due to the
digstal nature of PCM signal,

The reconstructed FCM signal is then passad thwoudgh a
sefial o parallel cormmerter,

Culpt of this block is then.applied to a decoder.
The clecoder i a D to A converier which performs
exactly the opposste cperation of the encoder.

The decoder oulpal is the sequence of g quandized
mudtsleyel pulses. The guantized PARM swgnal s thus
obtained, at the output of the decoder.

This quantizeel PAM shqnal is passed through a low pass

filter 10 recower the analog signal, » (T

The low pass filter is called as the recenstruction fitker

sacd s cub off frequency is equal to the message
Landrendth W,

1.19.4 Quantization Process ;

Quantizatian is:4 pracess of approximation ar raunding
off. The sampled signal in P transeitted = apphed to
the quantizer block

Cuantizer converts the sampled signal inde an
apprasimate quantoed signak which consists of onky a
fimite-rmumier of predecided voltage keyels.

Each sampled valoe at the lopul of the guantizer is
aporosimmated o rounded off to the nearest ctandard
predecided voltage level

These standard levels are known as the “guardization
levels”. Befer to Fig, 1.19.5 1o urderstand the grocess of

quantzation
o ihode
A Carnlzad Sgnal 1 sl
i il sl
n Az
L] '|;
Ld "'-..:
L
i 'I.L-.-I.llrl-:r-"r-'l
: 1 i
5 Al 10000
L 3
L4 "r_
5 "|‘.
£ Vel
e Tew

[L-x25) Fig. 1.19.5 | Process of guantization
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The gquantzation process takes place as fallowes

The input signad x (f) & assumed o have & peak to peak
swareg - af W te W ehs, This ertice vallage range has
been diviied into "0 egual Intervals each of size "s°.

s is called as the step size and its walue is given as,

I

s ST

Iry Figg. 1.19.5, the value of Q = B

At the cemter of these ranges, the quantization levels
Qo Ay . 20 placed, Thus the number of quantization

levels s ) = B

The quantzation lewels are also called as decsion
thresholds

o (1 represents the gquantized vermon of x (1) We
cdain x;, k1 al the oulput of the quantizer.

Whean % (1) 1500 the range &, then corresponging to any
value of x ], the guantizer cutput will be aqual 2o "g,"
Similady for sl the values of X (Ein the Fange A., the
gquantizer output is constant equal tag."

Thus in each range from A, oA, the signal & T =

rovnad off bo the nearest quanthzation lavel argl the
gquantized signal is pradyced.

The 'quan'[..t-e_-:d Elghal_ " L 1% thus an a|'.'||:'|r-::-.l|:|.1'||.=:t||.1|'| ol
¥ [t Tre difference between them & called as
quantization errar or quantization noisa,

This erfar should be a5 small a4s p-ms.ib:-ﬁ.

Ta minimize the quantization eror we nesd 1o recuce

the step sge 5" by increasing the  number of
quantizetion |euets O

Why is guantization reguired 2

[I we do nat use the quantizer bleck in the PCM
[rarsmiiter hen we will have o canverl aach and aary
sampled value indo @ unigue dugital word.

Thiz wnll e a large number of bt per ward (M), This
will increace the bit rate and hence the bandwidth
requirement of the channel.

Ta avoid this, if we use a quantizer with only
250 quandzation levels then all {he sampled values @il
be finally approamated into only 256 dstng voltage
lvels,

o we need anly B bits per word to regresent each
quantized sampled value.

1-24 Fundameniala of Dala Sommunicalion

—  Thus the number af Bits per word can be reduced, This
will sventually reduce the bit e and bandwidth
recErement

1.19.58 Quantization Error or Quantization
Moise = -

The differetice bhetwees the indtantaneous Yalues of e
guantized signal and input sigeal s called  as
guantization error ar quantization noise
s = o =xit SL10
~  The quamtization eror is shown by shaded. portions of
the wavefomin Figg, 1.19.5,
—  The magimum value of quantizasion amar is £ 57 2
whare sis step size.

Thatelore Lo reduce the duantizatian emros we have Lo
reduce tha step: size bty increasing  the  numiber of
quantization leves iz Q.

—  Themesn square salue of the gquantizaton i given by,

ci 5
dlein squane value ol quantization errar = 1=

w1123

The relation betaeen the number of quantization levels
2 and the number of bits per word [M) in the
transrmitted sigral can be fourd 2 foltows -

- Because each quantized level & to be comverted into a
unigue N kit digital word, asswming a binary “coded
outpuk sagnal,

The nmumber of guantization levels Q = Number of
combinations of bits word

n = 2 L1

Thus ff M =4 Le. & hite per word then the number of
guantization levels will be # e 16

1.19.6 Effect of Noise on the PCM System :

Lock: at the two Fags 11960030 and 1194660 which
llustrate the effect of noise an the transmitted pulses

- Consider Fig. 1.Iwafal first. Due o the noise
sdpenimpased on the pulses, anly the PARM system will
he atfected,

Howeewar the FINR, PER and POM systame will remain
unaffected. The regencration of the pulses is achievad
by using a clipper circuit with referanca levals A& and B,

Teth
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- Mow conmder Fig. L1960 Here the sides of the
transmitted pulse are net perfectly vartical. In praciice
the trarsmitied pulkses usually haie slighdly sloping sides
(Eddges).

[ WLETS E

r

¥ widTh o priankan

[a)

."'n" Mo chango

Change In wAdd
el pudikan

(b}
qL-228] Figp. 1.15.6 : Effect of noise on PCM

- A5 the noise i5 superimposad on them, the width and
the pesition af the regenerated pulses s changed.

Peowe this 1s going o distort the informatson contents in
the PYWI and PFM signals.

- Bub PCMW = still upaffected as F does not contain any
inforrnation in the width or the position of the pulses.

- Thus PCH has-much beiter nois: mmmunty as compared
Lep-Pacbd, P M ancd PP systems,

1.20 Advantages, Disadvantages and
Applications of PCM :

The PCM is considersd o be fhe Bt mociodation
seheme ta transmit The vekce and videa Lr-gn.ulﬁ.

— Al the advantages of PCM are due to the fact that it
uses coded pulses for the transmission of information,

1.20.1 Advantages of PCM .

1.  ¥ery high moise immunily (Neise does nat atfect the
infarmation cantent).

2 Due o digital nature of the signal, repeaters can be
placed bebween the transmitter and the receivers, Trm
repeaters E-L'[l_:-ﬂll:ln' I"lEI;IE'!r'IEI'J:I‘lI: the= recened PR 5!-':|r'|E|I.
This is ot possitde in analig systems. Bepeaters further
recisce the effect of noisz.

1. It is possible to store the PCM signal due to s digital
natura,

4. It is possible 1o use varicus coding techniques so that
only the desired racenver can . decode the recaived
Hignal Thais mraskes Yhe commadmcalion sectire,

5 The increatad channgd bandwidty requirermient for PCR
is balanced by the improved SME. This is tha due tothe
Fact that PCM obeys an-espanertial tEw.

6.0 Theare & a untform format used Tfor the transmission of
diffgrent typ=es of base -bard signals, Hence it is easy to
ih[r.ﬁ.].rﬁtc: all Thage HiErlﬂm I-:':|E|E[|"|-e‘.r ancd send them o

thie cormiman net'work.

2. I is easy to drop or reansert the message sources |m a
PLAA-TRM systam

1.20.2 Disadvantages of PCM :

1 The Hnm-dirrg_ d-:l:l;-dt'ng and -:,:|u:-."|!?..:"|n|_:_| (] u]lr:,- af POhA
i5 vormple.

fis

PCM requires a large bandwsdth as compamed to the
other sysiems.

1.20.3 Applications of PCM :

- Some of the applicatiens of PCM are as follows :
1. [Intelephar jwith the acvent of filbre optic cablec]

Z.In the space communicaton, space credt transmits
'iiElI."HE o Earif, Hers the tTransmilied power iw ey
e (10 ta 150N and the distances qre I'nugu - feawy
rmillicon k). SEl due o the high neese irmmunity,
FCM can e owsed in such
Applicatians,

Y FyshEms

CHhar A fo O conversion sysiams

-  Somea other Ato [ convarsion systems are |
1. Delta rodulation (Cokd)
2. Differential BCh (ERCH).
3 Adaptive dalta madulation (ADM}
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Q.2

.3

2.4

Q.5
Q.8

Q.7
Q. 8

4.4

Q13

{3 1@

017
Q. 14

Q.14

0. A
Q021
{2, &2

Q.2

I Review Questions

‘Whal are the characieristics af data communicalion
systam ¥
‘Which are the components of data communication
systam ¥
State ahd explain  the impartand elements: af &

prodnsal.
Define 3 protoccl.

Define standards and state iks iypas,

Gtats  ard  ewplain.  Bbout  wanous  etandaerd

ceganizations,

Explas tha concapt of signal propagstion.
Define a signal and stats its fypes.

Define analog and digital signals,
Compare analog and digital signals
Define mriedivim and State s exanples

Define =signal pandwidth and state itz valuss for
different types of signals.

Diefire the term Dandwidih of @ medium™ and elate s
IFnpartance,

Diefing ihe terms; amphiude; frequency and phase of
& slgnal.

Define b rate and baud rabe
Wrritee & mnate o Jdata

fransmession rale &nd

Candmiciih.
Ll The modes of daks ransrmission
Ezplain half duplex sysbem and full duplex systen,

What

commisnicaiion T

are the standard omganmizations for data

Whal = quantizing noke 7
State the applicatons of PCM sigmals.,
Whal is quanization 7

Whal is quanbzahon srror 7 What 15 s mEximum

ol 7

Q. 24

25

{1 26
L 27

4. 24

=28
¥1.30

LR
132
L 33
. 34
L

{1. 36

QL a7

a1 33

1.21

How to redui the guanlizalion errar 7

Draw and axplam ihe Dock diagrem for genaeration of
PCM sgnal.

State the bandwidih requirament of ASK syatem.
Whad i= the maxmuemn B.W. of BPSK sestem 7
Diraws the BPSK sigral Tor the felfawirg binary sighal.
141110440

Staie the expressinn for BESK

How |5 @ message ransmetted in BFSK 7

What iz the BW of BFSIK 7

Stale meeile and demerils of BASE.

Compare ASK and FSI

Diratay U wavelorine for FSK and PEK modulation,
What s ASK 7 Drawe ds wavelform #

Draw the bock diagram of binary PSKE systern and
explain with signal spsce diagram.

YWile an capression for the BRFSK and esplain . the
spectrum of BFSK.

Craw the BFSK waveform to represent the following
bil slream 00107710,

|-Scheme Questions and Answers :

.1

1.2

(L3

Summer 2018 [Total Marks

- 10]
Compare anaog and digital signaés,

{Saction 1.5.4) (4 Marks)

Deacribe the process of data communicaton o
WAFKIES ITacias,

(Sections 1.12, 1121, 1122 and 1.12.3) (6 Markz}

Winter 2018 [Total Marks -

18]

Cedlne bit rate and baud rate.

iSections 1.8.2 and 1.8.3) (2 Marks)

List differen characisristios of dala cormmunication
yatem [Any twa) [Section 1.2.2) (2 Marks)

Differentiate between symchronaus and asynchronous

pommunicatian, {Any four pomts.) (4 Marks)

TethKnauiledgs
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Ans. : Q.6 Draw and axplain block diagram of communicaton
Comparson of  synchronous  and  asynchronogs system (Section 1.3 (4 Marks)
communication :
Table 1 : Comparison of synchronous and . T Explain simplex, hall dupbsx and (ull dopkex modes
asynchrotols cominunicatich data cammumcation.
SF. ! i Aﬂ-?ﬂl:l"ll"ﬂ!'lﬂﬂﬂ Emhmm 15“':““:'”5 1-12.1. 1.12.2 and 1|12r3’} EE H-ilril:!i-l
| Ne. | | transmission | transmission | Summer 2022 [Total Marks - 12]
1 SyhchrehiZalion | Nol neaded Mesdsd 8 Deline:
2. | Blart and Slop | Used Mol Lsed I. Bt rate. {Section 1.8.2)
bifts: ii. Baud rale. {Section 1.6.3) (2 Marks)
 datakiocks i Pralocsd (Section 1.4.1]
d. | Speed Liow Hiizh Il. Bandwidth. {Section 1.7) (2 Marks)
habyeen A batemen o
etpuier ahd | cafupiiane {Sections 1.12.1, 1.12.2 and 1.12.3) (4 Marks)
Reyboard. & 11 Describe the companents of date communlcstion with
neal diggram, [Section 1.3) (4 Marks)
| |
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Fundamentalz of Compaler Matwork

2.1 A NMetwork :

MEETE Questions
&1 Defng nebwork,

{512, 2 Marks)

Metwork ;

Peatwark is-a broad term similar bo "system”. Network 1=
a cammuniicakion system which supports many users,
The interconnectian of one slation to many clations i
calles 3 r||=I'.=.'-:_:|rI|:i||-:_;.

A netework 15 amy intercennection of two or omare
statigns thatwish to communicate,

M= ¢

Each station in a commumcation netwod s called as a
nade, The nodes are connected in different way toocach
other fo farm a netwark.

D of such netweske is shown in Fig. 21,1

Mary ather forms of interconnections are possibie, The
sl familiar network 15 Hee |IE_'!|I.'.FI|'|EIrII.' syslem. It is Hhae

largest and mast sophizticated retwork of all.
MNoda

153

Link

iG-13] Fig. 211 | A simple comemunkcation netvwork

2.1.1 Computer Networks :

o |

Q. 2
o
Q.4

Q.6
Q.7

WSEBTE Questions
Define protoosd {S08, 511, 512, W.12, 2 Marks)
Drefine cornpaler nebasam. (=12, 2 Marks)
Dhafaree the term - Profoool. (5-13, 1 Mark)
Cefine  Protocal’  with refErence o cofmputer
nitweark. Whal is fhe Turstion of 1P 7
{5-14, 2 Marks)
Crzfire cormpiater ne by, 15-16, 2 Marks)
Crefiree P reatonce §3-16, 1 Mark}
Crafine protoced. State the nesd for the samea.
=16, 2 Marks)
Drefirs: profocs, {5-17, 2 Marks)

Q. 8

In contest with the computers we can say that a
netwark”™ = a  systern which  allows
cormandcation armong the computers coanected in the

‘commHer

neraark

Ciuring 2™ century the most imporiant wchnology has
been the nformation gathering, its processing  and

distribution,

The computers and communications have been mergad
together snd: thedr rgrgar had & veny déep Impact oh

the manner in which compirer systems are arganized.

In the old madel a single cormpuber used to serve all the
computahonal needs of an grganization, But now it s
replaced by a news meoddel o which a large nunvber of
separate but interconnected compubers dio the kab.

ety Sysberns ans ralled as -ttl-ITII:HJI'-Er mnetvorks.

Cefinition -

A computer neteork 15 2 group of computers and ather
camputing. harchiare oevices are  linked together

through  communication  chasmels  to  facilitate
cormmunecation and resource sharing amang wice
rarwger af users,

o computars are sald to be interconnected IF they
exchange miormation:. The conmecton heteesn  the
seprrate compaters can bedone via & copperwire, fiter
opAdics, microdmes or carmmuracation salellite.

A ety bn Py, 2.1 2, each node in a computer nereork
i5 8 computer, or & connecting device such g= a hub, or

" N

L_'I
pe-19495: Fig. 2.1L.2 : A computer network

The computers connected i & nebwerk sharg files,

folders, applications and  resources: like  scanners,
webi-cams, printers et

Tha best axample of 8 computer network is the Intamet.

In a computer network we nead to make wse ot
hardwass and saftware.

The hardware consicts of
(e Wl

Lonneciing cables,

conreskne, :unn:-:[in-r.l__ dewices  ardd  the
sofbware ¢oncists of |'.'|rl:]El:':-::-:':I|£ programs efc.

Teth
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- This enables the systematic exchange of miformnation
atween the carnputers connected in the nebwork.

There  are  warlobs waps of  intercoanecting  the
-.'-:-rnpun_ars..

Protocal -
For suceaso{ul cormmurecation td acour, |1 % neat -e‘.r||:||..|5|h

For the “serdder” to cimply transmit the message and
“asmme” that the “receiver” will receiwe it properky

- There aré certain rules that must be followed o ensure
propes cammunication.

—~ & set af such rules is known as 2 "protocal® of the
CCATIpLEr cormmunication !.'!llljtl;"l'rl.

Detinition :

- Protocel 15 defined as the sei of rafes.agreed upon by
the sending and recawving  compuber  systems, 1o

facilitate & proper communication betwesn thanm.

2 I'I.-'I:-:n].- Aiflarent |::-r-:|I-:_:||‘:r.||: are wEed in e mesierrs

Cexmpuler w10 i [ B8] (o011 L b 5:.!5|:|:1'r'|.

Meed :

- Prvdooels are needed to ersure proper communicakion

among e compuiers onmected i & cormputer

netvrork,

2.1.2 Need and Applications of Computer
Metwork :

w08, 310, 5-14, W-14 516, W-16, -3chemme & 5-108

2.1 Explain the need of cormpuier nebaork.
W-09, 5-10, 4 Marks)
.2 List amy e appkeations of complibis ek,
|5-14, 2 Marks)
€. 3 Enlist sight apelications of computar ratwork.
(¥V-14, £ Marks)
Q.4 List b aphlicatites of computer nalwork,
|5-16, 2 Marks)
Q.5 Slate the nesd of computer network,
[W-16, B=18, 7 Marks)

The computer networks are needed becaase of Lhe
Fallesding: polnks

1. Forsharing Lhe resounces such as prnters amoesg all the
LISETS,

Far 5.h.ann::; of expens e gaflwares and database

HJ

2. To facilitate cormmunication from one computer 1o the
other,

4. To have axchanpe-of data and infonmaton amangst the
Lsers: Wia the network

5. For shanng of infesmation cver the gengraphically wids
T

4 Far
ildings of an grganization,

cowiecting  the compuiers betwaon  vanoos

.. For ediscational punposes.

Z2.1.3 Components of a Computer Network :

MSBTE Quesations

.1 What are e varous compongnts of compuber
nexlwork, 7 (5=, 4 Marks]

Q.2 Enlist the components of computer networ.
W-14, 4 Marks)
.3 Enfist essential components reguired 1o Jesign

EaMmpter R bk (5-15, 4 Marks)

Fediowing are some. of the imporfant compoaents of a
computer nelwork

1. Twoor more computers

2. Cables [coacial, twisted pair or fiber optic) o links
betwitsn Lhe Lompeters.

1. A Mebwork interfacing Card (MIC) on each computer
d,  Ewilches ar olher suitable caarirechrg (St [

5. A sofiware callec! netenork oparating system.

2.2 Network Benefits :

MSISEBTE Juestions

.1  Ezxplain benefits of computer natwork.

A netwiork 15 supposed 10 provade ms Uses S0me unspue
capahilities, better than what the individual machines
anicd thesr sofboare cars r.lrl.'.'.ru_:le:.

- The benefits provided by the neterark 1o the users can
be divided info towg categones as Follcws
Cannectiviby.

1. Sharineg. I
2.2 1 Sharing Information :

MSBRTE Cuestinns

Q.1 Slate any four banslits of nataaking.

(5-11, 2 Marks]

Q2 Explain benefits of compuber natwork
{W-11, 4 Marks]

TethKnauiledgs

aalif AT IGE§
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—  Metworking allows the users 1o access the data stored
e ather's comgputers,

M ois possible for ewvery user 1o share his bit of
infonmation with the other users over the netwark.

—  The informaticn sharing can be i the farm of exchange
of data, r.|'|;:|II'I|1|:;|. .'.-e:ﬂrJulg E-rrails, L|I.:ri|'|5| wicdeis

Ligor 1 I Llzor 2 Llgaar 3 I =ar 4

Lazar
prindar

r-1398} Fig. 2.2.1 ; Sharing of hardware resources

inforrnation, groups e 2. Sharing of soflware resocurces :
- [tis also possible for the users to share theanformation | =  With every computer, wa need to install some- basic
ahout various products. mevies, technical information, saftiare’s on sach computér's hard desh:
piaking, el Bopkeaninreret S0 pach compatar-on the metwork will have o purchase
Sharing of information via Internel has become  very x separate topy of cach software required to b wsed,
COMMAN now a days. This weilt increspse the cost t be ircurned,
- The information which is to beshared o being 51.1:11'&!:[ —  In addiion, installing softwars an each computar 15 time
should B¢ shared centrally, & roust be: kept consistemnt : ;
consuming and diffjcult
and securac,
T hi= hiem can-be overcome-by using the conospl of
—  The access to ths stored infarmation should be allowed : i 4 # i
ey A S LR 56 caflwidre resolirce shanng.
Sharing ol nformation. eliminates. the nesd of | In & rebwork, we can centrally install and configure only
trarisferiing fikes an CDe oF pen drives etc one cagn of each saftware and share it ameang rest of
222 Bharing Resources : HHEEOPRALILEYE.
TETRATECETETER | - This actually saves a lot of time and cost Fig, 22.2 shows
e the principie af softeare sharing,
; _ _ Hode 1 -
Q.1 Whal s meard by Nle sharing and peinter shadng 7 E Ghﬁk['hl‘-
—_— _l 1=
How this cary be achiewed 7
hoada 2 Canralived
Q.2 Explain which resources can be shared i ~ -
CoHmputer nabaorke. 1516, 4 Marks) Bl 3 Ml ! E
.3 Narme any four resourcas that can ba shafed in & E— _I Spreaicheets
ermipaaler e bk, {W-1G6, 4 Markx) Bocioo
- PMetwarks can allow 15 users to share various types of
A i W e
resources. We can broadly categarze the shared At

recalrces as follows :

1. Shared hardware Fesaumces, t6-1399) Flg., 2.2.2 - Sharing of software resources

2,2.3 Facilitating Centralized Management |

G511, 5=14, W-16

2. Shared software rescurces.

1.  Sharing of hardware rescurces |

— & network alows w5 usars fo share the mamy hardware

MSETE Quastions

degices Such as pinbers, modems. fax machinss, O

RIOM polayers atc. &1 Lsslany four pebeork loals used. for maindainirg

Rt (5-11, 2 Marks)

@2 Explain computer netwoerk facilities i terms of
eepitralized network rmanagement. (S.11, 4 Marks)

. 3 Describe in brief backing up data. (5-14, 2 Marks)

.4 Siate four bensfits of nabwork used for centrallzed
managﬁ:mepl {W-"I'F. 4 I'lulilrl-l.i_»] :

—  These mesources are aveilable to aryone on the network
irresprctive of the physical Iocation of the resource and
the user.

—  This will save the expenses on duplication of sudh
harchware rescurces PR3 2.2.1 shows a laser printer being
shiarad By rary Users

Teth
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The computar netweork facilitates cenmralized netework
manﬂg-rlru:nl with FEspct 1o Fnll-:,‘:-wing -

1. Management of softsare
2. Maintenance of rebwork.

3. keeping the data bacloap.

4, Central metwark secuniy.
Al this is allowed by the client — server nieteark

Managing softeare :

A discussad sarlier, iU is a very good idea toshare the
soibedare resounces, instead of installing a soparte copy
of sefhware on cach computer,

it is possible to koad all the Important software ona
single compatar {(5erver],

Al the other computers can make use of this centrahzed

sodberane s per their reguirements,

This reduces the. eapenses in buying the expensive
software’s for sach Individual compiter 16 alis makes
the wines checzs samy.

VWeo can add new computers on the existing network
withaul parchasing the software’s again,

Thus the metwork helps in maintaining & centralized
soitviane hank.

Maintenance of neterark ;

The sacand aspact In the centralized managemeant 15 the
maintanance of network

The centrdred management allows guick and easy way
to Lk rautine mainisnancs of network

The chent server natworks are maintained centrally, It s
sy important but diffecult job.

A central administrator keeps track of the status of the
neteark in respect of its speed, traffic, pirformance and
sECRATIEY,

Some of the nebwork maintesnance lools available to
help the retwork maintenance &re as follows

1. Protocol analyzer

2. Event viewer

3. Performance monitos

4. MNetwosk analyzer,

5. Metwork management pratocal.

Backing up data ;

In the process of data backup, date from computer
systern s copied from the disk 1o same ofher medium
far keeping it sade,

Takirg backup perocikally & Important because it

pratects the dats against any unpredickable, scoidental
less af data dise to systam Falure compater rses, or

hurnan errar,

But taking a backup of individual user's dats saparately
i5 2 time consumirg and unorganized,

Herce inoa netiark, the users firsh save their important
data an the central server and then the backup can be
[ak=n an 1he server data.

This reduces the time and stores the backup data at a
sqanal place anby. This makes the deta retrieval easy,

We can have we of thres sels of the entite backup
data. This helps in e avent of ane or Tao sels getting
cormupd. The duplication of backup data becorrs easily
[_u.':-ssihlr: cluies Sey el ralized slcarage,

The centralized backup procedures have Deconie easy
rowy @ davs due bo the advanced technology.

There ane tam basic nefwark backup .i1r.-.|{-e‘.1:_|i-:=:ﬂ -

1. Bolated backup.

2 Centralized backup

The operating systaims will provide tools required for
ddta backups. For eamgle windows MNT prosds a tape
backup program called a5 backup,

A propsr Backup polcy which e Suliable Far the given

retwork should ke selected. Some of the backup
peleies are as follows

1. Eull I::tu:l:,l..'p.
2. Rephcation

z incrementsl ar partial I:,:-.;:nkup.

2.2.4 Other Benefits of Computer Networks ;

. 811, B-14_&.15, W.1B, 5-16, B-17

Q.1

Q.2

3

MSETE Qu n-!:ti ns
Lesl sdvanlages ol compulsr nelworks.
(5-09, W-15, 2 Marks)
Give the sacvantages and disedvantages of
sompubsr nebaorks.
[S-11, 4 Marks, 5-15, 8 Marks)]
Dieecribe four sdvantages of compubar nedwork.
15-14, 4 Marks}

Teth

FaSlil AT IQE g
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- Following  are some af the ather advantages of
Compuier netearks
1. Increased spaeed :

. Mebaarks. proveke & WETY [aut means Tor 5h.'|.'|n-;_.| and
trarefer of [iles.

- _If the computer natworks would rot have been thare,
then we would have 16 Lopy the files on COS of pen
drive and send then to the other computars.

2, Reduced cost ;

Mary popular versians of soffwares ysable for the endire
network are-now avaldable at a considerably reduced
cosis ascompansd to mdvidual feonsed copies.

- [ addition to-thi i & alko possble o share & program
cn a8 networke € s also possible to upgrade the

prodgram,
3. Improved securify

- I i= possible to protect the programs and- hles from
Hlagal copwing.
By altatting password the access can be restricted to
autorized Users anby

4, Centralizad software managemants |

- Dhue 4o the use aof comouter metworks, afl the softwares
can ba [aaded an onme computer,

Al the other computers can maka vee of this cantralized
S,

— - [tis not necessan to waste ime ard energy in installing
updakes and tracking fbes on independent computers.
2, Electronic-mail :

The campuber network makes the hardware available

which 15 nacessary tonstall &n e-mail spstem.

- The persan o persan comumunicaton s amproved doe
bo-a presence of e-mail system.
6. Flexible access ;

[T 15 piesibale foor thie autharized users ta aecacs thelr flleg
from any compater connectad on the netwaork.

—  This provides trernerrdaus flexibility in accoessivg.

26 Fundamentalz of Compalier Matwork
Q. 4 Explainany four benefils of computer nebwork, 2.2.5 Disadvantages of Networks |  ERIERE
[S-14, 4 Marks)
Q.5 SlateTour bensfils of computar nabaorie, MG T E LIk tho s
|5-16, 4 Marks) .1 Gve the advaniages and  disadvanlages of
Q.8 List advantages of compaster nebeork. compuler nelworks.
|S-17., 2 Marks) [5-11, 4 Marks, 5-15, & Marks}

—  Following are some of the disadvantages of computar
netaorks,

1. High coslof installation ;

The nitiad cost of instsliation of 3 computar nebworn is
high.

- This is due to the cost of cables, network . cards,
cornputers, printers and vanous softwares that are
regigirest to-be instalbed,

The cost of services of technicians may also get added.

2. Reguires tme for administration :

- Computer  networks  nmeed  proger and  caredul

adminstration  and maintenance. This & a time

LONsUMInG job
4.  Failure of server :

—  Ii thee file samvars “goes down™ then the enting network
cames tooa starail

IT this hepoens then the entre crganizanon. can kooe 1S
valualHe time and acoess to the necessary prograns and

files

4. Cable faulés :

- Tha computers in a mebwork are intarconnecied with the
help of connecting cables, 5o cable faultscan paralize a
network

2.3 Neilwork Services :

—  The computer neterorks are plaving an impartant rale in
pravding services o large organizations as @ell as to

the indivedual common man.

2.3.1 Service Provided by the Network for
Organizations ;

- Many organizations have a large number of computars
in opewation
- These computers may be within the same building

campus: city ar different cities.
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Eventiiough the computers are located n different
Izcatians, the organisations want W keep track of
inventones, monitor productvity, do the ordenng and
balling efc,

The computer networks are useful to the arganisations
Irv the fodlawdeg ways

Fesaurce sharing -

[t allows all programs, equipments and data available to
aryone of the netdork irespective. of the phesical

location of the resaurce and the usar,

High reliahility dus to alternatva sources of data ;
it provickas high reliabifity by having altemative Sources
of data

For eq. all files could be replicated on more than ane
mackenes, so it one of them is dnavailable due to

harchvare Faslure or amy other reason, the other copies
can ke used;

The aspect of high reliability s very Importamt for
military. bankirg, &ér traffic control. mocleas reactor
salety and frany olher applications where conlinuesis

comtations Is & must esen f there ars hardware or
softeane failures.

st ;

Computer netivorking i an Impodant finarcial agpect
For organisations because it saves money.

Orgamsations can use separate personal computer ane
per-user instead of usihg mainfrarme computer which
A EXpaEnsi,

The organizations can use the warkgroup: model {peer
ko pesry in which all the PCs are networked logether
and each one can have 1he access to the ather Tar
COMMUnICating ar sharing purpase.

The orgamsation, i # wants secudty for Hs aperation 11
can go in for the domain model in which there i a
server and clients

Al
Errotgh the sensor.

the <lients can commuomicate and access  data

Communication madium ;

A computer  nebeerk proddes ca pewedl

comimdnkation  mediunn among  widehy separated

employeas,

Lising netwone itois easy for bwa or mare enyployess,
wihe are separated by geographical kncations toewark on
a repor, document or B oand [0 simsltaneously
i.e.an — line,

2.3.2 Services Provided by the Metwork to

Feople :

MSBTE Questions

@1 Daescribe the servicas provided by the neboork. to

Pl (S-11, 4 Marks]

Tha computer retworks offer the following services: to
an Individual perso

1,  Aecais io ramate infarmatian,
2. Person 4o persan communication
3, E-commerce,

4. Enteractie entertainment

Access to remots iInformation ;

Aecess o rermole  Infeomation  invalves intersction

betwezn 4 person &nd a remate databese. Adcess to
remede information comes in many Formes like

Haorme shopoing, paving telephone, =lectrcty  hills,
e-bianking, on ling share markst atc

Meawspaper is an-line and & personalized, digited libeary
r.nrlsisling oof haaks. gl i=EEILE = :.r.il.-.nl.ifil._|-::-|,|*'|1a|5 el
Warld wide web which contains infonmation about the
arts, busminess, cooking, gowemment, health, history,
hohbses, recrestlan, sckence, sparts &l

Person to person commumication ;

Persan b persan communication inclhicdes
Electrodic-rnail (8-mail)

Real tirng e-mail we. video conferancirg allaws remeate
wstrs ko communicate with ne delay by sewing and
hearing each other, Video-confeérending s being wsed
for remiole school, getiing medical opinicry from distant
soecialists etc,

Warkdwide new agroups ity which ore person posts a
rmessage and all other subsariters 1o the newsgmup <an
read it or give their fecdbacks

Interactive entedalnment

Interactve entartadnmeant | neludes !

Multiperson real-time simulation ganmes,
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- Yideo o demans.

- Participaton in I TV programmies likes quiz, contest,

discussions etc.

2.4 Computer Network Criteria :

2.5 Neiwork Scale :

MEE1TE Choesticons

Q.1 Which cnteria shotlld be folkweed while desighing

& compuler nedwark ? {511, 4 Marks)

- Metwark i g broad term simllar to system, Natwark is- a
commmuncation systern which supports mary users.

—  In condeet with the compuiers we tan say that o

ompaler  nebsork”  is a0 systen which allows
cominvumcation ameng the camputers cannectad in the
netesork:

A néfwiark st be able to meet cedaln oritera. The
Frost innpartant af ther ara &

1. Performance, 2. Rediability,

Peformance ©

%, Security

Performance can be measured in different ways. We can
measane it in terms of fransit fime a#nd rasponse bime

—  Transit time & défined as the fune reguired for &
ressadcse 1o travel fromn one device 1 the ciher
Respanse time : It i the hime alapied hetwesn the
instant of enquiry and the instant of gwing respanse

The other factors deciding the performance are as
Feablewas, :

1. MNumberof users
2. Typeof rarsmission medium
3, The hardware used
4. The software used.
Reliability :
The rfebwark rediabdlily s impoilant bacaie it decides
the frequercy. al wie b network failune takes place

- [tatso decides the time taken by the netwaork 4o recover
and 1ts rabustness inthe catastraphe

Beerurity

- The neteark security refers 10 pratection of data from
the urag Liorines] user Gr Joesgs,

— [talsoinciudes the data protection against darmage and
recovering it inthe events of data losses

~  This is an alternative <criterion for Gassification of
networks.

Fig. 251 awes the network classification based on their
phisical sire. Al these systems are moltipracessor

eyt
Intélgamnemr Prodessars are Exarmple of
distanca located in netwiork
0.1 m Same cireult Diata Mew
| board rschine
1m Same systern fllticarnpder
10 m Same foarm LAl
100 m Hame building LAaM
T km | Same campus LAN
P wan |
100 km Sarme state WaN I
1 X krn ! Same aonlinenl HLE
14, 000 km | Same planat Infernet

Fig, 2.5.1 : Metwork dassification according to scale

- Bewond the mudtwompulers are the frue netwoms 0
which the computers commubscate by eschanging
messages avar kang cables,

- Such networks ara divided mte follewing categaries:;
l Lacal ared pebesarks.
2. Metropalitan area nebwaorks.

3. \ide area neteworks
Internetwork ;

The conneclion of two or more neleorks is caled as an

internenaory.

~  The best example-of interretwark is the Internet,

26 Network Classification by their
Geography :

W-11, 5-12, 814, 5-15, 516, 5-1

MSBTE duestions

Q. 1 Explain classification of compLiar neteark.
IW-11, 4 Marks}
Classily the restiorks, (8-12, 2 Marks)
Lest any four fypes of eomputer meboork by
sonsidaring geography, (5-14, T Marks]
Describe dassification of camputer networks.

{5-15, 4 Marks)

2.2
Q.3

Q4

Teth
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Q.5 Classify networks on the basis of their gengraphy
arid defire. [2-16, 5-18, 4 Marks)

& Explain classification of computer neteork by their
geography, {517, 4 Marks) |

—  Computer network can be classifed based on the
gl:r.lgr.:phil;.;& ares rF'n::,r cerer, e the area over which
ke metwiork is spraad,

— Such aclasscation s shown in Fig, 2681

Matworks
I
} ] I I 1
AN LAk A WWAN £afy
(Fargonal dacel  [Moiropeditan - [Wida (P
Brad, Aran Aran Ares A
halwarkl  Nabwarkl  Mebworkl  Babworkl  Network|

iG-14een Fig. 29,1 ; Network categones

— I this section, we will discuss the following caregores
of nebworks

2.6.1

Local Area Networks (LAN) :

W11, W12, 516, W16, 517, 518

MEZETE Quastions
0.1  Explain LAN with diagram. (W=11, 4 Marks)
Q.2 wnbs any tao characierisbics of LAN.

(=12, 2 Marks)
Q.3 Classify networks on the bagis of Their geography

and define, [5-16, 5-18, 4 Marks)

. 4 Slate lour feabres of LAN and WAN.

(-16, 4 Marks)
Q.3 List amy o eharactanstics of LAN,

15-17, 2 Matks)

Definition :

—  The Local Amea Metwark [LAN) &5 & neteork which s
designed {0 operate over a small physical area such as
an offica, factory or & graup of beldings. LANS age vary
wiclely used in 8 vanely of applications.

LTS e BARy 1o |.'.|I'!$il:_|ll and tronbleshast T F,:-e;'rs:-.'.ln.ﬂr

computers  and  workstations  in o the  offices  are

interconnected via LAM

—  The gichange of informanon and shanrdg o resources
bBacomes gasy because of LAN.

[ LM sl the machines are conrected 1o a sngle cable
Different types of topologies such as Bus, Ring, Star,
Tres stc, are ysed for LAk

— LAN uses a fayered archifecture and they are capable of
operatng at hundreds of Miots/sec

= A Local Area Metaors (LANT is usually & prvately owned
and links the dewices-in a single office, building or
campus of upto a few kilometras in size & shown n
Fig. 246.2,

—  Depencling on .the meeds of an anganisation and the
Typre aal [E-:':l'll'r::l]l:lg:!' used & LAMN can be & ':-i|1'||::-l-|: as d
few computers and a printer at home ar it can contain
many commputers in a company and include voice, sound
ancd mckeo penpherals.

- LANs are widely used 1o allow resousces to be shased
betwesn personal computers or workstatons, The
rescurces 1o be shared can be hardware like a printer or
wafwares oo data,

— In a LAW ame of the computer can Become a serser
serareg all the remaining computers called  cherts
cofwara can be stored on the server and it can be used
bng the remaining cliernts,

- LANS are also dishinguished fram MAN's and WAN's

based on the tramsmission media they use and
topetociy. Iregeneral a gheen LAN Will ize anly ane e

af ransmissicn madiam. The mast comnsn r*.etmwl:lng
I.np:-l'-:,:-gil:-_: e are Bus, rin-:_; s siar

The data rates for LAM can now range fram 10 Mbps o
16 Ghps.

Impartant characteristics | Featuras of LAN :

1. Wery high degree of interconnection between the
computers

4. High rate ol daty transmission.

Y. Physical connection of compuiersin a LAN is 233y

4, F-n.-l,-.r].- ceamputer inlhe LAM can communicate with ey
other cempuler,

5. The mediur used for data transmission is inexpensive.

LAM tepologies |

Metwork lopology & defined as the patters in which the
network elkments are connected o each  ether.

Different notwork topalngics are ; Bus, ring,. star o1g

Varigus '.r.a-F:-:‘:lll:t:_:]irJ.- are |:'||:-:-.5i|:'||le‘. for the brsadeast LAMs

sdch a5 -bus topolegy or nng tepology a5 showm in
Fig. 6.2,

TethKnauiledgs
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c] [
LA

[ 1 |:EL|E-]

EE [

Computies

(a] Bus topalogy

(b} Ring topobogy
pe-3nFig. 2.6.2 : LAN topologies

Advantages of LAN |

1. High raliability. Failure of indhidual computers does nat
affect the antire LAM.

2 [tis possibde to add a news compuster easiy,

1. The transmisslon of data 1o at a very hegh rate

4. Shanmg of perigheral dawnoes such as prnter & possible.

Apphcations of LAN |
1 File transfer ard Tike aroess

Persanal computing.

k.l

Ciffice automation
Distrnbated computing.
Wiard and texk pracessing,
Diocument distrikotion.

Ramale acreds [0 Aatabate

o olghoan B g

Elsctramic message handliodg
2.6.2 Ethernet ! 5-13
MSETE Cluestions

Q.1 Dafine : Etharnet (5-13, 1 Mark)

Both Intetnet and ATHE (Asynchranaus Transfer Mode)
were designed far wide ares netearking. But In many
applicatians, a large mimber of computers are to be
connacied i pach ctiwer,

—  Far this the Local Area Mebwork [LANY was Infroduced.
The most popular LAN is called Etherpat

The 1IEEE 802 3 standard is |:-:':IFI|J|HI"|:!.I called as Eitheriet
It Is & bus based broadesst netware with decentralzed
contaal

—  Itcan operate at 10 Mbos or 100 Mhps or even abose
1 Ghps.
Compulers an an Ethernet can transimit whenever they
want o da so IF oao or mare machines ransmit
simuitaneciesly, then their packats codlide.

—  Then the tansmottieg computers just wait for an
aaitracy tirme and retransmat their signal.

There are wvarwous technologies avaifable in the LAN
market bt the mast peguler dne of therm s Etherbhet.

Cefinltian :

—  Ethernetis a-way of connecting computers togetherin a
LAN. Tt is the most widely wsed method af linking
carnputers togethar in LaM.

The basic ides behing 115 design s to facilitate multipde
carmputens o access i s senct data ar'l:l-'lis'l'u:.

- Tradifiznal Etnermeat was cregted in 1976 and s a data
rate of 19 Mbps.

2.6.3 Metropolitan Area Metwork {MAN) ;.

Wild, 5-08 S-12, 5156, 518

MSBTE Questions
. 1  Des¢rbe the siuabton whers MAN s uselul foran

organizaion Ge gne cxampls,
(W-0d, 3-08, 5-12, 4 "Marks|

Clasahy networke on tha basie of ther geography
and defing. [8-16, S-1B, 4 Marks)

Ck 2

- A MAM i basically a bigger wersion af a LAM and
riormally uses similar techrmolagy.
I 15 desigred fo extend ower & larger area such as an
Entira city.

—  The MAM can be irrthe torm of & single nefivork such as

g cable nebweek ar it can be a combination of multipls
LA&Ns-as showr in Fig, 263,

e =

1G-33 Fig. 2,63 ; Metropolitan ares natworl
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A bdan may be wholly owned and operated by a private
compary or it may ke a semice prowided by a public
compamy, such as a lecal telephone company iedoo;

Definition :

- & AN s a netwark that interconnects wsers with the

|:-:,:-'||'||:,|L|Inr esELrceEs if & Eﬂugraphlcdl ArEd IHr-':per thar
that coverad by a LAN and smaller than that covered by

o Wik arca network [WARS
264  Wide Area Network (WAN) :

S=11, 516, W16, 517

MEBTE Questions
Q.1 Draw and explain Wide Arsa Mabwark.

15-11, 4 Marks)
.2 Clagaify natworks on the: besie of thair geography

and defing. [8-16, 5-18, 4 Marks}

Q.3 Slate Gar feahres of LAN and WAN

(W-16, 4 Marks)
.4 Draw and axglan wige ares nabaornk.

15217, & Marks)

- When a nebwork spans a large dstence or when the
compuiers to be connecten to each ather ars at widaly

seprarated locations a local area network cannod be
sed

Far such sltuations a Wide Area Network (WAN] st
be ireialled.

—  The communication betesen different users of “WAN" is
established using leased telephone lines ar satellite links

and similar charmnals.

M ois |:|"||:-;1|'.|H and more affici=n o use the phane

netwark For e fnks.

Definition :

- b WAN is 2 telecommunications nebesork or computer

network. that extends ower a lage geographical

distance/place,

Wide area netanrks are gmﬁralty actabalichead with
leazed telecommunicatian carcuits

—  Most wide area netwaorks are usad Far transterring large
Bocks of data between it users

fs the data s from existing records or files, the exact

time taken for this data transfer & oot a critcal

PraramieTey.

—  An example of WaN s an-arbine resenvation system.
Terminals are located &l over the countre through
which the reservations can be made

It 1z impomant o note here that all the tanninals e the
s3me centrafired common data proviged by the central
resetuation compuler.

- bBecause of the large dstances invalved in the wide area
networks, the propagation delays and varable signal
Eravwal timeas are major proflems

Therefors most wide area netwards are hot ws=d for
tirme critical applications. A esplained earlier they arg
mcare suitable far transfer af data from ans gker [0 e
othes which & nat & time critical application. \Wide area
networks are bascally packet switching netwonks

— A WAN prowdes long distance transmssion of data
and  viceo barce
gecgraphical areas that may <omprise & Country, 8

yOICE amage infarrmation oWl

gvan the whole world as shown in

continent. ar
Fhy. 264

{6-35) Fig. 2.6.4 - Wide area netvrork
Characteristics [ features of WAN !
= Follawing are some of the important chamcteristics of
WAN
1.  Remole data entry and access is possible.
2. Communication Tacility is provided,
3. Cevtralized information is created amd usec.

4, WAN spans over a lamge distance.

2.6.5 PAN (Personal Area Network) :

¢
e
i
i
1
Y
i

MSBRTE duestians:

Clagshy netwmorke an the basis of thesr geography
sl defing. {5-16, 5-18, 4 Marks|

&1
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FaSlil AT IQE g



ﬂ DCCN [Sem. 4 Comg. L MSETE)

A Personal Area Metwore [FAR] i a computer network
:I-:signrr.i inr and -:,:-rgalll'.[-:‘.d arcwnd & indivicusd
Parsan.

& PAM generally consists of & mobile computer such as
a laptop, a coll phore and Jor a perscnal digital
Fsistant [PDA).

FAN will alkow the communlcation to 1ake place among
thiesa dovices,

PAN tan ake be used for communication among
EEraaial devices tharmsahes [imtrapersanal
communication) or for connecting o a higher lewel

neteore and fntarmner (This is called as an uplifxg,

The PaMs carv be constructes using cables or It can be
wiTelass,

The wiretass PARN: typically use Bluatooth or sometimes

use Lhe infrared connection.

The PANs generally cower & @nge upto 10 meters. PAN
can be considered as 3 spegial type of local area
netaors (LAN], which is -:_:I-e1ﬁi|._||'-e:|;1 foar one persan mskead
of a group.

2.6.6 CAN [Campus Area Network) :

MEETE Questians
Q. 1

Clagsify natworks on the beale of their geograpiy
ardd defins. |5-16, 5-18, 4 Marks)

The Campus Aras Metwork (CAND & made up of an
irerconnection of LAM withine-a himited geagragphica
A,

The netwark eguiprments such as sWitches, routers and
the transmission media e optcal fber etc are almost
ertiredy owred by the campus owner [Le & company,
Urivarsity, governmeant st

Far example, a university CAN wauld connest different
l'.-l.lll-:_.‘.ing:, irv its CampLs; sich A% gaErinus rli::p::|hr|-:r||;:-...
librany, tudent hall to each oiher.

CAN coukd alsa be thought of a5 a special cese of WA

2.6.7 Comparison of LAN, WAN and MAN :

1

Carmpare LAM and WANR &0 the Basis of
(4] Areas by Crvniership
(cy Sposd fdy Efrar rale

(S.DE, W-09, S-10, 4 Marks)

212 Fundemenlalz of Compualer Natwork
0.2 Compare LAKN with WAM with respect 1o
1. Geographical ares
2, Spe=d
3. Error coftaciion
4.  Barcwidth recpiirad [W-08, 4 Marks)
.3 Compare LARK and WAk, [W=10, 316, 4 Marks]
.4 Compare MAKN and WaN. {W-11, 4 Marks)
.5 Diferenliate LAN and WAN by  consideding
orlleetrung peaints
1. Physical area 2. Installation cosl
&, Bandwidth 4.  Transmission madia
{5-12, 4 Marks)
& Distinguish betwesn LAN and VAN, {$ points]
W12, 4 Marks)
.7 Compare LARM, BAN and 'WAN, (Any four painta)
{W-14, 4 Marks|
G. 8 Compare LAKN, MUK and Wah. (S=15, 4 Marks)
.9 Differentiate LAM and WaM by considering
following eoints ;
1. Physicalares 20 Insballabion oosl
3. Bamswidik 4.  Tramamizion medsa
(W=135, 4 Marks)
'i;' Pararebér LAMN WAN BLAN
1. | Owessrship  of | PHyals Frivate ar | Prvata
nestwork pubic oF pubhc
2. | Geagraphical Sriall Wy Moderaie
Arag covarad large ity
(slales ar
cauriries)
3. | Design and | Easy Mol easy | Mot easy
maintenance
d. | Communication | Cossia PSTH ar | Coasial
mediuim cabke =atallite cables,
links FPSTH,
eatical
filber
rables,
wircless,
a. | Dala ratas | High et Modaraia
{apead)

TeghMagiiledge
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A chent-server netwark s sinmilar ba company that works
on - the principle of centralized management, whers
decisions are-made in a-central kbcation

2.8 Peer-to-Peer Networks :

Ss3, S-05, W10, W11, 314, W16

rf;‘ Pararmeter LAN WaN MAN
B | Mode of | Each =latian Each Each
comenumcation | can fransmil | stadion alaticn
and recaive cannal CEr
trenermil transmit
ar
RO
T Inslallalion cost | Low Modersie | Hagh
3 Principle wpermtes on | Switching | Both
the princile
af
broadensting
9 | Propagabon Shard Lang Moderate
clefay
10, | Baandaiddh Lo High M cselérale

2.7 HNetwork Architecture ;

MSETE Questions

2.1

Q. F Elaaa:rf'__-.l the netaors.

Explain dlassificabon of compuber nedwcrk,
(e-11, 4 Marks)
15-12, 2 Marks)

The |ocal area netwarks are clagsified into tend types |

1, Paar Tea P reeliadarks,

2. Lloant serer neteorks.

The retationship ketween each PO or device on the
neteork with the others it terms of control will be

dependent on the chokce of network Type

For these tea Types, the spetial softwara i recuered far

cexntralling the flow of Infarmation betwesn the ysers
The Mebaork Operating System NOS) s instasked on
each PC dependimg on the type of natwork,

NOS moniiors the data exchange, flow of files, and

othar information:

The network operating systems are different for the

peer to pear and <lient senser netwarks.
& preel-Lo-pesr retWiork 1s 3!‘|£||I:|gu5. 1o & SOrmpany Ehiat
uses decentralized  managemerd, where grosion aee

machka lacally,

a1

Q.2

& 4

Q4

.8 Descrbe the working <f pesr & peer nebaark

MSETE Questions
Draw pest (o peer fetwer corfigurstion. Marmrs
retiwork aperating 8ystem used I this
configuraticn. List &y two slfustions urder which
per to paar network is appropnabs.

{5-03, 4 Marke)
Draw peer o paer network configuration. Mame
network operafing syetem used Expdain network
SecuUrily iy peer o pear netwcek. [S-05, 4 Marks)
It s proposed o deslgn a network with all the
maching havng equal pnonby and without wary
strong security: Which netwerk configuration weuk
b apprognaie in this silualion: 7 SGlale the reason

(W-10, 4 Marks}
Draw and explain peer o peer nebwork

(W=-11, 4 Marks}
Deecrite the corcepl of peaar-k-paer nabwork.
Wher it is used 7 (514, 4 Marks]

(W-18, 4 Marks}

Siruciure :

Fig. 281 shows the structure of the peer-io-pear
network,

s
-
EJ‘!LL

Paar Fisar
(&40} Fig- 2.8.1 : Peer-to-peer network

jm—{m

In this tyme of network, each computer is responsible for

making s o resaurces available o other comiputers
on the rebwork.

Each computer i5 mesponsible for seftrng up and
malftaining it awn secutity far 15 resouroes

Ao each computer = responsible for accessing the

required  network  resources from peer-to-pear
redaticnships.

TethKnauiledgs
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-  Pedr Lo poer petworl s ousefd For & smiall neteork

containing less than 10 computers-on a single LAN. Each
compuier mantaing s oon accounts and thelr securnity
sethregs.
Iry’ peer-te-peer nefwork, every computer can funckion
& Eaalh oA clienl and serves Windaws 2000 comes in
both sernver and professional wversions, but it's still a
peer-i0-pear operating system.

—  Peer to peer mebworks oo not have a central contrcd
spstem. Thers are na serders in peer netwarks.

fre this type of network users simply share disk space
ar resalrees sSuch-as |:-rin[|=:l'-.". are Taves

—  Peer netwarks
Workaroups have very Iittle security, There is no central

are  organsed 0l workgrougs.

login process

If the wer has logged Into one peer on T hetwork he
Can use any resources on the network that are nod
ceantrcalinsd l-.-:,. 1 s_pecil?-.' F:-qasw-e:-.rl:l.

- Access to individual ressurces can e cantralbad if the
user who shared the resources irstalls & passwerd 1o
aoress it
Since there i3 no central sectrity, the User will have 1o

ke ancividual password for each sacured  shared
resource which hewants to access,

- Peer to peer netwoarks are refatively  simple. Bach
computer iy the network <an st as client as well as
SETVEr 35 DEF requiremend

Thig elimimates the freed af expensiie sarer.

— Mo additiomal software ¥ necessany in order fo set U
the peer to-peer network,

2.8.1 When to use Peer to Peer Networks 7

S3=03, W-10, 5-1d, 5-18

MSETE Cuc=stians

Q.1 DOraw peer o pesr netesek configuration. Mame
nelwork  operaling:  sysiem wsed m thes
corfigurafion. st ey e situalions under which
peer ko pesr neleork is approprsats,

[S-03, 4 Marks)

.2 His proposed te desigm 3 natepek with all 1he

machine having equal pricefy and Wil very
etrong seciily. Yy'hach nabeork configuratca woukd
bie appropriate in this situation 7 State the reason.

(W-10, 4 Marks)

Q.3 Describe the corcept of pasrdo-pear nabwork
Where it ia used 7 (S.14, 4 Marks)
Drescribe any four siluations in which server Based
reliviorks  Aare more  superiar 16 peer o pesr
HETWorks. (5-18, 4 Marks]

0.4

The peer to peer networks are suitable for the fallowing
wiorking conditians ;
I rebwork securlty i not an impotant issie.

- I 1he number ofusers 15 less than 10 lsmall network).

[1 all the wears ane siheated in the same area

I the passitslily of fulure sxpansion s less,
2.8.2 Features of Peer to Peer Networks !

1 O | nmetenorke  iwith  less than 14

EOMPLULETs,

is wsabl for small

2. Bvery computer can wark as 2 client and server
3. Thereis nocentrab comtnal system

4, Qpetating system used 15 Windows  ZEX and s
cubsaguent varsions

5. Mo additienal software 5 required to set up the peer to
pear peieatk.

f. It does not aHer a high network seournty.

2.8.3 Advantages of Paer to Peer
Metwaorks : W03, S-04, W04, 508, W-08

MSETE Questlons

@1 Slate anv 4 advantages of peer o pese network
swir clierd £ server nehaork |W-D3, 4 Marks]

Q.2 Lest b advantages of pesr to pesr nebwor,
A0 W 0 O-06, W00 4 Mar k)

- Preor networks hawe rmany advantages, especialfy dor

small Business hBowses that camnct afford e buy
expengire sernver hardware and softars.

1. Mo extra investment in server hardware or software
i5 reguired.

2. Use less expencive computer hardware - In peer-to-
peer netwrork, the resources are distributed over many
cormiputers, 5o there 15 oo nesd for highar-end-serer
EnrrpLies

3. Easy to administer : [n peerto-pesr nelwork each
machine perfornes ity own adrvinisiration,

4. Mo NOS required @ Peer-to-peer netaork dees nod
requlre a Metwork Operating System (DS

Teth
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5 More built-in-redundancy @ I vou have g osmall
neterork, with: 10-20° workstations and each ore with
some important data on 1, and one ik you sbil have
rnost of wour shared resocurces avenlable.

Pear-to-peer networkdachiess mare  redundancy

bacause of amalier posdhbility of single paint of failure,
6. Easy sstup and lower cost for small nebaorks.
1. Users can control resource sharing.

B Aocuser is oot dependent on oather computers for ats

operahion.
2.8.4 Disadvantages of Peer to Peer
MNetworks - S04, W.04, S08, W08

. MSETE Questions
Q2,1

List bwn dissxivantages of peer io peer netbeork
(S-04, W-0d, S-06, W-06. 4 Marks)

There  are sederal  disadvantages of peer-ta-peer
neterark; particularky for larger networks as fallows

1. Individual parformance is affected ;

—  [F sorme warkstatiors have frequently Lsed resources on
them, then the use of these resources by other
compuier might adversaly affects tha parson using this
particular werkstation

2. Less securty:

b peer-to-pear network operates on the most comman
deskiop operatirng systems ke wirdows: which are nod
VEry sacure cperating systems,

+  Backup is difficult ;

Iy peer-to-pesr network there 5 no centralized sevver
Hence data i scatterad over many aarkstalons

it difficult o |'JE|!'||ZL|FI all data Inoam -:‘:lrg.ini.?l:r}
Frifriier.

4. Hard to maintaln varsion contral :

[y peer-to-peer nebwork, filas are stored on number of
deffierent winrkstations.

S0 i1 e diflicult to manage different document vessons
o files.

& hs there s no centralized managerment (L makes |arge
peer networks hardto manage and final data easily.

b Users are supposed o manage their omwn compuiers.

T [ts ol prlssihlr. o save rmportant data in g centradied
mdnner.

4. Additicnal losd on <omputer becausa of resource

::hurirlg- ared alsence of sereer

2.9 Client / Server Network
{Server Based Network) :

5-03. W-03. 504, W04, 5-05 508, W-11, W-12,
S-14, W-14, W-1&, 517, 5-18

MSBTE Questions

.1 Draw clism ssrver network configueation. Name

network  oparabng systemn used  n this
configuraticn. [3-03, W-03, 5-04, 4 Marks)

Oraw clent esrver neboork  cantiguralion.  MName

nefivork  operatireg system  used  In this
configquration W04, 2 Marks]

Define
1. Chanl 2 Server (505 5-00, 2 Marks)
Explain sarver based computer nedweork

W-11, 4 Marks)

VUit neat diagran, explain client serer network
ghomgy with it adwaniages and disedvartages

(W12, B Marks)
For following esustion which type of network
grchitaclure is appropriate {W-12, 4 Marks)
1. Mumibsr of Lser 10.
2. Data and resouwnnes naed o ba resincied,
3,  Mebwork administrator reguired.
4. Users with equal prceby.

Defme Serser. Give the name of any b iypes of
BEYET, {W-14, 2 Marks|
Describe the worloy of esrver bassd netwarks.
Vhare is it used ¥ {W-16, 4 Marks|
Whithy neat diagram, sxplain chient sarsar network
aecnogwith is abvanlanes and disadwantaoes,
{5-17, & Marks}
Describg the archieciure of cliant-server network

with its advantages and dizadvaniages
(5.1B, 4 Marks]

G 2

Q3

. 4

0 &

.7

.8

.9

. 10

- In clignt-serder network relatianships. certaln complters
ot Ba server andd other act as clisnts.

Definition of client :

A ellent Is a compurer running a program that reguects
cerices Trom a sapver. The individual workstatians in a
fetainrk are clisfyts,

Definltion af server *
— A serwer is simnphy a computar that makes the nenaork

resourcas  avatlabde and prowedes service to other
cormputers when they request for it

TethKnauiledgs
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- Local Area Metworking [LAMN) = based an the clisnt-
server netwark relationship.

You can corstnict a clisnb senier network by using ans
o mare poerful networked computers 23 & senvers
anid the rest.of a5 cliants.

- Client-server netwodc typedally wses 3 directony senee
ta stard information-about the metvork and ik usess.

& client-server network = one o which all - arilable
neteark resourdes sich as files, directores; applicatians
arid shared devices, are-centrally maraged, stored and

ther are accessed by chent
Metwork configuration :

—  Fig. 281 shaosws chient-semnver network oorfiguration.
ST

2 horr

Cliont

jG-41) Fig. 291 : Client server network relationship

[y the client servar networks the sepsars provide secunty
ared administration of the entire network.

- I cllent-cepsey  netwarks the proceccing tasks are
divided between clients and servers.

- Clerds requsst senaces sich as file siorage and - printing
arid servers delver them.

SENYer |

—  The central computer whicky is. more posserhal than the
clisnts and which allows the clients te access |ts

softeares and clatabase is called as the server

Sersar campaters tppically are mone penwerful than
client compnifers or are lil|.1t|l'|'||5-!‘!d ta function as servers.

— Mo user can access the resourcas of the sersers until be
has Bean awthenticated permitted) by tha sercer to do
S0,

Ciparating syatam

- We cEnowse any commen operating . system such as
Wirdows 7 for a client.

—  But the server 15 loaded with 2 spacial operating system
o v s Microsoft Windos Serper 2008

2,891 Communication in Client-Server
Configuration :

—  Fig. 252 explains the principle of communicatson in the
clienl sewer runflgur‘al.inn.
Hasponss

Clignt
"

FagjLiest
1642 Fig. 292 : Client/sarver communication

The elient Flla-:.":EF; & |‘E:r.|L||:°:£| caf The sefder macline wien

he wants an access to the contralised resources

- The sepver responds 10 this reguest and sends the signal
accordingly to the client ag dhewn in Flg 29.2

—  The software run at the clisnt computer is called as

client program. This scfiware confiqurss that particular
enrnputer T act as a chant

- Similarly the sofbware mun on the cseper computer is
called as server program. it configures. that particular

carmpulter To BCE 85 & Serder

28.2 Advantages of Client-server
MNeltwork :

5-05, 5-08, W10, 5-12, W12, 513, 517, 5-18

MSBETE Qdueshion:s

.1 Siate any Ffour sdvantepes of  Sdrver-based
necdwirk over pesr 10 poar radwork
(S-05, $-15, 4 Marhs]

State ments and daments of client senmer mabeork.
(5408, W-10, 512, 4 Marks}

O3 With neat disgram, explain dient serser network
abongy with its advanisges and disadvaniages
IW-12, & Marks}
. 4 Slabte ments and demerls of cliend server nabeork
{317, 4 Marks}
.5  With nest diagram, explain client server network

groncrith its sdvantages end disadvantages.
1217, B Marks)
Deccribe the architaciuse of {:Ilant-_ﬂ-ewer matiwork

with itz advantaces and disacvaniages
(5-18, 4 Marks]

0.4

—  The advantages of client-server network are as fallows
1. The netweork is secure :

In chant-server metwork's high security s becauge of
sevaral things

Teth
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2] Shared resources are located in & centralized amea
and lh::-:,' are administered cnnlr‘all:,:'

fby The sarvars are plysically placed In secure locaticn
such a3 kockable separate sepeer roann.

il The operating system runs on client-sarver are
|;||;-.1il:_|r'-e:r.| b porcvide bether :,.|,=.~::.1|il.],l fex nelwork.

tdy Befter security ko
administration

Z. Batter parformance ;

= The dedecaled sercer LOMPULErs e Mare eRpernsivye

rnetwark: due to goad

tham standard cornputer workstations, but they also

offer considerably batter paformance
&  Centrafized backup !

Backing up company’s impartant data s much easier
wiren it is kecaled on o centralized sener

- Caniralized Backug |s much fastar oo

4. Higher reliabiiity
Iy client serssd netwark centralized dediared server
peontide more reliadility. 3t hat built-in radundancy.

Ln

Central file storage, which allowe all users o work from
the same of cata

B. Peduces cost because of sharing of hardware and
softerarns,

. Irereasad speed die oo dedicated sapear for sharing

P ansees.
& 'single passaord allose access 1o a8l shared resources

Central omanization which keeps data from getting Inst
AMOngy com@ubers and easy manageatnlity o larye
fdrvber of users,

13, The inclividual users don't have to manage o share
FesDIUICES,

2.9.3 Disadvantages of Client-server
Metworks ;: ERCRVSHE-SFERFE-KFS-E

MEETE Questions
1 State manis snd damens of clignt Senar ek,
(5-08, W-10, 5-12, 4 Marks)
2 Wih neat dingram, esplain chent ssraer network
Alongedth ils advaniages and disadvaniagess,
(W-12, 8 Marks)
. 3 Slate menids and demendls of clicnt server etwork,
[S-17, 4 Marks)
& 4 With neal diagram. explain chend ssrver netwark
alongedlh e sdvantages and dissdvaniages,
[S-17, & Marks)

_Et. 5 Descobe the architeclure of clientserver. network

with its advantages and disadvaniages.
(5-18, 4 Marks]|

1. Professional administration is required : Client-sensar

hetwarks wswally need professionsl administration, You
an hire a neteork adomnistrator or you - 3 use a
which rabwnrk

adminisiratian services.

COmpay provides  professional

2. We have to use & high speed server compuler with lols

of memaory ard disk space,

1 It requifes a special nebwark operating systern and a

number of client Kenses.

d Expeafisive dedicated hardwars nesds 1o b used

294 Applications of Clienf-server
ﬂnnt_'rgurﬂtim -

MSEBTE (hiestinn:

1 Descnbe the worling of earver bessd redwarks.

Where 5 it used ? [W-16, 4 Marks)

—  Someof theimportant apptications-are as follows
1. E-rmall cllents

2 Web browsars
3. FTP.{hle transher) clients.

2.8.5 Types of Servers ;

a-11, W-14, 5-15, W-14

MSHETE Questions

Q.1
Q.2

(5=11, 2 Marks]
Diafme aarr. Glva the neme ol any. twas Iypes af
S rer {Wa1d, 2 Marks)

List any four tepes of servers, Describe them in
bekd, i5-15, 4 Marka|

Lest ary four types of seryers,

Q. 3

.4

The commonly used servars are of fallowing types

1. File sprivers 2 Frint caryvers

3. Apphcaton serders 4. Message servers

L. Database servers

Wik NT server sippor! all af these capabilities and

can by  itself serve v all of these capacities

crmuktanecly an a small netwod,

On large natiwarks however & rurmbear of servers ars

reqquired o increase the acoess speed.
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Fie sarvers :

— Some af the imporfast features af iile sersers am as

Feillexais
These sanjers provede the services such as storing,
retrieving and mowing tha data.

- & user can read, write, exchange and manage the files
wilh the help of file servers;

— & file can be stored s three different ways namely
paliese, affllne and searling storages.

Print servar

— The print server controls and manages printing on the
netaor,

- [ also offers the Tax service to the neliwork users.

— huser canaccess fad ard prmt sereices simultareously.

Application sarvers :

- The expensive softwares Can be shared by the Users ina
netemrk with-the help of application sersers.
The appllication servets alto  provide  security and
efficiency.

Messags saner

i s ugad ta oo-ordinate The interaction Betwssen users
decuiments and -i.°'||:l|.'I|II'.'.!-tII'.'II'|5.

The data can bein the form of audio; moeg, inany, text
o graphics, The simple file- sarver can not handi all
Lhese, 50 MEsiage SErver Fras b b gsed,

[t hardles all the complex data types by LSRG varius
bypes ol communication methods,

Database sarver
- [tisa typeof application server.

[ allows the users to access the centralised stromg

datakate,
2.9.6 Factors Influencing the Choice of
Metwork : W-03, W-05, W-12, 5-148

MSETE Questions

Cr. 1 List threw factors tral can nfleence the chocs - of
whethar to implemant & pesr 10 peer networs or
client seresr nelwark, (W-03, W-035, 4 Marks)

Q.2 - Slate the resson for implementing & network

W-12, 5-18, 4 Marks)

The fackars which influence the choice between the peer
ta peer ar client sereer networks are as fofiows

1. Meed of network securiby.

2. lsthe network administratian needed ?

o AN B e

k= the central storage of files escontial

Howe much important s cost effectiveness 7

[ rescaurce sharing rescessany 7

Villll there be any future expansions of the

raabwory !

29,7 Comparison betwean Peer-to-Peer
Metwork and Client-Server Network @

.1

Q.2

MSBTE Questions

Compare peafiopaer nebbork oiih  clénbisendes

et

sarar based nelworks.,

(S-03. W03, S-04, W-0B, B Marks|
Diferentiabs batween peer 1o paar nabeorks &rd

(5-08, 2 Marks)

.3 Compare peer o geer wilh clienl serer netvork,
(5-12, 5-13, 5-18, 4 Marks)

Q.4 Compare clied server and poer 1o pear network
(5+13, 8=17, 4 Marks)

-5  Compare seresr based neteork and pese-io-pesr

nertark. {8y fomr pomis.) {W-14, & Marks|

Q.8 Sale the difference  bebeeen Seovery  based

Retworkc and peer o pear networ. (S-16, 4 Marks]

Sr. Paarto-pasr Client-server

Na,

1. It is much like company | |8 is much Bke company
LEG B decantralized | wsing caniralizad
FriafEeiT marageEment

2 In this s=ch maching has | Inthis server has more
SENNE AT, poser and client has e

peer.

3 Uges |ess  expenshe | IF kas 10 use axpensive
SOmpUber handwars. harduesne.

4 Easy to asefup  and | Complex to setup and
adrminester. Fecjuire professional

stministrator,

S | Less sacura. | Very secura.

6. | Decantralized backup te. | Centralized backup  Le.
iTfcul ko backup. easy o bachup.

7 Mlelwork, 0.5, nol | Mebwork 0.5 requenad
required.

H It hias Built-s | Mot buil-in redundancy.
redundancy,

4 It 15 suilsble for smal | 1t k5 Ruitabde for large
rebgmrk nelbwark

1. | Poor peformanca. | Bedter performancs.
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Z2.10 Network Features :

S19, W9, 592 513, Weid, 518

MEBTE Questions
Q.1 Whal ars the leatures of 3 compubar fedwork ?

1509, 2 Marks)
Q.2 Slate vanous nelwork features. =05, 1 Mark])
QL3 Glake the network Features, (=5-12, 2 Marks)
Q.4 Explain nabwork fealurae. {5-13, 4 Marks)
2. 5 Discuss any four redwork featunes,

(=14, 2 Marks)
Q.6 State and explaiy network fealunes.

[5-18, 4 Marks)

—  Mowwyou can understand the types of things yoo can do
with & netwark. The following are the features of

FETHark

1. Filesharing.

2. Prnter sharing

3. Agalication services,
4. E-mail,

5, RBemole arcess,

A Interret and intranet

7. Metwoel segwprnty - Iniernat and extemal

=09, W09, 5-14, 518

2.10.1 File Sharing

Q.1 What is meanit By file sharing and printer shanng ?
How this can be achieved 7 {5-09, & Marks)
.2 Explain any one network festure o dedal.
(W-03, 3 Marks)
& 3 Dazcribein braf fike shanng 15-14, 2 Marks}
Q.4 Slateand explairy retiork fesibrnes.
{3-18. 4 '.ln!u_rln;_a-;l_

Febe sharing s the phimary feature of retwork. Doe o
Use nf fetdrks the !-il'IHrilll:_; of files B crriies Basior

- Fide shaneg requires. a shared directory or disk diece
whilCh rany user can access aver the netwo.
Wil mmady  Lgers are :;5-:ir.e-.~".,.!-:|r'|[.| T same lile oo
network, more than are person can make changes ta &
file at the same bme They might bath  making
conflicting changess sirnultansauskhy,

—  Hence most af software procrams don't allow multipds
chamges to a single dile at the same fime

—  Metwork aperating systems that parfonn file sharing
alscr everclsd and ranitor the security of these sharaed

files and what kind of acceds they hawe.

- For example | Saome users might have permission o
vigw anly cerlain shared files while other uger have

permssian o edit of even delete tertain shared files.
Advantages :

1. Easil sharg nformation on netyark,

d- User needs regular acoess of woed processing. files,

spreadsheats so they aocess aasily.
Risadvantages :

1, Conflkting probiem arses if same file i simptaneously

accessed by maltiple users

& LEss serye ifp-l:rrnlz-:'.-l-:_:ln s Lot L L [ L |:|r|.1|::-:rI:|r.

2.10.2 Printer Sharing

=-0, W-11, 5-18

MSEBTE Quastions

Q. 1 Whal is meanl by file sharng and printer sharing ¥

Howy' thie can e achilevead 7 =0, 4 Marks)
. 2 Explain printar sharing {W-11, 4 Marks|
Q.3 Shate and caplain netvwork features,

{S-18, 4 Marks)

—  Printer shafing is beneficial 10 many users as they can
=rare a costly and higher cuality printers.

Printer sharing can be dane in several different ways an
retwork, The most common way 15 1o use printer
RIS 0N SErVET,

The printer quede cobtaing the pant johbs wntil any
cLirenthy’ usning pant jobe are fimshed | and  then
autematically send the waiting pobs to the printer. ie

printer connected fo server,

~  Another wiay to share printer an a network is that each
workstation sccesses the printer directhl. e prnter
cannected to the netwaork just like ngbwork workstation,

~  Inthe first methed 1hat wes phnter queses dlvays have
& print saryar. That pnmtoserver handles the job of
sencing each print b to the ponter,

Advantages :

1.  Reduce number of printer vou need.

4 Share l:l:ﬁl_l:lr high ql_.mlll].' cealor laser |:|rir|lr.|:.-.

TethKnauiledgs
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Disadvantageas

1. PReduce server performance i printer & connected 1o
SETVET.

2 Each iser must wait s burm, I many users are request

pantar at onoe and the printer s directly connacied to
rebesnirk

2.10.3 Application Services :

= JusE a5 Yao <an share files an & nedwiork, oL Can also

share applicaticns on & netsoark

Far example you ean have a shared copy af Microsoft
office or some other apolication ang k=ep it on the

netdnre sever.

- When a parboular workstation wants to orun the
progran, (b oads-the fites fromm the neteod mto ds own

rmemery and run that program normally.

- Keeping apalications centralized reduces the amaount of
storage space nescled on erch workstation,

- It easier to adminisber tRe apglicaton’in g centralized
THAFET,

— hnother application sarvice you can hawe on the
netoork is.a shared installation.

Thiz arable Wl Ta s et ksiatian wWitholt CD-RON
For installation. e coments of CO-ROM copy (o the
sevver, then run the instal lation progrann far wordestation
Froom server,

—  Thiz makes instalting application much faster ancl maore
convemant,

Advantages |

1. Reduces the amount of disk space needed on each
warkskatics.

Z  Centralized adminlstration, o provide Righer security
and reliability,

3 Without <O-BOM we can
workstation over natwark.

imstall the soHware  on

4 Iretalling applcation on wonstation 15 much faster and

mnre corswenient,

&  This giwes ecopomical soluticn  for - mare  costly
sofbeanzs.
Disadvantages

1. [tincreases netwark traffic on nelwork

2. Waerer fail or crash, then workstation s weless on
netwnrk

3. FRegulres netwark icense copy for applikatlan saftware
or business software

210.4

MSBTE Quastions

.1 How E-mail servics s proveded and how an eamad

5 sent 7 {509, 5-12, 4 Marks]

- E-mail iz extramely waluable and important feature for
cormmunication  within organization  or - cutsicde  the
people in wiord.

—  E-mail service cam be used by user im two differant
'-.'.'ﬂ].lhl
[#)  File bacad.

[hi Chent sereer.

Fita Dased e-mail Syglem is the ans that coasists of & <1

of files kapt ina shared locatiom amn d sarvar.

—  Fie based e-mail sypstem requine: gateway server ior
cannecting ar handling the e-mall interface betwesn the

bwcy systems using gateway software that is part of the
file-based g-mail system

- A chant-sanver e-mail system |5 the one whare an s-mail
gErar Contains the messages and handles all incoming

and outgoeng mail

—  Chent-server e-rnatl systerns, are more secare and far

more pawstful than file based e-maill system.

Thay mffer additianal Features thar enable Wl 10 e T

e-rail systers for different business processes,
Advantages :
1. Helpful for communication within a tompany or outsice
B COrnpatyy.
4. Faster communicatsan
Disadvantages :
1. Metwork becomes unreliable due to wiruses.

2. Reguire mare secumty.

2.10.5 Remote Access :

W08, W-15

MSBTE Questions

£.1 What do you mean by remole feoess 7

(W-08, 2 Marks, W-15, 4 Marks]
Teth
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— hnother important feature of network is remate access
[y The petasark resources

Idsing this featurs users can aocess their files and e-rmaii,
wian they ars travelling or warking on remote location.

- Remote access feature is implemented as per user need
o business need. Same af the features are all folkows

1 Setting up & simple remote  access  senvice
connection an & windows 2000 sarer with wsing
el

2. Using a dechicabed remate access system, which
handles many modems.

3 Ueing dial-up  mecharasm with  miodarg  for
workstation on the network.

4.  Setting wp 2 Virtual Private  Metwork  (VPM)
connestEn to the Interhet.

5. Installing Windows Terminal Services on windows
2000 sereer

Advantagos |
1. User access their files.and e-maél friom remote location.

2. [t emables usars access io certralized application, storad
paiwate ar shared files ca LAK.

Disadvantages ;
1. Réfuire friore Secisrity:

2. More hardware or cormplex harchwars required.

Diffarent types of remote access technolagies ;

- Following  sre  different types of remote access
rechnologies (oonnection types] as foliows |

1, Public Switched Teiephorne MNetaorks [FSTH),

2. Leassad line.
5. J5DM [Integrated Services Cigital Netoork]
4,  Cabhe TV,
5. DSL (Bigital Subscrber Line).
2,11 Network Functions : m

MSETE Questions

Q.1 List any sight nedwork Tunchons,  (S-11, 4 Marks)

The basic- funcilon of a meiwark & o Trahsisr
inlarmation bedween a0 source  rmachine . and &

dectination mnachine,

The following s & list of functicns that @ network must
Ay oaf

1. Baslc user seivice L& the prmary ssmaces that are
provided by the netwark To 1S users,

2, Switching facility for conneciing users,

Traremissaan systeem for fransmassion of data on

L

the medium.

4. Routing in arder to dedide the path of the packets.

5. Muitiplexing  for sharing mullisde  information
crannets,

B Infarmation representation for determinitg  the
format-of infarmation handled by the netwark.

T. Addressing for identifying the end system
LTerminal},

The essenbal network funchons inchude all fransmission,

musheplexing, routing and sywitching inca network.

The services that are previded to the user-are bublt on

the besic transier capakility of & retwaork.

There are thies types of netearies inaxistenas vikich use

thires different fypes of switching tachniques

L. Telegraph netwerk which uses message switching
Tor the trandfer of text messages called telagrams.

2. Telephons netewark which uses orcuk switching for
ne ransfer of voice messages.

3. Intesel operation is based on packel dwitching
which provides the trarsfer of dighal data.

Review CQuestions

Deding the following terms -
1 Pestiwicart

2 Protoen

3 Handshaking

Dshiguish between  computer nedwork  and
diglributed systam.

State and axplain the senaces prowvided by
netwark 1o erganizations.

Stale and explain the serdces provided by e
network 1o poople,
Vbt are 1he perfarmance parametenss af & nelsork 7
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Q.8  Slate and explain the transmissin technidodies used

Iry eormputer neteorks.
Q.7
0.8

LB

10 Witk a short nole on 'WAN
A1 Compare LAM and WAN:

Stale1he vanous (ypes of mebworks,
Ve'ribe a8 afort note on LA

W'riba & short nola oo MAN.

12 'Write a note on ; Peer to pear networks.

D 2 g

13 Stale 1he acdvantages dnd disadvandaces aof pasr o
el rebwark.

.14 State mertsand demearits of client =erver nataork,
15 Wit & short hale an @ Client serser neelork.

16 State the vanous functions camied oul by 8 neteor.
17 Explam the human network,

18 Whal s Gamily nebwork 7

A8 Explamn difieran types of hiiman nelworks

D2 g9 e R o

20 ‘Whal i the heed ol complter netaok 7

Q. 21 State various components of & computer network.
Q. 22 Explain he two models of network computing.

0. 23 Whal & rneebdiork pian ? Uhat i ik ineporlance 7
.24 Stete various Benefte of compuber netwarks

02, 2% Explaim any two bensfils in delail,

3. 26 Explain the centrallsed management of sofiware,

mairanance, deia Eckup.
0. 27 Explain the disadvantages ol petvorks.
28 Skate advantages of LAMN.
L. 29 State desadvanlages of LAKN.
Q. A0 Compare peer 1o peer and chsnl sener network
2,31 Stets edvantages of cliert —sesver nebesarks,
.3 Defing client and servar
Q.31 State ddfferent bypes of servers and explain.

W What ane the fachkors: influenciey the choice of
Feabverirk

L. 25 Slate diiferant netwerk feaiurnes.

Q.2 Explam file shanng and primtar shanng,
Q.37 Explain lhe applicalion eervices,

2.2 E=plain E— mall and Remote Access.

2.12 MSBTE Questions and Answers |

Q4.1 I an organization @l the compulers have brge hard
driwes o store files and aptical drives wilh rermovakde
carirkdpes. Sormecns who wanis o print an inrage
takes a carridge with the mmage stonsd on it and
takies printeUl oo The compubter connected 1o e
printes. How wauld & networ help this onrganization ?

W-03, 4 Marks)
Ans. !

—  The nettworking can help Shis crganzation i by ways,

~  Onpe s in the field of data storags Le the impariant data
can he stoted centrally and can ke shared by all the
WEErs,

- Secondly, the prinler also can be shared by all the users

Thiz will eliminate the need of separate printer for each
cOMmpUter anc hence e maney.

.2 An organization sduated wathin g srsll bulkding, wants
W aelup B computer nelwock for T users having eguesl
priority. Suggest iype of nebeork 1o be used.

Juatify your answer. {S-04, 4 Marks)

Ans, ;
- Refer Section 28,1t should be a peer-to-peer network,

.3 Your eampany i having 4 EMeoll time Kesping
infarmalion corsistence becauss nod all users have

the mest current version of the project repons on thes
computers hard dhives. Also, important information

has bean Inost beause orne individual oonsistendly
fasledd to bck o hie haed drive.

How woulkl yos use 8 nebwork o impeove lhis
situation 7 (W-04, 4 Marks)
T T

—  This prableny can be sorted out by storing the lates
praject report as well as the upgraded important
information cenfradhy and progside & retanrk 1o allow all
the users to access this infomation.

— [ the job of updating i= allotted 1o the mast effickent
persaen, thery ewerpoing will get the latestinformmation.

Gl d  State the reascn for imgdenending a network.
Mamt thres key rescurces oflen shared an 2 network,
{S-05, W-15, 4 Marks}

Ans., !

Flegse refer Saction 2,1 .2, RFesaurces shared are prlnteErs,
Dietabase, expensive softwanas,

Teth
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Q.5 Inasmal agency There are e FOs Ih the nebsork.
208t ks oan issue and the company wolld prefer not to
dedicEe an individuals fime to mainlain a netwok,

Howewer, The agency 1o alse concemed abaut
kegping #e8 dalax sala and lha uesrs are ot
sophishcated comparer usars In what ways 15 a pesr
W opesr nedwork appropnale o e company 7 In
what ways it is inappropriate ? -03. 4 Marks)

Ans 2

Thera are certain factors in Tayour of the peer ta poer
netanrk and some afe against the pesrto peer nebwork.

Favourable faciors ;

1. Srmall network size (only 5 cormputer).
2. Lost s an issue (Peer 10 peer costs less),

B Llegrs are not saphisiscated compuier Users.

Factors against using peer to peer netwaork |

1. Indisduale time shauld ot be wasted |n netasork
mairtenance. But in PZP neteork there is no

centralized maintenanca.

2. Datashauld be kepa safe. But PZP does not prowkde
network s2cunty.

Q.86 You are instaling & small nehwark for collection
asgency with 3 work: stations.  Comgpany would prafer
ral o dedicale  individual's lime o mairlan thes
ratwork. The company |z concemed about sacunty of

catn bul with b budasl. In what way is a poer
nebwork appropcate and server based is appropekate

for fhis compamy: ? PW-05, 4 Marks)

Ans. ;
—  How F2P is appropriate = explaired in Q. 5
Factors favouring the server based netweork ;

1. Indivcdials time should not be wvasted in hetaark

maintenance, This FETjUIres centralzed
maintenance which & providgea by the semver based
e fuyicar k.

P

Data should e kept safe. This is possible with the
earver based sysiem, because first 1t provides
neativark secunty and second, the ngatant data
can be stared on the server with a restrictad access
o it

7 You are ssked

o repdace micro comguters ard
terminats in travel agency with 25 persongt computers
wiih Windows 2 ‘inslalled on them. Jushfy e

addificnal cost of sereer and why it will be betler Lo
neake fhis server based network Instesd of pesr ta

paer natwork (W03, 4 Marks}

Ang, !

—  In tha traval agency the impartant information such-as
thee informatich atsout Tlight timings. avallability of seats,
precent status of resenvations. chents  nformation,
progress about any tase has to be stored centrally an o
caryer and should Be shared by 2l the emplopess,

cama Information can be of secret nature and anly &

few emplayess should be allowed Lo access it
This paint alzo & In favour of setwer based neteaork.

—  The number-of computers is 25 whichis toa large-for a
PIF netwark.

- Thus server hased rebwork evan though expensive will

be mare appropriate than the PR netwark

.8 W is proposed to design 2 network with all b
maschine having equal pacety and wilhoul very stiong
secUrly. Which rebdork configuration would e
approprisde in-this situation 2 Stata the regson.

W-10, 4 Marks]
Ang, !

—  Here, PEP will be appropriate. Refer Rection 2.8,

3.9 DCefine LAN Wiile any e disadvantages of LAM.
'W-14 2 Marks]
Ans,
~  PRefersection 26,1 for defirdion of LAN,
Dizadvantages of LAN !
1. Differant bypes of LAMs are not compatible to each
other. So they canned be connected directly.
2. With increase vy number of nodes, the LAN winng
becores complicated.
Q. 10 Define praotecol. Give e nane ol amy iwe protoooks:
'W-14, 2 Marks]
Ans, |
~  Refersection 2,11 far protocol,
Types of protocol :
1 1% 2. 1P



ﬁ DCCN [Sem. 4 Comg. L MSETE)

224

Fundamentalz of Compaler Matwork

2. Paer.
(W-15, 2 Marks)

Q. 11 Define the koltowing ; 1. Protocol

Aans, ¢
1. Protocsl ! Rafer secton 2.1.1.

2. Peer; Peers ara computer systems which are conneclted
ra each other wa the nterret. Flles can be shared

direclly between systems. on the network without the

neecd o a central server,

4,12 In a small agency. here are fve PGs in Ihe nebaark
osl & e issue and the caompany would preler nol LS
dedicate an Iindhidual’s fime o maintain 8 nebwor.

However the -agenszy is also coneemed aboud kecping

ite data =ale and the d3ers are not sophisticsted

compular usare. In whal weye B g pear b pees

ratwnrk: appoprats Tor the company 7 In ‘whal ways

ILE Inapproprane 7 W-15, 4 Marks)

Ans.

—  There are certain factors in favcur of the pesy ta pesr
neterork and sorne ama against the peer to peer netwcr

Favourable factors ;

1. Small network size (anly 5 computer).
2 Cpstis anissus (Peor bo peoroosts less).,
3 Users are not sophisticated comouter usars.

Factors against using peer to peer network !

1 [retrviclusle Cieme  shauld rmol B2 owasiesd i nebeork
rralrtenance. But in P2P netdark there & no centralmed
mairtenancs.

2. Data should be kept safe. But P2P does not provide
et secunty.

Q.13 For following situations. state wihich Bype of netwark

architecture is approprisds WY-13, 4 Marks)
1. Number of users S0
Diata and resources need o be restricked.

Mo mabteork edministrator reguieed.

n il

Al usarswith equal prionly.
Ans, ©

1. MNumber of users 5 © Clisnt-server netaark
2. Data and resourcas need to be resiricied

Client-server nietmork

J. Mo network adminigtrater required @ Feor 1o peer
network
4. Al users with equal priarity @ Peer to peer netwark

@ 14 Draw a neal disgram ad deseribe 8 whde anes
nebtwork.  'YWhat are e three  phazes  of
communication in a WakN-# (W-16, 4 Marks)

Arks,
—  For wicke area network refer section 2:46.4.

Thres phases of communication in a2 WAN :

1.  Circuit establisbimenit.
2. Data transfer
% Circuit releasa,

2.13 |-Scheme Questions and Answers :

Summer 2019 [Total Marks - 04]

Deting compuiar neteaork 2nd etate it's tpes.
{Sections 2.1.1 and 2.%) (2 Marks)

Q. 2 Stale vancous compuler rebaork appdicastions.

{Section 2.1.2) (2 Marks}

.3 Classily the nabeork hasad on geographical area and

Iransmission fechnokogy, (4 Marks)
Angs. :

—  Refer section 2.6 lor network based on - goocraphécal
BTER

Classitication based on transmission technalogy
1. Broadoast networks

2 Poant o pomt ehorks.

Summer 2022 [Totd Marks - 06]

Q. 4
. 3

Cwdine computer neteork. (Section £.1.1) (2 Marks)

Conaldar a network with 8 computer, which nefwork
architechure shaoubd be wsed peer o peer or cllent
server TJustify the arswer, (4 Marks)

A, |
—  Pger to pesr architectura shouldd be used due 1o the
feilowirsg reasans :
1 I s & srmall network with tess than 10 computers
Use of server would be costhe
All psers are located in the same area

22F i eaty o adrminister.

ST W fM R

Easy satup and lower Costs,

L
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3.1 Communication
(Transmission Media) :

WS, W15, 516, |-Scheme : W-1%

MSETE Questions
.1 Duscribe the word tranamission meds  with
respec] o nebwoks [WW-03, 2 Marks)
Q.2 Dehne guided meda. List the iypes of guided "
madia. (W-15, 2 Marks) o] .
Q.3 Mame lhe layver which iz associaled with the L —
Iranamission media. (W15, 2 Marks) ! :
@ 4 Slate he need of lranamission media.
|5-16, 4 Marks)
Detfiniticn : o = = g

e LTV ! : LA ia-cizh Sainlite dinh
& fransmission media 15 the medium over which

irHormmation travels Trom the serder o meceiver, Inather Mt roseE v
words & communication chamnel & also calles ac a T o e b g
meciiemm.
- [hferant media have difterert properties and vsed in
.|' .
b

differsnt erdironments for cdifferent purposes,

—  The physical layer of Q5% model is assaciatec with the Ty . T
bransmisseon media,

Types :

Madia are roughly grougsd into two clasees ©
1.  DGurded media 2. Urguided media

1. Guided media : Guided media & a carmmunicanion WiTeless network mode Wireless netiork mode

mediurm which allows the dats 10 get guided along

it. For this the media need 33 have a |'_||.'.-"||'. el |:_||::-i||I TR e e L
physical egnnection. ﬁ ' ﬁ

2. Unguided media : The wirgless media 15 also Tel=prane Tekphome

called a5 an unguided madia, je-25 Fig. 3.L.1 : Types of transmission media

The examples of guided media are copper wires and

[rirared

3.2 Cnteria for the Selection of

Fiber-optics, whereas radic and lasers through the ai Transmission Media -

are cxampies of unguided mediaas shewn in Fig- 3.1,

W03, W04, 5-05, W-05, 507, W-08, W-09, 5.1,
W1z 513, §-14, W-14, W-15. 516, 5-18

MSETE Questions
G 1 Describe any sik factons: corgidersd  {or - cabibe
selection, W03, 5-05, W-05, 4 Marks)
G2 Siate the eritena for selecting ransmission media
{W-04, W-05, W-08, W15, 5-18. 4 Marks,
5-16, 2 Marks}
Q.3 Explain the faciors lo bBe conskdersd whike
salmcting a cable to establish a neteork.

(507, 5-18, 4 Marks)

rs-a5) Fig, 3.1.1
TeghMagiiledge
Faglif AT inreg
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33 Cormmunication Media
@. 4 Describe any four factors considered for cable Tha classifcation of media 15 a5 Follows
salaction. {S-10, W-12, 4 Marks) T""'"""“‘f"‘" i
& State the factors to be considered for sslecting ' _ J"
i ! G chid 117 wérend Lirejidctid o
Iransmissian madia, {5-13, 4 Marks) ik Wi e
Q.68 Describe varkous factors o be considered while Iy 'l 1 .L
=elacting transmission rmedia. {5-14, 4 Marks) Twiswd per Co-axial  Fibsr-oplis Air sz ax
cakibe v [l el medium
Q.7 Glate the faciors o be consderad for salecling i : |
T T '
ianiSTesiol. ol I:E'gm paants) Hudin  fllerowaue  Infrarss]  Satadila
‘w_ub 4 H-Bll'i:ﬂ:l R TR T Irks
ie-a4p Fig. 3.3.1 1 Classificatien of transmizgion medis
The important factons to be considered while setecting 331  Wired (Guided) Media :

the frafsmission media afe as follesws
Type of readium juired of vireless)
Mumber of condictors

Flexibility

Dwraballity or life span

Relialdlity of connection,

Bandidth.

heo S -1 R [T . ;.- o

Effact of external snlerierence.

3.3 Classification of Transmission
Media :

W-03 50, 5-05 W-05 507,

MEETE Questiaons

@1  State three types of network cabiles,
(W03, 5-04, 505, W-045, 4 Marks)
Q.2 Enlist any three lypes of Irensmission media
cormmonty used. [WW-05, 4 Marks)
€33 List different iypas of Lables used in nedwork.
[S.07, 4 Marks)
.4 YWhich are the different raemission media v
|5-12, 2 Marks)
0.5  Listthe lypes of cabies, Explain amy e in detail
[5-12, 4 Marks)
Q.6 D[ahne guded meda. List the iypas of guided
radia. [W-15. 2 Marks)
7 List types of cable. DOraw and label ihe
canetructional shetch of co-axial cabke.
|S-16, 4 Marks)
2.8 'What are different ransrmissian medis 7

|5-17, 2 Marks)

In this 1ype of medis, the sigral anergy is comtained and
ouided within a sobid media,

- The examples of wired media are copper pair wires,
coaxial cables and fiber optic cabkes.

The wired rmesla i used for pidnt o poind

cafrimwinecation.

3.3.2 Wireless (Unguided) Media :

- In the wirgless media. the signal energy propagates in
the form of unguikded electromagnetic waves
The examples af witebess media are radia and infrared
g,

—  The Wirgless media is used for radio broadcasting in all

L= directions,

sde  Types of Wired Media ; 508,

S=14

MSBTE uerslions
1

Lzst the typas of cables. Expdain &y one:in dadail.
(S-04, S-12, 4 Marks)

Themasl l:_':_:ll'lll'l'll_'!I'I|_':|' used wired meadia are -
1. Co-axlal cable 2, Tuwosted pair cahlile
. Qptical iker cable.

~  Theselection of wired media depends on various factors
guch &= cost, connectiaty, bandwdth,  performance |n
presance of noise, geographical coverage ic

334 Twisted Pair Cables :

S-03, W-03, W-0d, 505, 506, W-06, W-08, W-10,

ca=1d, W14, S5-158, W-15,

322

I, S5-18, FS¢hiime *

MSBTE Questions
Q.1 State physical and Fansmigsion charactenstics of
iwistad pair cable along with its spglications,

{8-03, 8 Marks, W-04, 4 Marks]

TethKnauiledgs

aalif AT IGE§




ﬁ DCCN [Sem. 4 Comg. f MSBTE)

Constrection :

The construction of & twsted pair cable s as shown in
Frgy, 2.3.2. This 15 a very eammanty used mediair and i

Is cheaper than the co-axlal cable, or optical fiber cabide.
EnpdlAORAg cinsar

"'—F-'El:l'rﬂ'l..ﬂl'"'ﬂ

I— Flashc cesr

fa) LTP
Fig. 1.3.2

A4 Cormmunication Media
Q.2 Slate the fypes of twisted pair cable: Enlist three Malal shisld 1 dnting
physical chameleristics ol STP, ]
IW-03, 4 Marks, W-04, 2 Marks) rovithRons
.3 Draw 3 skelich of shislidsd teisied pair end
Hesefbe ary two charsctenslies  (5.05, 4 Marks) :
(. 4 [Oescribe e characierisbes of LITF cable. | it s
[5-06, 5-12, 4 Marks) i
-5 i:::n:::ﬁ:flh:;:t;:;ﬁ ;ﬂl; ﬁéd I::I;ﬁ ie-5ay Fig. 3.3.2 Construction of twisted pair cabbes
cable. Siale ils applicstions.  (W-08, 4 Marka) | | TYPeS of Dulsted palr cables :
Q.6 What is the offoct of twisting of the wires in UTP —  Thetea cornmanty used types of twisted pair-cables are
cabdes 7 {W-08, 2 Marks) a5 follows
Q. T Drawand explain urnshiskded twistad pair cable. 1. Urshleldad Twicted Pair [UTR)
(R0, & Marks) 2, Shiclded Teisted Fair 15TP)
Q.8 Explain shisidad twislad pair cable,
(W10, 4 Marks) T.ne vonsteuction of UTP and STP cables 18 shown In
.9 How cross cable 1z cragted 7 Oraw figure and A Tdistnel disir CAbl
explain. aive it6 156 (W-11, B Marks) ' | '
Q. 10 List the types of cables, Explain any o in detail. + 1
(5-12, 4 Marks) ;iid 3iig
Q.11 Wi any two featurea of TP (WA, 2Marks) | | oo oo Paf]'fm
Q. 12 Why the peliork cable & Wwisled 7
(5:13, 9-17, 2 Marks) | | COMBtruction :
£ 13 G twir applicetions of twstad pair cable. - TP cable-as shown ey Flg. 3.3.208) has a metal fall ar
{5-14, 4 Marks) braided mesh included @ order to cower eack pair of
G, 14 Give any lour disadvanizges of urshiakdad bvisied teaisked ingulating corduckors:
Pl Eeie B 2 o) This is knowr & the metsl shieid, which is normally
AR h _ﬁms? "-'?hlﬂ iﬁ_ ﬂn.:alm:l bttt cannected to ground 5o as 1o reduces the interferesce
Explain, Give s application, {5-13, & Marks} CEL e
Q. 16 Explain twisted pair cable with neat sketch
IW-15, 5-18. 4 Marks) But this makes the cable bulky and expensie
Q. 17 Slake characlerisiics of cahles (S-16, 4 Marks) S0 practicaily UTP i ricre used than 5T, The 5TP was
Q. 18 Draw a sketch of shiaided twisted pair cable and developed by [BM and 5 used primarily for the I8k
descrize any Iwe characisnstics. (517, 4 Marks) company only

—  Applications of the fwisted pair cables are in point
point and poimt o moftipoint | commumscations,
elapibme distams el

Twisted pairs can he used foo either analog or -digital
transmission
The bardwidth sepporied by the wire depends on the

thickness of the wire ard fhe distance to be travelled by
& signal an ik

Tansted pairs support several megabisfser fora few
kiformetres and are bess costly

Physical characteristics :

L. 5TP uses two insulated conducting wires teastec around
each other,

TethKnauiledgs

FaSlil AT IQE g
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35

Gonmunication fiedia

< These: bwisted cordictars. are shielded by a braiced
mesh

% [tis a low cost guided medwm.

Transmission characteristics :

1.  The noise and electromagnetic intererence is o due
b shilelding and taisting of vires.

£ [Lsuppor]s data rates uplco sesveral bMbpe

3. [t can beused only tar pont o pont cormmumeation,

1. [t has alow to moderate bandwidth,
Faatures of STP ;

—  Lewy noisefelectromagnetic interferznce.
Lo coet medium.
Supporis dala rates ugpto few Mbos

- Low o moderate bardwdth.
Application

ST is used cnly for EBM compuiers.
UTP (Unshielded Twistad Pair) :

Construction :

- A boisted pair consists of teo imsulated conductor
Dwigted tocether in e Shape of & spiral as shown in

Fig: 3.3.2. it cancbe shielded or unshielded.

—  The unshiekied twisted pmir cablas are vary cheap and
easy 10 install, But they are badly affected by the
electromagnet nose interfamnnce.

Why to twist the wires 7

- Twdsting of wires will reduce the &ffct of noEe or

axternal inlerferanos,

—  The inducesd emf inla the teo wires due to inteference
tercds b0 cancel eacivother doe 1o ll,'l'iﬂirllﬂ'
—  Mumber of teasis per unit length will detemrnine the

quality of cable. More twsts means beatter qualify.

—  These cables ersure less crosstaly and a-higher guality
of signal over longer distances.

Theralfore thwse cables are populEty  used lar highy

sperd cornputes ECErimUnicAticn

— & connection disgram using the UTP 5 showm in
Feg. 333

Dhog cable
Wall k.
; pl:- 2 hilock
.:-."-\..- 4 . EE EE EE :!
Fatch cabho EI: )
Huk Pslzn pane
- R Ll [

iy
o

=

Fakh cahks

(g-u6) Fig. 3.3.3 : & comman UTP installation

Characteristics of UTP :

)=

The insmulabes wires ara na shiglcded, buk they are bwisted

amound each other
Mote and electromagnetic interference 1 high.
LITF is an econcmical guiced medium,

Installation i= easy.

Transmission characteristics -

1. Maorwe and slectromagnetic interfarsmce = Ingh.

4. It hasalow 1o moderabe bandwiciy

3. Il 2an be used anly foar paerlent 1o paint e mamunicatian.
4. Suppons cata rates upto sevaral Miogos.
Disadvantages :

1.  Moderale data rates

& Low or moderate bandeidih,

3. Mobes and EM interference is-high,

Applications of twisted pair cables :

ame of the applications of talsted pale cables are as

follows :

Lacal a&res retwarks for i:-:.lnhl::,.‘ﬁng EompLter 1o [ [= g

atler.

In the 150N (Integrated Samvices Cigital Meterark).

In the Digital Subscriber Lre {D5L)

It Lk analog telephany comeentional telephone line) to
carry voice and data sgnals.

I il 1E||=|.1|1:Jr'|:.l Syaten [T, svslemy,
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Shielded twisied pair [ETF'II cables  wore
infroduced by 1IBM corporation,

3.3.5 Comparison of Twisted Pair Cables :
S=03, W9, 540, S-11, W-11, 512, W2
MZBTE Questions
Q.1 Distinguish bBebween shiekdsd bwisted  psin -amd
unshielded tedeted pair cades an the basis of cost
gpead, altenuation and sscurlly:
(803, W-00, S-10, 4 Marks)
0.2 Compare UTP and STP cables considerng
fallowsing points |
1. Bandwidth 2. EMI
g3, Instalistion 4, Cost, 1511, 4 Marks}
2.3 Campamn STP and UTP tfransm@asicn media,
(¥-11, & Marks)
Q.4 Compar TP and UTP onamy iwo pomts
[8-12, 2 Marks)
2.8 Compare between twisied pair cables UTP apd
S TP wilh respeci o following fadors. ;
1, Bandwidth capacily
2. Mode capaciy or 2agmant.
o Sttenuation
4. Cral. (- 2_, _-I- I.lzmkkp_
| &,
Faramelers UTH STP
| No,
1. | Bandwidth 1-155Mbpe | 1 - 156 Mbps
(ypicady 10 {Iypecalty 16
b Mbps)
1 Mumber of node 2 2
conneched per
segment
Allenualion High High
4, | Eleclromagnealic vary high L
interference
_E:-._ | _E:lsy of installation _Easjr ___FnirI!{ EAsY
& _ Gl Liwepesl | Ploderate
! apaad L ower thamn Highar than
STF UTP
& | Securily Lo Moderate |

3-56 Gormamunicetion Media
Mok - ExckhEdd: MWhich = the moast pt'ﬂ::ﬂl:'.al mmeadiom B Uss
when cohnecting computers that are Tawer
- A roodar RJ-45 telephone connector is ussd W0 than 100 mieters aper but located at diffarant
conrect & boue-pair cable buildings 7 Why: 7 Draw and explain the

o A modular RJ-11 talephone connactor is used 1o features of bat transmissian medilm,
) S5-07, 5-12, 4 Marksg

connect a bwo pair cabls,
Saln, ;

- Twisted pair cables are. gsed for conrsacting computers
that are feser than 100 meters: apart it kecated at
different Bukdings

—  PBefersacticn 3.3.4 for diagram and features of baisted
paircables.

3.3.6

Co-axial Cables :

k1

Gk 2

2. 3

Q4

Q-5

Q.4

2.7

2 &

9
. 1d

. 11

&.12

MSB8TE Questions

Slatecamy four banehts of co-sxial cabla
(203, 205, 810, 4 Marks)
Diescrise any six ganeral charactanstics of co-axial
rahle, (5-04, 4 Marks)
Slate sdvaniages and disacdvaniages of coaxial
cable and gave applicatnns. (3-08, 4 Marks)
Mama the type of zulable cafle 1o conmsct two
computers inoretwork. Explaln the same cable.
(W-00, 4 Marks)
Write amy four characieristics of & co-axal cabla:
(W-12, 4 Marks}
Draw 2nd axplain oo-axial cakln
15-13, W-14, 4 Marks)
e o applications of co-axial cabls.
15-14, 4 Marks}
Draw the consiructianal sketch of co-axial cable
Descripe any three characteristics of co-axial

cabile. i5-15, 4 Marks|
State characieristios of cables.  (S.16, & Marks]
Lest” types of cable. Draw  and  label the

constructional skatch of co-axial cabde.

IS8, 4 Marks)
Draw & feal sketah and describe the conslruction
of co-axial cable [W-16, 4 Marks|
Slate any Ty acdvantages of co-adial cable

1B S SRS

Construction ©

The  carstriction of cp-agial csble is as shown in
F||:_| 134 Tt oearsists of beo concsplfic canducions

mamesy - an

rer canducior amdd & bralded  outer

canductorsegarated by a dilectri maberial

R
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Pratactva covanng
Braded outar condasior (shiakd)

inrar  Iresuating

oo imal@gial

z-100] Fig. 3.3.4 : Construction of a co-amal cable

The extermal conducior is'in the form of metadlic Braid
and used for the purpose of shielding

The co-awial cable may cont@in one oF more ol
pairs.

The oomsfructon of a oo-axial cabde with other
gocessaries such-as connecior, |acket sle s shown in
Fiigy. 3.3.5.

Clutar cofrduchor
Lithiedel)

Jachet

pE-101p Fig. 3.3.5 ;1 Co-axial cable

The wire mash [Braided conductor) protects the inner
conductor from Electromagnatic Inteplersnce [EMI). K =
oiten callecl a shiefdd.

& tapgh plastic jacket feaprys the cower alf the cable as
SHaveTy It I‘ll_;. 3.3.5 [Jru'.-':-:;Eihg irgu o and pru[ecllur'l.

The co-asfal cable was initially dewslopad for analog
belephane netwarks,

A single co-adial cabie would be dsed o carty mare
thary 100083 vaice channels at a timse.

The-digtal transmission systams using the oo-akial table
ware developed in 19970s.

These systerms operated in the rasge of 3.5 Mbfs 1o
Ghh Mb/s,

The most papukar application of a co-axial cable & in
the cable TV systen.

The m:iﬁ[ih[; cor-avial calhle syslEm b 5 FAFIE] freams
S fuiHZ 1t 500 WIHZ.

Cher impartant apeolication s cakle modam, with the
Cabde Modem Termination Systam (CMTE),

37 Cormmunication Media

—  One move application s Ethermed LAN using the co-axal
cable.
The co-asial cable Is usad for its large bandwicth and
high reaize immunity.

Characteristics of a co-axial cabls ;

—  The important characteristies of a co-agial cable are: as
follows :

] Twin types af cakiies I'h.1'.-'F||g Tarrand 500 imp.:da-nrr:
arm syl akise

2. Due to the shield provided, this cable has exceilent
MOISE MmNy,

3. Nhasalarge bandwidth and low loses

4. This cable is =witable for point to point of poink b
muitpoint applicatans. Infact this: is the most widely
used meedivrn for local area networks:

5. Thase cables are costlier than twisted pair cables bud
they are cheaper than the aptical fiber cables

4. It'has a data rate of 10 Mbps whhcan be increased
with the increase in ciameter of the inner conductorn,

7. The specified masimurm number of redes s upta 100

8. The-attenuation is less as compared to the bwsted pair
cable.

1. Co-avial cables are gagy T install

10, Co-awial cables ane relatively ineipensse. (a5 companad
to the optical fiber cablel,

Applications of co-azial cables ;

1. Analog telophone nebaorks,

& [higital talephone neteork

3. Cable TV

4. Traditenal Ethernet LAMs

5 Digital transmissian

%, Fast Ethernet

Advantages of co-axial cable ©

1. Excallant noise immenmy due to the shield

2. Larger banchwidth than tedsted pair cakdes

1 Losces are cmall

4, Can beused for high data rates

3. Less attenuaticn

. They are sasy ta retall,
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3-3 Gormamunicetion MMedia

Dizadvantages

L. Costlier than the twisted pair cables

£ BMNC connectars ane raquired to be psed for connection.

3.4 Optical Fiber Cables :

W-03, W-11, 5-13, W-14,

MSBTE Questions

2.1  Wihthe help of nest diagram. describe functioning
of an oplcal fiver cable., [W-03, 2 Marks)
Q.2 Explaln woking of liber oplle catle. Glve s
advantage snd disadvantage. (W-11, & Marks)
Q.3 Drawthe neat skeich of fiber cphic cable. Give 1he
ransmission charactedglics of fiber oplic cabbe
Slate its applications. {5-13, 8 Marks)

Q.4 Drawand explain fiber opbc calie
[W-14, 4 Marks, 5-16, 2 Marks)
& Draw a sketch indicating the construction of fibre
ophic cabie. State Tour advamepes over slectncal
cables. (W-18, 4 Marks)
Q2.6  Wih the help of neat diagram, dezcnbe woerking of
fiar optic cable. {S-17, 4+ Marks)

Gaenstrection ;

The construckion of an ol ical fibar cable = &s showr i
Fig. 34.1.

=y )

Protacthee covarmg
Glass cadding

Glans coing

i5-1035 Fig. 3.4.1 : Construction of optical fiber cable

It cansists of an inner glass core surraunded by a glass
cadding which hat 3 lower refractive Incdex and -a
proteciive tovering.

- [Hgital sigrals are tfransmittad i the form of infensity -
rnodulated light si&jnal
Light & taunched into the fiber at one end w=ing a light
source such asa Light Emitting Diade (LED ar laser

— It s detecied Sn the other sde using a photo detectar
stich as a phototransistor or photodiode.

—  Tha optical fiber cables are castlier than the othar teo
types but they have many advantages over the other
bwo bypes

3.4.1 Light Sources for Fiber :

1 Describe light sounced Tar fiber.

W12, 4 Marks)

—  Forata transmisson-to ke place, the serding devece
that is the transmitter must be capatbe of inducing data
bits 0 1o L into the light scurce,

af the raceher & |:||"||‘.'|[|.'||:Ii-:l|:|-& 1% ugsed fa translats thig
light biack inte data bits.as shower i Fig. 242,

-
5; :EJI:I |T.. = st

i Tranamitiar

Fitsar

Light ©7..%

.

The e Isght sources which are used popularky are
1. LED> fLeght Emitting Dicde)

é-1i04] Fig. 2.4.2

z Er'ljlt-:_:ll:,:ln Lager Diocke (FLI

—  The LED iz cheaper but has a disadvaniage that it
provides an unfocussed light which hits the cora
houndarles and gets diffisad.

SorLEDN s preferred ondy for short distances.

~  The lasar dicde can provide a very focused beam which
can be used fara hong dastance cammardcatian.

3.4.2 Working of Fiber Optic Cable :

W03, W-11, W14, 818, 517, I-5cheme = W-19

1 With the heipof neat diagram, describe funciioning
of an optical fiber cable. (W03, 2 Marks)
2 Explain working of fber oplic cable. Give s
sohvantage and dieacdvantage. (W-11, & Marks|

Gk 3 DPrawand explain fiber oplic cable,
W-14, 4 Marks, S-16, 2 Marks}
2.4 With the help of neat diagram, describs workeng of
fiber optic cabls, (51T, 4 Marks]

The hght- entars inkg: 3 glass fiber from one end, and
gets reflected within the fiber. It follows a zigzag path
gbordy the length of the flber as shawn In Fig. 34.31(a).

TeghMagiiledge
Faaglifaniar g
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ezl Hoar Light Flloae o
Cladoing layer 2] feih

s T, |

{a) Light fallows a zigzag path within the aptical fiber

Light e

'y

E Claddingma. = Crtical
Gilass ! s iy Argk
.
| o . e = Acficcied ray

!

=

tb] Reflection at the interface of core and cladding
pu-10%3 Fig. 3.4.3

- Fig, 343k illustrates the principle: of light trawed
through: the optical filer,
When the Iigh*. erilers inic a |.:|'Ia-|5.:. fiber frorm ore end,
rmost of it propagates abong the kength of the fiber and
comes out fram the far end

A small peoatian of the Incident light escapes thraugh
the side walls of the fiber.

—  The light which travels from one erd to theather end of
the glass fiber is saxd 1o have "guided” through the Fer.
—  The light stays inside the fiber and does not escape

throughy the walks because of the “total inmernal
reflection” taking place inside the fiber.

This total mternal reflection can-take place anly - if the
Folleeing twio conditions are satisfied,

1. The glass fiber core must have a refractive index

which is higher than the refracthve index of the
clackding arcund the core {n, > n.|

2. The angle of incidence-of the light entering the
hier must be greater than the cntical angle, "4,

I:

SR - e

- This is & shosn i P, 343

3.4.3 Modes of Propagation :

MEEBTE Cuestian:

Q.1 Ezxplain differan] modes of libre aplic cabile.

(W-14, 4 Marka)

Definition :

~  The number of paths dolkeeed by light ravs inside the
ocplical cable = called as modles.

—  Fig. 344 showe different modes of operaton of an
optical filker,

Thatre aré Two - bpes imnde  and
muttmesdes filbsers,
Pr-:lpuga.'lrn Meces

! }

Snglo mede Kdumooe

I
. ‘

SHi indox GErackad rrdox

Ay ‘Eil"ll':'||-E

os-102y Flg. 344 : Propagation modes in optical Hbers

— In single moda fibars light follows a single path through
the core whereas in multirade, the lght 1akes more
than ane petis through tine core.

R SIS e HER

MSBTE Questions

1 With the Paip of neat diagram deseribe :
1. Single made alep incax.
2. Single mode graded index.
% Multimode step indes
4.  Multimode graded index fiber.
(W-16, & Marks}

= These are called as =ngle mode ers because they
support on cae mode of propagation (TE, Th or TEM)

- Tha-pptical signal taveling nside tms fiber has only
ane grougs walacity.

Due 10 single mode travelling the amaunt of degearsion
Iz less than that Introduced ik muitipecle flbers.

Thase fibers can hawve eithar step index or graded index
profile.

—  They are high quality fibers used for widetand long haul
cormmgrscation and they are fabncated: from doped
sillea to reducs intarnal attesuation.

~  Tha Ight traved in a single moda fibker = shown jn
Fig. 2.4.5.

Fibar
S 3

“Com
-1 Flg. 3.4.5 ¢ Light prepagation In sbegle mode flber

_~ Cladding

w SN HRecamer

This beam travel’s almost honzontalty and follows only
one - path from soarce too destination & shown in
Fig. 34.5,

TethKnauiledgs
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- The critical angle of incident highdy Tocused light beams
i rearhy aqual to a2

Iy the sngle maode fibers the delays are negligitde and

the signal reconstruction at the recesver (s easier which
results in almaest no signal distortion:

345 Multimode Fibers :

Q.1 Wilh the belp of nead diagram descnba :
1 Singlemode step inde.
2, Singls made graded incex,

4 Multimodae step indax.
4 Nultimode graded index fiber.

(¥V-16, 8 Marks)

—  These are <alled as multimeade fkers because thay
sLppart snUiCsneaous |::-|'-:‘:I|:|3.-:_'|.31i|:‘:-|'| of many rmodes and

the Incident light fellows different paths from the source
ko destination.
Each mace has its awnegroup l.l=||'.'|r:i[:|r anct aacty made
will folloer ks own path while - travedling from the
frarsmitber fo recaivar,
Die 1o pressnce aof more than ane mades, the
intermodal dispersion will axist.

—  Multimode fikers £an hawe the step indox or graded
index  profile and they are fabricated using the

rulticomponent glasses o doped silica.
Stap index fibars -
The constructon of an aptical fAber with a oore and

giass clackding is-as shown in Fig. 3.4.6{a).

Hlags clhadding

Cles

a-118Fig. 3.4.6{a) : Construction of a glass dad
core type fiber

- The refractive index of the core 15 ny angd that of the

glass claddinig is n,, with m = e

—  Therefare the index profile of glass dad core fiber is as
showty In-Fig. 3460

Cimas clalding

-

| R L

L

ib) Cross sactional view {e] Index profile

1G=1101 Fig. 3.4.6

Due 1o the sudder change in refractve indes at the
boundary of core and cladding, this fiber |s calfed stap
imdew fiber.

Fig. 2.4.7 ilustrates the progagation of light ower & step

index fiber
Frar
Siinos Cladkirg Haranar
E TR e Dt R

ju-311) Fg. 347 : Light propagation in multimode
step ndex fibar

Multiple beamd will folkeer different zlgzag paths ad
shireem in Fig. 347

The pumber of reflections that a3 beam undergoes,
deperuds an the angle of inciderce of that beam.

Heree &7 The destinatoan, all e bearme da ral reach
Liﬁ'lul-Ti!I"IEn'L‘-uﬂ!,'.

- This leads to diffusion of signal at the réceiver.
The step reded multimode fibhéers are therefore not used
for long destance cormmunications.

Graded index fibers :

As showwn in Fig. 348, the refractive index-of the filker

core deeas 1ot remaln constant thuuughm s bali

i&-11¥ Fig. 3.4.8 : Refractive index profile of a graded
index fiber

- Insteard i & maxkimum at e center af the come and
Feciisces gracally towards the walls of the core

—  In order to get this type of index profile the material in
the Fher com = madifed

Teth
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secomnd chcking b
- DOhee tocthe modificatesnn the indes profile, the light e g
gets refracted inside the fiber core and does not fravel -:I:dil:l?ng ------
in straight line as shownin Fig, 3.4.9, i
Fis J
Claddng [na) i P
Redract v g Mz Ny 0
""""" ] My ;ﬁ: o6-11ay Fig. A
M facnnd clacking bvar e
Il-'l fra) T
I-I F' | -:H I."1:' ......
$6-113) Fig. 3.4.9: Propagation of light in 2 graded index dk M"B it
Filbar
{1G-115) Fig. B
[retead the hght rays are curved towards the centerof | 9.4 7 Comparison of Single Mode and
the core Multimode Fibers
= Theop %% hanve Dosen lauanchead mta the care within the Table 3.4.2 ¢ mmmﬁm ﬂfﬂll‘l?b imade and
acceptance cone, il tiede fbers
- The asceptance -tone of 3 graded index core is larger HEI:. Single mods fibers Kultimede fibers
thary that of the step index core, .
1 Thaze fibars support | Thesze fibers support the
- In ograded index fibers az well differant beams result in I i . i
only one mode of | propagaeticm  of  many
different curves orwavelonms propagation (TE or TM | modes
Table 3141 shows the companizon of step index and ar TER)
graded mdex fibers. 2, The traveling signal | The different modes have
3.4.6 Comparison of Step Index and Graded Inside. the fiber has | different group velocities
Index Fibers - only  one group | and each mode will faliew
valociy. s o path bedwsan the
Table 3.4.1 : Camparison of step index and ransaiar amd Fachler
graded index fibers
4. | The gt of | The intermodal
Br. Stap index fibers Graded index fibers dispersion  Introduced | dispersion exists due 1o
No. lg  l=ss than  that | different grous velooities
1 The refractive  index | The refractive e infaducsd  in the | of varows modes.
changes . sleps of | changes graduaky. Milimade fibaers
abruptiy. 4. | Thase fibers con hawe | These fibers com  have
2. | T lighd rays trswel in | The light rays do nod ravel either & siep index or | either  step  index  or
glraight e thraugh | @ straight &na - through the graded index profike. graded index profile.
fhe sbep Index Mhers graded index hers. & | Thissis s hlgh qualli | ‘Thess: s fshieats
d. | Incex profile . Indeix prafiks : fibar for wideband long | using the mulicompaonent
FRofer Fig, & Reler Fia. B. hiaul tramsmission and | ghaseas or dopad silica.
4 | Tre light rays travel in | The fight ravs 8o not tasel sine: fabrkated “m
A siraighl line. dus 1o | n siraightl e due o fhe ;:h:-pa-c.l Ll
corstant  refractive | continuous refraction. This b fnessld] i
index af lhe fiber | & due o lhe conlindously atienation,
el fhe ek ol | changmg teimelie M9t 348 Characteristics of Optical Fiber
i 2 WL e Bl o] Cables : W-03_ W09, 5-13, W-15, 5-18
5, | Aceeplancs cone  of | Acceptance cone of ese T :
these fibera is amallar | fibers &a largar ihan that of e sl
than that of the graded | {he slep indew fber, @1  Describe any four physical characlerstics of fibar
index fiber opdiccable. (W03, W09 W15, 5-18, 4 Marks]
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Q.2 Draw the ngat skedch of fiber optic cable, Give the Q.4 Explain working of Rber opiic cable, Gue s
Iransmission chamcledslios of fber optic oable scdvartage and disadvantage.. (W11, 8 Marks)

Slate ks applications. 13-13, B Marks) Q3 Stabte two advantages of aplical fibar,
Fhysical characteristics : {5-12, 2 Marks)
2 The Infarmation in e farm af light travals over the (W-12, 4 Marks}

. 7 Lisbang hwa edvantages of oftical Nber cable.
ogrtical fiber cabdes. & 4 u

{S-14, Z Marks)

. They are-guided type media, : :

g T 1F . 8 Silale sight advanlages of hbar optic cable ower

4. They are much eupenshe than the cables. oiher cables (5=16, B Marks]

E. Irstallation is not easy. 2.9 Draw a sketch indicatihg the canstructken of fibre

Transmission characteristics ; ootic: cable. Slate four advantages ovar slecticsl

cahles. (W16, 4 Marks)
1L Extremel large bandudth (upto 2 Ghpsy

T —  Some of the advantages of fibor optic commaanication

i auer e cotventlonsl means of cosmmunication ars as

1. Peaetfect of eleciremagnetic interference foillcims -

4. The nienber of nodes connected to this cable does et | 1. Small size and light weight ;
depend on the length, - The size (diameter] of the optical fibers is vary small (it is

o Thigy offer mucks lamer attenuation. Hence a shgnal can comparable 1o the diamneter of hurman: hair,
travel very lohg distance without thw need of any | —  Tharefore a large nember of cptical fibers can fit into a
repeater ar amplifier., cabde of small diameter,

B Three wayelength bands are used for fiber oplic 2. Easy availability and low cost :
commumcation respectively A50 manometer, | —  The material used for the manufacturing of optical
1300 nanometar, 1550 nanometer fibers is *silica glass®

7. Fher opte cable cupports 75 nades incan Ethemet This ratesial is gaslly available. 5o the opiical fibars coo
ki lowar than the cables with metallic conductors.

g Single mode fiber optic cable are used to provide C b b U Ll o
netenrk links of several hundred kilmetres in length, - Eince the framemission takes place in the formy af lghl

: g ravs the signal i not affected due to army elecinical or

9 Fiber opiic cable does not l=ak sigrals so i is imrune Ay

i : : A electromagnetic interference,
ko evesdropping (fapping of signats).
g Wapping d i 4.  Large bandwidth -
S = i : I .- e it . :

14 ver aptic cable does .ru:lt II:'-T-ll.-II-rI.‘ A -:_err-d. herceatis | 75 the light rays heve & very high freguency in tha GHz
nat-atfected by potential hifs in the electrical grouwnd, range, the bandwidth of tre optical fiber is extremely
nor daes it produce sparks. larcse.

349 Advantages of Optical Fibers : This alkes trarsmission of more number of channels.

LRV ER AR R R PR L | — Therefere the information carrying capacity of an optcal
fibier 5 fruch figher thar that of & co-axal cable,
M3GITE Questians 5. Intermadiate armplfier are not  required a5 the
Q2,1 Slate thrga sdvantages of optical fiber transmission losses in the fibar are low,
_ TR, SR A ) & Ground loops are absent
2 What ame the advantages of fiber o
5 ; ] ! b 7. These cables are not affected by the drastic
communicebon  ovar the - convanbonsl means of ; 1 diti o (i
environments  conditions.  Because of @ ko
carnmunication 7 (VV-08, 4 Marks) 7 ;
advantages e optical fiber cable & replacing the
Q.3 Slabs the advanisses of 2 oplical fiser over copper e 4 0 i |
carventional metallic conductor cable ra 1 rmarn
cablas, (5-00, 1 Mark) ' i e S /

ol o,
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& Mo oross-talk inside the optical fiber cable | ' '
: R St | Twlsted pair cable| Co-axial cable ‘ Optical fiber
# Signals at higher data rates can be sant. | e |
- i [ T l T i [ :
3.4.10 Disadvantages of Optical Fiber : Vi |Trenemissom o) Tensmisson of Sigeal
signzls {akes place | sgnals lakes . transmession
In the electcal|place In  the|takes place |
MSETE Questions fom ower  the|electicel  form! an optical form |
3.1  Slate three disadvantages of oplical Tber, metalle: canducting | aver  The inner cver a  glass
(W03, 2 Marks) wires. conductor of the| fiber
Q.2 Explain working of fiber ophc cabla Gwe ils cabla.
pdvantage and disadvantage. (W11, B Marks) 2. |Moiee Immunity e Higher wdse | Highest  noies |
- Some ab the dsadvantages. of aoptical commanication Icee. Thanafore | Immunidy  than immunity 85 tha
system are ! marn destorion the twistecd pair hght rays are
55 : cable due to the unaffecled by
| SI:-|::.hlﬁt|-:an=.1:| nlants are raquired for manufacturing presanca of the elactical
Lk haty shielding gl Tt '
2. The initial cost incurred is mgh. canducior.
1 Joening the optcal fibers to-aach-other 15 a difioust job A | Alected  due b Less affecied | Mot alfectaed I:n-,.';
1.4.11 Applications : 504, 5.13, 5.15 axternal  magnelic | due ln. efﬂernal_the .E:-:IZ-E'I'r"ﬂli
fiedd. magnetic fiséd. | magnstic field. |
iz it Ll 4. | Bhor aireult | Shor circult| Shart eireuit je |
3 -anteappleatons ol op cal finercsbies. betasan  the tweo|betwsen the two! not possible
[5-04, 4 Marks) ponduchors 15 | canducions is
.2 Draw the neat skeich of fiber optic cable. Glve 1he pogsle. possible.
ransmisskan charactefstics of fibar oplic cabls :
Slate its applications. 1543, B Marks) | || 7 |Sheapes Madaralely Expersive
Q.3  Slate o applications af aptical Thire sabke. EEpEE _
[5-15, 2 Marks) 6. [Can suppsm low | Moderately  high| Yery high data |
1. Optical flber transmisslon systems are widehl used in the .rlata i i FHIE Taay | RELER. |
ST e e LR P 7. | Power loss cus ol Power logs due| Power loss dus |
conduciion andd | ta conduckion ko absorption, |
g, Optical fibers are ngee usad i the talephone systams radiatinn scatlering,
%, [mthe Local Area: Metworks (LARs] dizpersion ard |
3.4.12 Comparison of Wired Media : DeaiCHAD:
4. | Low Eandwidih Moderalaly high Yery high |
W04, W1, S5-11, W11
— banwidih bandwidih
MESETE Questions -El "_Hm —— _H " _-I""EII:EE: “_':
8 capad 6| Moda cepsoiby] capacy |
@1 Compars twsted pairwith co-awal cable. et iesid B
segmerd 15 2 per secment 15| par segment is |
PSS Marhe) 30 to 100 z.
Q.2 Compare twisled palr celbile and coasdal cable with |
: S 10, | Albemsation & very | Allenuslion 15! Allenualion s |
1. Coal 2. Bandwidih i i b '
3 athenuation 4. EMI (W10, 4 Marks) 11 | Installaben = easy | Instaliatian s | Installation 15|
Q.3 Compare co-adal cable and optical fbne cable . fairly easy | difficadn.
with sight praris. {511, d Marks) | || 92 | Eloctromegnetic  [EMI &5 reduced EMI i ot
Q.4 Coampare fiber opdic sable and STP with - atlleasd interference  (EMD | due ta shislding | present.
|'r-HJF' mﬁiﬁ M"'11r d m‘j A lake P-L‘EI-tE
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3.5 Unguided (Wireless) Transmission

Media ;

Concept

As already defined, an unguided media [also called as
wiveless miedia) does not use a conductor or wire as &
commitinizaticon charmneal.

Irdtemad 07 wieess The air o dacuurm &% rreckiisn To ¢ Ay [he
information from transribler Do recelvear.

& transmdtter -first conwers the data signal into

alectromagnet:s waves and transmits them wsing a
suftatyle antenna.

The recaiver receives them using a recening anlenna
and converts the EM waves inta data signal again, as
SHOWTY 10 I‘lg. 3.5:1.

Transmilling
Anlanne
—sTEN
|_ | —=  Transmiltsr alili s
D
Reoriving
ANHERA
T— Recaiyar I—-v |_i
Dyl

pe-117) Fig. 3.5.1 | Contept of unguided media

3.6 Electromagnetic Spectrum ;

3.68.2 Communication Bands ;

=11, W=11, 317

MSHTE GQuestions
@1 Enlist any four communicalion bands Tar unguided
media with thetr fraquency range. (511, 2 Marks|
Q.2 What is commuricalion band 7 W11, 4 Marks)
£ 3 Enlest any four commsnssathon: bands for unguldsd

media with ther Fequancy rangs, (5.7, 4 Marks)

We can use EM waves of different requencies for
differsnt communication applcations.

The zlectromagnetic specturn used for  owinslesc
commmadnication is shown in Fig. 261, the signal from
sevvder to receiver travels in the form of electromagnets:

ragistion through air

Yisila
Radirwave and Microveawe  Ialrared I N Ili:H-n
e L =

-]

il o Frevyuanicy

3
ke

a0 qap°  E4a0
GHz THzr THz

pe-118p Flg. 3.6.1 : Beclramagnetic spectrum for the
wireless communication

3.6.1 Propagation Methods :

The sighals can travel from the Transmitter to racebver in
rnany differant ways, The three most impartant methods
are

around ave propagation

Sky propagation.

Space propagation or fine of sight propagaton.

- The eectromagnete cpectrum 15 divded into several

subbands.

Table 361 gives vadaus  frequensy  bardy
carresponding type of propagation and application,

Table 3.6.1 : Segments of the electromagnetic spectrim

=1

Ho Mame Frequancy | Wawvelength

1, | Extremely Lowe | 30300Hz | 107 w10 m
Fraciency {ELF)

2 | valse 300-3000 107 10 10" m
Frecuenoes (WF) | HE

3. | very Low 3-30 kHz 10° 40 10" m
Frecushiciag
(VLF)

| -

4, | Low Frequensies | 30-300KHz |10 1810 m
(LF)

5. | Mediam | 300 kHz — 3 | 10" 16 10" ™

Fracuences (MF) ; fkHz
8. | High Frequencies | 3-30 WiHz 16° 1o 10 m

(HF)

7. | Wery High al-3000MHz | 101 m
Freguencss

| $¥HF) i

B. | Lira High 00 MHz- | TR0 m
Freguahces 3GHZ
{LUHF}

9. | Super High 3-30 GHz 10 ! 10
Fregquenciess m
tSHF)

1. | Extremely High | 30-300GHz |10 " to 10
Frecusncies m

_ | EHR
11 Infrared _ - 0.7 by 10
12, | Wisibde ligh ' . 0.4 g tes OB

(FlELS
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3.6.3 Infrared Signals :

- The EM signals hawing frequencies above 300 GHz are
mot referred as radio waves,

The signal acoupying the range Bebawen D1 mi and
TOT nanameters fnm] that |z 300 GHz to 400, THz are
called imfrared signals

- These. are uwsed in various  special
commumscatons Some of then are as fodlbes

bypas  of

L. In ast'onomye fo detect stars and other heawanly
badias

2. Inthe gukded waapon syslems.
. T remote comtrol.
4,  Wireless keyboards and rmaomise

3.6.4 Visible Light :

- Light 15 a special fype of slectromagratic radiation. [t
has wavelength in the Rnge of 04 1o 08 pm. ard its
frequency rarmge is 46 THz to 200 THz.

Ligiivt Is used for vanows kinds of communlications,
—  Ught waves can be meculated and transmitted through

the glass fibers i the optcal fiber communcation
SyStE,

Light signals can also be transmitted through free space.
Laser is o type of light, which can be easily madulated
i veros, wideo and data inforrmation,

3.7 Types of Wireless Media :

The wireless madia is not in the ferm of an efectrcsl or
ctical conductar. I most cages the earths atrmosphere
15 wsed as the physical path to carry data fram sender 1o
FECEMET

—  Wireless media s used when o 15 et possible 0 use
recia due to distence ar obstructions - make  cable
rneclia difficult. There are four main typas

1. Radwowsmwee . hicrowave

3. Infrared. i Latellita.
Wireless rmedia

I
} l | |
Rak: Microwsevae  Infmmd  Ssiaflis
WA

iG-11%1 Fig. 3.7 .1 : Classification of wireless media

3.7.1 Radio Wave Transmission Systems :

Radin waves hawe 1|E'-L':|IJE-r"-CiE£ Betaean 10 EHZ and
1 gigahertz, The range of sedremagnehc spectrum
betwesn 10 KHz and 1 GHz s called Radio Frequency
IEF]

Radio wives inctude the following types .
1. Shortwave usad in Al radio.
2. Very High Frequercy [VHF) used In FR radio ahd
TV
3. Uktra High Frequency (UHF) used i TY.
—  The-radio frequency bands are regulated and recjuére a
licence from the requlatory bady

- Unregulated frequency bands are also present which
operate at less than L watt transmidted pooer

— Radic wawes can  broadosst  omniderectionally. or

directionaliy
- Varicus types of antennas are usad 1o broadcoast thess

signals as shawnin Fig, 3.7.2

"‘:n_:ql],.-ﬂ"

e
4
Frarlin b Haf-wevwa Fandomdengh Fagi

dipoda Wil

16-120) Fig. 3.7.2 = Various types of antennas

The fredaipsy nf the RF F:igl"n".l is  deteremlned |'.'I:||' T

antennd and frarscaiver,

— Each range-kas charactenstics that affect s use in
cormpUter netaork

~  Far computer network applications, radio waves fall inta

thres catogorics
L. Low power, single fregquency,
2. High power, single frequesdy.
& hpread - spectrum
Characteristics of the three fypes af radio waves !
—  The chamctenstics of the three types of redio waie &re
given i Table 3.7.1
Teth

FaSlil AT IQE g



ﬁ DCCN [Sem. 4 Comg. f MSBTE)

d. Wirgless LAN 1040 my
Applications :
- some of e important  appleetons  of

Thewarigus areas of applications and the cormesponding

digtances imvohled arg gll..'en iy Taksla 3.7.2.

_Er, =

E:.l_::_hm

Table 3.7.2

Distance

1. Faging

Tans of kilomatrea

2. Caordiass talaphone

Tane of metars

2. e lukar phons

Faw hundned km

Erarsmis el Syilems are |

1. Eallular cammumicatios

2. Wireless LaM

radic

3. Painl to paint and podrt b r'||L||1i|.:-::-1|1I_ racica

systams

4.  Sateilfte commwnecation

3.7.2

Microwave Transmission System ;

It mekes use of the lower glgaherz frequencies of the

electromagnetsc spectrun

These frl:qu-::nrlt:a arer higher than the RF-and they

cecduce belier II'-:'uughFH.ll. and |J|:rft:-|rr|¢n|:|1.

There are twioe types of microwave data commuenicatcn

SYSEEmS

1. Terrestral

&

Satellite.

J

516 Cormmunicetion Media
Table 3.7.1 Microwaves
Low High Microwayes gre basically unidirectional alectromagnetic
Ii:. Factors :::; E:‘;T; E:::::u: waves with a Irequency range from 1 to 300 GHz.
fraguancy | fraguency Microwaves. Use space wave propagation. The space
1. | Fraqueancy All radic All radia Al racko kL @pﬂga“m I aeg tellen 2 (i ot soi
rEnge 'rﬂ]u#nﬂhﬁ i I.'_!i-l}!';. rmq'.-l[ﬂ“ﬁlﬁ cormimaibacaticry.
(Eypically - Diie ta large bandwidth available f & passible o allot
B02 o wider subbands. Therafore high data rates can be easily
H2E MHz supported using meCrovwave communication
2 | Barteidth - 10 1-10 2-BMopz | 37.3 Terrestrial Microwave Systems ;
“cApaciy Mbps MEps .. _»

_ _ —  These systerns use directional parabolic ‘antennas to
el L i Fgn citiad i o transrnit and receive signals in the lower gioaheriz
4. | EM Prosr Poor Fair targe as shown in Fig, 3.7.3

A | Installabien | Simip High  Moderste
& | Coet L Highar Moderata ol

i-121) Fig, 3.7.3 | Terrestral microwave systerm

The sigrals are highly focussed and the physical path
must be line of sight

Relay towers are wsed o extend the range, Srnaller
terrestrial microwaye systems can B used aven within a
buildina.

Microwawe  LARS operate at low poer using  small

transmirters [hal communicate with  ormbidicectiosal

Fubs.

Hubs can then e connectad to fonm an entire netwons

Characteristics of terrestrial microwave systems |

Temestral microwave systame  hawve the following

charactenstics

The Trequency range used isfram 4 - & GHe and 21 1o

23 GHz,
TethKnauiledgs
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2. It suppors a bandwedth from 1 te 10 mbpes.

3. Atterwation is dependeni on frequeency, sigral strength,
antenng size and atmaspheric conditians.

4. The signals are afiected by problems such as EMI affect,
jamrming #tc,

L. L of sght reguirerments make inslallation difledl L

£ Short distance systerns <an B2 inexpenzive but long
dstance systemns dre ralatively expensive.

3.7.4 RF Link (Microwawve Link) : 511

MEETE Questions

I!]_. 1 Explain Mwrowawe IEF) Link with degram,

{5-11, 2 Marks)

Lo T of RF link 15 radie frequency link. This s
hpe of point o point

comMmuncation

actually & Wirglsss

The Radlo Freguescies ued for RF links are in
rricrowave ranse therefore, BF links are alo called as

microaye limks This is shown in Fi-!_.;l. A7,

Transrities Rkt

Toai it
P i Pl sy
Eatih s

ra-122) Fhig, 3,74 : Microwave link

- Alhough many wire  communication - systerms  use
copper wires or optical fiber, sarme sysiem prefesic use

air a5 medivm;

- This happers wtwen infrared. lasers, microwaves and
radio are used for the fransmission of data, as they do
nak mered any physical medivam,

- FOr long distance coammaanecation, mecroswave adio
brarsmissan s spccessfully-and popularly used a5 an
altermative o co-axial cable,

The signal-transmissiony lakes place in the-dormn of

alectromagnetis waves which have wavelergths of fow

cerlimeaisrg.

Parabolic antennas can be mousted on the towers 1o
servd 3 beam of waves 1o anothar antenmna, tens of
kilarmetres Ay

—  Tha tramsmitiing and receivirg antennas are Faghly
directional to enable a pairt to point communication,

This systeny |5 widely used for both telephane and
teleygion trarsmission.

—  The higher the tower which helds the antenna, the
greater 15 the mnge, With.a 100 metre high tower, the
distances af 100 km can be easily couared.

Advantages of micrewave link

—  Sorme af the important advantages are &s tallows

1. Instadlation of iowers and associated equipments s
cheaper than laying down a cable of 100 km length

Less maintenance as campared te cables

Repeaters can-be-used. So eflect of noise is reduced.

B i fa

Mo adversa affacts such as cable breakage et

5. Due to the s of h||_._'|h|:,r dirschicrsl antenrs, Lhew links

do  not  make  amy  anterference with other

cormnmArication systoms.

§.. Size of transmitter and recelver reduces due ta the e
of high frequsncy.

Risadvantages

1. Sigmal strepgth at the Tecebdng antenna reduces due ta
muiltspath recaption

2. The tran=misson will beaffectad by the thunderstarms,
pnd other atmosphenic phenameanons.

Applications of microwave tranamission -

MSBTE Questions
Q.1

e apebcalions of  msrowswve
(3-12, 8-13, 5-11'_. 2 Marks}

Slabe  any
commimecatian.

1. Giee-lo-cne Commubical kn:

2. In cellviar phones

3. Tnsaredlite netanarks.

4. In thae wiraless LA

3.8 Use of Infrared Light as Unguided
Media :

The EIl:l;.:Il'-;-m.':gnlfll-:,. Wi h.!l-'ing I'r-e-:ql.,ﬂ:nl:ile‘: froam
0 GHz ta 400 THz jwaqe lengths fam 1 mm to
710 mm) are known as.infrared wawes,

R waves uses bine-af sight prapagation: [Space wave
propanatan

Teth
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[rfraced light & 3 communicalion medium whose
propertes are significantly different from these of the
radia frequencies.

— hovery immporfant propearty of the infrared light is that it
canmot penetrate walls.

That means it can be casily cantaneda withle a roaem.

Dhte to T porc party, the irfrapread light can be wed with

a mych mduced inteferance

Alsp the same freguency band can be used in the
eouipments kncatad in the adjzcent rooms s well.

—  The wavelencih of the infrared light ranges from
250 nm o and 900 ren. where the recaivers with good

sersHiviby are avallable,

- dnother advantege of mfrared communication |5 the
very large Bandwicth which is-available tfor use but has
not bean expicited to rts full extent

The major disadvantage 15 that the sun generates
radiatiaan in the infrared Band.

This can cause a3 ot of inlerderence with the 1R
CramrT i n

—  The infrared band zan be used in development of wery

high spead - wireless LANs in -fuiure,
3.8.1 Standards of Infrared :

MEETE Que=stions
Q1

Explain Infrared communicaiion, Lst any tao
disadvantages of infrarad commumcslion.
[W-14, 4 Marks)

A onumber of standards have been deselgped for an
infrared data link (IROA.

The IRDA-C ctandard provides the ctandards for the
badirectinnal communicatians used in cordiess disvices
such as rmee, keyboards,  opsticks  and  handbald

COTIPUIETE.

— The [RDA-C standard operaies at a3 b rate of
75 kbxits/eac and the distance range is upto & meters.

— Apother standard called [RDA-D standard opecates &0
thee data rates from 115 kb's to 4 Mbds, with a distance
raree upto 1 metre

— The IR daia links can be designed as @ wirsless
atternative to wired connection betwesn computer and

printer, or kaytronard, moase et

— O advantage of infrared is- that an FCC license s not
recjuired bo use i

The anly dsadvantage of infrared skinals is that they
canot penetrate walls or other chjects and they ave
diluted by strong hight sburces,

W
i, o
A P H-¥-pcint

] dl e -

{ah Point-to-podnt infrared media in a netwaork

T omre, T

(b)) Broadcast infrared redia
f6-12%) Fig. 3.8,1

Advantages of infrared :
I, Venylarge bandwidth.
2. Maelectromagnety intarfemance

3. It coes not penefrate walls. Therefore there i no
intetferense hetween the applications wsing TR, kept in
diff erent raams,

Disadvantages :
1. It<an be used only tor short range applications

2. The infrared trarsmission from the sun ocan mterlera
with the TR commarscation.

3. Poor perfermancs

4. Low speed af operation,
Applications of Infrarad _

1. Yery high data rates can be supposted. due 1o wenr high
handaddth (approsemately D0 THE

2. For communication bebeeen keytoard, mouse PCs and
printers

TethKnauiledgs
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3.9 Satellite Communication :

I=Schamo

—  Moon is a natural satellive of earth. However 'we are ot
intarestad in the natural satellites,

- Im this section we will lgam something about  the
artificial (man mada) satellites

A artificial satellite arbits or rewalves around te earth
in exactly the same manrer a5 electrons revolie araund
the nucleus of an atam

—  The patne in which satellives mowve are called as orbits.
The orbits’ are of differert types such 35 syrchronous
oataits palar ompits and inclined orbits, out of whech the
syrichraracs. of geostatlonary orblt |5 used by the
geostaticnany catellites

- The geostabonany satellibes take exacily 23 hours 1o
complete one revolution around the earth, therefare
they appear to be stationary.

The watallites ¢arn bBe used for u'.ari:-:[:.- (a1} PUrpiEses

Depending on the type of apphcation, the satellites are
classified into the follesiing cateqonies |

1. EComrmuomnication satellites
2 Bemoie SEITEig valellibey,
3. WWeather satellites
4

. acrentitic satedlites,
Principle of Satellite Communication :

203, W08, W-11, W-12, 513, W-14, 515,

W-15, &-17. |-5cheme = 5-22

1 Wih the help ol diagram, . esplain  sakelite
COHTIMLINICA . (503 513, & Marks)

.2 Wah the: help of diagram, explain satwsllite
commldnicalion (W-08, 515 517, & Marks)

.3 Explain working of satelile commwnication with
nest chagram. [W-11, 4 Marks)

Q.4 With neat disgram, explain sstelite commumicalion
sysbem, (Wi-12, B Marks)

Q.5 Explain satedlite camrmumcation with neat diagram.
(¥W-14. & Marks)

.6 Explain satellite comosinicatian with the help of
Fiesart cliagran, (W-15, 4 Marks)

i guﬂs'[tl[iﬂ-rlar:.l cormrrurcation satailite works |'J|:|5II‘LH||:|I'
a5 a reday station in space.

[t receives sagnal from ore earth station, amplifas i,
IR [l '-:il_'.|r|:-al |‘:|L|:-|Iil].l andd radiates the ':i-e_'_rhal ack

ta ather earth sratians.

—  Luch a relay system allows s b0 commmunicate withyany
comer of the word
Block diagram and operation ;

- The klock diagram of a sateifite communication system

i shown in Fig. 3.9.1
Snnsiltta

Lislink

ariHz Camlink

atGHT

Chii — i Farsidio

artanna digh anlnna
Trarsmillirg Fllaun-i'.nr!g
aarh station carih slalion

pe-atay Fig. 39.1 : Basic operation of satellite
communication system

- An carth stafion transmits information signal to the
catellile u:-.ing a iughl'!,r direchinnal dish antering,

—  The catellive receives this signal, processes © and
bramsimits it back &t & reduced Frequency

T e e rig sarlh shatkans will recene {his Ll:_r|1ﬂ| using
parabalic dish antennas pointed towards the satellite.

—  The signal which 1s being trarsmitied upwards o -the
catelllie is called as the "up-link” and It 15 normmaly at a
frequancy of b GHZ

—  Thesignal which is: transmitted back ta the: receiving
earth station & cafled as o the “down link™ and b iy
nommally at-a requencyof 4 GHx

- Thizs a satellite has to receise, process and transmit the
s nal
A these funclions are performed by a unét called
saiellitc fransponder

- A cormmunication satallits gererally has bwe sets of
transporders, each set hevirg 12 transpondars making
it a total of 24 transpondars.

Each transponder has 3 bandwidth of 36 MHz whicH is
gufficient b handle ot least coe TV chanmal.

—  The uplink signal recaivad by & transponder is weak and
disinfink slgnal transmatted by the trargooncder s
ctrandg.

—  Therefere to aveid intorfercnce Betwecn them, the
uplink and dewnlink. frequencies are seected 1o be of
different walues.

Teth
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The c,lp-:r:l[-'r:ln ol satedlite Takes F-lal:r. at i yery h|'|:_|h
siinal freguencies i the microwave rangs.

The typical band of signal frequencies wsed for the
comrmunication satellites ane as follows

1. € band 46 GHz
4. Ku bard L1/14 GHz2
3. Kaband 2030 GHz

The © band frequencies of 4B GHr indicate that the
dewnlink frequency is £ GHz while the Uglink frequaency
5 & Hz

Cne-of ‘the acvantages of operating at wuch 3 high
freguency & reduction in the size of antehnas and other
eoiponents of the system.

I i= E'l-:'[r'-e':mﬁl:,' i|n|:'|-:':-rlar'|I: o redinisin The Fﬂ'ai[iﬂra ef the

satallita with respect to earth.

Therefare control moutices such as staton keeping and
antitude confrodé are executed from the control room 0
the earth stations.

MiLltipde  access methods  such as FOMA [Freguancy
Chwisean hultiple Access), TOMA (Time Dinsicn Multiple
dccess) ardd COMA [Code Divisicn Multiple Access] are
used to aliow the access of a satallite to the maximum
nurnber of earth stations.

The poser requirement of a catellne o satefled by solar
panei ard a ot ol nickel cadmium batteras carread by

the satallite dsalf.

3.9.2 Geostationary (GEQ) Satellite :

The satellites orhiting in the geostaticnary orbit are
called geostaticrarny satellites.
They travel at the welodty of revalution of earth, hence

complate one revalutron around the earth in one day
Le. 24 hours.

Thiz iz the reason why geastatonary satellites appear 1o
B slationary
The geostationary satellites arme also called a5 GEQ

satellites. They are basically used for commurdcation
applications.

These sataliftas are at about 36000 krn above the garth's
surface. There are certain ad<antages of such a high

attitude spch as

F-20

3.9.4

Communication fiedia

Thay are much aboee the inner radiation Belt which
poses problems 1o the solar cells of low altituce
s nllites,

The solar cells get the sclar radistion for almost 39% of

the orbital persco Therefore energy storage 15 not
RECasEary

The earth's magnetic fiedd s weak at such hengits.
Tharefore the adwerse effecis of magnetic: field are
absent,

Large coverage amea. b gecstationaty satellite i3 wisible
fram about 42 % of the earth’s surfece area,

Therefore three communication satellites can cover the

entire surface area of the earth as shown in Fig. 292,
_'_,_t—_*-
A Sasadila 1

} L sateline 2

o Satallie 3

iG-815 Fig. 2.9.2 : Complete coverage of aarth's surface from

three satellites

The geostationary  satellites are  mostly  wsed as
cammwurication satellites,

statlons which and  recalse

infarmaticn from these satellites are relatively cmple

The =arth transrmit

and low cost.

3.9.3 Types of Satellites :

catellites are dibided in four maar categodies as
Folloms .

L.  Communication satellite.

2. REemoie-sersing sabellibe

% VWeather satellite.

4, Scientific satelits,

Satellite System for Data
Communication :

catcllite mecrowiave systems transmts sigaals hetween
directional pambofic installed at the earth station and
catellites antennas,

Teth
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5-21 Cormmunicetion Media
They use low gigabertz freguencies and line of sight | 5. The signals are affected by EML effect, jarnming  and
Coxmmuncafion nther reason
- These systems use satclites which are in the | 5 pa jnetallation of satsliites is extrernely difficult and the
egstationany orbit {36000 km above the earth). - . :
? ts : gflgnment of earth staticn antenmas must be perfecthy
The saledlites acl as repeateds wikth receiving anmtenng, allgyniec
frarsgonder ard transmitting antenna
§.. The cost of building and launching = wery werny

atellite microwae sestems can reach the mast rematbe
praces on earth ard commurecate with mobile devices,
—  Thissystems wiorks in the follewing way ; a LAN sends-a

signal through caole media to an antenna which bearmns
the sighal fo the satellife.

—  The satellite then transrmits the skjnal back 1o arather
lexcaticn oh sarth as shewn in Fig. 3.9.3.

ra-a1sy Fig. 3.9.3 - Satellite system

—  Satellite rmicrowave systems experience dalays bethween
the transmission of a signal and o5 reception back 1o
the earth (540 msec) due ta the distarce that the soned

has to travel.
+.90.5 Characteristics of Satellite Microwave
Systems : |5-06, 5-10

MESETE Questions

Q.1 Describe the characlaristios of satellite rmicrows s
lransmission. [8-06. 5-10, 4 Marks)
Satallite  microwave  sistems  have the  followang

characteristics

1 I usas '|I1::-r.||Jr|'n:_:,' FaNce betivamn 17 o L4 GH? ancd
4 o B GHz These geoitationary satellites placed
appropriately can cover the entire-earth.

2. [ supporis a bandwedth ard 110 1 Mbps

3. Afterwation depends ey frequency, pawer, antenna slze
ard atmosphenc conditicn

EXpENSIva,

3.9.6 Comparison of Terrestrial Microwave

and Satellite Microwave Transmission

slrength, antenna

Systems ;
- Terrestrial Satellite
FI-:-._ Factor micToerave micTrowave
i system system
1 Freguency | Low  gigahertz | Low gigaherz
range [ty pically ibypically 11 ko
betwaen 4 o 6 or | 14 GHz)
| 21 i 23 GHz)
2. | Bancwidgth About 1 to 10 | Abcut 1 1o 0
| Capachy mbps rkas
3. | Node 2 (sender card | 2 (senderand
capacty recaIvar) recawer)
d. Altersiatiors | Depends gn | Depends on
frequency, signad | fregquency,

povwar, antsnng

gl T ard | eze and
Alres phesic atrmosgieris
condibons cordibions

L, ERAl Faar Poor

& Installaticn Modarateh Wary difficul
dhilfscull

7. | Cost Hixah Very high

1

Application of satellite communication ;

MSBTE Cuettions

State 1our apphcatmons of satediite carmmunicaiom

[W-18, 2 Marks)

B M b

For relay af TV channels,

Far long distance telephomy.

Satellite phonas in miltary.

Far the trassmission arsd reception.

Far the GP5 systerms
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5-2Z Comsmunication Media
I Review Cuestions Q28 Whatis a GEO satellite ?
(1. 27 Gtata the types of satallites.
2.1 Mame the lyer which B assoclated swith  the L
UL T, 3.10 1-Scheme Questions and Answers :
Q.2 Whatl iz the difference between guided and unguided
.3 Stabethe bypes of guided media. 0.1 Lisl a0y four unguided fransrmssion Aledis.
2.4  Explain the differencs between UTP and 5TP. {Section 3.7) (2 Marks)
Q.5 Whal v e effeci of twisting the wimes 0 UTF | @2 Draw sindcharal diagram of fiber optic cable and wrila
cabhkes T its functions, (4 Marks)
Q.8 Give applications of cx-adgal cable. Ans, -
.7 'Whal is the advantage of using shielding ? —  Refer section 34 for structural dizgram of fiber optic
0.8  Compars the guided ransmission meadia, cabie.
Functions of fiber oplic cable :
% Siete pdvaniages of optical fiber cabla phe
_ : 1. Used in telephones and cable T,
O 10 State the thres ways of Wireksas fransmizsion.
— _ 2 Used I compitar nebearks and local area networks.
£ 11 State the applications of microvave commurscation.
12 Whrike a nole cn ;o Infrard ransmession Winter 201% [Total Marks - 10]
Q.13 State spglicstions of infrared Iransmissicn Q.3  Deline guided and unguided communication medis,
114 Gﬂmpﬂrﬁ twisted FE'lir |:|-.|'-|-|:l and ETPI‘. 15!:![1:“ 31: l:z I.I-urh:ﬂ
0,15 Compare twisted palr, co-aslal and ber opbe cable, GR Dhiaiand vapkiin b sollecatla:
L 1% Which sre the bwo typas of mécrowave: ransmission |Sections 3.4 and 3.4.9) (4 Marks)
gyelems 7
@.9 Stale the two advantages and o disadvaritages of
L.17 Whal ara the charectenshics of a lerasinal microwayve : :
unguided madia (4 Marks)
sysiem 7
Angs, -
0. 18 Compare - to poinl and broadeasl infrared
H e . : Advantages of unguided media :
ransmessicn syslam. . .
1. Used for lopg distance cormmunication,
O, 19 Whal are The characlenslics of a co-axial cable 7 ? ) e
2. It provides bigh speed data transmissicn.
O, 20 Wit nede an radic wave ransidssicn 2l
alich 3. Many stations can receie ighals from same sender
L 2% Explan the classdication of fransmission madia. ctatic.
.22 \Write & note on microwsve communication. Disadvantages of unguided media -
Q.23 Compare the guided and unguided media. 1. The commuenicaticn through unguded media is an
1§
0,24 State varkbws communication bands  and  thedr satics
aprlications. 2 I is susceptible 10 whether effects ke thunder, rain,
storm ete.
025 Explain the basic principle of satefife communication,
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Summer 202 [Total Marks - 12]

325 Gormamunication Media

Q.6 Draea neal disgram af twisted palr cable and state
te bypes. [Section 3.3.4) (4 Marks)

., 7 Describe line of sight tensmission, 4 Marks)

Ans, ;

Lire ol .u'ghl. i3 type af coxnmancation where dala ic
trarsmitted and. received only it the fransmitter and
receives are in view of each other without any obstacle

batween them.

Feg. 1 illustrates the LOS communication LOS is the

direct path betweean two points.

FEDehieEr

Tearmmilinr

05-32131 Fig. 1 : Lime of sight communication

—  Example of L5 are as follows
1. FM radio.
2. Micraeiave comnmurdeatian,

1. Satellife cormmunication.

4.8 Erplain satellite cormmunicabicon.

{Sections 3.9 and 3.9.1) (4 Miaxrks)
el
# Tech Ko
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SAcHiplesing

4.1 Introduction to Multiplexing :

Definiticmnm -

Pultiplenrg: 15 the process  of  smultanecusly
kransmitting twe ar meore individual signals eyer o single
commidmcation charneg,

- DOue to multiplexing i s possible to increase the

number of communicatan channels =0 that mare
Inforrmation can ke transmbiced.

—  The typical applicaticns of rulbipléxing are in telemeting
and felephiony ar @ the satellibe commuanication,

4.2 Concept of Multiplexing and
Demultiplexing :

Multiplaxing

—  The concept of a simple multiplexer is illustrated in

Fu.g. d.7.1.

— =

o - ——.
Muliples — e
inje : MU — h DEMUE | - iy
sjreys ' LT : Bignhaks

— i | —

Sk
S eation channal
(Wi ra cir Rackod

iL-1e5) Fig. 4.2.1 : Coneept of multiplexing

The multiplexer receives 2 large number of differen
INEUT Ssrss.

—  Multiplexer has only one cutput which is connecied 1o
the single communicaticon channs

Theny are:

1. Frequency dinsion multiplexing [FDM;

2. Time division multiplexing (TORMJ.

3. Wavelorath division multiplexing DA DM

The muitipbexmg techrigues can be broadly classified
into two categories namely analog ard digital

Araleg muttiplexing can be either FOM or W and
|,:Ii|,31l.;:| mull;iph_ﬂ.-;-:i:ug is TEAA.,

Fig: 422 cshows the lassificeion of muktiplexing
techniques,

Pbultiplexing
|
¥ *
Analkxg Wulipising Pl Mulbplsxmg
> ¥ ‘I'
FOd WDkl TOM

IL-wa6p Figg, 4.2.2 @ Qlassificatien of multlplexing techmigues

Generally the FDM and WOR Systems are uted o deal
with the analog infarmation whereas the TOR syslems
ara ysed o hardie the digital informatson.

In FDMY many signals are transmitted simultaneously
where each signal occupies a different Trequency slol
within a commaon bandwidth,

I Tkt the skinaks are rol transmitted at & thne, Instead
they arg transmitted In dfffarent tirme slors,

4.3 Frequency Division Multiplexing

[FDM} p I-Schems ; W-19, 522

The multiplecer combdres all inpid .:ng}ﬂlr: irtc & :'iI-I'Il':iI|I,E
composite signal snd transmits & over the commeen
commumcation medium.

- Sometines the compesite signal & used for modulating
& carrler befare transmizsion.

Dierriub i exlng

At the receiding end, of communication link ‘a
dermuttiplexer = used to separate out the sxgnals into
theircnginal farm

The aperation of demultiplexer iz axactly opposhe 1o
that of 3 muttiplessr. Demultipleang s the process
whitch is axactly opposite to that of maltiplexing:

4.2.1 Types of Multiplexing :

-Scheme ' W-18, 5-22

—  Thereare three basic Types of multiplexing.

Cefinition ;

FO 15 & type of multiplexing 0 which all the signals or
charnals to bemultiplexed are transmitted at the came
timm with each chanrel ocoapying 2 distinct non
averlapping frequency band.

The operation of FOM is based on sharing the ovailabde
bandgwidth of 3 commumcation channel among the
'..'rgnu-'.ﬁ- 3 b Lransmielled.

That  means many  -signals  ame fransmitied
sintanecasly with sach signal oocupyng & differant
Frequesncy stot within the tofal asatlaide bandwidih,

Each signal ta be transtaitted modulates a diflererit
carier. The modulation £an be Ak, 558, FM or PM.

The mexiulated sgnads are then added {fogether to form
g composte signal which s transmitted awer a single
charmnal,
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-  The speciium of composite FOM signal is -showr e

Fg. 4.3.1¢a),
E.ﬁr'l.'l'n-l-l‘:hh o easrall eomiflinkeatlsm ehanrsl

AAA

Fr:-'_u..unl:p

Ep'.l'l' al
mrigls cherns

107 Fig. 4.3.1(a) : Spectrum of FOM sigaal
EEI'II‘!'I"-:I":ll' the FON syslerms are used feat |'I'I|J||:||.1|Ei!:|rIH

Pnoivadus carriers L. L 1, Al T,

the analad sigrats.
4.3.1 FDOM Transmitier ;

Block diagram ;

—  Fig 42lh shows the block diagram of an FDM

transmitter. The signals which are to be multiphesed wall
each modulate a ceparate carrisr,

Signal 1 fModulagnr
denanned 1) 1
T
arst Ly
Comman
Sijnal 2 fedulasar ORI TS
tchoinined £ 2 1 Linaar channe]
.1- -: n-'.mr L 10
Carmmarf o e
Ga _: arlder ':'l:II'I.'IFII:I'Iﬂl.I:I'
Signal 3 | Modulaser Agnal
sohanned 3) 3
cAarnar fr!:il
Sigraln ¢ Medulatar |
iphanned n] - mi i
Carfer .y,

fL-128) Fig. 4.3.L(b) : The FDM transmitter

—  The type ot mogialation can be &b, 558, FM orPM,

- The madulated signalks are then added together to form
a complex signal which iz transmitted . over & siegle
channal

Operation af the FOM transmitter :

- Each ssgnal modulates & separate camar The medulatar

cutputs will contain the sidebands of the corresponding
sigrials

The modulatar autpurs are added together inoa linear
miker or adder,

—  The linear mixer & differant from the normal mixers.
Here the sim and differgnce fraquency components are

nat produced.

—  But. only the algebraic sddition of the modulated
outputs will take place

Differant sigrals are thus added. together in the time
dotnaim but they have their eoin separate identmy in the
frequency domair This is as shawn inthe Fig. 4. 3145

—  The compaste sgoal at the cutput o mixer s
transmitted aver the angle communication channel as
shicrem #n Fig. 4.3.1(b}.
This algral can be Used ta modulate a radio ransmitter
If the FDM signal |s to ke trancmitted thirough air.

4.3.2 FDM Receiver :
Block diagram and operation !

The block diagram of arv FOM - recsiver it as shawn in
Fll':'|- 4.3 1, 1'|'||=.~ ﬂﬂl.l'Tll':ﬂIEi'!E Elgﬂﬂl I -EHHI-E'E'I o & gl'li'.“llJI.'l
of band pass lilters (BPF

| Ircdivrdual chanrel is
| st o] I'.r|.- BFF
L
EFE | ¥ Demoduatar] Signal 1
= 1 1 [shurned 1
4
|
Jd BEE Cemoduatarf  Signal 2
HE 1] ‘ ® [channes 2|
iAo _L
cammumnicaticn
ohanae| - r
Compaeiis
s#pnal J BPE Democulater§  Signal-3
y i a lhanined 3)

s

,_ E,FFn‘ DemuﬁlumrJ 2

fL-1030 Fige A.3.10ch : FDM recebver

Fgnal n
[ahanncd nj

Each BPF has & cenler I"rr1:‘:|||¢.~.-|r.:,' coarespanding T o
af the camers used i the transmitter e £, Fq o T
(=) Il

—  The BPFs have gn addequata bandwidth to pass all the
charnel infermation without any distartion.

Each filer will pass throughy onby its charnal and rgject
| the ather cfannels.

—  This all the multiplexed chanfels are separated out:

The channel gemodulator then rerorees the casner and
rescaners the nr||:_|in.u| ﬁiglml bk,
TechKnawiedge
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4.3.3 FDM Hierarchy :

- Ta maximize the afficlency of thelr infrastriscture, the
telephone compames have used mulliplexing echinegue

for lovwer Bandwadth lines.

— e this way It 5 possible ta comBire many saitched ar

leased hmas @ito fewer but bigger channgls.

—  Dneof such hierarchical system is used by AT and T_ It =
&5 shovin in Flg. 432 and & made up of groups, sueper

s, master groups and jurnkb gredpes.
2 disenels

= -AfkHZ =40 kH?
N ——]
= dEHr |I'Ill 7l
4 " 240 Iz
&G0 channeds

Swper

o B P
IEDA chairsl

binsini
ST

=Oom

+ 7
teannse L ..,
[
gy raups

B
G 3
YR T

FOURS

jL-anos Fig, 4.3.2 : FOM hierarchy

—  The levels aof multiplexing & also called a5 multiplexing
hierancy,
- The differant layvels of muibnlesng which 15 glso cadled

multiplexing hierarchy is as follows

Leywed {T} = Basic group [ 12 woice channels multiplexed Togather |

'

Lanved () = Supar graup [ U S Dasic graupeomuliphessd ieomihne
4 P wphe S woses Chanmsads |

Laved {3) * Masiar group] Lnks 10 supsr gnod s mufipleoosd togethar
4 i, upts GO0 wcs channsls |,

Laved {&) 5 Jumie grosp| Uple B master groups mulijderad Dogedar
i8. uple 3800 voics chammels

fE-niely

e This :'liﬂr.::rrh}' 5 Lsed h_:,l aTl ard: T and shown im
Fiy. 4.3.2

Basle Group [12 volce channgls] :

—  The frequercy plare for the typical basic groug /s oas
showti in Fig. 4.3.3.
Here the 12 woice channels sich as tefephone channels
modulate the carier freguencies in the range of &0 o
108 kHz range.

-~ The carrier frequencies are spaced at 4 kHz from each
ether,

—- 558 madulation
bardedidth, Each woice channel is applied to a bafanced

technique i used 1o sawe the

madulator alang with a carnier

The output of a balanced moculator cohslsts of the
upper and keeer sidebards.

- Frequency pdans of groups of FD¥ are nathing but the
frequancy Specirurms.
Tha frequency plar far the basic growge of FOM = shmn
I Flg. 4,33
dkHz:

: ——

gAY bl E T B EE g P E b FR

] f iFrecparey

i ; . i : i - i
BokHE | BAKH:z ke ABdkHT i

DA TEH

ECkH: S8  TEiHe BdkH: Oue  |DORHe (08KH.

1---\-\_' |r|-|-|i:;.|ﬁ:|-r|:|?:m: -_--J:l
pi-111) Fig. 4.3.3 : Frequency plan for the basic group of FOM

Super group

T e frnqum‘-:_‘_!.l piin for- & SUMET Qrodep i &% shoaum in
Fig. 4.3.4. A super group consists of Gt the fost 60 woece

chanmnels,
A8 kHz
F I

Carresn

fi-112} Fig. 4.3.4 : Frequency plan for a super group of FOM

4.4 Advantages, Disadvantages and
Applications of FDM :

4.4.1 Advantages of FDM :

1 A karge number af sigraals dchanneds) can be Transmitted
5-=I1'|LII"|E|I'|EﬂI|:i|:,'.

2. FD does not heed synchronization bebween s
tramsmitter and recesver for proper oparation
1. Democluiation of FDM |5 easy.

4 Due to slow narrow band fading only a single channe
gets affected,

TechKnawiedge



ﬁ DCCH (Sam. 4 f Somp. + MSETE)

4-0

SAcHiplesing

4.4.2 Disadvantages of FOM !

1=

W SR

The communication chanmed must have a very large
andwicith,

[rtermmodulation distortian takes place,
Large number af modulators and filkers are ragquined.
FOM suffers from the proflerm of crosstalk

All the FDM channels get affected due to wideband
Fa-.:I'rng.

4.4.3 Applications of FDM :

%

4

same af the imporfant applicalions of FOM are
Tesephona-sysiems.

AM famptids  madulation)
rmodulationd radio broackasting.

T broadcasting

and FM  freglency

Ferst generation of celfular phones used FOH

4.5 3Synchronous Time Division

Multiplexin

Definition :

TDM iz defined as the type of multiplexing in which, the
signads 1o be multiplexssd are senl n 2 sequentiad
manner (ohe by ohe| but.all of them occupy the zame
Frecjuency hand.

Tk 15 a:digitad multiplexind process,

Im TCA all the signals o be tramemitted are nod

tramsemitted shmultanéoushe  Instead, they  ars

transmitted one-by-ohe,

Thus each signal will be transmitted for a very shart

birree, Crnecpcle or frame 15 52l to e complete when all
the signals are transmitted once on the transmission

channal, The TDM principle i illustrated in Fige 4.5.1)

sgnol 2 | Soeal3 | Gonal £ | Sgmall | S Joeeeee—

Spral Sgral i

S TEy &

L-12% Fige 4.5.1 : Principhbe of TR
A5 shown in the Fig. 451 one transmissien of each
charmel compktes one sydle of operation called as o
“Frarme".
The TOM sistem tan be used to multiplex analog or
digatal skgnals, however It {s mare suitable for the digitsal
siinal muttiplexing.
The-cancept of TDM will - he more clear if you reler to
Fig. 4.5.2,

Frame &

TOM Fmmas

Frame 2 Framea |

[

2 [ ]

Souince G

Cranrran mmediven

ie-123) Fig. 4, 5 2. TOM system

The data flow of each seurce (A, Bor C] i divided inte
UMIES (say A, A, or By, O et

Then ona unit from each source is taken anc combined
ba foem one frame: Tha size:of each wnit swcheoas A, 8y
ete.can ba 1 bt or cogaral bats,

Figi. 41.5.3 shows te frames of TDM signal. For 3 inguts

Being multiplexed, a frame of TDM will consist of 3 upits
Le, ane unit from each souscs.

Simstlarly for nonumber of inputs, each TOM frame will

censist of nounifs.

. Fmmed _ Femad _ Frams |
EEEE |:| g E-I:I [[Eﬁ-lzl
--------------- E — 1 1 1.— —

iL-1241 Fig. 4.5.3 : TOM frames

The TOM sighal in the forn of ffames & ansmitted on
the comman carnmvurnkcatian medium.

Cata rate

Fur a TD®, the data rale af L= il iplemed :'iiﬂr'n'.'ﬂ i%
afidys mkmes Lhe data cate of individual 2ources, where
n is the pumber of ssurces

#Tl:hlll.lmulldgi
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— S0 if theee soiarces are:-heing mudtiplexed. then the data
rete of the TC:M signal is three tmes higher than the
individual data raie,

- Matdrally the durateon ol eveny wrat (A, or B etc) in
TDM signal is n times shorter than the unit duration
Eafare multiplexing

d4.51 PAM - TDM System :

The TDM systern which 15 gaing to be discussed now,
comhbines the concepts of PAM and TG bath.

- The TRM systern & as shown in Fig, 454,

L s Ligwe DLEAE
Triedits el |
e Syeetuciona B
= S o
wf 0 Ll or 1
My i hior, 1 Commatalm 2 Bl

L1257 Fig. 4.5.4 : PANSTOM system
- The-aperation of thi system s as folkows
The mwltiplesser here &4 girg e |'.'||.'||l= retating wwiteh ar

COMmIMmLtatcr.

- It can e a machamcad switch or an electronic seitch, [
reigles al F5 Ferlaliong pr seccnd.

AL the gwitch armmerotabes, 1915 going o make contac
with the pasition’ L 2, 3-o¢ N for a short time, Te thase
coatifacts are cppnedted the M Hrl.:|r.|5 .1i-5| rals wWich are
b b rmultiplesed

- Thue the switch arm will connect these & input:signals
cne by ane ta the commenlcation channel.

The waweform of a TDM =gnal which = Baing
transmitted & a5 showm in Fig, 455

eyl
/I%r/-' %‘
e 1, .l o

P O v dubor of Girradatior =—w

{0 =amxaling of the firstanpuol

Mudtipleand
FAM wave

8

p——— Onefmme ————f  — 1N

Tui- |.I'|:u

(b Wieiplexed Pribd signed, trossmitisd on the
trarvanTiEsHm o

IL-17¢ Fig. 4.5.5

— It shows that the rotary sedtch samples gach chanrel
|:||Jr'inE| pack af i ratatians Each ratatian -‘."n:‘:ul'rE'sFi-l:'lr"-:1.':

to o frarme.

- Hence 1 frame is complesed in T, seconds where T, =
1%

— At the recelver, there s ome maore rofating switch or
carmmatator used for demultipexing.

- i important tomote that ths switch most rotade atthe
care speed a: that of the commutator 1 a3t the

transrnitter andl its position must b= synchronized with
cornmwitatar 1 in eedar ta ensire proper dermuftlplesing,

- The same principle of muftiplexing can ke used for

rmattiplexing more number of sagnals.

4.5.2 Signaling Rate (r) .

The sighaling rate of & TDM systermn is defired as the

numeer of pulses transmitted par second.

It i denoted by . Let us none denve the axpression or
the signaling rate of the PARK-TDR spctam

-  Let W = Maximum frequency-of all the input signals %4
R

-  Therefére as per Myguist criteria, the  sampling
frequancy f, = 2 'W. Therefore thie speed of rmotabion of
the commentators & £ mistlons per second  with

oW,

H

A5 shawn in Fig 456 ane revolutian of commmitaloes
carresponding to one frame conlains one sampke fram

each inpirt signad.

"

5 [ .
T;g‘l'-r | T;IT-r |

G rawed itk S ok

M oplseein (U0 = T, &,

(L-129} Fig. £.5.6 : Calculation of number of pulies per second
far FPAM-TDM system

1 Bevoutan = 1 frarmes = N pulses wid.5.1]

— 1 frame period is (LA) L2 T, saconds. Thensfore in 7T,°

seconds MY number of pulses are transmitted. Herca
Lhe |':|uI$|: lo |:I1]|H""._. :1Fl-u|:ir|5:| vathin Lhe Frame s E|i'.|'-e:f| I:|:.l,
TechKnawiedge
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T:

Fulse o pulse spacing = T = A5 2

= e

As the penod of ome pulse ON = OFF) s (1)
secands, the number of pulsas par second s given by,

Mumber of pukses persecond = M

This is nothing but the signaling rate.

MF,

sigraling rate of @ TDM system r

pulsesf/second. Bulas £, z 2W.
Signaling rate of a TDM system = 1 2 2WNW pulses/second
453
& TOM swstern b5 supposad 1o have its dgnaling rate as
high as possiktle.
[t iz evident framn the expressons above that the

sigrialing rate can be ancreased by increasing  the

sampling rate 1 andfor the number of mpe signals N

4.5.3 Transmission Bandwidth of a TOM
Channel ;

The minimum tfransrmissicn bandwidth of a PAM-TDE

channgl is given by,

By = % siggnaling rate

1
kMinimum fransmission bandwdth B = 3 2 ki

Minlmum ransmilssion bapdisidth B = NW
4,54

4.5.4 Frame Synchronlzation :

The imglementation of TOM 5 not as simpde as that of

FOM because. in TDM, the swchronization of

rrullipleses ardd demuitiplexer 1% mivenkial.
[f the synchronization is not there than the bit that

Ealongs to-one channel may be received by some ather

chamel.

Therefore ome or more symchronization  bits  are

gﬂnﬁfﬂ"}' aclded o the h&ginning af sach frame.
They @ kEnowr as the framing bits.

These biis ana called frame synchroniing bits or simply

framing bits.

4.5.59 Advantages of TDM :

The framing btswill follow - pattern frame 1o frame:

Fow eaarmple thé parierm shaw in Fir:|. 457157101

- - b

L

Frame 3 I1I Frame 2 II:II Frame 1

Frarme egrchirsnizatken bits
tL-151] Fig. 4.5.7 : Frame synchronization in TOM

The framing bt pattern will allow the demug o

synchronize iselt to the mus

5-149

|<Scheme ;

Full awailable channel bandwidth can be utilized for each
charnel,

Intermodulatson dsiort=an s absent
TDORA gire ui'Il':,' i% el My EOm r.||E"|'

The prn:-l:ulem of erosstall & ol Severa.

4.5.6 Disadvantages of TDM :
1.
2,

synchronizatian s essennal for proper opedatian

Due to sicw narrowband feding. all the TOM channels

may et wairad alt

4.5.7 Applications of TDM :

1

L.
=

4,
5

4.6 Comparizon of FOM and TDM

Multiplexing of digital signalks,
Digital telephany.

matelline communications.
Fitsar aptic communicatian,

Wiraless communcation apalicatians.

S-14, W16, |-Scheme : 5-19

Systems :

MISBETE Questions

.1 Compara FOM varsss TDMWM.
Q.2 Compare FOM and TDM.

(§-14, 4 Marks|
[W-16, 4 Marks]

ar,
Hnl

i

FIM TDOM

Thes slginals which are 1o | The shgnals which ame b

e mulliplexed ars added | be  multiplexed can
it the tima dornain. But | occupy the antis
they oocupy  diferent | bandwidth but they ane
alole wn the frequancy | Eolsled in the  lime
carmir,

O TS

#‘Tl:hlll.lmulldgi
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f Soumne
B FOM TOM fe=——{.Bullar §
No. .
| Bo—di Ballar | —
2. | FEM B usually preferred | TOM 5 prefermed for the B i
| far the analog signas, digital shgials, Ca— Bdfler g
3, | Bynchranization 1s nol | Synchronization is [ e— Baliar |
regpuined. racquirad. iL-i33) [a) Block dizgram
Emply slobs
4. | The FOM requiree a | TDAM cireuitry 2 not very i i airon s ;
complex -ciredity a1 the | complex. of synchransys | A | B C o |
: : TOM
transmitter and rocsiver,
: —— Onatams ——————H
&, FO&  sulfars. Tram e | In TOM e prablesn ol !
| " Sealistoal b ;b % e Ei] Addreas
prockem of crosstalk due | crosstalk is nol severs, TN ::ff e P e : Akl B Lo DI'_'HII:I
o imparfect band pass L e ol
ki U Finat e Bronnd cycia
: {b] Frame format
. | Dus to wesband fading | Due 1o fading coly a faw s-138) Fig. 4.7.1 : Statistical TD#
in the transrmissicn | TOM cramnnsis il be
Operating principhe -
medium, all b FDM | afMectad.
channets am affectad. - In statistical TD'M, the time. skots are not permanently
7. | Due to slow namowizand | Due 1o siow namowband msigned to all the availble wers fike synchronous

fading taking ptace in the
transmiason & henirel

oty & single channsl

fading all the TODM
channels may gat wiped
out.

| may be affected in FOM

4.7 Statistical {Asynchronous) TDM :

MSETE Questions

1

E:-EFIl:liI"I e ma glel )l I:-T.ﬂ!.‘_-,'hlﬂ"ll‘l:ll"ltll,.m T
{5-15, 4 Marks)

Concepl ;

The TOM systern that we heve dscussed earlier s
krwreitt as the synchranacs T

This 5:.I:1I|=|r| by @ Fragar drawbact. In 5:|-r||:hr|::-|||:,:-||:-i TONL

rnany of the time sioks in & frame are wected dus to
abisence of data oo tame of the time lots.

Therefore an alternative system calted as skatistical TDM

o asynchronows TOM or inteliigent TDM is used,

Block diagram :

The biock diagram of the statistical TOM systemy s as
shrowmin Fig. 4. 7143} and its frame format is as shown in
Ficy. 4.7 1{h}

T DAL
Instead. the time slots are allocated dymamacally on

demand only to those chanrests holding date for

transfer.

Fach TOM chasnsl it called as an T line. Thus the
statigtical TOM has many L0 lmas and one: high speed
maklteplessd line

Each 10 ne has a bufler asseciated wath it &5 shown in
Fig. 4.7.1, there ara W numbar of TAO lines.

Lt of these only B charmels are trarnsmitked which hold

data far trarsier

The remairdmg (N — K] channels are not cansidered for
Erasms rmyissior
In stafistical TOR, the multipleser will *scan” e inpul

butfers of ali the channels, sequentially

During the scan time it coltects the data untll a frame is
filledl. A5 spon a5 a frame is filled, T is ransmitted.

The data is transterred-on the tmnsmission medivun, The

recsived frame is R0 distribotesd Armang |y aul put
buffers by the autout misitipleses.
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4.7.1 Data Rate of Statistical TDM :

Iy siatistcal TEM syctayn. ail e chanmnels  are not

transmitted in every frame.

Hehce The data dl= an the |'||l.1|'|i|'|:||r1-!-=d lire il B b

thar the sum of the data races of all the sourcss,

Thus o statistcal muitiplexer can use & LrAansmission

medivem ofF kerer data rate to suppork the same numier
of sources as the synchranaus multsdexer,

That means if we have a synchrorows and - statistical
TOM with equal data rates: ther the statistical TOM will
sUppatt mare mumbar of sources.

d 7.2 Slot Size :

The siot camies both data and addrese_ the ratia of the
data cee to address size chould-be reasonable to ensure
highe ediiciancy,

[ri statistical TD®, the data biock contains many Eils

iwhiile address 1S are very e

4.7.3 No Synchronization Bit :

The statistkal TOM framies need nct be symchroenizad.
S0 itis ot necassany ta use the synchronizing bit.

4.7.4 Bandwidth :

[ statistical TRM, the capacity ot multplesed link. is
generally less thah the sum of capacities of individual

charmnels.

Therefore ke
rnaltiplexed link i less than that for the synchranois
T0OM,

e bandwicth  meguirement of

Improvement in efficiency -

1

The throwghput efficiency can b improsed by allowing
the muthiple data scurces ta be packaged in 3 single
Frarrie

When - mamy sources. are packaged ina single frame, b5
necessary to specife the length of data for each source
Therefore the statistiesl TOM subfraree consists of a
seqquence of @ata fields Each data fiald is labelled with

an address and a length

4-0 SAcHiplesing
4.7.53 Comparison of FDM, Synchronous TDW
and Statistical TDM -

Table 4.7.1 : Comparison of data multiplexer technigues
Sr. gynchronous | Statistical
TR ikl | iy TOM TOM

1. | Line Pair S0 ey goad
utilizaton
efficiency

2. | Flexkility | Poor (o Veny good

<. | Channe Fonr (et Excallant
cApacly

4 Emor conbrod | Mot Mot possicle Possibla

possibe

2 | Mullidrop Very Qiflicult L | Possble
caApacy good achlawa

&. | Transmission Doas Lo Randaom
e lay nio

=it
T Lo Hiigh Low Moderate
Reviaw Questions

Q.1 Wilth the help ol Block schemalic, axplain the princple
af FDOM.

2.2 Comparse FDM-and TORM methods of multiplexing

3 Nlestrate: working of FOM used far 96 channels of
tedephane

4 Wih the help of bloch diagram explain the FDM
=sysiem for ielephone commuonication,

L5 Explain the principbes of Tinee Diyigion Multiplecing.

LB 'Whal is slalistical TEM 7

Q.7 Whal s lhe dillerecce Bebeeen synchrosous and
elatstcal TEM 2

8  YWhal are the advantages of sialislical TR 7

0.9 Why I it necessary o use Hme division mulbslexdng
while tranemilting FAM sipala 7

Q. 10 Why s ayvnchmonization needed in TOM systlem ?

.11 Describa how ransmiesion dstorbon of a TOM sxgnal
can causs croes-talk bebtwesn tac adiecant channels.

#‘Tl-l:hlll.l.n-u.llldpi
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12 Describe the mulliplesing  hisrarchy for an FOM Winter 20119 [Total Marks - 04]
gystan. 3 Describe muliplezing technigues.
{1, 131 Siale pdvantages and disadvantages of TDM sysiem [Sections 4.2.1, 4.3 and 4.5) (4 Marks)
Summar 122 [Total Marks - D&]
4.8 [-Scheme Questions and Answers ;
Q.4 Lisl iypes of multiplexing. (Sactien 4,211 (2 Marks)
Summer 2019 [Total Marks - D8] 0.5 Exglain imuliplexing techhigues.
Q.1 ‘What advantsges does TOM hawve over FDM in a {Section 4.3) (& Marks)
sircult switchad retwark. (Section 4.5.5) (4 Marks)
O, 2 Dilferecdiale baboean FDOM i T,
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B2 St heng
Swnlching netvasrks
9.1 Introduction to Switching : [ i L
T . Circud FPaokost Meszage

- & network coasists of rmaryy switching devices In order exndleaning siicHiing iiching

bor ocamiect -|'r||,.||[i|:||i: devices, one scdulion could b 1o ; I .I.

e : : d

mi.!: 2 poing t-:- !:u:un# connection between sach .I-'-EIIF ot Gt e irbual birots

devices. But this increases the rumber of connections. svaiching sweibching

The other solutiorn could be o have s central device and
confect eqery devwcs to each other wa the central
chevice {Skar topoloay.

Both these methods are wastelul and impractical for
very large retwarks. The ather topolagles slso eantio]
B2 used.

Hence a belter soludicn is switching. A switched
netdvark 15 madde af & serles af Interannestad nadec
ralled switckas

Definition of & swilch ©

Swatchs 5 & dewice that creates femparary connechisns

Bebtwern bwe: or morg devices, Fige 311 shows a
switchad rebaork.

i
b 4 4
i

Mabeak

a S

(L-618&) Fig. 5.L.1 : Switched network

52 Switching Methods :

f-617 Fig. 5.2.1 : Classification of switching methods

3.3 Circuit Switching Networks :

The thres basic methods of switchitng are:
1. Circuit switching

2 Packet=witching

3. Massage switching.

out of these, the circuit and packet switching are
commanly used today but the message switching has
Been phased oul in general communication bub is still
usesh i Ther nelwarkineg applications

Fig. 5.2.1 shows the classification of switching methads,

|-Schame : W-15

Concept ;

Cireuit
telecommunicatione. network im0 whvich tivo

gwliching 18 a8 method of ‘implementing 3
rEtvefrk

nodas astablish 3 dedkated commumication channel
ICireuit bafore the nockes communicat with asch other,

Exampde :

The simplest and the aldest telephone netemork 15 a
clreult seftchied netwcd,

In a telephone network, whan 2 call s made, from cne
telephorm to the other, ihe s=witches within tha
[EI-E-F]I'a-:':-:"-e-: E:-:L|'|3|-|-':|-E-:-: creatas & coanlindauds Sncdil

reired) betwesn the two telephones as long as the call
lasts.

Cirepdl :sl.'-.1|-:.hir|5| s used 16 |'.IL||:I|Ii.'. {elenhone nelworks, 1§
was developed 1o handle woice traffic but it can alsa
hindle digital data

Hawesar circunt ::-'.:.'Itl'.'l'lil"lg cannal handle -i'ﬂHlE.‘ﬂ dala
efficiently

Lising the circuit switchéng, a dedicated path is
extabliched Detwessr two (Tations fol cormmunication.

Tha teleghone rebwork prowides telephons service
which involves the beo weay. real-time transmission of
violce segnals across a neteark:

The telephone networks & connecton - oriented
because they require thee setting up of a conmection
befora the actual transter of information can take place,

It & alke possible 1@ uge crcult switching  Tol
carnmdrecation betwean computers,

I circuit switching tha routing dacision s made when
the path is sat up across the netwark. After the link has
besn set beteeen the sender and recener, the
Information s fonwarded coenmneoushy over the link.
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Swilching

ARer the link has been 321 up no additicnal address
information about the recaiver or destination rnachine is
required,

Iy -circuit switching & dedicated path 12 sstablished

babweery the =ender and the rmecewer which s
rmaintalned far the entire duration of comersation, ac

hawty In fI,EI. i i 1 R

Harm
In

{L-618] Fig. 3.3.1 : Circuit-switched network

0 cowk switching 15 wsad . in computer networks the
sereling maching has to it establishes a ink with the
receving maching.

Aftar the link 15 estabilished the data i transmitiad from
the sersder o the receiver. After The dabs flow slops, the

link is releaszed (opened].

Block diagram ;

I Fig. 531 L I, I and [v are cailed as the sediching

nodes, They arz used to cormect on iser ta the oiher.

The £irédil switehed networks Erfe e in threea F-haF.H :
1. Setug phase,

2. [ata transfar phase.

3. Teardown phase.
The <ircuit switching corresponds to the phvsical layer.

Betare starting communication in the setup phasa the
resources are resenvied dufing carmnunication, Some. of

thesa resources are  channels, switch buffars
input/outpul ports ete.
Data mansfarrad barnws=ern oo dtations s nat o the

packet fomrm  instead the data  gets  transfemad

:n::-niiuu::-'_t-..ﬂ}'
Mo addressing s Irvobeed during the data transfer ag

the dedicated connection is established betwean the
cepber and mecajvar

The switches route the data on the basis of the allotted
Frequency band (FDM ) or allotied time slot {T0

3,31

Thres Fhases :

Communication via drogt: switching takes place ower
thres phases of operation as [allows.

1. Circult establishment

2, Data transfer

3. Cireuit dissanfect [lear down)

Cirauit establisfment :

In 8 orcuit switching network, before any signal s
transmittec), 5 necessany to ostablish an end-to-ond
[=tation to stabion] link

Fot exampla, in Fig. 5.3.1 i the communication is to be

betwean & and O, then the path from 4 to node | o
fiode T 1¢ node I and O has to be established. tirst.

Tha acde to nade hinks are usually multiplesed. They
emher uwse FOM or TOM.

Data transfer :

The wformeton can now: be trarsierred from A o O
through the rehmork:

The data can be analog or digital depénding an the
rature of nendwork.

Geperally all the internal connestions are duplex.
Cireuit discannect (tear dawn phase) :

Alter some time the connection bebseen B8O USETS 15
terminated wsually by the action of ane er two stations

Circuit  Sewtcking = inefficlent fn most ol the

apolications.
The entire channed capacity & dedicatad for the duration
of cornaction, even If the data s 'mot being transferred.

Dnce the circui s established, the netvors 15 effectively
transparent to the users with ne delays irvohaed.

3.3.2 Efficiency:

In' circust switching the resources such as bandwidth are
wsed a5 kang as a connection is alive
Due 1o the allocation of resources during the endre

duration @f the connecton, the efficdency of circuit
wédtched netaorks i lower than the other twe Types of

gedtching.

5.3.3 Delay:

Eventhaugh: the efflciency is los, the delay i this ype
of metworks is vary small,
Tech¥asuladge
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g Swilching

5.3.4

- Some-of the imporfant feature of circuit  switched

Features :

neterores ara as follows

1 Terd  nosdes are connectsd o @ach ather aver &

dedicated carmmunkation channel (ciraair).,

2. Switches are used 1t make or break the dedicated
circuit

Infonmation or data (s transferrad :nntlnunuglg,-'.
Circuit switching 15 prefarred for woice communication.

Mo addressing needed during the data ranster phase,

T R ST

Efficiency 15 low.

|

Dalzys are srmall
Applications

1. The circuit switching is used in the telephohe netwers
2 Forinternel.

3.34.9 Advantages :

1. The major sdvantage of cirout seitching & that the
dedicated ransmission charmel the computers establish

|I==chemie 7 S5-14%

provides 3 guarantesd data rate

2. I circuit switching becosse of the dedicated path there
is e delay in data flow,

5.3.6 Disadvantages .

1.  The disadvantage of cifcsit switching 15 that, sinca the
cennection 15 dedicated 1 cannat be ysed 1o transmit
any other data even if the channel is free;

2. Oe=dicated chanrels require mora bandwidth,

2, [trakeslong tmeto cstaklish commection.

5.4 Packet Switching :

-S5eherme - Y-15

Dafimition -
—  Packet switching is 2 method of switching in which the
data [to be cart) 15 Transmtted overa digial network in

the form of packets.
Packat

i pa-:l-rer 5 1mada of naa parts headar and p.a:,dna:l a
data as showmin Fig. 54.1

Headar Paiaan [Cata)

{L-913) Fig. 5.4.1 : i packet

- The netvaarking harcdware uses the haader contents to
ierec the packet to 15 destination.

Packet switching 1= exlensively  used  for  dats

commirscation in computer natworks,
Princlple

—  In packet switching, messages are broken up into
packets, Emch packets has a beader sith source,
destination and intermediate node address information,

- The other part of the packet incldes data load,

Tricfevidual packats can ake dilfferent routes To fesch e

destination. [ndependent rowting of packets gives tea
adwvantages |

1.  Bandwdth is reduced duse to splitting dats onto
different routes In a busy clrouit.

2. If 3 certain fink in the netaark. goes dewn during
tha transmission. the rermaining packets can be
sent through ancter route.

- The packsts can arrive out of order at the recaiver and
lrave to be reassembled In proper sequence.

- In packst sustching, the packet length i restncted to a
ceflain magimam length

—  This length 15 short ercagh to allow the swtching
devices to sbare the packet data in mamaory.

—  There are tera methods of packet switching
1. Datagram packet switching.

2. Wirtual circuil psckel ::l.':l'!-:_:llir-'.;;-_

5.4.1 DCatagram Packet Switching !

Primciple ;

In this: rethod a3 message is divided into-a stream of
packets

—  EBach packet has its indpadually induded sddress and
treated &5 an mdspendent wnit with s own cantool
instreckors.

The  switching dAevices  wioubd  roadte  pach packal
independently through the netwark.

Esch intermedeate node will determing the packet's naxd
route segmenit.

Eefare trandrmission starts, the sequence of packets and
thesr <destinaltions are. communicaied by exchanging
control information between the sending terminal, the
retwork and the recesving terminal

- In packet switching. the resources are nat allecated for
any packel 2o thers |2 po reszived barctwicth and ho

schechiled processing time allottes) for zach packet
TechHasuladgs
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Swilching

Mo dedicated connectianm & ostablsbed bebasen the
sederand receiver,

The recsdarce allocatian i on dermand asd an the Fist
come frst serve basiz,

Wieen o switch roceives a packet, it has o wait if therm

argany other packets being processed. This will increase
Ehe delay.

The datagram packet switching generally corresponds
ko the network layer. The packet are called ag
datagramms.

Schematic diagram ;

D‘dti?lEirl'Ell"ll- I‘.'I.:IA'_'l:ET ?:':ﬂlihil'lg 1% sk In Filg. 5.4.2,
B Hiulsm

it-t24) Fig. 5.4.2 : Datagram packet switching

[ this circuit, four packets are to be deliverad from the
servder 1o racewver. The switches i the datagram
network are celled as routers.

All the four packets (datagrams) betorg 1o the same
message ir this crcuit howeyer actually they can get
prigireted from any comguder,

The four dategramns, as shown in Figo 542 may travel

different: paths ko reach the destination. Cue to this the
packets may arrae out of arder at the destination

The delay associated with each packetl will be differeim
a5 & resut of the different paths followvied By them,

The datagrars may get lost of dropped out due 1o lack
of resources.

The upper lmer protacols are supposed toorearder the
received datagrams or ask for the fost ones before
passifg them anthe application.

The datagram- networks,
connectionbess natwarks.

are called & the
This is because the swmich [packet switch) does not keep

any infommation about the cennecticn state.

There are na connection set up o tear down processes
i the packet saitching netaaorks.

1

t.
i

5.4.2 Efficiency:

A5 the resources are allecaled only “hen the packets
are o be transferred, the efficiency of <datagram

network is higher than that of the cirouet - switchad
Petdinrk

2.4.3 Delay.

Thare are ng set up or {ear down phases in datagram
circuit switching but sach: packet may have to wart &t a

=editch before getting forwarded,

Al e packets 10 a message take differant paths, Herce
the delay sesociated wmilh gach packet s diffesent.

2.4.4 Features of Packet Switching :

Message s broken into packets. and each packet
follows its own path fowsnds destination

Meeds lmss bandwdth,

I & link Inthe netdaork s down, then the packets can be
routed aver an alternate ropte.

Mo dedicated connection & gslablshed between thee
cender- and feceinar,

The packets may amve gut of ordar at the destimation
ancd head 1 b arrandged n-séquence.

Efficiensy 15 high.
Delay is korger than that in cincuit switchirg

54.5 Advantages of Packet Switching :

Greater line utilization efficiency; 2 a single node-to-
node Hnk can be dynamically shared by many packets
owear time

A packet swiching nebwork can pediomm dataerate
COMYETERIN.

When trafhic become heawy ofy oot switching
netwntk, sarme calls are Blocked: Oh a packet switzhing

retaork, packets are still accepted, but delivery defay
increases

Friontes can be used,

Each terminal in group sharng the camse plgsical clreuit

may-be connected to a totelly differant destmation, This
versatility 1= one of the major strengths of packs

gedtching.

Mo single user or large clata block can e up cinourt or
node. resourcas indefinitely, making it well suted for
Inkeractive traffic.
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s St heng
. Data pratection against corrupbion or Kss,  errors are Paramatar Cirguat switching Packet switching
comrected by ratransmission, Mullsplaxsg Circut mutliplesing. | Packel muliplexing
B Users can selact differant destinations far each wirtual || B6MeMe shared madE
agoess networks,
call. owvercoming the inflexthiliny of point to o podnt : '
YT A o e Tyes of | Dedicated  channal | Wo cachcatad
' connEchon, [zirmaia) B | conmesion needed.
D Simulaneoys calls o allow PO wsers (oo acoess multiphe estabdshed betwaen !
windows 1o different remote applications. the _ commEicating |
parlics.
9. Since mamy users an share ransmission rasources
i "Ir B B More | Less
efficiently, the cost of infermitient data communication || o mey
I5 raduced. '
Cralay Less I_I‘.-hrs-
11. Mew <alls can be added apd old cnes disconnected Efficiaricy . | Maore
without alftecting other wsers. I Y —— ——
546 Disadvantages of Packet Switching - i e
1. Delays are banger than those in Crsuil switchingg. W1 Explain tha beem circult sedlcheng. How g it differant

Z.  Headeroverhead reduces capacity to canny user dati
1 More prosessing is required at node,

5.4.7 Datagram Networks in Internet ;

The interfae! uses e da1r5grn|n :1|:F-r-.'.la|:h fu} :r:'.-.-it:hing
al the Metwork lager.

—  The routing of gacksts in Intersst takes place on the
basis of the universal addresses defined inthe network

layer.
5.5 Comparison of Circuit and Packet

fram ihe pachet switching 7

Ew'rt:hing ; |-Scheme : 5-23
Parameter | Clreultswitching | Packet switching
Apphicaton Teiaphone network | Inbammsat for

fior dalagram ar
bi=dires:licaal, resgtl | relicaides Elream
Bme fransfer of | sarvkee bebwean
Wi oe signals: | Compiiiers
End terminal | Tefephone, modem. | Computer
Informaticn Analog  woice of | Binsy informetion
bype P digital voice
Transmission | Analog - and  digital | Digitd  <ata  over
syelrm data ower different | dilfenent
transmission madlia | ransmigzkn
madia.
Addreasing Hizrarchical Hierarchicsl
schemes numsaEring gan { -addresE Spaca
Flouitig Riodle salectsd | Esch  packat 8
Behema during call salup routead
indepsndanth.

0.2 Explain  the ihres - phases  relaled o e
coermunication wia cincud swilchirg.
L3 Drawthe neat diagram of circuit switching. Explsin &
biriel.
0.4 Drawd the neat diagram of packst switching. Explain in
brizf.
{: % Compare bslwsan circuit swiching and  packet
ewitchineg.
X 6  State the faatures of circul swiching.
L7 Stale the advaniapss and diwmbachs of packet
switching,
Q.8 WWhel are the advantages and disadvaniages of clrouit
swilehing 7
4.8 WWhatl s & packet ?
5.6 |-Scheme Questions and Answers :
Summer 2019 [Total Marks - (46]
.1 MWhy i cicuit swiiching prefarmed ovar  packet
switching in woize communicaion 7
iSaction 5.3.45) (6 Marke)
Winter 2078 [Total Mark=s - 04]
Q.2 Explain ¢ircuil switching network with neat sketch.
(Section 5.3) (4 Marks)
3 Deacriba the princples of pachel switching and cleelt
switching techmigques with neat diagram.
jGrctions 5.3 and 5.4} {6 Marks)
Summer 2022 [Total Marks - 04]
& 4 Companrs pechsl awitched and  circuit eswilched
hetwark (Seetion 5.5) (4 Marks)
il
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6-2

Eiror Datection and Comection

6.1 Errors and Their Effects :

Wi-14, 8-16, W-17

MSETE Questions

Q.1 Defineerro. {S-16, Z Marks)
Q.2 Whatis ermor 7 Enlist different types of erroes.
i V14, WA, £ Marks)

Definition of error ;

— An gror & defined as the rmeasure of the difference
between the observed or cakulated value of 3 quantity
and its tnae value,

Effects of errors

— Inthe read tdme oparating conditions, @15 not possible o

sered 3 sgnal from sourog o desfination  withoud
intraducing any rior.

When transmission of digitad signats takes place hetwesn

B systenms sch A% computers &s MO in Fi__r.| f1.1

the ﬁigrl.:ll Hr.l. confaminated due o the additian of
"Moise” 1o L.

e

Vs Binary aknal

o B

G-.rmlul-:r?

Binarg sgnal —
o | e eled
by nckaa

: E!L:-rnrmt-!:r 1

jL-302) Fg. 5.1.1 : Noie contaminates the binary signal

The Amise can Inteduce  anocerrar in the bsinany Britg
travelling from one systermn to the other.

—  That means a & may change to 1 ora 1 may change tod

Thiese errar can becorme & sarlaus threat to the accuracy
of the data Therefore It B necessary to detect and
coract the emors,

6.1.1 MNeed of Error Control Coding :

—  Indatay cemmiunication, emors an- introduced dusing the
traremisskan of data from the transmitter o recepeer oo
G nibise or some cdher reasdns.

- The reliabitity of dats transmasion will be saverely
affected due 1o these érrors
[ arder b ifnprove e reliability of data transmissica,

the desigrner will haree o incresse the signal power or
redduce the nolke spectral density M, so a5 ta maximize

the ratio B, WL

But practicalby there is-a limitation on the maximum
valug of the matio £, f M. We cannot increase the ratio
beyvotd this limit.

- Hence for a fided value of E, / M. we have to use
some kind of “coding” in order to improve the
gpuality of the transmitted signal.

Ancther advantage of using coding i3 that we <an
regduce the required watie of B, f M, 15 the emor rate is
predecided ard remalis flaed st that value.

—  This will intarn reduce the raguirad transmitted power
and the size of antanna

How to detect and correct arrors 7

- Forthe detechan, and ¢ of correction of these errars, ane

or mane than one extra bits are added to the data bits at
the time transmitting

These extra bits are called as parity bits. They allow the
detection ar sametimes camection of the arrgrs.

- The data bits alongwith the party. bits fomm a code word,
6.1.2 Types of Errors :

"|.|-|:]'=| ': 1LI l."u 10 l:"n_‘l'l

W- 1‘- W16 W- 1" Lwh'nmé-

313

5-13,

- =14

"J'.a.

MIEBTE Questions
@.1 Deagcribe bil error 8nd burat srror with axample.
{W-08 4 Marks)
.2 Explain differeat tppas of ransmilsshon e,
[5-10, 513, W-15, W-1E, 4 Marks)
G 3 DeEserile the Terrm | Baest &
(W-10; 4 Marks)
Q.4 Explain different types aof efor @ dala
cormmunecation, {W-11, 4 Marks)
Q.5 Whatis ewor ? Enlist difarent typa ol srmors
(W-14, W-AT, 2 Marks)

Different types of errars have been listad In Fig, 6.1.2,

Erars

‘Fl\:m integrity | | Edrglo bit

Burst
s 2 EIF R R

Content
BRI

IL-7303 Fig. £.1.2 ; Classification of errors

e errofs introduced in the data bis cwring  ther

tramsmissian can be categarnised as
L Comtent ermoes.
2. Flowintegrity ermors.

TechKasiledgd
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G-3 Evror Datecton and Correction
1. Content error : Disadwvantages of coding
ThHe carlent errous are ||-::-'I:I-|i|'|-:_;| Bl erenaes in the canlernts Crapne oof Thee I':"HHrJ'.r.:-IrII:Fh-Eﬁ sl The :nl:liln:_; lm‘hniqu:- are
ot a message kg a U7 may beoreceived a5 ULT o W0 L1 an Incressed transmisslon bancsidif is reguired in arde
HETEH b trassmit the encoded slgnal. Ths s cee to the
Such errors are introduced dus to noise added inta the acditional hits jredundanoy-added by the ancoder,
data E.i-l_';ll"lﬁ' I:ll.ll'il"lg it [FARSmisskan > Lise af ‘:'ﬁdlrlg malee the _5},5&”.“ L'.l:'"'IFlll:'-.:'i.
2. Flow Integrity error :
6.1.3 Redundancy :
i Fleaw inll,-.grilj!,l SFFEHS MeEans mi';::,irrg Blacks of data, 1t s
possitde that a data. block may be kost in the Rebwork ool
possibly  because it has been delivered to 4 wrang | - Pedundancy drvobacs  transmission  of  extra bits
destination. slongunth the-data s
DepsEnding on the radmbeer af BtS in error we can -:I?.:-.r.il'!.l = Fhese extra bits actusily deo not consin any data or
thie errors it Do types & informnatiars but they ensure the Satection: and
1. Sirgle bit aror 5 P codrectlan af atrars Intraduced during the data travel
3, Single bit ¢ : from sencser 1o Frecelver

The term single bit ermor suggests that only cne bit in
the given data unit such as bybeis inerror.

That mears only one hib in 3 teeemitted byte will
chande fror Lto 9 ord'to 1, as showrin Fig. &:1.3

[ Mfadiun
i'III IIEIII}I'III ol 111 'I,IZIEEI FIIJ_

Trienemitiod hyto Raataivno byto f
Emns

jG-1e£) Fig. 6,13 | Single bil arror

Burst grrors ;

[Tt o rore BEs frofm & data unil such a5 a byte
charge from 1 1o & or from 0 10 1 then burst.crrors arg
s b have oocurred,

Rafer Fig. &.1.4 in which the shaded bits in the received
byte have been the erroneous bits,

These are 3 bils Bt L I-e:f'lgtl-. af the bt = shown o
b of & bils

The length of the burst esror axtends from the firsd
arraneosus bit to the last erranesas bit

Even thauwgh scme of the bits in efveen &ve not bear
comrupted, The length of the bBumst ermar is shown to be
o Dl

Burst-errors are illustrated in Fig. G.14.

Lesnigthy el Bursd
e 46 bl

0

Pkl w W L]

|:||1 9

1|1

1||:|-:- 1|u 1|1|n n|1

TrEnamilied byl FHE'IH"E‘E' byie
pa-189) Fig. 6,14 : Burst errors

As thase axara bits do not contain any infermation, they
are knmyn a5 redundant bits.

T redundant bits are also known as parity eheck bits.

ey are produced from the deta bits using some
predecicded] rules

The data bits and redundant bits together form a code
wiond as showm in Fig. 6 L5

Coca wierd - | |

g "
Caba bits F'-Eﬂli‘g' i | P

L3030 Fig, 6.1.5 ¢ Structure of a transmitted code word

6.2 Detection Versus Correction :

Qeteclion and carrection of errors are the two mest

«amtral 0 «dala

impartant  apecls  of  error

COmmLanication

The cormacticn of armrs is mong difficult &5 compared to
ther detectian.

T prcess of eérror detectsan is much fasiar becass
we have 1o simply find if ermr is present or absant in the
recentedd cods ward,

[t error detection we are svan not interested in the
number-of errors

Tl |::-||I:,' guestion o be ansered s whether an error
hBs Decumed. or not.

[ errar correction, multipk: procasses are imaoived such
a5 datecting the errars, knowlng  thelr nambser,  the
lecation of errors and then comracting the eronecus bits

Teth -
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6.3 Error Detaction :

- EBrrardetection v & method or a pracess which = esed by
a receiver o find out whether an error & present in i
received cade ward,

- Ertar defection doss nat [nvatue corraction af arrors.

- & et of methods lechnigques) are availlable now for
the detection and comection of ermers-introduced in the
Erarsemitted sigraal,

- When a codeword 5 transmitted; cre of more - nurber
of fransmited bits will be reversed {d o 1 or wice versal
due te trarsission Impairinents

Error detectlon technlgues

— Sorme of the most impartant ermor detection methods
are a5 folkoas |

Eiror Dale-:lll-un Bledhied 15-183]
Panity CihacHEim Chncdin
ohaaking cmer dolechion Redundancy Cheok [CRC)

- Befare thinking of carrecting the erron Introduced in th
dhata: bits it is necessary to fist detect them.

—  Soame of the popular ermor detection methods are as
Follcws :

- I-"'.'Elril.':r' |:I'|H-:.Il:ir|5.

a1

2. Checksuny ernor detection.

3, E:,-'.:"Iil' Hﬂdurlclr:r'u:!,r wheck {CRC)

6.3.1 Parity Checking :
Oefinition of parity bit *

- & panty bil or & check bit &= & bit added to a stnng o
Banary oits 1o ensure that the total mamber of 1-hit in the
string including the parity Gt is either even ar add

The zimplest technizyue for detecting 2ot 15 1o add an

extra it known as parity bit to each word being
Erarenitted.

— &z shawn in Fig. 831 genesally the MSE of an 8-hif
word = used as the party bit and the remaining 7 bits

are usad as data or massage bits,
b 55
| P

Ls0
.:inl.:l.1 dy | oy o | g

7 - dals b —————]
Patily kil —

iL-305) Fig. 6.3.1 : Format of a transmitted word vith
parity kit

.

The parity of the &-bit ransmitted word can be aither
el parity o odd parity.

—  Ewen panty mears the numibar of 1's in tne given ward
mrﬂurJur-g Lhe parit:,-' bit shauld be syan (£.4 6.k

- Dxdd parity means the number ot L's in the given wond
ingluding the parity bit shoukd be odd (1,3, 5.0
U=ze of Parity Bit to Decide Pariby :

P parsty bit can be satto 0 or ] depending on the type
i |::-£|r|!I!,r recqutecd

- For odd party this bit' s set to 1 or O at the transmikier
gl that the numbar of "1 bl i the sntre word 1S
pold.

p =+— Ditabits —= a1 s

EIEEEEEEE 1j1ob1011
o Dass ity —= . Data hiks —»
[1]oc10011 ol1a00110
(a) Inclusion of a parity bit to  (b) Inclusion of a parity bit
ohiain an aven parity to abtain the add parity

iL-mam Fig, 6.3.2

How does errar detectlen take place ?

Tl |::|.E|ri1:|' chh-:_:l-l:irlg AL The receiver can defeed the
presance of an erar iF e party of the recemed signal is
different frarm the ekpected parity.

- That means iF &t s known that the party of the
trarsmitted slgnal is abuays golag to be "even™ and If the
recetded slgnal has an cdd parity then the recelver can
conchuds that the receved signal 15 not correct
THils 15 a5 shawr i Fig, B33

P ey
Tﬁgfm-ﬂh 00 1.0 1 1 ofEwn Correct mord
IErr-:u
p
Asaivec gocka
i S E T .{Il@ T o | 5 ! 1T Oy COdd -Inaomect waond
Emams
Flé/ll\\
[ e e e e 2
i e BV e oo v o1 o] Odd beomestword

cL-311}p Fig. 6.3.3 ; The receiver detecks the presence of eoror if
the number of errors s odd e 1,3, 5 ...

- [ a single #ror ar an odd number of Bis change due to
errors introduced during ransmisslon the ganty of the

code-wiord will change.

- Panty of the receved code word & checked at: tha
receiver and f there |5 change i parity then it is
understeod that error is present in the received word,
This is 25 shoam iy Figs 53,3,

Teth
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[f presance of error & detected then the receier will Lt beken. || ) O (B | RN R R ! alll [
Ignere  the  received byle ard reguest for the g i L B S '
retranarmesion of the same byte to the rancmitter. T 73 Rl st M e Yo ] LAY I 1
When does parily checking fail to detect errors ? th:[.;r o it g4 I M 5 I
(Pleesmre h, 1] L 1 il K K] ] A L LI

- IF the number of erors intraduced n the frapsmitied bl e | B | @l |alo[2]e] n
code & bwa of amy @ven number, then the parity. of the ey § ilolalalalalnla o
reecived cocke waord will not change, - A O N O T T O O

— Il still remain even as shawin e Flg. 634 and the F[':'?:'.‘I“IJ_" R R e TR e R e

receiver will fall to cletect the presence of errors.

F
Transmstted
ran I]I1 -Gl ¥ g % 'ZII
To0 MG Heoolver's
R Parity e
Rovolvod codo i m

o1 @D v 6 1 1 0] Een N s

with fwwo ennors

{L-112) Fig- 6.3.4 : The receiver cannot detect the presence of
arrar il the number of errors is even e 2,4, 6 .

Conchusions ;

of ermars will be unnoticed,

error £an maither be lpcated for be camectad.

1. Dowfbole or any: even number of errors in the meceived ?Tha Vertical Redundancy Chack (VRAC) Bits ;

word will not change the parity. Thereforg: even mumber |

2 fome orodd member of errors ocour then the partty of |
the pecetesd ward will be diffetant fram The parity ef |

rrardmilied glgnal. Thi emrar 15 moticed. Howaver ehis

Limitations of parity cheching :

1. This the simple party checking method hss s
Hinitatans. B ls mot sultable for detection of multipls
arrors (b, four, sk atc).

2 The other limitation of parfty checking method is that it

canrat reveal the location of emeemcas bit, B cannod
comect the smor esther

6.3.2 Two Dimensional Parity Check
(Block Parity) :

Block of Data :

- When o large pumber of binang words are being
trarnsmitted or received in sSuccessicon tHe r:sultinl_q
codlecticon of Bis s corsidersd as a block of data, with

raws and cofumns 2= shown in Fage B35

LRC and VR Bits ;

The parity bits are produced for eacky row ared calumn.of
such klock ofdata,

¥
These hils o LR bils
will mike  {even parity|

[ pamiy
ol pach o
T

iL-3293 Fig. 6.3.5 : Vertical and longitudinal parity check bits
- T2 tao sets of panty bits sc genarated are known as ;

1 Longitudiral Recurdancy Check (LEC) bits.
2 Vertical Redundlanesy Check (VRE) bets.

Tt LRC bats indicate the panty of rows and WRC bils
indicate the party of columne as shawn in Fig. B3.5.

.
These bat- will peike die
gty il couly colune cven

Ac shown I Figo 6.35 the YWRC bhs are parity bits
assockated with the ASCH code of each dharacter,

Each VRC Bt will make the parity of its corresponding
colurmn “an aven parity’.

For example consider column 1 corresponding 10
character “C°. The ASCI code for the character © s, as
Feallos

a= Crlumn = 1 ol the data Blook

_l-u-l:-:-ln—u—-ﬂ.

+— WRE bit= 110 maks the parity
il et column sven

Lo L B

Mrarafore the 8 bit which is-a VRC bit is mada *1" ta
rridke the parly even

- Simikady the cther WRC bats are found a5 shawn in
Fict. 3.5,

The Longitudinal Redundancy Check (LRC) Bits ;

e LRC bits are parity bits asacciated with the rows of
the-data hleck of Fig. &35 Each LRC bit will make the
parity of the correspending row, an sven parity. For
I'.-.I,.‘.:|I'I'-F||I'.', consider raw 1 of Fiﬂ' £.3.5.

TethKnauiledgs
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|G=1245]

Fam i b1 L0 ioi (ol i ial | = LAS bl b misfee panby sesn
| | |

Howr to locate the erreneous bit ¢

Even a su'-gle EEFIr i Ay Bt sl pesilt in o2 noncarract
“LEC" in ane of the rows and an inodemect YEC i one of
the cobuamns.

—  The bit which & cammoan to the row and coldmn |5 the
aSrronestls bt

- Hewewer thers is still @ Fmitation an the Block parity
cocke, whikh s that, multiples s2rrors in rows and cofumens
can e onky delected oub ey canmel be comrecied.

-~ Thisis because it 15 nat possible to locate tha hits which
are |my amor This will be <lear when etl willl sedwe thwe

Fallowiing exampie.

6.4 Cyclic Redundancy Check (CRC) :

Ex.8.31: The followng bit-atream l2 encaded using YRE,
LEC and even parily. Locats and comedd the
arror # ik 1= presant
13000013 F1 310071
14110040 oogaTg10
Fe101010 Q0131911
10100011 a013014a11
110008 I-Schame - 5-22

Saln, ©

1. Flg. Po6.31 shows the recened data Block ahmgw.th T
LRL and VRE bits.

LAl n carsr
"'Ffiﬁﬂ'“gr'“- L LR Hl avan psiiby)
by l1 1 1 oo oo 1 0P| ang peviny
Bal1 1 v e 00 @ 1194
bl 4 1 ' 1 r 1 alfa
Babm__ 81D 1 1 0.0 0 0 afp
block bl B B0t 1t 0 1 E
Ogl 0 0 D O 0 0 0 OFej
% T T O I ]
YACHE —SBY 72 o o ¢t 148
= = W T T.
Wit ity

Fir=t bt 4l 1hes ¥HE byes im mermr

GERERALINE T A T |

2 Mate the panty bits comesponding to row 1 and oduimn
S indicate wrong parity. Therefore the fitth bif in the first
row temginclest bit] e incomect,

—  Thus using ¥RC and LRC it is peossible to kocate and

coomect the hitsin smor.

Definition :

- CRE is an errar detechon cade whikch s included in each
trarsmitted codevsard a5 showing Fige &4.1 and used by
the meceiver to detect the erors in the eogived

codevard.
I flessans I CHG Bi=

[+— Trensmitied codeward —e]

jL-212; Fig. 6.4.1 1 Structurs of transmitted codeward using
iCRC

Thit is a type af palysamial codein which & bit string is
representsd inthe form of polynomials with coctlicients
of thand 1 only,

- Polyrosmial arithmetic uses & moclelo-2 arithmetic e
acidition and subtraction are iderfical 1o EXDE,

Frar CEL code the seedlar anc recsiver sheki Agres ypon
d generator polynionmisk Gk,

- A codeword can be generated dor a given dataward
[message] pabmcmlal M) with the help of o
dlite|ebom,

—  This technique is mare poweriul than the panly check
arel checksum erar defection,

Procedure of error detection :

- CHC works on the panciple of binary division, &
seciiehce of rediendant bits ¢alledd CRE ar CRC remainder
is appenrded at the end of the message.

e il call this e A .EF':-|.':IEr'||.'|-!|:I Fiesssge g,

- The appended wortl thus: ebtaingd bBecomes exactly
divicible by the gemerator word correspanding to G {x).

- Tha serdder appends the CRC to the massage word 1o
farm a codevword

- At the receiver, this cadeword s divided by the same
gererator word which comespands to G &k

There it nevarrar i the reinainder of 1his division is 2em
But & nof-zera remalndar indicates presence of amors in
the received code word.

—  Suchoan erronecus cade word 15 then rejecied.
6.4.1 Procedure to Obtain CRC :

Tl r|:~:_:I||n:,:IH||-'_1_|' Erle i I:_|-'_|r CEC are deriied l'.-'p
following the procedune graen befow

1 [hwide tha data unit By a predeterminegd Snisor.,
£ Obtain the remalnder, It is the CREC

Teth
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6.4.2 Requirements of CRC :

— A CRC will beovalia if and only iF it satisfiec the fallowing
refuirements
1.  The sumber of Gits in CRC sheaild be ope ks than

the nembaraf bits i the diviser

2. After we gppend the CRC at the end of the data

pnt should result in the bit sequence which i3
pxactiy dinsibde by the daigor.

643 CRC Generator -

The CRC qenerater |5 sl in Flg. 4.2

(=13 il
| g LE |
&0 e | Appapded maseage Wil
Ein-:lr;; w1
division
|  Cwisr |
| Rumengar
I CREC l
- . Transrnitked codesond
A b
Massa]e _I CRC

iL-m19) Fig, 6,4.2 ; CRC gencrator

The stepwise procedurs In CRC qaneration 15 &< fallows -

Stap 1.  Appand airsm af {n— 1) 05 o e messane word
whare {n— 1} s 1 .lessthan the numbsr of bits in
ther preciecided divisar (Le, generator word] e,
n. i the diisar e 5-bit long then we have 1o

append d-zaros 1o the messags,

Step 2! Divide the pnewly generabed dala uanit in slep 1 by
e divisor (genarater). TR s a Binary diision.

Step 3:  The remainder obtained: afer tha divsion in step
2 15 the n b GRC

Stapd: This CREC will raplaca the n s appendad 1o the
data unit in stsp- 1, o get the codewerd o be
transmettad 55 showrrin Fig. 542

Ex. 641 Generale the CREC cade Tor b data word of

117003701 D01 Thedvisori= 1010 1.
Saln, :
Grvan s Dalaword 119010101

Divisor 1 10101
The rumber of data bits = =12

The aumber of bits in the divicaor = 01 = §

Dividend = Data word + (h= 1) zems
Dividend= [ 1 10010101 [oooo]

Dl swowed d acdchticaal
TS
{G=ED1{al)
Division ;
—  Carmy out the division as follows
T O T 4 +— L and i
|—>I|'IIIIII_:IIII'||-:'III:'III'.'IIIIIIIIIIIIII — [vkkad
I.!J!.U.ll
Dtstanr = L RS
1 aan
R
F11g11
P 0T &
B111a0 (YN
B
[ 1 O |
R R A
I faon
loini )
B
| D1y
HEEE
inini
|01 | +— Reinalmlsr

| | Codewaord ;

e CRC the required codevwsrd 16 obtained by wiiting the
data word followed by the ramaindar.

S 11RO 3181 G0k Civichesd
+ 101 Romaircks
TTO0181487T107%1 o] e el [65-2 25
'.-‘I'-cﬁe'ul.'ﬂfd=|11llll:lll.‘.'ll]1 1911
[l ... 'l 'I.I' ]
Diaxim wond Remaindar
or
ARG
[E-1761)

68.44 CRC Checker and Detection of Error :

- Fig. 4.3 shaws the CRC chwacker.
Riseivee! e and

| Mty |GFH:-)—1

MianBgs I cRG |
i 'I.Eu;r:nr:.-
< divitsen
Clkaion
]
* :
| Prerretrcar | H remander i
| C1 Thesp n srocod

jL-a2op Fig. 6.4.3 : ORC checker

TethKnauiledgs
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The .codeword recemad at the receprer ‘consksts of
ressace and CRC. (Fig. £4.23

Thie receiver treats it as are unit and divides [ by the
same [ Bt divsor |generator word] which was used ai
the transmitier

-~ The remaander of this division 15 then checked,
Detection of arror :

— I the remainder 15 zero, then the received codeword 15
error free and hencs shauld bé accepiad,

- But a non-Zera remainder inchicates prosence of amors
herce the carresgonding codenward shI:-uII:I be reqectad,

E:r 62

The codeword &5 recesved as 1100 1001 01011,

Crack whsther thare are srrors in 1he recsived

codeword, H the dviscr is 107101, (The dwisor

cofrespords to Lhe generator palynamial ),

=]y A

- A we know the codeword s formed by adding the
dividend and the remainder,

~  This codeword will have an important property that it
il b completely divisitde oy the divisar,

—  Thus at the recetver we have 1o divide the received

rodeword by, tre same diveor argd check for the
remsalnder.

- [f there 15 o remainder then there are No emors.

- But i thera is remainder after division, then there are
Brrors i the evaived cadeword

Lt us wse-1his tachniguse and firdd i there ane errors.

Chataword @ 1100 1001 01011

10101

1103001

B1ao1oiodi Facaiad
T sockwond

Divizar
111

I—FIEIII:I%'HG

Diutear 104

MoD - E
andinons =
i

0
L
0

1
{
|
1

=

i

Conclusiomn :

ThHe Aof Zefa rarmainoker shows That there are arrors o
the received codevword,

Ex.84.3; Calcuaie CRC for the frame 11001011 and
the generalor polynomial = ¥ + x + 1 and wile
boaer Irarismittesd] Trarnes,

Soln, ©

The generator polyiiomial actwally acts as the divisor-in
the pracess.of CRC generation.

SDataword 2 110101011

Divlsar @ & + 0K +¥d% +%+1=10011
The numkzer of data bits = m = 9
The number of Bit G the divisar= N = §

Cevidend = Data ward = (N — 1) nember of zeqos,

SR O o A B I ¢ R
e e : =l
l—— Diata wond —sbs .
4 additional
s e
Carry aut the division as follaws
II-III,:II'II!,IIIII
I[H?II R A I ¢ R OO R 1
Mk 2 additinn —+ = -:' :all:?-fl ill J
'!}II:HIIJ
I 0|
I.'II!|-|||!|LI|!I'I:1I|J
14n11
ER R
1Bl
0L 1 0aig
Laie 1}
R R R+
T 2 I
0O 140§ — Hemunder
fa=Eliall

Codeword | The codeweard & given by

Codeword = 110101031 0101}
l—— Datawnrd == -l
Ermairndar

(-2 180h3]

Ex.64d.4: What = the remander obdained by dividing
¥+ %+ 1 by the generatar pabmomial

TREE R
Soln, .
Given: Dividend: v +x +1 = 8% ¢ 450 + 0
—I:Ir:]+|'.l_|-;z1-l:IJ-:+1
= T0100ENE]
Divisar ; ¥l =g 0y +0x-1=1001

Teth
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The long division i as fiollows
10110
14011410000

1oo1}) |

o111 40

1001

O101 D
1001 4

ﬂ D1 1 1% Remairdar
&g 1 in I;he p-:nl].-nnmml Form.

1 (62 LRl

TI‘IE' remalnn:le-r £ Eli:llll

Eu. 6.4.5 : .ﬁ. I:ut ﬂtream 1|:'.l:I1 1 1I:|'| I5 trans-.mlt!e::l using the
slandard CRC methad, The generator
palymsmial |8 % + 1. Show the aciusl bi alnng
bransmiticd. Supposs the third bit from left is
inweried during fransmission, Shaw Bhat  this
efror & detacted a1 the recaiver's end.

=oln, ;
Ghven :  Dataword (B sing) 10011101

Generater palynomial LT A N, N |

=130l =mn
Obtain fransmitted codeword !
Siep 1 Qbtain the dividend :
Dhidend =  Data word + 3 zams,

The dividend is a5 follows
TIEEEEEN EEYE

p— DCiatawsard

{Hﬂﬂﬂﬂﬂﬂﬂl
P Pl

10 -T2y

Step £ 1 Carry out the division :
Ta9oaliDa

1-::u1j1-:|:-1-1r:-1u|:|r:-

i %
004 % 0 0 e-EamsEndsr
G- isdh)]

Step 3 ; Oblain the actuaily transmitted bit straam ;

The transmitted word = obtained by writing the data
wiord fallowied by the remalndeér as follews

Transmittedword = [1toB11104i[ 0100 |
— Data ward —=f= -
Fetnainder

1G-210]1

Errar detection :

Step 4 ; Wrile the emroneous received word ;
Tha racatsed] wWord = 1 Dt%1 1010001

Emor
(519832}

- At the recewer, this-word is divided by the sarma devider
Lsed a1 the Transmitter j& 1001
1910040
1']"-'-'1-1'1 01111010070 = Ragsupl wanl

"u:n:u-ll,
[ 3 1 T o B I |
1041
ad 1 ool
1ol

D000 0 1+ Ramandor
[G-X1EL})

- & non rern remainoer-indicates that thers = an errorin
the recemed codeward.

Ex. 646 ;

Gemmie fhe GRC  sode ior messago
T10I0G101, Given ponemior  polyncrmzl,
gl =+ o w1
Solm.
Message - LI01010101
G atar =‘:-!.l-:-!'£|-1=:-:‘+l:l:-!!~ !-::-Elr:+'.l.
= 10101
Step 1: Obtain the dividend ;
Dividend= [T 1 01010101 Jonoal
-4 T H
hassags bits Murnbiar of zanes gl
bex {reevdrer ol bees in the
Eireralar - 1)
[6r-1d6a)
Step Z 1 Carry out the division :
I E 101 18D
|—i1lil‘-':]1 110108 01070000 +— Diipriend
14101
Gewparabir a11117
® s a104
og1d14a
IR E SN RS
IIIEI{I{IHI:H{I
Boga101 )
DERERN
Hanio1)
REEER:
Eipio1
0ot §k+— Ramalndar
[G-1465}

Step 3 : Transmitted code word !
pa-aarmy  Dividend 1101010401 0000

Romaindar | + J119
1131010110210
Teth -
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6.5 Forward Error Correction {(FEC)
Versus Retransmission :

— The two most important techniques used for error
corackion are as lollows

1.  Forward Ernor Correction [FEC).
2. Autommatic request for retransmission (ARG,
The ARG technigue ©

- In othe ARG systern, the receivsr can reguest for the
retransmassion of the complete ora part of message if if
finds sarme eror lvthe received mescige

This called feedback
channel tosend the receiver's roquest for retransmission,

necds an additional channel

The FEC technigque :

—  Inthe FEC tachnicua thers is no such feadback path and

request for retransmassicn, 5o error correction has o
Eake place at the receiwer.

v thes technigue, the recener tries o guess the
transmitted message with the help at the recundant Bits
Lparity Bls or code bilsi.

—  This technigues is useful only when the number of erroes

is-small

6.5.1 Error Correction Technigues :

I THe &rrar enrrecTiah 1-E|:hr'|i|:':|||&'.:_ e A !:_';-Er'u.-r&Te.l'J
at transmitter by adding 2 group af parity tc ar check
bets. as shown in Fig. 6.5.1.

celercasar| ol acocor] fCarinmuon

Dlags bels ="

Crelr: werds T D bl
Data bita | Chack hits

=306 Fige 8.5,1 : BError correction techrigquea

The smpca generates the data imessaged i the farm of
Renary swmbols

—  The swocder accepts these bBais and acds the check
[parity) bits tothem to produce the code words.

—  These code wonds are Srapsmiticd towards the mecsiver
The chece Bits are wsed by the decoder {o detect and
coact the emos.

- The encoder of-Rig 6.5.1, adds the check bats to the data
kets, according te a prescribed rule.

- Thie rule will e dependent on the type o code being
L

- T gecoder separates out the data and check bis. It
Uges the parity bits Lo detect and correct errars if they
are present in the recaived code words.

- Tre clata bits are then passed an o the destination,
6.5.2 FEC (Forward Error Correction) :

- Ire FEC the receiyer searchas. for tine miost likely comrect
codemord.

- When an error 5 detected, the distance betwoen the

received invalid code word and all the possible vabid
code word is obtained.

The rearest valid code ward [the ane having menimaam
distance) i the most likely the correct version af the

received code ward as shown in Fig. 5,50
Walid ooude waord 1

D"’“—i"“q11n111ﬂu|

Vallif coca word 2
1114:-11u1|

Racaived] coda word
114011040 ]|«

& I:!'iﬂlg-:'u.'t_il

NIHE CO W

I::'@@%1111-:|1n|]-|

iL-207) Fig. 6.5.2 : Concept of FEC

e Flg. 6.5.2, the valid code wared 1 has the mipdmum

distarce (1), hence it is the most hkely comect code
iwtid.

£.5.3 Retransmission :

- In this technigue, the recener detacts the presance of
errars in the received code word and raquests the sender
bo resesvd that code word {message] agadn.

Retransmassion = repeated until the received message is
errar free,

6.6 ARQ Technigque [(Retransmission) !

- Trere arg twa basic swstemns of ormor detection and
crwraclicr.

- The first on being the Forwasd Efror Correction (FEC)
sustern and the second ome 15 the sutomaty repeat
reguiest JARD systerm.

n the ARG systesn of error contral, when an erar is
detacted, reguiest far  the
retransmission of that signal, Thersfore & feedback

the roceiver makes a

chamwel s requred for sending  the  mequest  For

retransmission.
Tixch
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Eiror Datection and Comection

The ARG systerns differ from the FEC systems in thres
impartant aspacis. They are as follows ;

1. In ARG systern bess number of check hits dparity
bits] are required o be sent. This will Increass The
[fefmd ratia for an [my k) bBlock: code it transmittad
iy the ARG siysberm:

A creturn transnnission path and additional hachaare
in order to implament repeat ansmission of

codewmords will be nepderl,

The kit rate of forsand transmiscion must make
alhowiance for the backward repeat transmissson,

Basic ARQ systam ;

- The Beock diagram of the basic ARD systam is as shiown

in Fig. 6.1
Moscage input
@ Forweard channel
....................... i
Forwend
snpul beifler- | |- \ | Caulpat bnifes
Innd R " "ﬂnlsm' | —pEas arrd crnliclar
Fasin
— w - — han:n-".“h‘-l . MHFMH
gnanrel
¥ Foedtank path

iL-5721 Fig. 6.6.1 : Block diagram of the basic ARG system
Cperation of ARG system |
- The encoder produces codemards for each rregsacs
signal atits input

Each cogownrd ot the encoder ouiput 5 siored

tempaoranly  and . transmitted  ower  the  forward

transmisssan-channel.

- it the destination & decoder will decode the code words
and search for errar

- The decoder will send 3 “"paositive acknowledgment”
ACKY i no omors are detected and i owill output a
negative acknowledgment (NAK)Y iF erroes are detected,
Ea the transmitter an the return transmeEsian channel,
On receiving @ negative acknowledgrnent (WAK} signal
yia the return trardmission path the Ccantrodle™ will
retransmt the appropriate waord from the words stored
Gt the input buffer,

A particular word may be retransmitted anby-ance or i
raly be retraasmitted basce ar more nurnber of times,

T output controfler and boffer on the: ecener side
assemida the outpui bt siream from the code waords
acoepied by the cecoder,

Error probability on the return path :

The hit rate of the return 4ransmission which imvoivas the
refurn Tranemission of ACKMAK sigral & low as
comparad 1o the bt rate af the forward transmissic.

Trerafore the error prabability of the return frarsmission
is negligitly small,

Types of ARQ system -
The three typas of ARQ) systems areg ;
L Stop-and-wait ARCY systam
2 Gobackn ARG
3. Solectve repoat ARC
Mote ©:  Ermor contrct in the dats link kayer 15 based on tha

6.7

principle of request for swdomatic relransmiEssian
l.'.ﬂ-.Ft'tl*m[mn missng, lost or damaged fmmes,

Hamming Codes :

Mow Iet us distuss Lhe other category of cades ie.. the
error eorrectinsg coces knowht ds the Hamming codes.

Hammind codes are a family of hnear errce correcting
C i,

Ty citn letect o twd bit erroes -and cosrect one bit
errar without detection of uncarrected errors,

6.7.1 Hamming Code Struciure ;

Hamming code is basically a linear block tode named
afler s inventor IS an errar comecting cocs,
T padily NS are anserted in bebween the data bits as

sheawm in Fig. 6,71
Dr Op D, P O B3 B

—e- 7 bt Hatrning o

Oy Gy Dy Dy Dy Oy O Py Oy O Op F, O3 P: P
= | | | |
T

D— Dmabis. P — Py [xis 1% il
Fammray

i+ -8 ]

(G- 1946} Fig, .11 Hamming code words

e V-t Hammirg opde 5 used commenly, bt the
concept can e extended to-any number of bets.

Mote that the parity bits are inserted at each 27 bit where

Teth
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- Thus Py sat2” =1, ie atfirstbit, Py isat F = 2P, is
w2 and Ps isat 2" as chomn in Fig. 6./ 1.

T-Eit Harmming Code -

1. & scientist named YW, Hamming developed a coding
system Wwhich was easy o mplement. Assuming that four

data bits are to be trarsmitbed, he suggested a code
word pattern shown in Feg, 5.7.3,

oy | 0 Pl Py |

D?DHD:. El:l —R EEIE :lhﬁ
Py Py P, —» Parity bils

D5 Pyl Oz

05-1847) Fig, 5.7.2 | Code ward pattern for Hamming code

2 The D'is In Fig. 572 are data blis whersas P bits are
parlty bita; The parity bits P, , P, P, are sdjusted Irr

particular way as explained below
KMinimum number aof parity bits

Table a.7.1{a] gves a lsbing of minimum rumbBer. of
parity Bits reeded for variows ranges of “m™ infarmation
E=ts,
Table 6.7.1(a) + Mumber of parity bits to be used
Murmber of information bits = Number of parity bits |
tad 5 |
= 1011 '
121028
2T ka 57
58 to 120

Deciding the values of parity bits |

=l ||| L

Table 57,11 Indicates which bit positions are assoclated
with each pariby bit in arder 1o estabilish reguired  parity
[even of oad) aver the salected bits positione.

Table 6.7.1{h]

| Parity Bit | Bits to bo checked |
[ P 13578111215, ...
P 2367 401144, 15,
Py 456712131415, ... |
Py 8.9 10,11,12, 931415, .,

6.7.2 Deciding the Parity Bits :
Sglection of P, |
- Poisadjusted 1o 0 ar 1 50 a5 to establish even parity over
bl 1, 3.5 and Tie F'l, I:I_1 - I-:':. antd I}r_
HEEHBREEE .

== Canakles bits 1,3.5,7 for P

I7lals]|a4]z]2] 1] conauor bia 2387 e Py

I7]a]s[a]la]z] 1]+ Considar hias 2 55.7 ine P

4 1G-2291)

B-12

Evrar Datechon and Comection

Selection of Py, ©

- P, iz adjusted to {0 or Lso as to set even parity over bits
& 3 bard TP, D, B and D

Selection of F‘ :
P, is adpisted to 0 ar 1.so as 1o set gven parity meer bits
4, 5.6and7iP,.0,. 0, and D,

Ganeration of a Hamming Gods ©

- Onge we decide the valises of the panty bits, weé can
generate a Hamming code word.

- The codeword gereration will be clear by referring to the
I'nlln'.'c,'ln-g -e1:-:a|r||:||-e:.

Ex.671: A bt word 1 0 1 1 15 g be mansmitied,
Conalruc] e suen pafily severdid Hasnming
coade for this clata,

aoln, ;

Slep 1 The code ward farmat !

e seven bit Hamrming code foemat s shown in

|-_IE| P.a7T]l. Gisrrhitemrd =101 1
By Dy D By DOy Ps F

IDDNENE

s-1wds) Fig. P 6.7.1
Step 2 1 Deckde P, ;

- P, sets the parity of bits P, , D, , 0. and D, As 05, D,
L, =111wehave to et P = ] m order to have the

To be deciced

BN PEKTTY.
Be Oy Dg Fy Dy Fp Py
1l BT '1| |1
—— 86t Py = 1 ke have
this aven party of P, 050 04
AG-1548)

Step 3 ¢ Decide P, :

F'j_ l= 5el ta have The syver padty af Po 0y, O, and D~ But
0, by Do =101 hence sat &, = [

O BB B Byl B
1 I 0 I 1 I 1] @ 1
F
el Py = 0 1 P
sven parky of P, D, O, and D,
(- 1050}

Step 4 : Decide Fd :

P, is st o Rave the even panity of P, 0. 0, and 0, But
0. 0, 0. =101 hence el P, = 0.

TethKnauiledgs
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Eiror Datection and Comection

Br 5 Og Ty Bh:'Fg By
1||:| s lal1]e 1|-1—{2=-:bmplutem:-:lﬂwcﬂ:l

—— P4 = 0rta hawe avan parthy of Py O O O,
iG-1951)
6.7.3 Detection and Correction of Errors ;

1. The Hamming coded data is now lransmitted &t e
receives it is decoded 1o get the data back.

2 Thebs (1 3, 571,123 &Fand (4 5 67 are
checked far even parity.

% IFall the dbit qroups mentoned above possess The even
parity then the reosived codeoword i5 correct 2. 11 does
nok contsEn erors,

A, Bub F the panty is not even (.8 it iz oddy then emor
exists. Such an errar can be located bor forming a three
bet number outoof the three pardly checks, This process
becornes clear by solving the example givery below.

EX. 6.7.2! il the 7=t Hamming code ward recalved by a
recefer 1011071 1. Assliring the suen
parity state whether the received code ward 15
comact or wrong. H owrong, locale 1the bit m
EITar,
Soln. &
By DO Dy Py Dy Py Py
Hwawe-l:l{:u-:iaww:l 1 | IZII 1 Flol 111

¢G-1957)
Step 1 Analyze bits £, 3, band 7 ;
Pe D Dy B =1101— Odd parity.
. Error exists here.
 Put Py = Lin the 4's posttion of the-ermor wond
Htap 2 : Analyze bits 2, 3, band 7
&L Po D 0. D.=1001 Eeen parity so o error
Hance put P = 0 in The 25 positan of the éfrar word
Step 31 Checkthe bits 1,3, 5.7
wPoD, D, D, =1011—{0dd parity 5o eror sxists
Hence put Py = 1in the 1% position of e emor word.

Siap 4 Write the errarword ;

ErrorwardE = | Py I Ps | Py I
ik
‘ ——— {'a position
2's posiion
— 45 posiion
- 19555

- Substitbuting the values of P, P, and P, obtamed in
steps-1, 2and 3we get
T 1 iy 1

E - {E?W- | G185

Hence hbit 5 af the tranemitted code weed is in error.
{8 S .4 3 2 T
1 | oal11] | T ERE |

— Irorrest] il
G-1960}

Step & ; Cormesd the srror ;

et e incormest bt 10 abtaien the cormect code word

a5 fiodbkows
Correct codeward = [ TG A0 T 1]
Ex 873" & sayen bil even pardly Hamming ocode is

received as 111 0101, What is 1he oorreci

e
Soin,
g 3 éd ZF 2 1
| 1|!||.'.I IIEI 1I4—HH£=BNBHEE!:FE"#EFEI

(G~1LBG]§

1 Chwack Bdle 4, & 87 — Cxid parity,
RENCe G =y

2. CThedkh Gils 2, 3. 6, 7 — Cidd panly,
hrtricas eeror

£ PE =1 = o]
3. Check bits 1.2, 5,7 — Evan pany, _[
hance no sror o Py-= Q) l
1
r-'.'-!

¥
Ermrwd E = I 1
Py

l [5-126E)
a

Fy
4. Deciral equivalent of E= 110 = (8],

- B bit in the received codeweord is incorrect 5o invert it

D By O Fy Oy Py Fy
A Cormecd sodowned 1 I:II1II:||1II:||1
L Fnuarad hit
- 15052

Ex. 6.7T4: In a parcular syststn the data recemed was
1.0 %1010 Using esven bit edd parity

Hamiming code, detenmine the cormect code.

Soln. :

B B o ol o B A
Fﬁ-m’slrl.-'n:ﬂu::e'.-rln'r.'-.‘.-nzl—-l: o1 1] of |:||

(G-LARM )|

TethKnauiledgs
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1.

3 @
Comectoodevord —f 1 J o]0 [ 1] 1] 1] 0]

Check bits 4, 5 67 = 1101 odd panty, no-efror
=Py =h

Chack bits 2, 3,6 7 = 1001 ‘even parity, s02mar
T

Chack bits 1, 3, 5 7 = 0011 aven parity. sa emor
SR =l

Erorword E = 0 1 1

p P P,

:| 1

Dacirmal equivalent of E = {3h. Hence the third bit s

meorrsct S0 changes it ta get the correct code word a3
Folhawes ;

=

P B = z

L Invarked bil

it

Ew. B.T.5 * Dl Bils 1 O 1 1 Fuewe 1o B brarsmilisd

Constngct the odd panty ssven bit Hamming
code Tor the given data

Baoln. ¢

¥§.. & .89 & & = 1

Harming cedmaend: | 1 ] 0 | 1 [P] 1+ [P2] Pyl

iG-2311)
Check bits 1, 3 5 7 far P

3. 57=111, oddpary. .. P, =0
Check bits 2, 3, & 7 for ceaiding P,

207 =101, even panly. 30 sekec PE 1
Chack bits 4, b, & 7 for deciding

2,08, 7 =1 0], even parily. SoselectP, =1

~ Required code word with odd parity-is as follows

LR

QL2
.3
2.4
0.5

|1|:|1|1 1E|||;|-—,u.r¢.-.n;,-r

(-3

| Review Questions

Howr does the panity checking technigue halps o
datectng the prasence of arror 2

When dors the parity chesk technogue il 7

& it possible 10 correct emors Using panty cheack 7
Write a nole on ; Chechsunt prior detection,
Explain the VRC and LRC echnitues

o8 Wrle & ahdl niole an |::||'l2|||f ﬁEIILﬂ'II‘JEr'IE‘ﬁ' Cherk
(CRCY,

2. 7 Wrde a short nede on © Hammng codes
Sod Wyhatis e rode of e parify Bésin a code ward 7

6.8 |-Scheme Questions and Answers ;

Summar 2019 [Totsl Marks - B8]

0.1 Stale fypes of sroes (Section B.1.2) (2 Marhs)

Gk 2 A svetem usas CRC ona block of 8 byles, How meny
redundant bis are sent per block 7 What is the ratio of

uselul bits to the lodal hils 7 (6 Barks)
Ans, -

-  Refer 2action b4 for CRC.
- Generally the number of bits allotted {or the CRE ficld in
ary information transter frame is 16 or too byles

— Al the CRC bBits are redundant bits. Hence the nurmber of
redundarit bits sent per Block of data s 16

Therefars the ratks of usefyl bite o redundant bits s
[Ed716) =4

Winter 2013 [Total Markz - 02

Q.3 Compars LREC and CRC: {any twas polnts aach |

{W-19, 2 Marks)
Ans. :
Comparisan of LREC and CRL |

vy | Paramater LRC CRE

T | T ol | Black pearily | Emor  deteclion
b b i check Ischriguea

2. | Prineciple Orex LRC hitis | CRC code &

added to make | franemitted
the pardy of | sfongaih  tha
cach row o | messags bils
dala =yveEn

3. Effactivensss | Leae than CRC | More ban LRC

Summer 2022 [Total Marks - (6]

k4 List defferant types of amors

{Seclion £.1,2] (2 Miarks)

Q.53 Empln LRG withy example
fSection £.3.2 and Ex. £.3.1) 4 Marks)
[ o |

TethKnauiledgs
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Introduction to WLAN and WPAN :

T.11

W aill know wired Locsal Orea Mebwoeks (Lahis) WY
well. In order ta-gel rid of the winng associated with the
interconnecticns af PCs in LANs, researchers hiave
explorerd use of radio waves or indrared light =
naplacement to the wires.

This bas resulied in the ermergerce of wireless LARNS e,
WLANS.

WhaAM 15 @ Wireless Persanal Area Metwork, It = angk
step devwn from WLANS, The SWPRPARS cover smaller
argsn, Use s poer far bransmissioe

WPAN= are wead dor netearking of partable and wery
sl F"'IE:-.IIEH. |.'¢'il'|[l'!'l'.'I, ':F-H,ﬂl:er:..

mlckspranes, aic,

IEEE Standards
The [nstitution of Electncal and Electronics Engireers
t[EEE] has developad the layered architecture andd other

stardards of LAN, under their peoject 802 set up in
1850, The IEEE 802 standards are &s follows

Ceamjputers el

’-Z

T1.2 Wi-Fi :

MEBTE Chuestlons

Wirsleas Commuricalhan

La
e

Q.1 Explain following wirelese technokogiee used. in

cornguter cofmmunication DWi-Fi - [8-14, 4 Marks)

8121 Architecture, Managemant and Internatworking

B12.2 Lengical Lk Control [LLC)

23 Carner Sanse Multiple Access/Collisicn Dhetect
(C=MACD

Hi24 Taken Bus

8125 Taken Eing

126 Hetropoitan Area Metworks [PAMs)

B2y Bandpaszs Technical Advisory Growuap

BI2.E Fibre Optle Technlcal sdvisory Groug

124 Irteqgrated Data and Voice Nebwork

81216 Security Working Group

Bl21l  ‘Wirgless LAN Working Group

81212  Demand Prienly Working Group

81213 Mot Uead

ai214  Cakle Modem Worling Group

8121%  Wiretess fersenal Area Nebwerking Group

22146 Broadbarmd Wireless Access Shady Group,

1.2

Wi-Fi is & popular technology which allows an electronic

device {o excharge data or to connact to tha Interned
using radio waves.

Wa can define \Wi-Fi as any Wireless Local Area MNetwork
(WLAN] product. that are based om the 1EEE 30211
standards

The devices which can use Wi-Fi are personal

compuiers, video game consoles smark phones, some
digetal carmeras, Tablet compiuters et

Wiralass communezation is one of the fastest growing
technologss,

The wireless LANS are wused in Tollowing apglecations
1. QOffice buildirgs

2. Calleges,

4. Public areas:

[rrthis chapter we are going to discuss about ten
innpontant wireless technedagies for LARNS

1. IEEE 802.11 wircless LAN. 2. Bluectanth

Architectural Comparison ;

T2

[r this section we will compare the architectures of
wired andd Wwireless LAMs ooy the basis of the Following

paiits

1. Medium,

2. Hostx,

B Teodated LANs,

4. Cannection ta other netearke,

. Moving between erwironiments

Medium :

The wires (shielded or coanal) are used to conmect the
hasts In & wired LAN. But the medium used by the

wirgless LAMS = air.

# rmmuupi

FOESELITgTIN .
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Wirsless Commuricalhan

T.2.2 Hosts :

7.2.32 Isolated LANs :

In the wired LANS the type of comimunication s goint 1o
peint and full duples e, BHdirectional

fut in wireless LANs the signal is geneally broadoast,

The hosts jnca Wiiahf share the sanme medium ke air
st i calbexd s multipdes access);

I WLAKE a poirt o point communication between the
wireless hostsis estremeby rara,

A nostin g wired LAN is always connected at a point 1o
s rabwenrk, Exch host will have a fived link Layar addrass
related to its nebwark interface cand (NIC).

If the host moves from one point to the other in the
Internet its link lyar address remains the same but the
netwiodk layer address will change

A host inoa wireless LAM can mowve freehy a5 it 15 not
connecied physcally to the netwark: at all,

It canm shill wse all the sermices proeded by the network

In-short the mability issue in the wired and wirsess
LAMNS is entirely dilferei.

The meaning of the waord Isclated k& different for the
wired LAMz and wireless Lihs.

Reter Fig. 7.2 Mat which shows an isolated wired LAM
A shdwery it canslsts of hosts which are Interconnected
via a link layar switch with conrscting wires.

A wireless isolated LAN is as shown in Fige 7.2.10h],

LIS -

Hast 4 Hast 2

o EE“‘EJ,_

Besieh
E_M - .
] S | S
a | B
Pt 3 —— Hoet 3
itk L }

(al Isolated wired LAN (b1 Ad hoe network
ri-2oaa) Fig. 3.2.1

It is also ¥nown as the Ad hoc Metwork in the
tarminalogy used for wireless LaMNs

Here a group of wireléss hasts commmaenicate with eadh
othar directly and fraely withowt using ary switch or
wired links.

7.24 Connection to Other Networks |

Refer Fig. 7.2.2{a), which shows the manner in which a
wirgd LAN is conmectad to some aother network such as
the Tnternet thraugh @ router,

It 15 passibzle to connect & wirslscs LAN ether 1o g wirad
inirastructure netaork or 5 wireless  infrastructure
netaark, orf 1o Al e wireless LAk,

Figy. T.Z2{b} shows e connection of a wireless LAMN 1o 8

wired infrastructure petanrk
L
Hie 1%"‘““?’
el

Hast3

et

Witlmed Laird Inirsetruchars
reztwiork {WWLAMN)

{a) (bs)

iG-2097) Fig. 7.2.2 : Canneclbon of wired LAM and vwireless

LAN to the other network

Conckler Fig. TZ2{bx In this case the wireless LAN |5
called as infrastructure network.,

it is-connected 16 the wired frastrocture such as the
rternet through & special device called as Access Polnt

1APR],

The cammunication betwean 1he wineless hasts ard AP
Is wirekess In nature whereas that between the AF and
the wired infrastrucium 5 3 wired communication.

7.2.5 Moving between Environments ;

M is im|:||:,|r1anT o That bath oaredd sl wnredass LARNS
cparate anly I [he Taa lowesl layers {physical and data
link layers) of the TCPAF profocal suite.

Maw  stippeoie  We wanl fo repdace & wited LAN
connected To [REMET 1A & rouler oF & reodem with a
wirgless LAKN. Ther we need to make the following

rhnm:_;l;'r. :

1. HReplace the netawork intedfacing card [MNIC)
designed  for wred emvironment by oa NIC

designad for the wireleoss eavronment.

Usze an Access Paint (AP In place of the data link
switch

I

# TechMagmledge

FOASELITATINRAES
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Whar wa charnge the MEC of each hast, the Iink leyer
address will change for each host but there won't: be
any chamge m the network layer address e, the [P
atdress of each host.

In this way we can move from wircd LAMN to & wirsless
LA,

Access Control in YWLANS ;

Access contral mesdans hoaw a wirekess host in a wineless
LAR can get-access to the shased medium which (s air.

The access control is possibly the most important issue
N wireless LAM.

In the standard Ethemet the CSMASCD algorthm s
ysed for access conirol.

Ini this tedhinequie each host s & conteqader 1o share the
medium sa it sends s frame i1 the medium s found
sle.

In this mechanisim, There s abdays a possioility of
caldlisian. If collision takes place, the CEMAACD detacts it
and the framea 15 sant again

The celllshor detecton is useful in tae ways

1 In the event of coliisicty the seat frame is not
received and hence it should be sent again.

2. The absence of colflos 2 oa kid of
ackrowledgemant that the frame was received,

For “the wirelass LANs however, the CSMASCD
algarithm daes nat wark: properly

Reasons for CIMACD not being suitable for WILANS

Following are the resgns wing CSMA/C D algonthm docs
not work far wireless LAMNS !

1, For a successiul detection of @ collsion, a host
should waork In the dwplen mode, That means it
should send the frame and receve the collision
agnal at the same hme, Bul the-wirsiass hosls
cannot do-this, Thay can either send or recesve at
ame time, because betng batlery operated they
Ao ot hawe prdgh power to oa so.

2. Hidden station prablem |

The: hrdden station problem ooours when a stabion may
not be eware that some other station is transmilting
becawse of either range probéem or some abstacle. In
this situation collision may goour but may not be
dalested
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The  hidden station prablermn s illustrated in
Fig. 7.3.1. Refer Fig. 7.2.1z1 which shows three wireless
stafions-A, B and C, The transmission ranges of
stahions-B and € have been shown by the tera dvals on
left and right respectively which shows that stafion-C is
nat in the range of Band B = not in the range of O

Fanga ol B Rangoe of C pid -
o F oy e B T =
B e B>
o T w7 [E]e—e[a)
E1i'|ﬂ|.‘|l‘|.'=l B and i:'nrn r:-!"l:ll'l Diue b thee obiaicda,
P HPW S FRNTGE Blatann B ard & ar hkidan
fram manh cther

{a) th}
pe-medy Fig. 7.3.1 - Hidden station problem
Howsesser station-A is in the range of both B and C. 50 A
can hear signals transmitted by B and O

Refer Fig, 7.3.1(a whene station-B is transmitiing to
station A

Mo it station-C checks the mediur e see it anvone is

trasmmitting, ibwill net kear station B Because- i is oud
ol range. 5o station-C will coma to-a wWrong conclusicn

that no one is fransmitting and s it can start
trarsmitting. to statian 4,

If station-C starts transomotting, it will create a collisicn ai
staticn -4 and will wipe out the frarmes from: station- B

This prablem in whinh a station is ned able (o detect an
sgready transmitling other station which is 0o far away
i5 called a5 the hidden station probiem,

Iy Lhis =dampde it 1 said. (et staticns-B and © are
hidden frarm each ather with respect to-staton-A

Maw copsider Fig, 7315 which shows the hidden
LA |.|rr_|I':-.!-Ern l:':-:.-l':lil'r||1l_._'| chue b an cbdtacle.

fMote: Due io hclden stalion problem,; the possibfdy of

Alison noeeases and the capacily network wll
reduce.

%, The thard reasen of not using the CEMASRCD For
wireless rebeorks B that the distapncs betwesan

the sfalions can he sometimes oo large Due G
huge distance, the sigral fading cowld occur and
the station at aneend could be prevented from
heanng a collision at the ather end.
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Which Access Cantrol Algoriibm for Wireless LAN 7

The Camigr Sense Moltiphe  Access  with Collision
Avirdance [CSMASCA) is the access control algorithny
used for the wireless networks because it overcomes all
the prablems of CAhASCE

IEEE 802.11 :

7.4

I-Schame - 5

The 80211 is the specifications fear Thes wiredmss ARG
dafired v TEEE.

This specification defires the phy=ical and data link
Layeps T Is sormes fimes called &t Wirsless Ethernet.

- Generalby the terrm Wi-FI iWireless fidelity) is used as a
symonyr for wirelass LAN.

- Howsever 0 reality, Wi-FI 1 a winsdess LAM wiikch s
carfified by the WIi-FI Alllanee & global Industsy
AEEoCiItion

7.4.1 Architecture (Components of
802Z.11 Network) :

JEEE 80211 is the most popular WLAN standard, [t
defines the specificatians far the physical and BAAC
layers.

IEEE 802,11 defines bwe types of sanioss ;

1. Basit Service Set {BSS);

=i

b e weth an AP
{6-320) Fig. 7.4.1 : Types of B5S5

- A BRE with AP & a5 showstt in Flg. 241jb)L IE <an
howeyer cammunicate with the ather B55% wia the access
pq:lr.f_.ﬁ.F'

The BE5wiith AP |5 also called as Infrastructure BSS.

743 Exlended Service Set (ES3)

a-17, I-Schame : W-19

A Emended Service Sakb |ESS)

7.4.2 Basic Service Set [BSS) .

ISchame : W19

FiN- preaf 1EEE E02.11 the BSS has buen defifed #s the
baslc bullding block af wireless LAN.

A BSS coreists of stationary or mowing wireless stations
a2 central hage station which i< opliofal called as

the Access Polnt (AP,

Thus . a BSS can be either ivithout AF or withh AF ac
shewen In Flgs. 7.4.1(a) and k)

The BSS withvout AP cannok sand data 1o-anather B5S.

S0 ne data exchange can take place ouiside that BSS
hence |t B kndwn as a stand alene nebwark o ad hoe

B55%. However all the stations inslde a BSS an exchange
data amang themselves.

2.1 Wih neat diagram explein the ESS architecture ot
[5-17, 4 Marks)

An Extended Service Set (E55) consists of multipls B55s
with AP

- The B5Es in Thic system are cannected to each ather via
3 distribution system ar a wired LAMN ac shown in
Figj. 742,

The APs are conmected to each other wvia the
destribution systern as shown, The distribution system
can ke any type of LAN such as Ethermet

The ES5S contains toa types of statons !

1. Mokile statons which tan move and . charge
location
2, Stationary of non-rowing staticns.

# ]raﬂ-mmlﬁ_
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- fQut ol these, the non-manseg stalons are the APs
which are a part of the wired LAN

Whereas the mobske statiors are those contained in the
BS5 Fug. 74.2 shows the strecture-of an BS%:

Cismlrfarian aysiem
nr el Lt

Thia rahiie stmon bkengs 1o
P S5

i&-381] Fig. F.4.2 ; ESS (Extended Service 5]

The BS3x are conrected Lo e=ach olher to form a
netwess called infrastructure netwark.

I Such netamrks the ciations cloge Ty each ol can

comimunicate without takirg help of AR

dut F teeo ststions locatec im hwo differant 855 wsh 1o
communicale with ¢ach oiher: than they have to do 5o
threagh AP

—  This type af commumnication is very similar ta that in the
cellular cammmunlcation

The B54 acts as a cell and AP as base <1ation.

- Asshownoe Figs Y42 0t possible that a makile station
can belong to mare than cne B3Ss simuottaneoushy.

744 Types of Stations ;

Three types of slations are oefined By IEEE BOE]L
depending on their mebdity in the wirskess LAN as

L. Ma trassition

2, B35 transition

3. ESS transibon

1. Mo transiticn mokbility ;

It & defined a5 & staton which |5 not-rmovieg at all
istaticnary) o rioving insidea BS5 anly.

2. BS5 transition mebility

— & station faving BS% transition mahility s the one
whach can move fromy one BS% ta the ofher BSS -but
does not move owutside one E55,

3. ESS transition mobility ;

& station having ESS trangiton mobllity 1s the one which
can mowve from one ESS to any otfer ESS, Bud

[EEE 80211 <oes ol
cernmunscation when the station s O

guaranies & contingois

7.5 MAC Sublayer:

[ [EEE S02.1%, twio MAC sublayers are defimed. Thay are
a5 fallows -

1. The Distributed Co-prdination Functions (BCE).
2. Point Co-ordnmaticn Funclicn. (PCF).

The relation beraeen DOF, POF, the LLC guhla}-er Ard
the physlcal layer has hesn ot n Fig. T.5.1.

— uﬁ: m—

T _ﬂlmﬁi _ IEEE 802 11

JI:;"":“ .I Contenbon-lron somvie TCevbenticsn
i

e MAG Poirk Co-crdmation Funchon (PSR § SErvioa
+ sublayer Drinruber] Ce-arrdantian Funedoh (DR,

a0z 11 [ 80211
Lrs5s ) Infran

EEL
WankiN

Ptwsical
ke

G208 Fig. 7.5.1 @ MAC layers in 802,11 standard

802, 11afa02.11a502.11g
Ceams | QOFDM ] OS5

implernentations  have  hesn

The -physical layer
dizcussed later onin this chapter.

—  For now wa will foous on tha MAL sublayar,

.51 Distributed Co-ordination Function

(DCF)

[EEE Has defined two prafoceds at e fdAC ﬂlll::lla:g'er
Cne of these Twa protocals |5 called as the distr|buted
co-ordination function (DCF,

The acceass method used In DCF i CRhAACA

T7.5.2 Frame Exchange Time Line !

—  The exchange of control and data frames with tinss has
baen shown Fig. 7.5.2.

~  Weassume that theére are four wireless stations A, B,
ared [ present in @ wireless LA,

# rmmuu,i
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A g sngrce and B & the destinatiar, Therefore € and D
are retarred 1o as other stations,

The sequence of cantrmal and dalta exchangs & as
lolbonns |

1.  The scurce station A senses the medium o its

idleness  before sending 8 frame L does the
media sensing by checking the enangy level @l the

camier frequency.

tal A persislence strategy & used with back af
urtil the channel is found to be ke

kel Snce the channel = tnund to be pdbe, the
sauree station A walts for a specific amaunt of
time called as the Cistributed Interrame Space
1OHFS).  After this wethng time the skahon A
gends & control frame called ac Regjeest 1o
Gerd {RT5} as shown in Fig. 7.5.2

Sraarce Dz briabone Cifisr el e

o ol b N E e B e e

T g e

e =
i

Tans Tims= Tne Time

iG-z1001 Fig. 7.5.2 : CSMASCA and NAY

2 AfRer receniing the RTS, the destination station B
waits for a specific amount of time called the
Short Interframe Space (SIFS) snd then sends 3
cantrol frame Chear to Send {CT5) back ta the
source staticn A, The CTS framse is an indication

that the destination station = ready for raceiving
Lhe ata,

3. The spurce station receives the CT5 frame, waits
for a duratian of 5IFS and then sends the data 1o
ke destination station

4. The destingtion station recemne:s the data, waits
for a8 ouration of S5IFS and sends the
ackrawledgersent (ACK) frame ta indicate that it
has received the data frame.

-7
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- Mote that in the CSMAYCA prodccel  the
acknowledgement. [ACE] i needed because otherwise

the scurce station does not have any means 1o now
thalt the daila has besn received by the destination

station.

— [ CSMAACD the ACK 15 not needed because the kack of
coflison itself is treated as an acknowledgement of data

eing racaived succassiully.

7.5.3 MNetwork Allocation Vector [NAV) :

The |:|l.li!'!!-i|.irlr| here s bow do other stations restrain
from sending Lhesr data when one channel is atready
trarsmitting-#

Iy ather wards how s the collision svoidance s
practically accomplished 2 The anserer 1o both these
questions is a special frature called 2 NAV.

The concet of MAY L2 Network Allocation Factor 13
a5 Todlowes

When station A sefieds an RTS frame [wee Flo, 2.5.2),
which consists of the time duration for wihlcn A nesds
ta use the channel the stations which are-affected by
this transmission create o thmer called a5 NAW.

The Moy will Indicate the amoust aof time that must

pass befonz these stations can chedk again, ‘whether the
caditel has again become idle.

This happsans everytime when a sation serds ds RTS
frame. the other statiees will initiate their MNAY

Durirg tre MAY Imerval o other station will iniflate s
frarsmissian

—  Irvthis way the colfision avoidance aspect of the C5MA
EA protocal 1 accomplished

—  The other stations check the cdrannel for idlensss only
aftar the axpirg of thair NAaLS

724 Collision During Handshaking :

If 1 calllsion takes place whern the RTS and CTS frames
are jntransivion, then it is called as collicion during
handehaking

Iy such a siuatlan, bae or more Stations thy 1o send the
RI15 drame at the same time which may collde with
each ather,
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But in CSMASCA there is no mechanism to detect such
collisians. 50 the collision of BTS frames alse il e
urdelectec.

Then how will the sourcen ko that a collision hac
aken place 7

‘Wall, a source will assurme that the coligion has takesn
place if it does not receive the LTS frame from the
meCeVEr in respense 16 RTS,

Irsuch events, the sender applies the back-olf stratagy
and tnes after someting.

This 1= b thecollision duning hanoshaking 15 handled
by CSMASCA In 1 wireless anvironrment,

7.5.5 Hidden Station Problem :

7.6

Lat sae not, how CShAASCA avoids the hiddern statios
problom: Reter Fig, 7,502

Aciually the RTS and CTS frames [handshake frames)
are- used to salve the hidden stahon progbiem.

A5 showin in Fage 152 the ATS massage fromm & can
rech B bul not © ibecause C 5 oul of range of &),

In response 1o this, station B sands thea CTS frame Since
bath A and C are in the range of B, the CTS frame will
reach stalions A as well as <

Dustex this CT5 frame staticn © will undersstand that
sorme hidden station (A in this case) 15 already using the
channesl.

Therafore C will vefrain from transmithng. This will avaid
the possibde callision,

Address Mechanism in WLANS :

The address mechanisim of IEEE 80211 {wireless LAN
starsdard spacifies four difersnt cases on the basis of
the vakies of two flags present in the FC flebd namely
To 0% and Fram DS,

Fach of these two fla!_:]s. ls-a 1-bi ﬂag. Harwa aacks ane
can have 3 valpe of eitherdcr L

Thetafore with taa flags we will have four different
situations (combinations).

The four sddresses £ address-1 1o address-4 m the

MAL frame will hawe their meanings dependent on the
values of the above mentichad oo flags, as shown in

Table 7.4.1 given befow,

Table T.6.1 : Addresses in the MAC frame

Flags addresses
To | From | Address-1  |Address-2 | Address-3  Address-4
Os | OS5
{l il Bestirmbon | Sorce Bs= IO A,
1 1 Diestirmtion | Sending ST MA,
AR
1 i Receiving =Tl g ot Oestnatinng  MeA,
AR
1 i Rieceiving Serding Deslinalion | Source
AR AF
Maote. that the four address [welds represent  the

Fallowing addresses,

1. Addross — 1 ;

- The contents of this ficld always correspond to the
aeddress of the next devlce which 15 1o be visited by the
frarme.

2. Address — 2 ;

The contents of this field always correspond Lo the
acidress of the last device which was visited by the
frarme.

3. Address - 31
[t is the sddress of the finad destination station if itis
not defined by addrass - 1 or the address of-the original
source staon F 0t 15 not defined by the
acddress - 2.

4. Address -4

- [ & the address  of tha original source when the
distribiution systerm i alo wineless.

—  Maow ket us discuss the four cases based on the values of
the tw Hags one by one.,

761 Case:00:

For this cass the values of the two flags are 1 To 05 = O
ad From D5 = § Since the value of To DS = B, it
migans that the frame £ nab goirg 10a distribition
spstam (DS And because the value of Fram DS = 0, it
mieans that the frame s mot cormmg from & distribution
SYStEm.

The frame Is mwrving from e station o the other in
the same B35 but without passing through the
distribution system,
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The addresses for this case are as shown in Fig. 76[fa).

The frame dhawr in this 1Ig-..|=re i5 the NS frame.

Crsinatian B
2t MAL: Baive : A
W ][ W[} W
— P R T I —

Hah

{a-z1s11 Fig. 7.6.L(a} : Case 1 ;: 00 Addresses

B is the destination and A iz the source. Since Flags =

U0, as per Takde 76,1, thz: ad-drﬁ,:-s arg a5 folows ;

163 Cased:10;

The two flags have the following valucs |

Te DS = 1 and Fram D5 = 0. Thal means the frame s
coening from a station (A) a0d going io the distribution
system 2. AP,

Addreis - 3 contalng the address of the final destination
(B} of the frame in the other BSS

Ag per Table TA1, the addresias are ag fallows-and the
adddresses are as shawry b Fig. 7.6.14¢).

To  From Address Al:hlrﬂs: | Address | Address
D3 DS 1 _ 2 | 3 4
1 0 I.'It:51|nah-:ln Source BS5 D A,

¥.8.2 Case2:01:

In this cage the teio flags have the follawing Yalwes

To 5 = 0 and From BS = 1. These valwes show that

the frame 15 coming from a distibutien spstem,

That means it is comdng from-an AF and going 1o &

station

Fig. 7.6 1ib) shows the addresses for this case. B s the
destination station [addeess 1), the address-2 is the
sencing AP, addiess-3 contains: the address of the

cigingl source A in the other B55 and edaress 4 i MAA

Dvaliduriazn ayalam [LE]

O5s .,i;'rp: [REES
Cesinaban o
SO
— &,
__.J_ o e
—— R

sE-z1sn Fg, 761k - Case 2 01 Addresses

As per Table 751, tne atldrescas are as fol ||:r.'.-5

|TI= From  Address | Address  Address | Address
| DS | DS 1 2 i | 4
1 L Duninaﬂil:ln! = e B350 P,
Dol ettt srgnbiorn | 1255
—
—
LS namcal
H
LR

15-2153 Flg. 7.6.10c) : Case 3 : 01 Addresses

1764 Cased-11:

The teio flags have the fallcwing vabaes.

To DS = 1 and From DS = 1. This means the frama is

ceaming from an &P and goung to another AP, The
disinbunon system s wnelass,

[r'. I:|'|I5 W ncle-:il .-:a- usz f-:-u:* a-:ll.'lress as 5h-:-'.'l.n I:lek:n.'-r

To me .l.t:l:h'la-n-ﬂ .ﬁ.:lulranaa .i.dulma .Iu:ldranﬁ
DS | DS 1 2 B 4
1 i Recetwing | Sending  Deslination | Source
AP AF B A

;Tn From  Address Address | Address |M|:||'r=~n
D5 | DS 1 2 3 ‘ 1
il 1 | Destination B i Sending AP | Saunse & | BA

As showm in Fig 7.6 1) tha source & and deshination B
ara |n Do different ERS.

ﬂ;.p;._- Wirebeoas o st bon apsiem EA.F—I
I'-lrs-:ﬂ'-qu.ﬁ.F' r:!lrg.-"-':' Dhectinge|Source | g :
hllll?l LS
.l.dl i .ﬁu-.-lﬂ |5.|.|-:I3 S il
L e e S
g [
LeE B2

521543 Fig. 7.0.14d] : Case 4 : 11 Adédresses

W T




ﬁ' DGEH [Sem. 44 Come. { MSBTE|
7.6.5 Exposed Station Problem :

Earler in thiz chapter the praoblem of hidden station and
s remedhy have been discussad

The exposed station problem ica similar probbem,

In this problern, 3 station refrains from using the

common evert whan no other station 15 using it (2. the
channel is actuably fres].

In order to understand this concept cleady, rader

Fig, T.6.2 where & 15 the sending station and B 15 the
destination A s sending data o B

Clrabneton = T e CObvar
B 1, i eiahcng 0
e HTS _ RIS | ocanesnd
I o O a=ths

arag. e fnbae.
But & smomscusly
ralrairs Toapnd

because aof
racEnad BTS
crdligkar veiiild
¥ L v ¥
Time Tims 13“:2:;_?"& Tirrae Timie

(E-2155} Fige 7.6.2 : Exposed station prohlem

Statan O wants 1o send its data to station D and it s
possiche o do so withowt interfering in the
communicatisn betowen & ard B

As showin in Big. e station C s a0 the range of
siation A In cihererords © is exposedi to A

an O listens foowhal A o transmitting and cecices 1o
rafean itsell from sending its message ta O

This causes wastage of channel capacity

The handshaking messages RT3 and CT5 are ned helpful
in solving the exposad station problam

In fact s1ation © refraing Mself when it bears the BRTE
mess e Trom statian A

This happens because stahion C $oes nod know that the
commidnicaticn betwean & and B doet vab affect the
Tord feneaen T and O

7.6.6 Advantages of WLAN :

WiLaM = cheaper than wired LAMN, because wires are not
reruired.

=10 Wirslase Communication

2. WLAN rman Be lad dowen where b s diffoult tooonin
cables 8.9, Historical buildings.

1. Itis possible to farm WLAN using laptops.

4, Aewestandard Wi-Fi device can weark anpwhere in the
workl,

5. WPAZ protocol dsed for Wi-F B secure protocal o
WLARNS are safe.

T.6.7 Limitations of WLAN ;

1. Spectrum assigriment and operaticnal conditlans are
not sama world wide.

2. Radhatad power is broitad bo 100 mW. Sctha range will
b lisaited

3. Wi-Fi networks have a limited range typically 25 m or
120 % mdoor and: L meoor 300 B outdoor,

4. There are data security nsks. Wi-F networks are not
pratected tharowghhy,

3 Wi-Fi connectans can be easily dismupted,

.7  Comparison of Wired and Wireless
LANs :

MSETE Cuostioms

Q, 1 Compara wirg and wireless transmrsson.

(5=18, 4 Marks] |
&I
Mo Parameter Wired LAN | Wireless LAN
1, | 1EEE standard IEEE E0OZ2.5 | I[EEE BOZ.11
1
7, | Cotrarunication Caasial Infrarsd o RFE

rradiurm cables e

3, | Use af gpread | Mol used Used.

4. | Access alogariben CEMACD | CSMAJCA
5. | Efficiency Hicsh L

5. |Noisepwovlems  |Law | Hion
7. |Addressing Sirnples Camplicalad
B, |Range Large ! Shart
o | Mobility Z et ! Possibie

# rmmuu,i
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7.8 Applications of Wireless LAN :

Pue to flewitslity and pessibilily o corfigurs in a varety
Al logologes, WLANS can be used in a number of
varied applicaticns. Some of theny are as follows

1. For ACCAESING e Iniermet |:hr.nl|:|n5| E-mals ard
recaivefsend instant messages when the dser =

moing,

WLANS 2an sel upy nelwerks iy the locatsarns
affected by earthquakes o other disasiers where
no suitabée infrastructure is avaifable and wined
networks bave been destroyed.

[n places of histoac importance, whens winng
manye pot be-perendtted, the WLAMN can be used
easily and effectively.

This Bluetooth & o wirekess LAN technolocy which £an
telephones,
prnders, cameras, #ic, withoui wusingsares,

connect  devices  such  as COImpters,

A Bluslooth LAN = an Ad hoco netwod Le. it does nod

use 3 base sation, It s pessible o commect the
Bluetoath LAM o the Internet,

This technolegy = implersented wsirg the [EEE 202.15
standard,

7.8.1 Architecture ;

Bluetoath defines twe types of nativonis |

1. Pooorets and 2 Srattemets

7.90.2 Piconets :

-1 516, W15, |-Schame ; W-18, 522

7.9 Bluetooth :

MSBTE Questions

Q.1 Esplain fllowing wireless ischnologes  used m
gompuler commemnication ; Blustoolh,

(S-14, 4 Marks]
Q. 2 Explain in bael the funclioning of Bluelootf

(S-15, 4 Marks) |
What is Bluetooth 7

Blustocthis the name given to a new technology wusing
short-range radic inks, which could replace the catleds)
cannacting podtable andfor fiked alectranic devicas,

Bivatocth reptaces cakles that connect one devics 1o
another with one univarsal raclio link,

Its key Features are robiustness, low complemty low
poveer and low cost

Designed to operate in noisy freqeency #nureaments,
the Blustaath radio uses a fast acknowledgement and
frequercy-hopping schemse 1o make the link mare
neliable.

Bluetocth radia rmodules opesate in the unlicensed 1S5k
band at 2.4 GHz, and aveid interference from other
sigrals by hopping o
transemittinng or receinndg a packet.

i rew frequency after

coamparad with other systems in e same freguency
band, the Bluetooth: radio hops faster and. uses sharler
wivelersgths,

MSETE Questions

Q.1 Explainin tefal the funclioning of Bluetonolh
(5-15, 4 Marks)
.2 Draw the Bluetloih architaciore and descobe its
wnrkmg [S=16, 4 Marks)
.3 Describe e architaciure of Blustaoth technoiagy.
(W-16, 4 Marks) |

The dirst type of a Blustooth network iz called as a
piconet or a small net,

[t can have al the most elght stations. One of them is
called 2= a master and all others are called as shawes.

All the slave stations are synchrormisad in all aspects with
the master

& pleonet care have only che master station. Fig. 7.9.1
SIS 3 plConet

Cne
magles

S

Li

Slivws

L.ﬁlﬂ'r:-r-r:us:
wpy py siEgen

1-aaE B, 8.1 A piconet

W T
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- A master can also be called as a prmary staton and
slaves are secondarny station.

- The communicalion bebereer a master and sloves can
ke onie-to-ore or gne-to-many.

- hafe that the communecation takes place between the
masier andd slgves bl o direct commursdation lEkes
Face betwenn the slaves.

7.90.3 Scatternet :

S-16, W-16, l-Scheme : W-19, 5-22

MSBTE Questions
Q.1 Explan in brsf the furctioning of Bluetooth:.
(515, 4 Marks]

Q. 2 Draw the Bluctoodh architacture and doscrze s
Wi Hing (516, 4 Marks)

-3 Oescribe the architechore of Bluetoodh bechnodogy.

{W-16, 4 Marks] |

- A =mcatternet & obtained by combining piconets as
shosen in Fig, 1.932.

v Ekivie Slenia Sk

Pronet 1

I =15
LF'rE-I:ﬂI:"..E

i 3651 Flg, 7.%.2 | Scattertnet

= R 792 shows a scatternet conssting of two piccnets.
A slave in the first piconet can act as a master in the
second piconet

- twill moewe the messages from the meastar in ihe first
piconet by acting as a slave and then delivers the

message 1o the slaves in the second peconat as shown
in Fig, 9.2,

— Lo the same device acts as a slave in the first piconet
and as master inthe second piconet.

7.9.4 Bluetooth Davices ¢

- Euvery Bluetooth-dewice cansists of a built in shart range
radio transmitter. The current data rate = 1 Mbps and
thie bandwidth 5 2.4 GHz

. S0 an interface between the IEEE 850211 wireless LAKN
avd Bluetooth LAM B possible

The Bluetooth specification standard defines o short-
range {10-meter) radis link

~  The devices carfying Bluetlooth-enabled chips can sasily
trareder data al » rate of aboul 1 Mbps (Megabils per
secored] within 10 metars (33 Teat) of moge through
walls, chothing and huggage bags,

The interaction belween devices oocurs by iteal | withoul
digact humian intervention wheneves they are within
eqch other’s range

Ity this praces, the software tecinalogy embedded In
the Bluetoeoth transceiwer chip triggers an sutomatic
connection to deliver and accept the data flow

since Bluetaoth is of shart range wWith Emited speed and
I -prosver technology

It ols less attractive 1o corporate wireles local ares
netearks that are generally powened with the 20211
wirgless LAM technodanies.

Each Bluetaoth-enabled deiice containg a 15-inch
sguare transcaiver chip coerating in the S8 industrial,
scipndefic. and medicsd) radio frequency band  of
240 GHz 1o 248 GHz.

- Thiz frequency = genarally avallalzle worldwide for free
withowt ey licensing restrictores.

- The I5M Band . is divided inta 79 channets with each
carrying a bandwidth of L MHZ

7.8.5 Security Limitations in Bluetooth :

DOue ta ifs wireless naEtiure, experts edpress a8 security
comcarn with BRuatooth.

The wsue cars be addressed with three aspects: spacific
sequence of channel hopping known only to the
serding and  receiving deviess,  challenge-response
autbentication routing to werify the walidity of the
receming unit, and the 128-bit key enceyption stanclard
Far sccuring transrmissicn bobercon devices,

7.8.6 Bluetooth Advantages :

1. QOrecan create 3 personal arga netwark at home ar on
the road with Blusicath-enabded dewices such as

keyboard, mause, scanner, FDA, lapiop, cell phone, atc

# TechMagmledge
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2 This metwork can sutomatically help synchronize: nobes,
calendar, address book and also print: pictures, receiwe

emails, access ooll phones messages, etc. [T can even
help corsumers pay bills with oedd card through

Blustoath cash register if a Blueteoth PCA stores the
card infarmaton,

2. Transfermnng data, photogeaphs from ane ool
phone 1o other cell phones or computars and
VICE YErsa,

3. Connecting @ digital camera wirelessly to a
makile phone.

7.8.7 Difference between Blustooth and
VYWLAN IEEE 302.11x :

4,  Three in ane phong where 1he &ame phones
functions &= an intersom, 3 coardless phone and a

makxile phone

S Mouse, printer, keybards et can be connscted
to a8 compuber witheot using wires.

7.10 The Mobile Telephone System :

H ]

’ Bluatooth IEEE 207 11x

Mo.

1. | Biustooth bep trequency | IEEE 302:11x hap
15 1800 hoparsecond frequeancy i=

2.0 hopsisecnn

£, | Data transfer rats is Cata transfer rate is
1 fbips 11 Ibps

3 | Transmisean range s Trararmilssion amge
Hm 15-1 50 m indaor and

S0 m auldoor

4 Beustonlh uses bwar IEEE &2 11 uses moms
IRINSMISHoN poessEr ransmissen power

than Bluataasih

h IR 1% used (o conrec Itis 3 fud LAk
clevicas that arsin close | connectivity solution
proximity such as palm designed o provide: {2
COPTLR e eies rietveri seruice af
aitached to armai Ethemel data rate.
phonss, NeMEROoHE I3

| pnntars. !

& | BRestonthis baing 3 IEEE 23211 155
standard] for shorl ime stanchard [or LAM and is
mstwark. Tor kanger e netwark.

T, | Blustoslh uses GFSK | IEEE 302,11 uses CCK
{Gausslan Freguency (Comglemantary Tode
Shift Keying) medulation | Keving) medulation
lecieigue. bec ke,

7.9.8 Applications of Bluetooth

Technology !

Some of its applications are-as follows ;

Ac-hoc retwork of laptops for  Ihteractie

conferance.

—  The aim ot the early mabile radic. system was to provice
coverane to g large area with the help of a single high
poaer ransmitier having an anienna rounted ona lall
bowear,

~  Thisapproach had the dollowing disadvantages
1. Feequency reddse was nal possible,

2 Frq:-;;lzr speciramn allecation Iny Fqur.le:urlir_ln eith
increasitg dermand was not possible;

Hence it became necessary to restdctura ta radio
teleprhane - syslent So0 & 10 achisve [he I"|:'|II-::-'|-'1inE|

shjectives |

1.  High capacity.

2. To utilize the available radio spectrurm effactivaly
J. Cowerags of lange arses.

— The maar breakthrowgh in dhis feld wes  the

iradiuction of the eellular concapt.
—  The cellular concept oifered the following advantages
1. Imgrovexi user camacily,
2, Mo zpactral congestian:
3. No major techhological changas,
4. Effickent utilizaton of the available soectnam.

—  Imthe cellular systams, 3 single nigh power transmmitter
is harge cell) 1 replaced by many low gower transmittar
rrnall calls) Bs shosin in Fig. F.1001

Tech
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- Mote-that each smalt cell provides coverage: ta a semall
pertion of the eiviive large service area slarge celll

Sall Smal fow power

=l MEETs
OO G
020!

fa-14562; Fig. 7.10.1 : The cellular concept

7.10.1 Basic Concept : =-10

MSEBTE Questions
Q.1 Explain basic pinciple of mobile cosmmmunication
(510, 4 Marks)

Cellular phane s wirgless communleation  just ke
cardless phone

—  In cell phone distance & not restricted to within home
bt coe can traval in the city or even autside the city
Without intermupon in communication.

- The demand for celldar miokale phore 15 increasing at
alarming level and la:likely that wired communicateon

will Be teplaced I:l].l Wire s !:-:hnl:lll::-g:,'.

- n the cellular system city s divided inta small - areas
called “cells’. Each cell = arcund 10 square kilometre
ydepends upon povwer of base station),

- The cells are parmally thought of hexagons Because
cell phorme: and bBase stations use

ratamitters  the sarme f."-Eq-:J-E-r'IEiEE can b raused s

oW power

nen-gapoent cell

Each cell = [The cellular metwok = as shown in
Fig. T.10.2] finked to central locatson called the Mobile
Tetephore Switching Oifice (M TS0

- MTSD conrdipates all maokdle calls bdween an anon
wimch consists of sayeral cell sites and the certral office

- Time and billing infaremation for eackh mobile wnit is
accountesd fior by MTSCL

At the call sie base station s prosided to transmi,
receive, and switch calls to and from any mokile unit
within the call ta tha MT50,

- A cell covers only few cuare kilametre area, thiLis

Tt!l:|L|I:_.iFIE the power  reguirement necessary o

cammunicate with cellular telephones

weil MObie Uil o pocket oellular b phing
(Al = || =

TrrEgorts ar pookat callular
[Ce T o

J&i Gl sie ainlenma

pe-1025p Fig. #.10.2 ; Tha callular network

= Imthis manmer baavily populated areas can be serviced
By seweral Stations, rather than ome as used by
conventional maohbila tachnigueas.

Call -

The basic geagraphlc wunit of a cellar cormmunicaticn
sustem s calked as a cell.

s shape 5 hevagonal as shown in Flg 7.10.3[a) Cells

hawe  the base statons fransmitting  ower  simall

gengraphic areas.

IG-1026) Flg. 7.10.3(a) : Cefl

- The size of @ cell 5ot fixed. Practically the shape of tik

cell may nat bea perfect Fessgone,
Cluesber

A groun of oefk s called &= a cluster,

— P 7.X030) shaws the duster of seven calls or-a sewen

cell chester {n = T'::-

—  The clester size (0| i not fized. It depand:s on the
reguiremeants of a particular area,

Tech
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pg-1027) Fly. 7. 10034l » Cluster

7.10.2 Bands in Cellular Telephony :

3-09, W-10, 3-15, W-16

MSBTE Questions

.1 Wyhat iz the frequency band used for cefular
bebephony 7 How a moblle call e transmetted anxd
rangived 2 {509, 5-15, 4 Marks)

Q. &  Expdain the bands in cellular ielephony,

{W-10, 4 Marks)
. 3 5Staie the frequoncy band used in cellular wdephony

fovr franmigesan and recapbon. (W-16, 2 Marks) |
For  the  first E|-.-:|1|:'rﬂllr.|r'| cell |'.|l"-:‘:-i:'-e‘.5. .':|n£||l:|5
COMMLNICatan was used.
Fr&ql.r.nr:lr hesulaticon (Flut} L 1 Tt leir
comrrunlcatian Detaean the mobila |'.'||"l|'.'|-I"IIE and the &l
affice

Tiwe: frequency bands Were-alkacated for this purpose.
Qne Tor the caormmuesiatien initlated by the o2l phane
ared the ather for the land phone

Far cellular commtnications, the FOO bhas appertiones
40 MHz of the frequency spactium ranging from 825 to
845 MHz and 70 ho B0 MHz

One-of thesa ‘barmds (s used far transmission armd the
other 5 vsed for reception.

-~ Full-duplex operation is possible by separating transmit
and racelve signals inte separate fregquency bands.

Cellular phone unils ‘tranarmil i the kwwer band of
frequencies e 825 to 845 hHz, and receive in the
higher band, 870 to B2 MHz,

- The base unit uses axactly opposite frequency bands at
the el shes,

- Within o bands, 666 spparate channels
1333 chanmels per-band] howve been assigned For woice
and cantral

nese

Each channel eccupies & benchidih of 30 kHZ

7.10.3 Basic Structure of Mobile Phone
System :

~ [ the commaunecation systeme discussed so far the
tramsmitter and the recener bath were stationary

[+ the mobile communication which we are geirg Lo
digcuss now, either the transmitter or the mEceiver of
Fath are going to be mowmble

AL The polpns betweer which the aommunlcation Cakes
place are movatde, the commenication channel has to
Be air, that means it is a winsless communication,

The structure of the maoblle phone netwark alorpith
the public sestched telephone retworks s shown in

I-'u.:_q 7.10.4.
Honsansmal Basn #alions
Larelling o] |5 ol cols
e ahnees

Y Pl

E" M avachad
:l {elaphone

) nestwsurk

Makle phono communcaiss
with e bnsa station

{G:-1028) Fig. 7.10.4 : Basic structure of mobile
telephane nebwork

Description |

The reobile telephone system has hexagonal shaped
cells s showv in Fig. 718 & Each oall hag 4 bage <tation

sltuarad ar the csnber.

The tase of the beze stations is 1o ack a5 an imerfzce
Betweers the moblle phone ard the cellular radlo

System,

- The base <istiops gf all the ¢ells are connected to the
Obsernse  that this

bi-directional ohe. That means the exchange of

swilched -~ center. interface s a

informmaticn betwesn tha switched center and the base
stations 5 & b Wiy,

— At shawn in Fig. 2104, the communication area of the
mobile communication is dvided into. hewagoral cells.
Therefare, the systerm & named as the cellular radla
ST,

# TechMagmledge
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The switching center acts as the interface between the

Aublic Switched Telephone Metivon [PATN] Tn addition
o that it perferms the supenasion and  tontrcd

I}[IIEI'.:'ItiEII'I'.-. in Lhe muabile cammuancation cystern.

~ [y ta this kind gf g system lapyout, the commuenication
can take place betwsen two mokde subscribers or

tetwaen & mohile subscriber and 2 landline welephone
ag well.

If'a mobale subscnber travels from ane cell ares 1o the
cthar then it automatically geis conmected to base
stalion af that cell, Thus the sepdos seovided o -
mabile subscriber is continuous withaut any break

7104 Functions of MTSO -

-  The MTSD confrol all the cells: and . provdes the
nterigcs betseen aach cell ard the mein =lephane

oHice

A the moblle dser fresn ane cef to the nast cedl the

system autormatically seitches from aone cell 1o the nest.

- The computer ab MTHDY calses fransmission fiom the
mokike user 1o be switched from the weaker cell tathe
stronger <2l within a venyshort time,

7.10.5 Calls using Mobile Phones :
| 5-09, W-12, 5-15

|. The |.1:|'|-.:|m:: i1RelF seans the bard abid seeks o channel to
£ L[ e cnfl *

20 eepnds tloe duamber 10 the ke cell cffice.
4

L Thie cedl obfsce sends Hos pomber (o MT 50

..,.

A MTECF =endds it bothe U T {centmal teleplwone office)

¥

> I the cnlled perao 5 avadloble, then CTCY lndors
thiks b0 BTS00

£ MTHC will allewate an empty yodee chanmel 1o the eell pheme
tey eztahlidh the covmection, and the crnversation hegine.

{G-140%)

Cage 2 ¢ A Land ghone calls a mabile phone :

= When the call is inthated by a land phone, the sequence
of events s a5 follams

1, The lelephivne cencd cffice sands the number - MTS0,

¥

X T MTSO pepiomas & look upy b see U cumein
lnczgican ol mobile phome seniling qoery g pmsls o
all thecells. This s callid 8 paging.

¥

3, The cell whare the nwbile phone 8 currenthy located
responEs 10 MT S50

A4

3. The MTSOr hen tranamils the ikeoming call el
lxthul coobile phone.

¥

2. When the mohile phywone noswers, the MTSO aasigns.
ivice channel to the eall and the conversation bhagins.,

MEBETE Questions

Q.1 What i3 the frequency band used for cellular
bedephony ¥ How a mobile call is fransmétted aed
received 7 {503, 5-15, 4 Marks)

Exslain bwe cases relaled 1o calls using ok
phones |

1. iall initiated by mobike phons
2. A kand phore calls & mobile phone.
(W-12, & Marks) |

Lase 1 Call initiated by a mobile phone :

- When we make a call from the mobile phome by
antering the mequired 10 digit phone number the
serjuerica of events take place as fallopws |

{&-14E4]

7.10.6 Roaming :

MSETE CQuestions

Q.1 Denre  Roaming. [3-09, 1 Mark]

Q.2 Dwscribe the termn wih  respact to cellular
lelephony @ Raaming, (W09, 5-13, 4 Marks)

Q.3 Defe the e Roamng. [S5-18. 2 Marks) |

Marmally the cellular phone s wsed only within the
mefropolitan ared in which the cellisar phore 15

registered,

This may Include several chiles or counties Fraguently
there i= a need tn operate a £ellular phone putssde the

b agea

# mi-mmﬁ
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This = called roaming. Poammmg o possible swnsinere
throughout the country provided that cellular services
are: available amd 2 preamanged agreement has Boen
made between telephone companses and their users,

A roam LECY indicator on the collular phone will light
wihen the cellular phone trevels outside the home area,

With new cell coverage being implemented evaryday, &
cellutar phane can be used in vicually every Gty and

wllug-l:.

Hence calls can be placed amawhere in the woedd.

7.11 Essential Features of Cellular

Concept :

The callular phone system wses tha fallcwing important
features

1. Frequency reuse. d,  Cefl splitting

7.11.1 Frequency Reuse :

In frequency reuse concept the radd dhannels use oo
the same frequency to cover different arsas, that are
physically separate from each other,

In frequency reuse b (s necessany too see that the
co-channel interference i= not ohjectionakle,

Fresuency reuse & an impertant concepl Because in this
a single trarceitter of higher poser need not be dsed
to covar the entire area

Instead many  transmitter of small ouiput power
coerating at the same frequersy can be usead.

This technigue alse reduces the minimum height of the
iransmitlireg antenna. becavse. now each antenng has 1o
coner @ small area.

Frequency reuse 5 a very important copcept of Lthe
cellular mobske radio syslem.

The users located in different geographical areas e
different cells can  use  the  same  freegquency
sirnultanuuugl:,-'.

The advantages of frecuency reuse 15 that it drastcally
increases the spectripm eficiency but the disadvantage

e that if the syctatn 15 not deslgned preperly then co-
channel interference may takse place.

7.11.2 Frequency Reuse Schemes ;

- We can usa the corcepd OF Traguency rause in either
tirnee dariain or o the space damain.

— I the time domain the same frequency 15 used by
different users in different time slots

Thizis called as Time Civision dulhplesng (TDM).

There are two categories of freguency reuss ino the
space domain as follees

1. Lame frequersy is assigned in two different
geagraphic areas. (such as two different cities),

Z. To usethe same fraquency repeatedly in a same
generdl area in coe systam This schemie =
papularhy tged in cellular systems.

The secard schente 15 fllustrated in Fig. 7.11.1 The total
avalfable frequancy  spectrum 15 dwided into 4
ecchanne cell growips i The sialam ag shotn in
Fig. 7111

1| AllGperae At l,

DD
TS
SRTH T

ety Fig. 7111 Frequency reuse

The celts rmarked-1 will use the same frequency say 1,
the cells marked-2 will use same frequency £, and se on

7.11.3 Cell Splitting :

[y ecder fa improve the spectium efficlency af & deblular
miobile sipstems, we cah take the following Dao steps

L Implerment the frequency reuse technigue

2. Wse the call splitting technlgue:

—  Every cell is supposed to hancle a particular vahase of
magimum traffic Inad.

—  But sometimes tha Ioad is igher than this maginmm
permissilaie tratfe which can b2 handled by a call,

Lnder wuch circwmstances, 2 technique  called ozl
gplitting is used Tor handling the additicnal traffi,
Tech
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- ncall splittmg, the cell boundares gre rewsad insuch a
way that the local amea which was sarier considerad as

a single cell can now be thought of equivalent to a
number of srmalker calls.

—  These new ceils which are smaller than the original cells
are: Caled 25 microcells.

Thus i call splitting the caginal cell is split into: smialles
cells. Generally the radius of & new ool is one hali of the
crmginal rachus s shown m Fig. T112

Oiregired el T, —Dngraicel

e L

— M [¥
.H-—

[a) ik}
pa-103z Fig. 1,112

Splitting techniquas ;

—  There are bwe splithing technigues :
1. Parmanent splittimg d.  Dnymamic splitting,

- Thetransmstied powerand antenna hesghts of the new
base stations are reciuced accordingly

The same set of Irequencies & used sgain (Freguency
reuse).as per the new plan:

7.12 Hand O Procedure :

S-14, 5-16, W-1G

MSETE Questions

.1 Ewplain handoff procedura of gelivlar mobik phone.
iS-14, 4 Marks)

Q.2 Mame the pes of handoffs  In rmokde

communicatiorns and  describa  handofl  procedung
inith suilable diageam, (S:16, 4 Marks)

Q.3 Exglain Handolf
communication.

procedurs @ ok

- Aszume that there & a cell going on bebween two
parties over a vaice channel,

- When the mobile unit mosves out af coverage area of a
particular call =te, the recepticr: becomeas weak,

-~ Then the present cell site will requesta hand off,

[W-1E, 4 Marks) |

The system will switch the call to & new el sibe withaut
imierrugting the call.

This procedurs is called as the hand off procedure or
handover procedune,

The user can continue talking withaut. even noticing
that the harsl aff procedure Bas taken place,

The advantage of hahd off procedure isincrease in the
elfectiveness of the mabile system

Refer Fig. 7.12.1 to understand the hand off procechsrs
claasy,

Iy <l
Mo - The charg B Inesd ency &l
P veat e LT Bsaees Irshn o 4&"‘_"'1 Tty

o | e M iy

-1 nFig, 7121 0 Hand off pracedure

Figg. 7125 showws two vochannel cells seperated by a
distarce D and using the frequancy £,

Cber cells such as G . Gy Go Gy et exist in bebween
the twi cochanned using frequency §,.

The coils .. C, T, and C, use different frequencies o,
F;-and fc ete as shownin Fig, 712.1

Suppose a mabale unit ininetes a call n call . and then
mieryes tooceil O

Theh as [t starts golng away from C; the <all is drapped
and ranitialed in the frequency channel from £ and 1,
when the moknle unit (such a5 can maves Imm C; ol

Simiarly when the mebie unit moves frem cell 5 to G
the frequency is changed automatically from £, tofy as
showt in Fig, 7.12.1.

The prmocess af changirg the frequency s Gone
automaticaily by the systern and the eser does not even
notice i

# TechKxauiledgs
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T.12.1 Different Types of Hand Offs |

MSESETE Quastions

.

Q2

Q.3

Crescribe the folowing terms with respect bo cellutar
tzlephony ;. Soft hamd off. {510, 513, 4 Marks)

Cheserbe the follewing  terms . wath relerence . 1o
calular tElephony -
1. Hard Hand Off . Saft Hand O4f

(515, 4 Marks]

Mame the Sypes of handafs im0 mobis
communication and  describe handoll - procedym

Ll LA ) oy o i)
Following are wanous types of handoffs, supportad bya
kA akatle Staticwn {kBIS) !

1. Hard hand oif

2, Soh handoff,

3. Delayed hand off,
4. Forced hard of

5, eued hand off.

Hard hand off :

The hand off & known 25 hard handedf iF a2 Motbde
Statan  [MASY tranemiis betwesn fwo bPase stations
having ditferent frequercy assigrments.

Soft hand off :

The hand off is known as scit handodf if the 45 starts

communication with a new bese station without
stopping  the commanicatian with the older bace
station,

In =it handoff the frequeacies assigned to the ok and
neny base stations are dentical and not different like

that im the hard hand off.

IF thea handaff takes place between sectors within a cell
then i s known as safter hand off.

Dedayed hand off :

I many situatlans, instead of ara level, a twin |ewed
handoff procedure is wsed. i order to boost the
possibilrty of a successful handoff.

A hand off can be delayed If nome of the avadlabde cells
could take the call.

Fig. 7122 shaws a graph of signal strengih with tead
hamcioft levels

Riscivad
sgnal
ereran Lo ™S Ly
Twr kand aff levels
H
- --_M-I"I|I'I"|IJI"I"I-EII1]I"|-E|:|
I

Tirne
a-14815) Fig, 7.12.2 : A twio level handotf scheme

When the signal bevel drops Below the dirst hancoM
lesvel. 3 hard off reguest & inifiated.

[t due fo some reasen the moakdle unit i in a kale (Place
i a ced with ke signal level] or neighbounng <zl s
Busy then the randoff is reguested after ewvery
% seconis. The L corresponds to this type of requast

But il the sigral strength becomes lower arsd reaches
the secctd handeff level (L) then the handoef will take

place without any condison, immediataby. Thus L

comresponds 49 the uncond ihianal hand off

This process s called s delayed hand off.

Advantages :

1.

It = possible to sefay tre handofl i neighbouring cells
ara beisy

Lower number of hand offs are required to be carmied
oLt

This will allow the proacessor te handle calls more
efficiently,

[t makes the handoff occur at the proper location and
eliminates the possible interference in the system

Farced handedf ¢

A forced handoff is defined & the hand off which
waubkd normally occur but is preverted from happening
af & handoft that should nat occur but s forced b
happeh

Quewed handoff

[y the queved handoff procese, the MTSO aranges the

handoff requeasts i & gquewe and does net rgect tham,
IF the newe ool sites are Busy.

# rmmuupi
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These handaft I"E'-ﬁ|LI'E'51E. are then |:II‘I.'II'.'E5‘5-E'I'.‘| [ - |
:-il;‘:l‘:|uufa-'n£|| & nier.

Quenma of kandoffs i more affective than the two
thrashold handof,

Alsa, 3 geuing scheme 15 eflective cnly . when the
handoff requests amwve at the MT50 in batdhwes or
BLanclles.

7,13 Various Generations of Mobile

I_'-"I'_lqnas - W19

Saheme ¢

The first generation wireless netvoarks dre based on

analeg techncdogy and they are used only for analog
WO E B B

The second generation wireless systems (2G) smploy

digitai  rodulation  and  adwanced call processang

capabilities,
Typecal examples wlude Sobal System for bdGbdle
1G5M), cordless telephone |CT2) et

The third generation wiireless systems {(3G) are
daveloped to provide universal aooess througheout the
wiorkd.

They have used brosdbard [SDN 1o provide access 1o
informabon metworks ke intermet,  communications
using Yoice Ower

Internet Protocol (VolP) vwiice-achvated calls etc,

The fourth generation wirsless systems [4G] are
r_-:,lrr-e:|1|.|fr' dner rJe:[.lll:,:-}'lnle-'nl. Bt continue Lo &eolve.

The next generatlon cellular netwarks: have been

-:I-e_-:‘.,:igrlu-lj L sUppart hil;l'l .5f,:-e‘.=r.| clata communicalions
traffic in addibon to the voice =alls.

The new technologies and stanclards are  bsing
wnplemeanted o that the wireless netvworks can replace
the fiber aptic or copper calbles,

The wirgless networks are ased as replacement for wires
within offices, buildings, homas with the wse of
Wireless Local drea Metwarks (WLARMS).

The Blwetooth modem standard can connect soveral
davered with tnwisible winaless connectione within a
FErson's farsonal wokspaca,

It weas concenred as & ‘wiraless alternative to R5232
caliles.

WLAMN: and Blugtooth use low power levels, They don'i

need a licensa for gpecinum use.

They are used far adhoe wireless commarscation of

vizkce and data amawhere in the worlel,

7.14 First Generation : Analog Voice :

The first generation of cellular telephony. was suitable

erly for waice communication using anabiog signats,
Mo codlular techaclegyds in the fourth gensration,

Cne of the mportant frst generation mobile system
used in Morth Amenca is AlPS

The First generation of wireless mobile systern was
implemeantesd in 19805 The modulaten cohame wsad
was ireguency modulatian (Fha).

Leaey fakm of ARPS s Advanced Mabile Phane Systent,
[t = one of the lsading analog cellular system jn Worth

America.

M omakes yse of FORA (Frequensy Divigan pultipde

Access; o separate channeds in & link.

Frequancy bands ;

AMPE wsec the [SKT 8D0-MHz band for its operatsan. 1t
uses bwo separate channels for forward e, base station

to- mohile station and har reverse 1.8, from mokla
shaticsn Lo base statican <ommanicatian,

The freguency bands. allotbed for the forward and
repEres cornunicatian are as falklows

Payarce Communication - 824 WiHz 16 849 MHz.
Forgard Communicaton ; 6% bMHz to 394 MHz

Each bamd has been divided into 832 channals, But teo
providers are allowsd to share an area.

That each provider 15 allowsd to use 416 channels in
each call

Dt af 416 21 channels &re: used for control and the

remaining 395 channes for informatio

# rmmuupi
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Transmission ¢

AMPS  makes use of FSE amd  FRA Syateims far

modulation, FM stands for frequency modulation while
FSEC 15 Frequency shift keving,

FRA i usesd Tor the modilation of wos signals whersas
F5Bis used for the control channels.

The coverage area of first generabon systems was 2100
square krm,

—  The gther TG technalogies developed o provide only
analeg woice communication were: Nordic  #ohbile

Telephons (NMTY and Tatal Access Communication
System [TACS:

1G echnoigy was gdeveloped only for providing . the
wolco communication but paging netwaorks abo are
coreaderad as b technology

- Poager system provides only Gne wiay (messagirdg.
7.14.1 Drawbacks of 1G System :

1. Poor vaics -:]uali1].-.

£ Mo security

T.14.2 Features of First Generation |

St No. Faature Value § Descriplion
| 1 | Gensnation TG (IS0 — 1984
. | Teehnokny | Andingeoiiner
& Standard AMPS
q. Switching Circuit swendching
| Frequaney band | 524-85¢ bz
E. Modulatian | FM
F: Data speed |24 kb
B, MLl phesirg FORA
- Core network FSTH

—  The second generation was  designed 1or digital voece

- 24G neterarks began 1o emerge arcund 1980°s but their
aclual implementation started by 1590,

The secorad generatisn mobile systems are digital
systems and it has  the iodlowing
deyelkapments -

lypes of

1 15-54 [TCA) in 1991
2. 15-0% [CORAA| In 1983
3. 15-135n 1996

4, OB (TOMA

- wit aof these the G (Global system for mokele
commvunecationsy is by far e rmost consistant 20
standard,

—  ZhGand 275G are the upgeaded versions of 26,

1.15.1 Services

~  The 2G lamily of swshtems provides the fallowing

LETWIEES o
1. Digital vaboe. 2. Weh
L E-malls 4, Browising.

7.15.2 Performance :

Although 26 systerns -provided  a- husge Imprevemeant
gaer 15 and increased the number of subscribars the
standards were poor

20 aysterns were unable to hardle complexr cata and
they coutd not use the available barchvidth efficienthy.

7.15.3 Features of 2G Systems ;

Same of the importent features of the 2G-mokdle
systems are as folbows |

10 Servioe | Only vaice or only message

715 Second Generation ; Digital Voice :

I-Scheme - 5-23

i celllar
arder o improwe

The gacond r:p-e:ﬁErmII:lu l-|-:|i=|.1l"|ur|f|.' (LTS

daveloped  in the  cuality  of

communication,

3‘:‘ Faature Valus I Dascription
o 8 Generation | 205 41990)
3 Technology Coigital Cafdular
. Technobogy
& Standard COMA. TOMA and
GEM

Tech
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E:. Eostire Value | Description —  The international roamineg has Decome possible due o
5 stardard,
f, Frequensy 850 - 1900 MHz {GShY wat-adogted by Burope which uses W-CDMA a5 its
Baned standarch
i, Data speed 9.6 kbps LIMTS is based on the GEM infrastrdciure, Heroe LIMTS
T Mustlipleing COMA TOMA is the most popular 3G 1echralogy
tadulation GMSKE 7.16.1 Features of Third Generation :
s Enre Ao EETN - Some of the Important features of 3G mobile systems
10 Seryicas Crigital voece, Data and are a5 Tolkows ¢
SIS facility =
- s — W — [ —————— rl
. Handoff frizontal Bio Faature Yalue [ Dascription
7.16 Third Generation : Digital Voice and U AR | Rl
Data : 2, Technology BrosdbandiP, FOO, TOD
The third generation of wirelass mabdle cormminlcation T et Rivpimioie e i St
systems have besn developed to meet the [ntarnationsl i | =sMching | SircuRiEacket sWialng
bobile  Telecapmunicatian. - 2000 (AT - J000 = : Fresgrasncy 1.6 GHz o 2.5 GHE
r:p&-tll'i:ﬁh:-m whach  ame  defined by [Internatianal E'E["'j _
Telecommunications Unian [[TU). B Diata speed 2 Nibpe
The G systens have evalved due tathe need far high T, Auliplexing G4,
speed, fast data wrarsmission and better quallty of 5 Care nebaork: Packed nebaark
SRNIERER 2 | Services High spesd data, voice,
The 3G syaterns wers Wunched in 2001 ard It provides video
the netwark far Transposting Hch multimedla conterts. 10, | Handoff Horizanial

The 3G systems e orout switching techrnlogy for 717 Fourth Generation {451 £
wolce calls/SME. faciliy, whereas they Use the packel

awitchingg for the high speed data

S5cheme - 5-24

i The 4G wirtless spstems were designed to Ralhll the
The will known edampdes of o sustems ang 4 d

reguirements of [ntermational tabile
1. W-CDRA Telecommaications  Adwanced  [IMT-4) wusing IP
3 COMA - 2000 Unterned Protocol) forall the seraces,
3 TR - 3COMA T.17.1 Applications of 4G :

30 systems. are compatible with the other celiular
stardands like COMA GEM ard TDNA

The 4G & developed: to sepport the Qo5 and data rate
reguirements of the advanced applications such as !

The frequency rarge wsed by the 30 ctandards i 1, Wirelkess broadband access

2100 MHz.and i1 has a bandssdth of 15- 20 MHz
L. Multimedia Messaging Service [MMS)

3G starviarcds facilicate the ugars o use kigh speed .
L L Video chat

Internet services, as well as video -2|'|EI|.'|I|I'|r_._|.

d.  Mobile TV,
Tech
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L. HDTwW
g, Digital Viden Breadcasting (DYE]
7. Wescs ard data.

8, rhersemices which nead large bandwidth

I 4G systems, an advanced radic interface |3 smed with
Qrthogenal Freguency Divicsion #uldiplexing  (OFDM),
Multiple

Input Multipls Cutput (MIMO} arsd the link Adaptaticn
technologies.

A standards also incluges Long Term Evolution (LTE)
arrd [EEE 80218 {Wi-Max],

The 4G systems provede wery high data rakes as
compared too 3k, Bub trwe major problem with A6
syatems 15 secunty becease ol its 1P address systerm.

7.17.2 Features of 4G Systems :

Tha i|1'-|:|r.|rl;:-=||l Features of 46 mobile LY SbeT A A

Fallows

(StMo.| Festurs | Valus/Description |
1. | Generalion A (2D
L Teshnokoxgy | IP-Brosdioand, W, M0
3 | Standard | Wi Max and LTE
1. | Swiching | Packet ewiching

LA

Frequency band | 2 GHz — 2 GHz

8. Diala spead | 50 Mbps

T BAEiphexing | MC-COMA and DFON

B | Core netwark : Inlermest

a. Serviae | Dynamic Inforration Ancess
10. | Hardoff | Verica

TA7.3 Comparison of Various Mobile System Generations :

Sr, No. Feature Ganeration
106G 2G 3G 44

1. [|Generation Flrat Second Third Faourth

2. |Yaaraf Intreduclion I“IEI.'-'I“_‘I 1150 2001 201D

3. |Technology .ﬁ.nmg- calluler  |Digial callutar Broadband. 1P FDD, (F-broadband  WI-FI,
00 RAIRAC

4. |Standard AMPE GOMa. TOMA. G5M COxAA, UMTE,;W:-I'I.I'EI ard LTE
W-CORMA, '

2. [Switching Circait Gircuilpacks LircutPacket Packad

6. |Freguancy band |Bed-454 WMHz BH0-1900 MHz 1 1.6-2.5 GHz .E'E GHz

T Dala speed 12.-‘-\ kbps %6 kbps 2 Mns Al Mbps

g |Multiplexing FLxbAA, COaAA, TDMA GO KC-COMA OFCHA

B |Core nelwoe !F?E-TN PSTH Packel Metwark Inte et

1d. | Sarvicas I|:5'r"|'|':.' wiios  or|Digital volca, Cata, SMS |High epaad deta, Voce, | Dynessmic informebon

|+:=-r,.- messana Video _A-:::EEE.

7.18 Mext Generation Mobile

Communication :

Followsng -are - few possible new developments in the
field of mobile phenas

1. Digital cellular tedapinns

2. Integration of cell phone and satalkbie

communication

3, Integratioh of cell phore and PC,

Tech
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The combimation of <ell phone and zatellite

comnrnudbication will o eaalile fthe er e hare same

telephone numbers throughout the wodd.

The numkers for motkke and land phong woauld be the

AT,

The combination of mabile phone and PC & called as

bizhile Personnel Communication,

Thig will enable the users 1o wse s small maebile P and
communicate multimedia informatan i all the possible

formis that 15 data, voice, image or video.

7.18.1 Next Possible Generation (5G) :

The &G tachnatogy has now besn deploved and the
research for the next generaficn naimed as %G has
already begun.

It &5 considered o be the next major phase of mobde
elecammunication standard after 4.

The 56 standard will be made commercially available by
2020 This slandard 4 way beyand just the faster dara

speeds or faster matile device:

Irestead S5G will provide an access ta high and lew speed
data services. [Fwdl involve combinatson of axishing and
aulving systems.

Reguirements tor 56 networks

The nexd gl.'ll.-Eﬂ:nlil:II"I Fiobile Mebworks Alllance defines

the: following reguirernerts for 5G networks.
1L Wery hiagh data rates of several tens of Ghps.

2. Several hendreds of thousamds of simuafanesus

connections
3. Enhanced spectral afficiency than 445,
4. Improved coverage.
5 Improvement in signafing efficency.
f. Latency sheeakd Be reduced sigaificantly.

Fo The GG network should “be supported. by the
lu:fulqrhmgim vuehs a8y LAS-CNTS [L.u-rgl;: ey
Synchronized COMAL OFDM, MCCDMA, Smart
antennas, World Wids Wirsless Web OV WON I
and mary more,

724
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Services :

The GG syslems Wil peovide services like interactive
rnattiredia, woice aver [P, HD videos, Internel and olber

high quakty sennces.

%G may also pronde suppeet for use of vanous types o
serasors, Imternet of things, Viral Reality WR) and

Angrenied Reslity (AR],

Features of fifth generation :

3: Featura Value ! Description

1 G=peradion | 96 (20200

2 | Teshnclogy | WU, IPWE

3 | Skandard Yat o he inglezed
i i S b

2. | Fraquency 12 GHz

& | Dataspeed | > 1 Ghps

¥ | Mulbpdaxing | WMC-COMA, LAS-COMA, OFDM

g | Cors Intermet

e
9. | Bervices Interaclive mullimedia, Voice owvaer
IP,  WVirdual realily,  Adgreented
relity, 12T abz:
| 0. Handof | Horzontal ard vertical
Review Questions
L Explain the basic cenficuration of wireless LAN.
{2 Define BES and ESS,
w3 Explain differert types of stafions m ESS.
.4 Wrle & shorl nobe on physics keeer specifications of
IEEE 802,11,

L5 Explain |EEE 802,111 FHSS,
6  Explaln the principle of IEEE #1211 D555
7 Wt a short note on MAC layer epacification for

IEEE A02.11.

Tech
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=25 Wirskess Communicetian
o & Cledites OCF 2and PCF, Q.31 Slal= lhe Tollowing for 3G mobde syslems |
2.2 Euwplain the srchiteciure of wireless LAM 302,11 with (&) Standards.
Liilabbe dingram: (B) Fre gy band.
.10 Compare . Ethemet srd Wiraless netsorks. () e,
i i +
LT Watis Blusioot ¢ a2 Whatl-are the applications of 4G mobile systems 7
Q.12 Explain the architecture of Blueksath: 4,33 State tie mmportant ta A A,
ks b e T 34 Gormpare yaricws generalions of mobile sysiems
i e 135  ‘What iz valTE * Explam lle principle of operation
L1 Shale the advantagas and applcatons of Blustooth G20 How VATE i serdor to the 908G mokls
@18 Compare ; Blustooth and wirekess LAN, systems for woke communication 7
Q17 What iz callular communicatice ? Q.37 What are the services offerad by VoLTE ¥
O 18 Sie the frequency bamds used for mobilke | O 38 Slake e features af VaLTE
PR 39 Explain e reguramesds of the 56 syslan.
Q.13 Explain b basic principle of mobda commamication ) L e P o of the 5 system.
QL 20  Esplain the ransmit, rec=e, hand ofl aparalions.
7.18 MSBTE Questions and Answers :
.21 Ewxplain the procadure folicwed to make calls using &
bl phens, Q.1 Define the term : AWNPS. 15-09, W-09, 1 Mark)
ANs. :
£. 22 Mameé ha callular access echmokeglas, e
AMPS |
Q.21 Shate funchions of MTSO
hary mobile radio standards have bean developed for
.20 Winat are the new developimenis expected In the
: =L wireless systems throughout the world: Same of the
figdd of mobile cormmunicatcn ¥
rparlant anes are ARPS, NARAFS, 1385 ar G5M.
23 E in e [ off il ialion.
= Al FRnGERL AT imils marmiEeation - Al these mobile standards are developed in Morth
Q2 Define ta following : Aamerica. The spacification of the AMPS system are as
Foillioi:
s Ce=fl,
Faaturs | irdsaduced | : Typsol  |Freguency | Charngl
2. Clustar. Type | acpess _ _
Standard in the pear mudulalion fands wed hencywidth
O 27 Wiat is fréquency reuse 7 -
ANFE el 1965 FLAREA Fi! -2 10 4Hz
0.28 Explain the concept of hendolf in mobie WH3
pormmunicaken
7.20 |-Scheme Questions and Answers :
w23 BExplain about  the  firel  pensralion  moble
communicatin seskems, aummer 2018 [Totad Marke - G6)
Q.3 Shale the features of 26 rrotede aystams: a1 Lizt [EEE 802 ¥ standards for netwarks

(Saction 7.1.1) {2 Marks)

# rmmuu,i
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Q.2

Q.4

o3

Describe veskus. IEEE standdrds for network

topclagies. (Sectien 7.1.1) {4 Marks}
Winter 2013 [ Total Marks - 15|

Classify mobile gensratiors.

(Gection 7.12) {2 Marks}

Explaln wirekess LAN 8021 1 achilbeclure.

iSections 7.4.1, 7,42 and 7.4.3) {4 Marks)

Explain varimus |IEEE commumcaton standards,
(Section 7.1.1) {4 Marks}

. &

Lo

2 8

.9

Deacribe Bluetooth erehilaciure technokogess.

[Sections 7.9.2 and 7.9.3) {6 Marks)
summar Ak | Fotal Marks - 124

Explain 202,11 architaciure.

(Sections 7.4 and 7.4.1) {4 Marks)

Explain Bluetcatty architeciure.

{Gections 7.9.2 and 7.49.3) {4 Marks]

Describe vanous mohile generalions in delail,

(Sectlons T.14, 715, 7.16 and 7.47) 14 Marks)

|k |

W T
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8.1 Introduction : S-08, W-03, W10, W-11,
] ] ] - -15, S-18, 517, |-Schemea : W-18
Eariar we have discussed the basic concepts of Locad MSBTE Questions
drea Metesark (LAN). 2.1 Defme the lenm iopekogy, Gre names of any lwe
— It is possible to connect the computer in many différent ipokgy. (5-D8, 2 Marks|
ways 0o LAN. Q.2 List tvpes of network opology.  (W-09, 2 Marks]

Q.3 Slate any four topology. =10, 517, 2 Marks)

- The way of conmecting. the camputers is called as the :
4 Lest down the topologles used in LAN, Explain atar

WPRIRgY opalogy in detail, W11, & Marks)
- 5o depending on the manner of connecting the .5 Defme the tem Topclogy', List the names of any
computers we can have different nretwaork topalogies, T neetiwiorl ol ogias. (215, 2 Marks)
—  In this chapter we are going to discuss some of the | [ @8 Lt CHEREIE A ORI EN DR RENER D ey
impartant network fopologies: PSR BRE TR DA LE .
0.7  Define netwark fopolegy. List bvpes of network
8.2 Network Topology Types : topologies, (5-16, & Marks)
821 Definition: The six basic netwcd topologies “am os shon in
.03, W03, W4, 5.06, 508, W12 813, Fig. £.2.1.
3 Metaork inpelogy
MZETE Questians
Q.1 Describe network  iopology. Draw  star  bus l |. 1 = l 1 ‘1
topalogy connecling thres star networks, each star wiesh Sar B Ring i Hbrd
network consisis of four computers. topclony  lopalagy  lopology topology  bomclomy  topology
[5-03, W-03, W-04, 4 Marks) s5-144b)] Fig. B.2.1 : Classification of natwork topalegy
.2 [rfne neiwork lapoigy. {8-06; 2 Marks) Thase topalesgies can be classified inls tve bypes !
. fa '
3 Dafine tha larm lopology. Giva nameas of any bawo {  Pasrbopmer
lopalogy. {5-08, 2 Marks}
Frirman -
G.4 Describe network taoclagy. Explain mesh topokgy 4, FROnary-~SREONGaTY;
i datzil with suitabbe diagram,  (W-=12, 4 Marks) Peerto peer is the reflationship where the devices shars
Q.5 Defire he erm . Topokegy. {513, 4 Marks) the link equally. The examples are ring and mesh
Q.6 Deafine the term 'Topology'. List the names of ey EDpodadies.
lwio network tnpokgsas, (G-15, 2 Marks) | | - In Prmary - secondany relationship one device controls
Q.7 Dehne network topolegy, List types of - network and the other devices have o transmit through it For
IEsodies. p=l s NS exarnple star and tres iopology
AR - Mote ;. An impeend point 10 be kel inomind: 2 thal thes
Tapalogy b defined as the legical arangament of the topology refars 1o tha logical armngemant of the
nodes [carmputers). nodes  [compulers) aed nol e ghysical

Sppearance. 3o Somatimes 8 network which

physically looks like a STAR mav have a Bus
topscdegy when axamined logically,

—  The word physical netwonis bopology is used o egalain

the mamer m which a network is cormected

Devices or nodes & nebsork get connected o dach

ether via carmmunicatlon links- and all these links are | SWitching :

related to each ather in one Wy or the other. ket T theckoiirers: of: wanmesting: ol
—  The geomedne representatsan of such a relationship of (e ta a central rode called sditch, A switeh San

links amd nodes s known as the topology of thal then be used to conmect these nodes to the othe

netanark. nodes.

Tech¥asuladge
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Without sailching e wosild need to conmect awany
computer in the world 1o everny other computer using
sEpdrate wWires.

Practically 1t will not be poscsble to do due 1o the

nurmiber af wires required to be used and the associated
unreliatling

B.2.3 Selection Criteria for Topologies :

=14,

S-16, W-16

| MSETE Questians |

Q.1 Give any four seleclion célera lor selecling
RE e B0 Py, (W-14, 6 Marks)

Q2 List and descrbe critena for selection of network
tepalogy. {S-16, 4 Marks)

.3 Guwa two critera for eslection of  netwark
topalogies. WW-16, 2 Marks)

Each network topology mentiored thus far has its own
aduantages and disadvantages

Hence the setecton of 8 topolegy depends g the
nercts of the particular agplication,

Fallowing are soime of the selectian critena for selecting
& Topadody for an applicatian

1. Size of the netwark and number of dovices (nedeas)
being conrwched.

Eaze of configuration and installing,

-l

The: case of adding a new device (user] in 2o
eAisting neteork.

The eaze of fault indication and rectificaton.
Mumber of physical links required to be used Tor
EI,'.II1I'|'I'E-:,.1;I-TII_,; {he dayicasg,

Whether comnecting devices such as repeaters,
eiitches, hubs els are required or ngt

Crases oo e

=1

2. Meed'of data security.
a9

Mlesd af natork adrministralios:

8.3 Bus Topology :

W05, 516, 5-22

W-15 S-18, W-16, I-Scheme :

MSETE Questions

.1 Slate whelher bus 5 aclive ar passive. nebaack
JUSETY, [Vi-05, 4 Marks)
.2 Slate whadher the bus B eolive of poesive

Metemrk. Justify your answer. 1515, 2 Marks)

Melwesh Topolagiae
Q.3 Slabkeany tec adwantzgss of bus opeogy, Explain
whether adding more compulers in bus ealogy
aftects performance of network.  {W-15, 4 Marks)
Q. 4 Draw the skeich of bug iepology and explain.
{5-16, 4 Marks}
. & Draw-a neal skedch of bus topclcgy and describs
il weirking. Glve its advantages. {W-16, 4 Marks] |
Definition ;

Tha bus topolagy &.a nebwork foepology inwhicn podes
are olirecthy connected to the common linear or
branched half duplex bnk called as bus,

Tha bus topology is usually uzad when a network under
cansideration is small, simple or temporanyg as shawn in

Fig. E31
Pdode 7 MHode = Mdade 3 Hode 4
| i
- |!.' |-| -
— |——
Drap il::-ruu ll:'-'-:-p- Do
ire ling
E‘-ﬁ-:ha e 9P T80 canie ang
— Akl DL

j6-15jFig. 8.3.1 : Bus topology

v l}lpi:al bus netwerk a sim ple cable i usedd withol
additional =lectionics 1o .arm:ahf}- the sgral ar pass it
aord froan comipater to computer, Therefare bus s a8

passive topology.

This lang cable called bus s used as backbone to all the
nodes. The tap 5 cannector that connects the node
the rmatalhc core of tha bus via a drop line

Working ;

When ore computer sends a signal on the cable; all the
eamplibers an the nebwork receie the infarmaticon

Holssssar anly the ane with the address that matches
with the destination address siored in the message

gocapts the information while all the othess reject the
IMessage.

The tpaed of the bus 1opalogy is show becauss onby one
COMAULEr can sendd a message at & ims

A compiter st wait until the bus i free bafare it can
transrnit

The B Inpnl.:'lg'j,l rl-!-'.'|llil‘l-!-'I A praper Terrmirnatar al both

the erwds af 1he cable in arder to avaid raflection.

Tech¥asuladge
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Since the s 5 a Fms:-.il.u:: I:'E_'.||:II.'I||:_:-E|:!|'. the @lesirical .1ii.3n.i-||
from a traremitting computer 15 free to:frauel cver the
antire lerggth of the calale.

Without termination wien the signal reaches the end of
the cabile: it retums back aret fravels back o the Cabee,

The transmitted waves and reflected waves, I they are in

phase add and if-they are out of phase cancel,

Thus addition and cancellation of wewve resulis o &
standing wave.

The standing waves can distart the narmnal signals which
are travallirg stong the cabla,

This can be avolded by tarmninating the Bus on hoth
ands i 5 insd,

The temninatars abeorb the electricad energy and avoid
refections.

As the signal fravels acrass the bus, some of the energy
is comverted into heat. This will weaken the sigral. This
il lirmit the number of faps amd the distance beboeen
Eherm

Herce the Bais I:-.'.lpl:lll;-g:,- cannat be wsed far ey |i'|:£'-!_?'!'!'
neteores that contan & number of computers

The bus topology is easy o install and vses less cable
than the mesh; star or trea topology.

Additten af a pew node to the buc topoledy s difficult
bacaige this will change the nomber of taps and
averae distance betwean them,

The number of faps and the detance between them is
eptimized sa i1 is not suppesed 1o b changed, Thus
Bus topnlogy 1sinflagibla,

[t is wery clifficull to ealdte a fault or faulty node.:One

more drawback i that even if o part of bus breaks
chevn, the whale bus stops fuﬂcﬁ:::-ﬁir-e_‘;.

8.3.1 Performance of Bus Topology :

W-04, W-15

MSETE Questions
Q1

Explain whisthar edding rreara campaders In Bus
topology effects parformance of nebwork:

(=04, 2 Marks)
Q.2 Slate any ko adwamages of bus opolsgy. Explain
whether sdding more compubens 0 bus BDposkogy
affects perfornance of natwork.  (W-15, 4 Marks)

Adding
performance of the neteork because ;

more computers: in bus  topology  affects

L. With increase innurmber of computers, The walting
e for each computar incraazes which makes the

rabwiork traffic slow

The number < packet collisions increases which
results in hegh amowunt of packed koss

8.3.2 Characteristics of the Bus Topology :

Following are some. of the impertamt characieristics of
the ous-topalogy

Thiz is & muttipoint configuration: Thare are mong than
two devices connectad 1o the medium -and they are
capable of transmiiting on the mediume Hence the
Medium Access Control [PMAC |5 essemtal for the bus
topolooy.

The signal strength of the fransmitted signal shoutd be
adequately high s0 a5 to mest the minimem signal
strength reguirements of the recener.
LSME
mairtained for betier quality receplicn

Aclequate signal to noise ratio should e

The sgnal should not be too strond. This & fnecessary to
avpid the ovedaading of transmitter and  hercs - the
[_II'."EEil‘.Iilit:r' o ﬁiﬂllﬂ| clistertian,

This 15 calked ‘as signal balancing which is not an casy
task at all. Specially tha signal balancing becomes
increasingly difficult with Increase in the rumber of
ctatians:

8.3.3 Transmizsion Media for Bus LANS

We can Use the fuli-mmng transimistion edia For thea
bus LARks -

1. Twisted pair.
2. Basshand co-avial cable.
3 Broadband co axind cable,
4. Optical ioer,
8.3.4 Repeaters ! m

r-. !'ETE '='.1LEt-:- 1
Q. 1 Explain the use of rapaatar in bus lopoksgy,
L

I Is possible to extend the length of the network by
using the rapeaters
TechMauladge
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- The bus regpeaters are special type devices which can

MSATE Questinns

krarsmit and receive in beth the directions
G ¥ Yo nesd fo ok a snall nuiber of compulers in a
rooem Nk 8 traming exercise. This will be 3
lemparary retvark and ow enst which netwek
topology & appropriste for this sttuation 7 Justity.

(W-08, 4 Marks}

& repeater i connectsd between e segments of
cables and i allows the sigmal o flow in boty the
directions.

- Fig. 832 shows a multiple segment basebacd bys LAN
using repeater to connect the segments 1o the bus:

The bus tapalady ke FrE'-I'-ErI‘ﬂ if:

|
s e : :

& & | 1 1. The given network is small, simgle or temporang.
:- l-| O— 2. Number of computers to ke conrected & small,
| — Heponhers

meen o R % % “Tranwalinived nedobo et lon
| 83.7 Features:
o— 1. Ik an Ineoensive topology
bl T .
E i ¥ | —1 _.I Esy Lo iristall.
j ] — ) .
- |-| - Prefarred for smail networks
-—::: _::. It heeds to be propedy termninated

It slows diowim in the ewvent of heavy trafiic.

8.3.5 Use of BENC Barrel Connector : m Mediim Access conliol (MAC] is necessary

Requires less cable lengtiy

MEETE Questlans

2.1 Exmplain the use of BHNC bamral conrectar in Bes

lapalogy- (W-03, 2 Marks)

The eoaxlal cabde g used as the transmicslorn mediom

It i= difficult 1o isolate faults cn the netasork:

s e L~ B S R - R L

Enfirg netaark shuts dovm if there is a Break i the main
cabile

8.3.8 Advantages of Bus Topology :

WIS, W, 5-110, 514, W-15, W-16, 516

and o connact if o devices we nesd 1o Use co-axjal

Conmectors.

- The most sommen fype of connactor QseE 797 3 coaxial
cable is Bayane-hedl-Concelman or BMC conneclor.

MSBTE Questions
Siate any ws acvantages of bus bopology.
(W03, W, 518, 2 Marks)
Slate four advaniages of bus fapalogy
(3-10; 4 Marks, 3-13, Z Marks}
State amy o advantagss of bus opaicgy. Explain

whether adding mere computers in bus toeology
affects perforrnance of netwede.  {W-15, 4 Marks)

Draw a neat skedch of bus topoiogy and deschbe
it warking. Give its advantages.  [W-16, 4 Marks)

The three tepes of BMNC connectars are ;
1. BNC connechor,

2. BHNCT conrectar,

% BNC ierminator

- The BNC connector 15 used to connect the aad af the
cable to a3 device such as TV set

-~ The BHC 7 sy

G a

connectar 15 used- in Ethernet

netvarks soeas o bBranch calt g cabide for connecticon 1o
A computer ar other dewvices,

T he Biug I:|:||:||:ﬂ-::-:_;_l.l i% Ay 13 underctand, install, ard use
For srrall retaorks.

Thus itis a T shaped connector. Tothe ona leg of T an | 2. The cakling cost & less as the bus tapsdogy recjeres a
INEQeTING cable s connected and to the remanring [ srall h‘.nglh af cable to cannect the computers

legs we can connect the outgoing cables. This is | 3 The bus wpology & sssy to expand by |oining ten
Eranching. cabies with a BNC barrel connectar.

The BMC terminator is used at the end of cable fo avoid | 4. Tn the expandon af a bus lopology repsaters can be

refecton of -the signal,

Used ta oot the 5i|_:_|||.i|! ancd I redEte the disfance.
Tech¥anuladge
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8.3.9 Disadvantages of Bus Topology :
505 W-14

MEBETE Quastions

@ 1 State any e disadvantages of bus opalogy.
[5-0%, 2 Marks)
Q.2 Listany teo disadvaniages of bus lopology,

(¥-14, 2 Marks)

Hoawy network traffec slows down the bes speed. In bus
bopesagy caly one computer can transmit ane other

have to wait till their turn comes and thare is o co-
crdination  between computers  for
brarsmitting time shot

reservation  of

The BMNC connectors used for expansion of the bus
altenuates e sianal considerably,

A cable break or loose BMNC connector il
reflections ard brimg cown the whole network causing
all matwogl actaly to stop

Cduse

Mote : A& bes netework behaves erredicafy i i = not

terminatad o improperty erminstad.

8.4 Ring Topology :

S-00, W-0b, 5-09, 5-12, W-L.L, I-ocherme ! 5-19, 2-L£
M3SBETE Questiomnms
1 Lndar what circumatances nng opolagy s moet
guitsbls 7 Nema all devices usad in astablishing
ring lopciogy. [S-08, 5-12, 4 Marks]
Q.2 Explain the working of ring topology with pea
skelch, (W-082, 4 Marks)
Q.3 Discuss oken passing for pelwork sysiems.
{5-09, 8 Marks)
Q.4 Slate lwo disadvantages of ring.  Whathar ring
nalwork i3 active of passive natwork ? Justily your
AN (W12, 4 Marks) |
Dafinition :

A fng topology Is-a neteork topalegy Inowhich each
hode comecks exacily to bwo other nodes. to farrn &
single chozad pathieay forsignal throwg b eack node.

Data travels from pode to node with sach node aving
an docess 10 eeery packet

[ & ring topalogy, each computer i connected 1o the
next complter, with the last one connectad o the first
&5 skt bn Fig. BAL

Rings arc usad in high-perfermance actweks where
large bandwidth is necessary gge bime sensihye Fralbures
such as videa and audio.

Mode O

. I
m T

~
=l

[ rasdinn r_ 2
=k al messa0a -I.
4"'51;!"' [y WALy
BT
|} #
e __IE
5

¢6-181 Fig. 8.4.1 : Ring topalogy
Ewary computer is connected tothe mest computer in
the ring and each retransmits wisat it recaives from the
previous computer bance the rireg is an active neteark.

The: messages Aow arcund the ring in ore -direction,
There is no lerminabon because there is mo end (oo the
Firg.

Token passing

some rlng networks oo token passing. A short
meassage called a token is passed around the ring until

™

compater wishes to sersd information o another
EEFTpLTES

That computer madifies the token, adds an electronic
adciress and data and sencs it around the ring.

Each computer one by ate receies the taken and the
information and pasces tham 1o the next computer untll
grer the electronic addnass matchas the addmass of 3

compuler or Thee foakier rebarms to it urlgir‘.

The receimng compuber returns & message to the sender
to indicate that the message has bean recemed

The sending cormplter then creates another takeh and
places i ok the nmetwork so 8 to o allow arother
COMmpUtErs token thair

i grab the arid  E2gin

s i

The token crodlates until a station & reacly to serd and
copturg the token. Faster metworks circulate sevesal
tokens ot once

Some tng rebworks have two counter-rotating rings
that help them recover from network faulis

A ring 15 wery a5y to recenfiqgure: and install and the
signed keeps circulating over the dng all the tirse.

A rade which cioes nat receive a signal for-a long time
indicates that i is I'.auliglr This makes the fault d=tection
Easy.
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- But if a node in & ring: rnebwark fails, Than the whole ring
bacomes inoperativa,

Ta owercame this prablem, sametimes a virg tpalogy
with dwal rings = used.

— Another disadvantage of ring is that the flow of
irformnabion is cnly in ane dirgciicn,

— 50 the ring topology is nob usad if a large number of
nadkas are to ke connectad 10 a nebaiork

Active or passiva ?

Ring topology |s-an active topology, because each
station has to recreale the packet

Ex. 8.4.1: Identify the topology shown in Fig. P41,
Comment on whether thiz iopclogy is aclive
Or passive =05 F Marks
pe-27 Fhg. P 3,41
Soln, :  This'is the nng- topolagy: The rang topology 15 an

& Liee netanrk

8.4.1 Fealures of Ring Topalegy -

=-0a, W-0@, 508, 5

MEZETE Queslions

1 State the featores of ring topology

(WW-08; 4 Marks)

—  [Dtis wvery easy to install and recanfigure.

Better performance thar bus, under eaey foads.

Fault wentdicaticn and isolaticn is aasy,

Ring 15 an active topology

Lerng deligs.
—  Failure of 2ver ong node will affect the entire netwark.

[T suitable for high perfformance, large, BW networks
- Ring topodogy (& defined by IEEE 802 5 siandard.

B.4.2 Transmission Medium for Ring
Topology :

— It & posible to use twisted pair. bascbhand co-axdal
cable and fibre optic cable for the Bink connecting the
repeaters.

Tha brosdband co-asal cable cannat be aasily dsed.,

8.4.3 Problems Faced in the Ring Topology :
511, 517

MSBTE Questions

G 1 Givethe pmblems faced in fing tapciogy,

{3-11, 817, 2 Marks}

1. Hany link breaks orif any repeater fails then the entire
network will be dizabled.

2 Teinstall & new repeater for suppartieg a new davice, 11
is necessany to have the identification of twe nearby,
topcioaicalty adjacernt repeaters.

3. It s necessary to teke preventive measurss to deal with
Ehe birme jitter.

4. Due to the closed mature of the dng topology T 15
Recascary to refmaue the circulating packets

—  These problems except for the fowrth one can e
rectfiad by refinements of the ring topolagy.

&6.4.4 Advantages of Ring Topology :

I, Bwery computer gets an equal acoess to the token
2. There are rex standing wairves produced,
3. Itiswvery easy to reconfigurs and install,

4. Ring perorms better than a bus under heavy network

|t

5. Point 1o point configuration makes it easy to identify
anch isnlate Taulks

8.4.5 Disadvantages of Ring Topology :

WG, W12

MSH T E Curagations

8.1  Eale he drawbacks of ring topalogy
[W-086, 4 Marks)

.2 Glate two disadvantagas of nmg.. \Whethar nng
network s achve or passive network T Jusiify your
STV WEH, {W-1Z, 4 Marks]

1. Failure’ of ane computer on - te nng canoaffect the
whiche Pk,
2. Itis difficul totrouble shoot the nng topolegy.
TechHasuladgs
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% adding or removing the computeérs inan existing nnd s
difficult: It disturbs the netwaork
4 Communication dslay s directly praportional fo the
nurber of noages, comnacted in the network
% Bandwigthn is shared on-all links between devices
£ Ring s moee difficult to conficjure then star,
Mote . Token ring networks are defined by e [EEE

a02 5 standard  Fiber  Distibuled  Dais
Intetface (FODI) &= & fast Mher-optic netiwor

Easedd on thea ring tepology.

8.5 Star Tupqlﬂgy :

Dafinitian -

MSETE Quasticns
&1

Q2

Q. 3

Q.9

.11

W04, S-07, 509, W09, S0, 5=11, W-11, 514, W-14,
W-15 W16, 518 l=Scheme : 510

In whish sikimbion Star Nelwork is mosi siestabke 72
Explain how message s tansmilled from one
carnputer to anothar in readeast siar networ 7

(W04, 2 Marks)
Under what gircumslances slar lopobgy s -mos
aifjbabde T Mawme all devices ussd m establishing &
elar bopolagy. (5-0F, 4 Marks)
Diraw naat sketcws of star ssdwork opology: and
explain, (S-09, 2 Marks)
Marre one dence ugad in glar opclogy.

(W-09, 2 Marks)
Slate whedher star 15 active . ar passive faelwork
Justty. |S-10, 4 Marks)
Slate whather etar ie aclive or pessive nabwork.
Juslify, Alex eigla the emwironment where i &
moea suitable Oraw a labelled diagram of a siar
BT, 1S5-11, & Marks)
List dewen fhe topalogies used i LAMN. Explan etar
topalogy in detail. (W-11, & Marks)
I which elrcumstances star lopalogy 18 preferred
mestly 7 Mame the cenfeaized devica used in 2tar
bapalony. {5-14, 2 Marke)
In star topology which dewie s preferable as &
slar dawvica Babtaman swich and hub 7 Jushify your
answer (W14, 4 Marks)
List types of neteork topalogy. Mame one deyice
used in star lopalogy. [W=15, 2 Marks)
Draw & nest diagram and describe the working of
elar topolagy. iW-16, 5-13, 4 Marks)

Star topology is & neteork topology, in which each
individual piece of a network is connected 1o a central

riocs calléd as a bub or switch.

In a star topology all the compulers (nodes) ane
connected via cables to- - cendral |ecation whene they

are all conrmcied by a device called a bl 2 shown in
Fig. &51.

Meada O
T -I |
i_:_:| 1.':4'é1 !_
= gy
i Pﬂf\ .
8 [hz—S

|a-1kj Fig. B.5.1 : Star topology

Thare is no direct connections arang the comiputers.

LF] The comnrecicr® are rracks ix The central hiub

Starsare used in corcenirated netdorks, whire the
endpainis are directly reachable from a central location:
whan natworc axpansson is axpected and when the
greater reliability of a star topology s neaded.

Tha telephone system also wses the star topology.

Each computer on a star network communicatas wath a
central hub. The htib then resends the message either to

gl the computers in a broadcast star network

T wdll resond the messare 4‘:|hI!.I i the dAestination
COmpLULer I A switclisd STar reinsark.

Tha hub iy a broadcast star mebheork can be active: or
passiva, An active hub generates the eleckrical -signal
pnd sends it ta alf the computers connected toit,

This bype-af hub is usually called a multiport repaater:
Selive hubs requirq' el alaliia] "iIJI:j-I:ﬂ_:.I.

A passive hulb s a wiring panel or punch down bock
which acts 3s a connedicn point

Ti deoses sl a|1||::-|if:,' ff reEgEnerale The :-;'l-l_.]ni-:l Fastive
hubs de ot reguire alectieal power supplhy.

Saveral types of calxes can be usad to implement a-star
network. A hybad hub can use differert bypes of cabde
In the same star network

Expansion of star :

A star nandark can be expanded by placing another star
hub as shows In Fig. 8.52.
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(a-1%9 Fig. 8.5.2 - Expansion of star topaobogy

- This arangament. albews  several more computers or
huks ta be connected 1o that hub, This creates a hybnd
star network,

- Star topolcgy is cheapsr than mesh topology, as feses

nurmiber of linke &g requtired to be wsad.
Active ar passive topalagy 7

- star topokeqy netwarks can be either ackive or pasaye
depending on the following factors,
If the central node perfamms pracesses ke amplification
oF redienaration then it is an active topalogy. Dther wise
it is 3 passive topalogy.

—  [ftthe network stively contrals the data transi, therv it is

active atherwise passive.

[f the network requires electnical povier sources then it is
acthie otheraise pﬂd&i‘u‘n’:
When i3 star topoalogy sultable 7

—  The star topology is preferred under the following
circurnstances ;
1.  Mihe centralized network comtral is expected.
2. Ihigh refiaddity 15 more innpoastant than cost
3, IFihe neteork is 1o be expanded frequently

Devices used for star lopology -

The dewices uwsed for establishing & star topology
netwark are - twisted . palr cable, ar optical tiber cabsa, s

hubs or switch, sultaldes connectars et

Melwesh Topolagiae
Saln, ;
—  Fig. P, 8.51 shows the reguired s1ar bus topology
Tn:-rm|n|:h|:|l1I BLES y
STAR 1 2TAR 3
Hub-1} Hub-3
14 4 o EE
2 k| 10| |1t
Huse2 |
511s i| 3E
ETAR 2

iG-25) Fig. P. 8.5.1 | Star-bus topology

Ex. 8.5.1 Draw [he slar bus lopology connecling 1hres

sfar nebworks consistng of four compadars

S=03, W03, 4 Marks

Ex. B3.2: Oraw wilh neal-abaslisd skelch ol slar-bus
topology conneciing 3 atar retwarks having 3
computera in 2 stars and 2 compubsrs in o
star. =07, W09 4 Marks
Saoln.
— kg P. 852 shows the required s1ar-bus topology
HLIS Teeminabon
— - —
|5T.-’|H i BTAR & %ETHH 3
Huh-1 ua! Hub-3
m ke dea -5 1 f'f H‘*.
2] EJE=0E [
ia-zn Fig. P. 8.5.2 : Star- metworlk
Ex. BES53: Identily Inpology in Fig. P, B5.2
ps-13a9 Fig. P. 5.3
Saln, ;

T-:,:-|:||.'l||:|g:|.l ir Fig. BEES msTar I-:,:-:|:||:I||.'|r_.|].'.

Ex. 5.4 : For tg follcsping situabon steta which fype. of
metwork archibechere is appmopriale ;
T Diata sacuriy & imporant.
ol Mo retwiork administrator i required,
S-08 2 Marks
Saln. ;

—  For given situations star topology 15 appropriate.

A cormpuler cantra 8 connecied  in etsr
opology with 8 computess ; This sat-up hae
to be convertad mba mesh topotogy. What arg
the requirements ? What are the advantages
ard disadvanbbages of the tWwo spstems 7

Oraw the aketches for Both the topologles.
16, 4 Marks
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d-10 Malwork Topolagies
Saln. - Ex. BiS6: Identify  the network topology  shown B
r e i — e Flg. F. B.5.6
rnoa sfar topology a e computers [nodes; are
R e & ; W04, 5.10, 2 Marks, 513, 4 Marks
eennécted via cables ta A central logatian where thay i
1 1 4
are all connected by a-device called a hubas shewn in 1_-"‘\
Fig P. 855, HuJE

E-2371p Fig. P. 8.5.5 | S1ar topalogy

—  There 15 no direct connections among the computars
All the connectians afe mads via the central hub

Requiremsants for sonversion of star to mesh topology -

frva mesh topodogy svery deidos is ahysically canhectad
b every ather device with & point to point dedicated
lirk:.

- & fulhy connecked mesh rebwork: therefore has nip=1Z
phgsical cables ta connect nedevices.

To accommodate that mamy links every device on the
Pretdatrk Frdel ks -1 i.'|F-.|1.|'n|.II:|'.|u[ parts

—Using this-fornule for-a - network of & cormputers, we will
regquire & & — 12 = 28 cables or links: Each device
needs 10 be connected to 7 other devices,

i

—l'_-

Iﬁ
%
3

_'I_,_

-'r-"‘
i /SR
7 i

K
&S

4
P

pu-23721 Fig- P. B.5.5(3) - Mesh 1:-|:||:||:|-!-|;|g}l

| -_
<R

‘{

E__,__,-"

o264 Fig. P. B.5.6

Saln, ;

—  The gven nebwork uses the star topology:

B.5.1 Hubs: | S-10, W-11, W-15)
MSBETE Cuestions
Q.1 Describe the following term : Intelligent hub.
(3-10, 1 Mark}
2 Wrile the working o Hud. [W-11, 4 Marks)

@3 What is hub ? Give types of hub. (W15, 2 Marks]

Al netwedes requirg @ central location to connact
various segments of media coming from varcus modes,
Such -a central location s called as & hube A hob
organizes the <abées and relays signals to the other
madia segmants as shown in Fig. B 5.3,

=

g 1505 Fig. 8.5.2 : Hub

Huty

T hysare A [Hree s bypreas of heales
1. Passive hubs 2 Active hubs

3, int=lligent hubs
Passive hubs :

A passive hub simply combines the signals of 2 nebwork
segqmernts. Thare is no signal processing or regeneration
It ereby acts as a cannecton

A passive hub reduces the cabding distance by half
hecause it does not bocst the sgnals and infact absorks
same of the signal

With a passive huly, 2ach compuler receives the hlgnalﬁ
cent freem all the ather computers connected o the hob,

Active hubs ;

Thay are like pawsive bubs Bub  have  electronic
carmnpaonents for regemeration and amplificatan of
sigrizls. By using active habs the distance. between
devices can be increated, L0 active [ub is -r:-qui'u.lﬂlﬂnl. to
a multjpaint repeatear,
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—  The main drawback of active hub s that they amplity

fioise - a5 ekefl ﬁ:'-:‘:ln[q with e "iilf_'}l'h‘lh':. T|'|r].l AfE [icare

expersive than passive hubs as well.
2. ntelligent hubs ©

- In addition to signal regenerabion  inteligent fobs
parform o other  intelligent functiions such ac

neteark management angd intklligant path seledion.

iy AL e (T hub chsases |:|r|I:,|' the path af the device
whare e sgnal nesds to go. rather than serding the

signal along all paths.
8.5.2 Features of Star Topology :

i needs to use a central location called hube Al

connections are macle throwagh i,
[l improves the relisbdity of network

— [t neads less number of finks thar mesh wpology:
Expansiarn of netaork |5 very easy.

[t 15 an expercive topology  because of the use of
centralized hub
The ertire network will b disrupled f the central b

malfunctions.

8.5.3 Advantages of Star Topology :

W-13, 5-05, 3-06. W-08, 5-08,

=10, 3-14

MEETE Questians
1

Glate tvo advantagss of slar lopalogy.
(W-03, 505, 2 Marks)
3.2 Descrbe the advantages of ster topology.
[5-06, 2 Marks)
3 Giue the adeantages of slar lapaloagy.
(W-08, 508, 5-10, 5-14, 2 Marks)

1 [t & easy to add new compuiers to a3 star netesork
i thorat diesturbang the rest 04 the natiwork.

2 The star neiwork & pasy 1o install and mamfain,

3. Thefaul diagnosis is easy.

4. If a computer ar link fails it does not bring dein the
wiode star rebwork,

L. DOifferent types of cables can be uzed 0 the fame
netemry with a hub that Can accommodate multiple
cabile e

B8.5.4 Disadvantages of Star Topology :

W-03, 8-05, 5406, W-03 30

MIBTE Questions
1 Siale beo disadvantages of etar iopology.
(W03, 505 W08, 4 Marks)
Q.2 Describe disadvantages of star topology.
{5-08, 4 Marka)
3 Give the disadvantapss of star topology.
(W-09, 508, 2 Marks |

1. I the central hub dadls, the whole netwark fails to
nperate,
2. Many star netwarks require a device at the central poin?

to mebroadcast ar switch the network traffic

3. The r.'.;:||:.||ir||;_i cnsl s maore since cables musl be pulled
Frams all computers to the central ks,

Mote ! Ethemel 10 base T l&a papudar netwark bagsd
on the  star lopology,  Indeligent hobs  with
microprocessoy  that  implsmsnt feaiures
addibon to regaating netwonk, Signaks provides for
cendrmlized moendoring and management of the
network. I s the moet flexibde and the easlast o

disgnoee when lhera & a natwork fault.

8.6 Mesh Topology : W-09, W-12

MSBTE Questions
.1 The mesh opalogy & preferably used Tor very
srnall retiwork slatement |s e or false with your
justsication. {W-05, 4 Marks]
Q.2 Dascribe network lopology Explaan mesh eoology
in delail wilh suilable diagram, [W-12, 4 Marks)

—  In a mesh topology evary device ls piyeically cennaciad
to every other device with 2 point 10 point dedicated
link 55 showrin Fig. 2461

Mods d
| |
: LT R
oce 2 [l wﬁ\ B oo
= =
7
Node 2 W o
o= k=

p5-213 Flg, B.6.1: Mesh topoelogy
The Tefrm dedicated means 1hat 1he Lok carries data |.1|1I:.l
between Wio devices cannectad onil

— The mesh
topology.

topolagy 15 alsa called &= complate
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- The meash topology cees not have the traffic congestion
problem, because dedicated lmes ae being used o
connect the nodes,

These links are not being shared. 5o the special

protocol called Media Access Confrol (MACH protocal =
nal regleined to be ped

- This tapalogy has an advantage of dats seeurity due 1o
the use of dedicated links. It is ralaust,

IF e link fails, the rest of the netwark dan continue 1o
functicn. The fault diaghasiz and isolation of fault also e

BASY.
- The enly disadvantages of this topalogy are the cable
length, the cost ol the cable and the associated

Complaxity.
& :'u||_',-' catinet el mesh retwork therefore has njn-12
I‘.'i':l'lfp'ﬁllial CAbiEL T Connest N aeices,

—  To accommodate that many links every device an the
network must have n=1 inpotfoutput parts,

50 toa mamy cables are recuired 10 be used for the
miesh topology

- Lsing this farmula 4or @ retwork of 1000 nodes, e wll
require 1000 (1000 — 1)/2 = 490500 cables or links. 3o

this togpolagy is suitable anly far small netwarks.
&.6.1 Features of Mesh Topology

—  Ewvery node is comnnected o every other device in the
network.
Every commaction & done via a dedscated ink.

- [tiscalled as the complete topalogy,

Congestion never takes place In the networks connected
in the mach topalogy.

- Thereis no nesd to use MAL (Media Access Coatroll
[t has & wery high rellabilty and cecunnoy.

—  Meshtopalegy needs 2 large nurnber of dedicated links
Hence i 1s suitable only tor small mebworks.

- Easy fault diaghosis and Eolation.
B.6.2 Advantages :
MEETE Questions

.1 Slate advantsges and dissdvantages of mesh
tapalogy. {5-11, 4 Marks)
Ly, 2 G iwoadvariages of mash iopokogy.

[S-14, 7 Marks)

1. Tha wse of dedicated links guarante2s that each
conneclinn can Ay its cown clatas r-:-:.'ial‘:l:,.'

2. A mesh topolegy (s robust because the Ffailure of any
one compuier does not bring down the entire netwark:

1. I provides sacunty and privacy becakse avery messags
ganl travels ..'II|,:|||g d cleclimated liree

4. Point to paint links make faull didgnose easy.

B, MAC protgcal need net bo used die 1o the yse of
dedicated links.

B.6.3 Disadvantages :
MSBTE Questions

.1 Slate advanlages srd disadvaniages of mesh

topokogy.

1 Since every computer must be connected 1o eveng athel
computer instaltatian and reconfiyuration is dificult

2. Cabling cast & morg

3 The harcware  required Lo
inputyoutput and cable & expransive:

ranfect  each  link

4. Itis suitable onh for smaller netvorke

Mote :  Mesh tepaicgy e usually Implementad sz a
backbors connectsy the main compaers of a
hylnid metwork that can incude several other

loedogins,

8.7 Tree Topology :

2-17, 518, |-Scheme ©

= -
L1 E i

MSBTE Questions

Q.1 Explain tres tapology with meat diagran.
(W-08, 4 Marks}
0.2 Describe Tree lopalogy willh neal diagram. State

s advantages, jany two) (515, & Marks]
€ 3 Explain tnsa lopology wilh nest diagram,

{517, 518, 4 Marks)

Definition ;
—  Tree topology s a special type of strocture it which

many conrected elmments are aranged like the
biramches of 4 tres

A, Tres tn:-pnl-:.gy Is a vartation of a star. As in-a star

nodes in a tree are connecked 1o 3 central hub hbesd end
thial cantrols e antire netwark

Hawsawer, suety campuler e nest pluggﬁd it T
central hub.
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- Mest of them are connested to a2 secondary hub which
in tum & cornedcied to the central b as shown in

Fig.8.7.1.
L] ]
1 -“-.:.TJ
. 1 Cwndis hiiky
o Fesdard ﬁ
W, = -
PO p | < (Tl 51 #.-ﬂ. ".
o o T, ¢
Hun
LN L]
g . Ly

'Ir_l::..!"
pe-22 Fig. 8.7.1 : Tree topology
—  The central hub in the tree 5 an acive hob which

containg repeaies

The repeater “amplify the signal and incnease the
destance a snal can travel.

- The secondary hubs may be ackive ar passive, A passie
huts prestides a simple hyscal connection between the
aftacked cauoas,

e this [|:||::-|:|I-::I[;|:-,-'. There can bie |::-|'|I:,' ofle conrec o
betvaer any bvo nodes. Therefore i is also called a5 &
parenat-child topalogy.
&.7.1 Advantages

MEETE Queztions

.1 DOwmecribe Tree opology with naal disgram.  State

165 S Ko By bt Jei: R M)

1. It allows mare devices to be affached 1o a single hub
and can theretors increass the diskancs that a .'..i-:_;nal CArs
trave| betensen devices.

2. It allows the rebwork 10 isolate and attach prionias o

the commumnications trem- different computers,

8.7.2 Disadvantages :

8.8 Logical Topology :

L|:|r_.|-:-:_'u| I|::-|_:l-:.||r.|g!,r descrbes the mapner o which the
clatidns are logically connected 1o each athaer for the

purpase of data unit exchange,

Physical topalogy discissed eatlier can be diffesent

fromy the logscal topology, of the natwork.

As an ezample consider the bus topolagy. The bus acts

a5 o centmal controller, ’ recewyes dela and forwards it 1o
the vanious nodas,

Thus the stations have a logical connectiaon to the Bus
whick acts s & centradizad controlier.

Tharefore the kgical tapology of a bus & star topology,

cventhough the physical topology is bus

8.9 Comparisons :

8.8,

1 Comparison of Star, Bus and
Topologies :

fls e

MSHTE Qusstions

1. ifthe central hub falls the systern braaks down
Z. The cabiing cost |s more.
Mate = The advantacges and disadvaniages o a ires

topokeyy are genetally the same as those of &
alar.

€. 1 Compars rang. bus and star topology.
15-13, 8 Marks)
.2 Compare bus iopplogy and ring fopology (Tour
points |, |5-14, 4 Marks]
. : Bus Ring Star
M. E topalegy topology | topology |
1. | GConfiguration |Fig, 831 Fig B.a.1 Fig. B.48.1
2. | Rouling Cnly  one | Infermation | Al
methadology |nade sends | goes 0 one | information |
informaton | Serection PEEsEs
al. a time, arcuend  the|through bhea |
olhers wail | ring until it [ cantrol bk, |
tor thelr | regches  the
| furn. norrect node.
3. |Complexty |The | Moderataly | Very
sirmpeast | Bimiple TGk
4. |Ease of |To mdd & Same as bus | Very sasy
CRPRTEI0N gompuber, | topology
we need 1o
shut  down
the nabwork
5. | Reliabdiny Low Ly High.
Dapands
| thae: |
reliabdiny af |
cankrad hula,
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|
&r. Bus Ring Star &I, Me=sh
G FParameter wEER Hpnloay Stk s Parameter Al Tree topology
fi. | Cost Lheapest | Moma fiast 3. | Fault diagnasis. | Easy Mol 50 sasy.
EXpeE e ERpIE S
4. | Numbsrofmks  Lame Small
7. | Secunby Mo sacurify | Mo sacunty | 1 is|| | 1 T — — .
possible b 8. | Cangestion Cas  mid | Can take placs.
provdde take place
SECLrTty [
. shiahle {or amall Large natworks,
4. |Cwalay Lomg Modarats Lowesi b

8.9.2 Comparison of Bus and Star

Topologies :

MESEITE Questions

L1 Compare Bus with Star topokagy on the basis: of
ratde wesed and faul lerance,

(505, 5-10, 2 Marks)

Star

m‘l

M Bluss

8 Usas a cable as bus or
sackhone o connect all
nades.,

Z, Basshand or
brecadband coaxial
cabls i5 used,

Lisss a cantral b o

connect e nodes o
eacl oiher.

Twisted pair, ool
cables or optical fibar
cables are used,

8.9.4 Comparison of Mesh and Star

Topologies :

MSHTE Queslions

3, if & part of bus fals. the
aode metiacst fals.

Failure of the contmal hab

il make the entira
rebwark collapse.

4. | Addingan mew node s
difficul.

Adding and removing &
rixcds e relatvely sasy

b, | Feult dsgnoes ia
| ratatiehy difficull

Fault dibgnceis i3 aasy.

&.9.3 Comparison of Tree and Mesh

Topologies : |5.08, 312
MSETE Questions
Q.1  Compare ree fopology and mesh tapoiagy.
(=08, 3-12, 4 Marks)
or. : Mesh
i Parameter e abiay Trae topolegy
1. Destliaabed ks | Used Conme=chcns e
Bar conmactions. done  through
hiebs.
2. | Reliakdity, Higher Lo,

&1 Compara mesh topology with star iopology.
(W16, 4 Marks}

STI-

Mo Mesh topelogy Star topology

T. | Eweny device i mesh | Each desice  In skar
inpaliay b # | lapalogy hias i
dadicsled poird b point | dedicatad paint 1o point
ik 1o ewery other | link oaly o a cenbia
Cavice conrosar

2. | More cabling and input | Less cabimg and wmput
parts ans requinad. ports are required.

A | Mors expansive. Less axpansme,

4. | Fault dagnoezs s | Fault disgnosis 5 aasy.
redafively dilficull

G, | I provides mons pivacy | B provides less privacy

and security,

Ak sy A%
comnpared to mesh
topalogy.

_E.1IJ Hybrid Topology :

S-0%, 514, W-14

1

MSBTE Questions

Wy frybnd topokagy g prefarred

Q.2 [Describe wth nesd sketch “Hybrid topology”™. Give

s applicataons:

2.3 Discuss hybnd 1opobkegy with suitable diagram.

Cefinition :

(%-09, 2 Marks]

(S-14, 4 Marks)

(W-14, & Markes)

W bave discuseed sarlous basie Topaleghes such as bus,

rng, mesky, STar &1
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- Hybrid topology s the ane which makes use of tao ar
more basc topologiss mentiotwd abave, together,

There are different wavs in owhich a hybosd peteark i
created. Fig. 8.10.1 shows the hyerld topatogy in which
bus, star and ning topologies are used simuoltznaoushy.

2]

BLS
[5 4]
12
B | RING
@
1

pa-23p Fig. 1001 : Hybrid topology

—  InFig 8101 the noddes 1 2 3, 4 arnd & are connected in
the bus topalogy, node 6, ¥ and 8 fomn a star and the
niades 4,9, 10,11, 12 are arranged inoa rirg tepolagy
The practical nelworks generally make use of bybnd
topolagy. Many comples networks can by reduced to
o farm ul'h:,'l:-r}d topology,

—  The hytorid topclogy whicky is to be used for a particular

application depends on the reguirements of that
application.

B.10.1 Advantages of Hybrid Topology :

—
1

Hicgh reliabilivy.

Easy 1o detect fault

2 [l can Be l::-;r.n-lr'-.'I-:d ey -e*.ﬂsil:,r

4. [ cam be used for both wired and siralecs netWworks.
S Lo security risk:

& Greater fexibility and speed,
8.10.2 Disadvantages :

1. [Uis ddficult 1o design and managa,
<. = design is expansive
L [Loeeds to use the AL (Multistalion Access Linit),

5.10.3 Applications !

a=14

MSETE Quastlans

Q.1 De=cribe with neat sketch "Hybrid topology”. Give

ils applications, {S-14, & Marks)

I-Ij,'hrld tupul-ﬁ-g].- o aften used o the de area netaarks
LS.

8.10.4 Comparison of Star Bus and

Topolo

gies :

Star Rinﬁ

.1

MSBTE Questions

Compare star-bus with star+ing topology.
(5=06, 5-18, 4 Marks)

Parameatar

Star Bus

Star Ring

Topaiody

Hybrd. Il is &
combinatban of
f#tar @i bus

Topokeges.

Hydeted It i s
carriingthoe . of
algr and nng
lopologiss.

Conhiguralion

Fig. A

Fig. B

Paculznty

Many stars are

oonnentad o &
bies,

Mariy rings ara
connectsd in star

Apolicslions

SHitabls
arge
etk

foe

Suiable for
imerconneciian of
Aty srmsl
netwarks.

IG-24) Fig. (B)

Hull

Hing &

Ex. G101 :

Saoln. ¢

Oraw a neat labeked sketch of hybrid teealogy

ponnectng one star network of 4 compuiers,
o ring retverk of 5 computers and one bus

e

ok of 8 campulers.

Kl
E

oE-z370s Flg. P B. 1001
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FUail b adiu-e n



wF

DCCN [Sem. 4 Comg. (MSETE)

d-16

Malwork Topolagies

| Review Questions \

Q.1 Mame the differen] netwark lapology lypes,

.2 [Explain the basic concepts of bus fopology with the
Fealp of suilable diagram

2.3 State the iImpotant charasctedstics of bus tapology

2.4  Meamea the tranamission media used for bus LAKNs.

G5 Wirite 8 short fole an repesaters i bus LAKM.

.6 State sdvanlages ard disadvantages of bus topology.

Q.7 We 5 nole on : Ring hopohogy

Q.8  VWhal are [he Tunchcons of a nng 7

2.9 Explaim the following states m conmechion with e ring
iopokogy.

1 Lislen siate £, Tramsmik slale
4. Bypsss siate

0, 11 Whal are lhe problems fxced by the ring lopalagy 7

Q.11 State the advantages and disadvaniages of ring
topokegny.

£, 12 Write & shiort nobe an slar lepelogy

2,13 Whal & the dilference between single level slar
topokegny and two level star lopology.

£, 14 Simte the adeantages aod disachantages of sl
topakegy.

2. 15 Write a ghort note on Mesh topalogy,

Q. 16 State  advantages and disadvandages of  mesh
wopakey.

€017 Write & short nota on tree topokegy.

0. 18 Compare Ring and Bus

£, 19 Sompare Star and Bag.

8.11 MSBTE Questions and Answers :

@.1 Slate o sdvanlages of Ring. Descnba achvily
Ring MNelwork when o slation s Fansmitling b=
packet, Whelher millisions ooeur Traguently & ring
rabvsmrk 2 {54051, 4 Marks)

Ans. ¢

For advarlages of ring refer section $4.4.

The ring netwaork isin the listen state whan the station is
nat ransmittiag. Collislons do octur frequently in the
nng netwsork due 1o the circulating packars.

.2 ‘Wheiher irubisshooling 0 Ring Nelwork 8 aasy of
difficult ¥ Glve bers possible causes of faluras in Ring
natwork. Sata whedher nng is & broadeas! or point b

point netaark. {5-03. 4 Marks)
Ang, ;

Fer traubleshoating In rng network refer section 54.3.
Ring Is & pount to point ne bk,

.3 You ara consgenng retworking topokopes for g
neteork for a fclemarketng  firm, Under  what
circumsiances wauld a ring be kss approprabe fan
slar ¢ {5-03, 4 Marks)

Ans. !

Tha cicumstances uncker which a ring is less appropnate

thas starare as fallows -

1. The comeunicatan fram the firm to the customar and
vice wersa woukd not be efficient if 3 ring 15 wsad.

4,  The ring 'I!-.'.||:|r.|||.1-!:_|:,' willd fat be convenient Became e
numbsar pf customers would incresse cantinucusly,

3. Even if one node fails, the entire ring will fail.

4, Tha tirme taken for cammunicatian is mare if the I‘ir'IE

topodocy &5 Lsed.
Q.4 vou are nstalling a eew netson for a company that
I& grong rapidhy.
Tre current design: caks for 40 computars, wailh
expansion o 100 in the next siz monihs. Because of
the spead a1 which the network |g expectsd o grow,

you want o maka sure that troobiashooting will b

easy &% possible, Considerng these Factors, which
wpolcglas sheuld b used B e Ny Debtwctl 7
Jushdy your ansesar, (W03, W-04, 4 Marks)

Ang,
For details refer section 3.5

—  Taking inte corsideration the fhure expansion and sase
af troubleshooting, the star topology will be deally

suitable in the given environment.

0.4 State whether sk B adive of prassive nefwork 7

Jusldfy, Give twe advankages of star lopology.
W02, 4 Marks]

Ans, ;
Please refer wacton 553 for adrartages of ©tar
Eopoaoy.
Trch¥aawladge
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—  The star 15 an active natiwork because ik usas hubs which
can e of intelligent and passive types.

The intedligent bubs need ewtémal power supply,
electranic comoanants for regerseration of signal as wall
a5 rauting i the required computer

Q.8 Desoribe nelork topalagy. Draw star lopology. Mames
one device usad in slar lopokaay,
15-04, 4 Marks)
Ans. t
For nebeork topology and  star
sections §2 and £.5,

topolagy  reder

Hits i5 uzed in star tapolagy

Q.1 Siate whether Bus 15 acilve or passive Mebesork
Justily compara bue with ring lopology on tha besis of
cpblke used and Faull telerance

{504, 5-18, 4 Marks, §-17, 2 Marks)

ANE,

- Bus ls passive network please refer séctions 8.3 and
G E e

Q.8 Skate two zdvaniages of Rmg topoiogy. Descnbs

inken Stle whelber ring opolagy s Broadeast or
paint o point network. (9-04, W-15, 4 Marks)

Ang, :

- Ring iz paint to point network. Refer secticn 344 for
advartage and section 8.4 for token

Q.9 Describe helwork topology, Identily fopology shdisn
inFig 1. CGomment an whether this tepology is active
reetwiork or passive nebaork justdy

(5-03, 4 Marks)

tG-27) Fig. 1

MRS, |

- Please refer Ex. B4l The arg topalogy is active
network. Refer Sections 3.2 and 2.4,

.10 State two advamiages of Ring topology. Descrks
token. Siate  whether ring topology is Broadosst or

ot 1 el nebasork. {5-05, 4 Marks)

Aneg. |

Ring ls & peint to point nelwark.: (Secticds B4 and 2.4.4)

Lk 11 Siate two advantages of Ring. State whether 30d|mon
af computers o existing ring nateaork will slowsr s

Hrig. Justify. (VU.05, 4 Marks)

Ans, |
For acvaniages of @ ring: Please refer sechion B4.4,

Tha addition of camputers to the existing ring network
will result an increased cabde fength, Sence tha ringis.a
unidiractional networl, the tma takers by a messaga to

travel will increase due to noreased number of

camputers This will slow down the ring.

. 12 Trhe mesh pology (s preferably used Tor very siall
nebwork Slate this stalement is true or Talse with ol

jushifcalion. {507, 4 Marks)

Ans. !
—  Tnae. Please refer section &6 Tor justification

.13 Yoo are lo estabdish & nebwork for  pour
labaratory  wilh  atkeast

sari
10 ecompulers and  alse
ceniralized sdminsifaton i necassany. Which type of

network and Topokgy you will prefer in edustion.

Juslily yaur ansyesr, 13=08, 4 Marks)

= It the centralized administratian i necessary, then the

cliant-serder type nebwark will be the right choice.

There are  atleast 10 Cearnautars, e Pumber &an
increase In Juture and centralized admimstration s

MECALEIFY,

S the star topiodaciy o star-bus Topalogy can be used

. 14 What are acthe and frassive. nefworks 7 What s &

Hng nelsaork . ? What are posesible causes af fallure of
a ring medwork 7 {5-09, 4 Marks)

Tech¥asuladge
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Ans,
—  Refor sections 8.5 and 3.43 for active and passive
netearks and ring nebwork.

A network or topplogy which uses an active glactonic
device such as an-amplifisr to amplify the signal o 1o
pais it along from one camputer ta the other ls called

25 an active netwark or active topology.

— & nebwork which does not use any such active elackronac
devica iz callad as a passive network.

Q.15 Which of the folwing nateork “lopologess  miost
gracelully vsed in high nebwork loace sduation”,

1. Sltar
2. Ring
& ‘Mesh
4. Bus

Jushly your answar (210, £ Marks)

Ans, :

—  The degradation wiih increase inthe nebwork load s
rost-graceful for the stas Lopokogy.

The reason is that wath creased load, thers wall Ba a
large increase in the nurmber of messages avelling on
the netwon

- There would be a large rumber of collisicns, delays
passible for the bus and ring topodagies, medh is ot
suitalale for langer netwarks and sc stas s the correct

Al Br.

Q.16 You are instaling 3 new network Tar & company that
rapidly,. The currenl
computars wilh expansicn 10 100 10 next 5o manths.
Hecause of the speed at which the network s
expected 1o grow, youd want le make sure lhat
iroubleshocling will be easy as possible, Which
lopokery should Leoused in new nebwork 7 JusGly
f-10, 4 Marks)

I5 growing desigre for 40

NOUT SMTSWET,

Ans, §
—  Fardetails reler sectiaon 8.5,
TaF:in{; inta candicleration the fulure E:||:|:|ar|-:inr| and ease

of troubleshooting, the star topology will be ideally

suitakale in the given environment.

17 Suppoza you are going o impderment a compuler
network I & smell business mall. Wnieh iopology will
poa s T Why 7 {374, 4 Marks)

—  Inca smell busmass mall the cormputer nedwork:. shauld

be such tHat it should ally the centralized

adminisiration,
~  Alsa aumber of end wsers icompoters! can irerease in

future. S inclusion of new user should be gasy,
The: trosble shanting afsg should not be difficult

~  Taking into account all these requirerents, the diemt

servar type network will be the right chaoice: Also the
cstar ar star-bus tepolacy should he used

.18 You are asked to estebish a3 smell network with
manamum Cost et lesst eghl compulsr. Also 1 8
fecessary o use-cenlralized dalabase, Which ype af
hebwork topoloony wou will wse 7 Jusiily your snswer.

{515, B Marks)

Ang,

If the centrallzed database |5 necassary, then the client-

seryar type neteork will be the right cholce.

—  There are allesst 8 computers, the number can increase

i future and centralized database s FIBCERSArY.

—  Spothe startopodogy or star-hus topalegy can be usedl,

.19 Skste any beo advanlages of ring opokogy, defes
token, Stale whether ring 1opokagy is broscdoast or

polnt ta Eodnd nebeeork. 15-15, 4 Marks)

Ans, ;
—  Ring iz point ba point network,

Pefar sarficon . 4.4 for aduartage eof |In:_1 tupnrf:-g].- and
cection 84 far-definitaon of token,

Q. 20 Draw with neal Ebaled sketch ol star bus topalogy
three star  networks  hawing thirgs

compuders 0 twn skhars ard two gompubsErs in ong
(W-15, 4 Marks)

cRnmacing

slar

Tech¥asuladge

Fualitatfioe



ﬁ DCCN [Sem. 4 Comg. (MSETE)

4-14

Malwork Topolagies

Ans, ;
Star bus topology ;
SHar Etar
y W -1 P -2
| [ R {1

1897 Fig. 2

21 You are said lo ostablish a small reteork with
minimum  cosl, al [east len eompuelers and also
Mecessany o wse e cendralized  dalabase, Which
typa af nelsork and toepalogy yvou will prafier n this
siluaton 7 Jushiy your answesr, PW-13, 4 Marks)

Ans. :

Il the centralized databgse is AECessary. Lherr the - clienl-

server type fietwonk will Be the right chokce.

— There are atleast 10 computers, the number can

ifcrese iy foture and cendtalizad database in e Essary.

S0 the star tapodagy or star-bas topology can be wed,

Q. 22 Mame the topology which is combination of different
iopolngies, Explain il with advantages
{5-16. & Marke)

Ans. :
—  Raefier section B.10. This has advantages of bus (reder

section B35, star (refer section E5.3) and ring
rn[.,:-::-:-:.lgiri [refer section 8.4.4)

4. 23 MName the topology which combess wa o mone
topokogiea. Whel are e edvantagas. ¥ Draw a naal

dagram .of the same, =186, 4 Marks)

Ang, -

—  Hybrid topalogy combines bwe or more topodagies,
Rafer sectlon 810 For & nest chagram of hybnid

tapatogy.

Advantages of hybrid topology :
1. Scalable ¥ 5o Fellakia
3. FHexible “ Effactive.

8.12 |I-Scheme Questions and Answers :

Sumimer 2019 [Total Marks - 12]

&1 With swieble diagram dascribe
1 STAR topology. (Section B.5)
2. AING topology. (Section B.4) (4 Marks)
.2 Drswoand descrbe architeciure for redwork useng tnse
toplogy for an office: in 3-storay’s hualding.
(4 Marks)
ANS. :

—  The required netwark using the tree topalogy 1S shown
in Fig. 1.

=1 25 200 1 N 1 =

(L-926) Fig. 1 : Reguired network osing the tree topology

The ecentral fab = &Pk active hub wWhelh contains

rEegBaters,

—  ne secondaty hub is used pertloor. All the computers
on each floar are caonnected 1o the secondany bub en
that floor.

—  The secondary hubs can be either active or passive. Al
of them are connected to the central bub as showe in
Fig. 1

-3 Design sultable netwock lapcut for an organization

wiih five deqrartmeant {ian uesrs aach) (4 Marke)

Ans, :

Given : 5 departments, 13 users per department

—  For an crganization the: netwods requarerments would B
a5 follonws -

1. Certralized data bace
2. Fubure expanshan.

3. Easy fauit detaction.
ﬁ TechNaawledys
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These reguirarments can be fulfilled wsing a cliert-server

nEtdark with a tres 'I:-::||:||:'|Ir;'-r:'|:,' % sk in Fi[;l. 2.

|
B . R
E.__._I :-j ........... |:l::
-?ITEi Hab=5 !
Central |
i | £
:_E‘.El.l::i--__----,-ﬂ"'—._ Huik -"-h___\_\__' E'ﬂp‘. q
I -: = S ey T (T, e S
i r""h",'. - - ;-------:i ' Hub- '
i_'_‘ -i.:._ . Huty-1 ! I'
| 7 % .:'1 1
|r- .:i.-ll Jullaa.a.llEll:l --------------
1 _Hlll:'l-! r E'EF::"' E,
£ o

' e "l.'I!II

IIIIIII

(a7 Fig. 2 1 Layout of the required mebwork

4-20

Malwork Topolagies

Winter 2018 [Total Marks - 0]

. 4 Gtate different types of network lopolcqies

4. 5

iSection §.2.2) (2 Marks)

Summer 2022 [Total Marks - 06]

Explain the working of foliowing lopalogies
| Bug. {Section B.3)
i Ring. (Sectiens 2.4)

il Trea. (Section 8.7} (6 Marks)

|

ﬁmm
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Matvwirk Connecting Devicas

9.1 Need of Network Control/Connecting
Lol

Computers. LANs do nat opesate inan Bolated manner
They are aithér cormectad 1o one anather o to the
[Ftermet For such cornecticns, we need o Ose the
connecting devices.

Differant |avers of the Tnternet model corespond 1o
different connecting dewsas,

Without the connaciing devices itwould ot b2 possible

Lo commuiicate Bebwesn Twa oF miore Complers in s
LAMN ar betessn LARL

9.1.1 Types of Network Connecting Devices :

i 1 List different lypes of conneciivity denices.

|5-06, 2 Marks)
Q.2 Enlist ary four network connacting deviess,

[5-08. 2 Marks)
Q3 What are various network connechng devicos ?

[2-09, 2 Marks)
Q.4  YWhal are warieds nebwan control dayices 7

(W11, W12, 5-13, 2 Marks)

Q.5 Slate ahd explain network conteol deyices. {Any 4.)

fa-12, & Marks)
.6 Giva the narmaes of wanaue redwark  connacting

[ Uavices {Any e, (3-V4, & Marks)

Different types . of nebtwork comnacting  devices are as
showrs in Tig. J.1-1.

Wetamrk ocormecing dovice:z
|
r * [} + L
Aepeeyiera Bridges Ferileey Fabways Ewroken
arel nsis

pE-3433 Flg. 9.1.1 : Metwork connecting devices

Dt &f these the repeaters. hubs and bridges ame known
& the Metworking Devices because they conrect the
devicas within a given network

- Wihereas the routers and. gateways are known s the

Internetworking Devices.

- These dewcas are used for connecting one metwark o
cther,

Wa start aur discission from the connectoes because

they bedong too the lowest portion e the physscal
medipm of the O3] referance madel,

Afer conmactors, we will discuss the transceivers which
connest & host 1o tEe madiarm,

Then varlous cennecting dewsces such as repeaters,
hubs, brickges, routers and gateways are exolained.

9.2 Transceivers |

MSBTE Questions

1 What & & franscalver. T Slate the advantagas and
Ssadvantagesofit. (W08, $-17, 4 Marks|

The word transceiver is a combination of transmitter
aadd receivar. 1t |::-F:r1nl'm5 thres functand ¢

L Sends sighals over the medium
2. Recaives sighats from the madim.
X Detecks collisions

Advantages and Dizadvantages :

1. I combings the operabeos of  transmission and
oo,

2. Itcan detect collislons

3. Ncan detect when the line is idle.

4. It can not regererate @ sigpal because it is not a
regeater

5. Tt does not have the filkering capability.

9.3 Role of Network Connectin
evices T

MSBTE Questions
Wrte in breet ame bwo roba of netwsork conbros

degices in compuler rebaark

olate fhea functione of 1.
%, Baidga 4. Roubsr.

W14, 2 Marks]

Hut: 2. Repeater
{5-16, $-18, 4 Marks|

Rifferant types of netwark coonecting devices. arg a5

shoem in Fig, $.3.L
Mebxork cornecting devices

* - ' r +
Fiepaaiars Bridgaa Fouters Gty Swilnhes
and hubs

[A-3ak) Fig. 9.3.1

The relation: betwesn O& reference model and wvanous
|:r.'|r'|r||.-::[in!;| clegioed 14 et I Fig g 3.2,

Two or mare devices are connectsd o each other for
the purposs of sharing data or rescurces from a
Petanrk
A LAN may be spread over 4 larger distance than s
meadia can handle effectivaly.
TechHaawledge
P
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9-3 Matvwirk Connecting Devicas
—  The rumkeer of stations also <an be more thana number | &f, Hamea of T
il can be hiandled ard mﬂmr_.|¢|:.| |:-:-'-:_:||:|H|_l.l. Eia. the device
[ Aporkeation | Chppicasen] | N mw. | _ :
3 Rouetars Roubars pravice connaclions belwasn
Frosoml=tian Gl ey I Procartalion
_ . - by separate but compatible mebaorks.
SeRE0N Sesslon
¥ Farinaric) Tisispr] Il _It wierks in the network leyer. |
Hioifer | |
Metwark z Ratvork 4 Gatewsaye | Gateways proviche transiation sardces
Hana link B ridoe Caka bk betwaen incompatible networks and
Fhusiaal Pliveioel ;
ks Rl il | somrbiesis il s S
{G-wosinih Fig, 9.3.2 ; Connacting dennces and OS5 moded ' _ J _ ;
: ; Q HLUIE Lionnecting statons in a physical laysr
- Such netedarks sheald b subdivided (ko smaller loploay
neteworks and these smafler subnebéarks shogld be |
coanteried 1o each otfwer 1i'|r-:,:ll_.|5|"| cOnreclieg cleEwieey. = il Provides brickpng  funclionalily - walh
| girealt efficiency.

A davice called a repeater 55 inseried ita the network 1o
mcresse. the coverable distance or 3 devea called &
bricige can be inserbed for raffe managemend

When o ar mare separabe nebworks are cannected far
exchangirg dats or resources it creates an intermeteoark
Roaters and gatesays are veed forinternetsorking.

Each af ihese device typs nleracts with protocols at
different layars of the 051 model

Repeaters act cinly upot the electfcal componanis of &
sighal and are fhlerafnre sethoe el at the ph:,u"slrli:ﬂ ke

Brictpes utilize addressing protocols and can affact the
flow control of a single LAN. 2ndges are st active o
Ehe data link layer.

Fiouters provide links betwesn Dao separate bub same
bppe LAMs and are active at the netwark. laver,

Frnally gatewsays provide translation services betoeen
incoempatible LAMNE or applicatons and are active in all
ot the. layers. Tonrecting devices and the OS50 model s
showm in Fig, 332

The folloedng table summanzes the mole of different
netwarking clewoes,

No. | the device Ria

1. Fepaatsr Raganemtes the onginal signal.
Dperates in the physcal laysr

o Bridge Bridges ulilite {h= agddress prodocol
They Gan  <arfy  cul  the  raflic
maragarant. Thay are moest active in
the dala link layver.

9.4 Repeaters:

:‘-.:-L-II:-Il Ii“--l:lﬁl Ii“-ﬂE. W'-IE'. 5'1 d-'l- -5:'1::| 5'15‘.

|-Scheme ; W-18

.1 |denbty repesdar devica and slate in which layss of
5] refevence model i cpemates, List uses of il
(505, 2 Marks)
2 Descritbe repsater. Stale tha silbabons . under
which regeater is necessany i network,
(=03, W-10, B Marks, 5-13, 4 Marks}
€.3 What iz a repeatar 7 State their advantages and
dsarhvantages, {W-0E, 2 Marks)
. 4 Idenidy the llowmng devces cosmbe o which
layer al QS| reference mode @ Repeaters.
IW-10, 4 Marks}
Q.5 State and sxplain neteork control devices. {Any 4]
{5-12, 4 Marks)
& [Descnbe the function of repeater. In which
Eituation the repsateris usad n tha netwoark
IS:15, 4 Marks)
Diefinitian -

A repeater |5 a connecting device which can operate
only in the physical layer af the O51 moedel,

A transmission media weaken the electrornagnatic
wanes that travel through tham

Attanuatson of signals limils the distance any medium

can carny dats Dewices that amplifies ssgnats to ensura
data transmssion are called repeaters.

Function of a repealer

A repeater receives @ signal and before it gets
attaniated or correpted, redienarates e arginal 5.i!_:]n.=|l.

TechHaawledge
Pudlipgdidinegs
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— Thus we can use 3 mepeater to extend the phwsical
|i.'!|'|l_'.|[|'| al LAM a% a showm in Fi|_:|. q.4d:11a).

Repeater & not an amplifier because amplifiers simply
amiplify the entire incoming signal along with naise.

- hignal - megenerating repeaters <reate an edact
duplicate af inl.'urni|1|5| clals I:,|:|r ir|er|I.iI":."ir|E| it amuil the
halse, reconstracting it and retrassmitting  cnly the

desired informaticn

The ariginal signal i5 duplicated, Boosted 1o ks, criginal
strepwgth and sent as shosin in Figs. 9.4.10a] and (k).

Dk & Dewice B
Hegmeant | Segmenl 2
i Py b -
. | —_
bl | & S et Spphsion| v
| Precsninlion F‘m-m-"l.ﬂl.lllrl! n
51 Searion Lorminn| B
i I
af Tranapar Tlanspoel| 4
| I_ - =8 R braciik f'hll.-.l.tlhi_"__ |
A | Dt T Gt ank| g
1| Physkal 1| = |1 Fhiysiaal| 1

E-350) Fig. $.4.10a) : Repeater in O5 model

— & repeater does not connect two LAN= it conrects only
b devices conracted a the sarme LAM,

- [eaninot connect tan LANE= o1 a diferent protacods,

— A repeater forwards every frame, it cannot filter ol
somee frames and ket the others pass through.
i repisater iheidd b |:_|I.‘1|:_r'-|! at a prr:-r.i':& |:,||.'|ir|-'. or the
k. Such that the: sagnal reaches @ bedore the nolse has
Indiucad an e In ary of the trarnsmitbed Bits.

- Fig. 94.1(h) Mlystrates the function of a2 repeater
Hoist 1

Cistamed
SO LRy
Tou L Arpe— i
X P p— H.;':..:.;:[._'.r'
B - FER Sl . it B
- .
Crpinal aggnal FH A
mod s e original
Qgrea/

i6-357 Fig. B4.1(b) : Function of & repeater
Repeater: oparate al the phsical layer aff e OS5 meodal
and ey deal with the actual physical signals.

941 Advantages :

MSBETE Questians

QL 1 Glabe e atvanlages of repealer, (W-08, 2 Marks)

l.. Repeaters can regenerate the desired informiation.
2 Thay can redure the efiect of noisa.
3. Tlm:r' cary eadend e nedpeark,

4. It recuces the number of amors introduced due to noise.

9.4.2 Disadvantages !

MSEBTE ddestions

1 Sats (ha dissdvaniages of repaatar.
(W-05, 2 Marks}
I A repeater cannot commect two LAMs. & can conly

connect bwo devices conrected in the same:LARN,
2. I has no fitenng capability.
3, Repeaters can operate caly in the phisical ver

4. Pepeaters must be placed at the preclss point on the
link 20 a5 to be efective.

9.5 Hubs:

MSBTE Questians | i
&1 Descrbethe bypes of hubs. (506, 5-18, 2 Marks|
Q.2 What arg hubs 7 How aire they classified 7
(W-0EB, 4 Marks}
3 Define following =ms :
[#y  Acihe hub (b)) Passive kol
|S-00, Z Marks)
4  What 5 b 7 Ghve the Types of huk.
(W-09, 2 Marks)
.5 Whatare Hulbre 7 How ane they classified.
(W-10, 4 Marks)
£ 6 Siate ared gxplain nateork contmol devicas. {Any 4.}
IS.12, 4 Marks)
Q.7 Explain:
1. Pasgive huba 2. Aclive hubs
(W12, 4 Marks)
.8 What s b 7 Glve the different types.af hubs,
{5-13, 2 Marks}
Q.8 Lt any lwo components which woeeks al physicsd
ligyer af QSHmodel, (=-14, 2 Marks]
e 10 Deecdbe the rola of folloming nelwork devicee
wsed in computer nedwork - Hul  (5-14, 1 Mark)
2,11 Hate the funciiors of @ 1. Hub 2. Repeater
3. Bridge 4. Routar. (S-16, 4 Marks]
. 12 State the functon of - 1. Hub 2. Routar
L _(W-18, 2 Marks;} |
Techiasuledge
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Definition =

The general meanirg af The wird hub s Ary COnrSeTing
dewcea, But its specific meaning & multipert repeater.

Function :

[t is narmally wsed for connecling statiors in 2 physical
star topodecny.

Al mebworks require @ cenfral location oo connect
varicus segqments of media coming from vargus nodes

isocalled as g hab A hub
ceganises the cakiles and relays signals to the other
miedia sagmients as shown in Feg. 9.5.1

Such & cantral Iocation

Hulbz

¢a-a30; Fig, 8.5.1 ; Hub

Types

There are three maln tyoes of hubes
1. Passive hubs

2. Achde hubs

3. Intelligert hubs

Pasalve hubs -

A passive hub sirmply cormbines the signals of 8- netwark
secimente There 14 v signal processing ar regenefation.
[l rrrely acts as.q connectar.

& passive hub reduces the cabling distance by hatf
tecause 0 does not boost the :;;ign.ull. and in fact
abeorbs sorme of the signal.

With a passiwe hub, cach computer recenves the signals
sent frany all the cther compaters conngcied ta the hub,

dotive hubs

They are lke passwe hubs bt hawe alecironic
components far regeneration and. amplification of
:.ign.ih.

By usirg active hubs the distance between devices can
b rcreased. Anoactve hub s equivalent o @ multiposm
repeater.

The rmain drawback of active hubs is that they amplity
noise as well along with tha signals: They aré more
axpersies than passive-hubs as wall,

Intedligeant hubs

In addition to signal fegeneration, intelligent huks
perfarm  some  ather Intelligent functons  swch  as
network management and intelligent path selection.

A geniching hub chooses anly the port of the device
where the signal neads to go, rather than sending the
wegnal alang all paths,

Hubs can alsp be used 1o creale multiphe evels oof
hierarchy as shown im Fig. .52,

Pl

|I'|ul:|
i

i [ e P

Huby

{6-2:53) Fig. 9.5.2 : Hubs to create multiple levels n;;llrrutdiy'
9.6 Bridges:

a-03, W-10, W-11, 3-1%, 3-14, [-5cheme W18, 3-22

MSETE Cuestions
1 Identidy Bedgas and slate in which layar of Q50
refarence modsl thay operada. List usas of L.
(S-085, 2 Marks)
Q.2 Identdy the followng devices cperate @ which
fayar of Q31 reference mocel | Bridge
W-10, 4 Marks)
B3 Draw and sxplain the warking of beidges,
(W-11, 4 Marks}
.4 Silate and axplain nateork contmol davicas. (S 4]
15-12, 4 Marks}
&5 Lul any lwe companents which works at physica
laver af D31 modsl, (S=14, Z Marks)
Definitian ©

Bridess is a computer network device, which creates a
single aggregate netword from multiple commumcation

networks ar nefwork segments, This function is called as
neterark bridegbhg.

Function ;

A bridge can operate it the piysical layar ac well a5 1n
the data link layer of the 051 rmodel.

It can regenerate the signal that it racemres and it can
check the. physical (MAC) addresses of source and
de=stination mentioned in Lhe header af a frame,

Types of Bridges :

There are fouwr bepes of bridges :
S I'.Iril;lgt_‘.';.
Multipount brickgpes.

TechHnamledge
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2. Transparent bridges.

4. Source routing briclges.
Configuration :

Fig-9.&1 shows the ise of a bridge for connecting twio

lexal ared metiniorks e mach other.

L - 2
(5-2377 Fig. 9.6.1 : Use of a bridge to connect fuwo LANSs

Ciparation ;

LAM -1

The majar difference betwesn the bridge and repeater is
that the bridee has a filtering capabifity.

—  That means a bridge will chack the destination addrass
of & frame and tweake 3 decslon about whather the

Frarne should be farvarded or dropped.

- [ the frame is to be-fonwarded, then the bridge shouid
specify the part avear which it should be farwanded

[ corcler bo-echeeye this a bridge has a table relating the
addresses and ports as shown in Fig, 26,2,
Appicatian| &

7l | Apeticatan ¥
o] | Frmsniani e F ey liem a!
5 | Sle=amman Siesisiean 5
_T ﬁ o =
] T riereeail Trrsgeit .|
L | P vk, et 3
| 2 ™ = I :

e | Cragis fimde, I TN [ e =
1 | Pryaical il | J b Phyeical 1
L — —_ - e

Addiczs Pl
e rodBIRA5AH] 1
s TEIETIAEED i Brdgs {alie
SAfEESNE1 : 2
B2 B 2dBED | 2
... '_.. F'l:lll Flllrl
."-".'nEiI.M:ﬁl i3 o SdzBinalite

Bk

ILM

e D e P ™ R Tl

TR 24562 Pt B
ce-334; Fig, 3.6.2 ; Bridge and bridgs table
— [f a frame for 7238124561 armves at port 2 then the
bEndge goes throwgh its tabde and understands that: the
frame.is to be sert-out-on port 150 twill do so;

e g

AT T T I L

— In Fig. 362 3 two port bridge is showwn but in reality 3
hri::lg-e‘ has more than e parts.

It e Important to mote that the bridges donot changs
the physical address contamad in the frame.

Uses of Bridges :
1. A brdge join: two othersise zeparate computer
networks.

Bridges are used with LARNSs to extond their reagh to
cover larger priysical anes

o

3. Bridges are used ta inspect the incoming retwork: traflic
and detsrrming whether ta fonsard T ar discard it

9.7 Routers ;

506 W-06, 5-08, W-08,

=-11, W-11, 5
W1l ST, Seharme

=12, W-12,
: W15

a-13, 314, 513,

1 [dentdy rowers and atate e which lager of Q5
referance mode! thay oparada, List usas of it
15=05, B Marks)
2 What are roulars ? Explain with nead diagram
{05, S5-08, & Marks)
L3  What are tha different types of rauters T Explain.
=08, 5-13, 4 Marks)
@4 Wik the help ol neal disgram,  describs e
working of Roulers. Also endest ppss of routars.
{5-11, & Marks}
5 Explain warking of -router in datail.
(W=11, 8 Marks)
.8 What 5 rouber 7 (S:12, F Marks]
Q.7 Slate and saplain routers with neat disgram
1512, 4 Marks}
.8 What ars routars ? With waat “diagram  explain
operatianof routers m O8] modkel,
|W-12, B Marks]
.89 Descobe the role of following nebword cdevices
waed in computer network - Fouter. (5-14, 1 Mark)
Lk 10 With tha halp of real ekatch describs the woeking
of Fouder, Desorbe o detail the operalion of
Router considering OS5 model. (515, B Marks]
@11 Siale the funchon of ; 1. Hub 2 Router
IW-16, 2 Marks}
& 12 With the halp of nest diegrsm, describs the
working of routers. Also enlist types of roders.
(517, B Marks]
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Definition =

Feoedtar is & I'II:-|'|.'JI:'II1-|'-iI"|g e which forwards the data
packets between camplter netwarks,

—  Routers perform the traffic directing fendion on the

e et

Functions !

The two Important fuscions, peifonmed by & router
P
L. DPeterminabion of path {oeuting].

2. Packat formarding.
Q5] layer ;

Resters work at the netvsork layer of the 58 madal.

. Roegters are devices that connect bye or mong netearks
a5 shown o Flgs. 9.7.1a) and {b] They conslst of a

combination of hardviare and sofwara.,

Dierainea 1, Disraicm B
= il bvm orle rik ——
[P - oy B e S
Rl s
7 & | Apptreation Appicaton| 4 |3
B Prig: s FEA DD Pl g A b s | B
g A e e CEmanan 5
al || Tranaper Trarspart| | |4
3 =l & % Maieork |
P Daz b irik £ 2 Caln brik P
1 Frysns ¥ ip 1 Prrpsical 1

pe-364h Fig. 9.7.1{a) : A roditer in the OS] maodal

—  The hardware <an b2 in the form of 3 neteork server, a
sEparate e,'-::|r|||:-|,||-e:r oFr A 1|:.|-|_‘.ri.'|| deyice as well 3s the
physical ntertaces. to the wvanous networks in the
internetsork:

- Narigws Wypes ab netearks can be o interconnected
thraugh. rauters as shaam in Fig. 2710

{o-384y Fig. 9.7.1(b) : Roaters in an intarnet

—  The scitware In a noutar are the operating system and

Ly r|::4.|.rir'|-g prnl!r.ln:,ll r'.l:li:I'I.:'IE]:l'l'lﬂfll. ciollware cary alva be
Lsad

—  BRouters use lagical and physical adldressing 1o commad
Ew or mcne egicaiby separate networks.

T he Idr-:_,at- melwaare s I::-I'-:_;Hrli,l_'ﬂl:l irber sl rebesork
caqrments called as submets and these subnests are
interconnected via routers.
Each ol the subnet is given a logical address This allows
the networks 1o he separate but sl sccess sach ather
and exchange data.

—  Data is grouped into- packets, or blocks of data, Each
packet hac-a phyckial device adolress ac el ac logical
netwark adaress,

- The mabywork address allows rouiers to calculate the
o |‘.I|‘.||.|l Lo & warkstation i ECH TR,

Route discovery 15 the pracess of finding the possible
rogtes thropgh the imternetwork and then bailding
r|1ul_in|:_| tabiles o stare that information

Tha two methods of route discovery are

1. Destance wectorrouting 2
Types of rolters :

Lirk stata routing.

Fodfonwing are defferent bipes of routers .
1, ‘Wired routers.
2 Wireles rauters
3. Coreand edae routers,
4. Mirtual routers
3. Broadband routers.

EI-E_ _G_atnwars :

W-03, 5-035, W-0a, 5-08, W-10,

W15, ‘e, 5-17, I-5chaeme

. vr-149

k1 Descrbe geieways. Stats the situstion under
which galeways are neceseary in the nabwok.

[Vi.03, 2 Marks, W-10, 4 Marks, W-15, B Marks)

Q.2 ldentty gateways and state in which layer of O35
refaranca moded thay opereda. List ugas af iL.

1505, B Marks)

23 What s a gatewsy 7 Explad and state s

oparation, [W-08, 8 Marks|

.4 Slale lhe silualicn wnder which galeways are
NG RESATY N the nteork. Give one pxamga

(5-048, 512, W-14, 4 Marka)
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Q6 |denbfy the icllowing devices oparia & which
later of OSE reference model - Galeway,

(¥W-10, 4 Marks)
G & Dascnbe the ok of fplocwing nelwork devices

usad in computsr network @ Gatewsy,
1S-14, 1 Mark)
Q. T What ars the sihabons urder which gsleways are
used v netvorcs 7 (V=16 4 Marks)

Q.8  Wilh neat dlagrarn explain gabesssys,
|8-17_ 4 Marks)

Dafinition :

Gateway is a hetwotk conmecting device that connects
b dissinmilar nebasarks togetner.

Disagram !

- Frg 3811 shows the dugram showing a gateway
conracting tea dissimifar networks SMA and LAR,

Diereticee A Dianice B
Mok a0
[ ] r——
& =t
——
i'_ T

L& | tppieancn gl g Applicaton T
5 | Progisnlian 1. 5 Prsonlnion [P
5 ] SeEmion i Gemion =
] Iranspsl i Tiarmspord 4
£’ | rammvanne 1 0 Fiatk i
= | nze 2 * Cvals Bk 3
1 Fi=ica 1 1 Pvgzscal 1

(&} A gateway in the O5] model

MelA gy

vullias
2

() & gateway
ps-360) Fig. 9.8.1

When to use a gateway 7

- MWhan the networks that must Be connected are using
complelely  differsnt  protorols  from each other,
poserful and- intelligent device called a gateway i
used.

Functions of a gateway

- A gateway s 3 deuvice that can interpret and tranclate
different  protoccls that are used on two distncl
neteorks as shown in Figs. 9.8 La} and ()

—  DGateways compnse of softwars, dedicated hardware or
& combinaticn of bath
Gatewway aperate through all the seven layars of the O3l
radlet amd all five layvers of the intemet model.

— A gateway cam actualby convert daka so that it works
waith 419 t!r.l|'.'l|il:.,‘.||ll:ll'l art 5 |.'|,1|':"||'.|ul|:r an the Gller e of
the gameway.

—  For egra gatenay can receive e-mall massage I ong

Format ard convert therm inte anather farmalt,

Gixtevways eyslems  with  differend
cormmunication protocols, languages and architecture
For ego IBM  networks. wsing  Systems  Petwork
Architecture [SNAJ zan. be connectsd to LAMN: Using &
aataway.

Maote :

caAn  OOnneCt

Galeaays  arge sk III-IE-IE&._EE they I"I-EIE-{l III'_‘-I

parfarm inlenshe corfversians.

9.9 Ewitt:hes__

S-00, W-10, 3-14, FS3cheme © W18, 5-2F

MSBTE duestinon:

¥ ldentihy switches and stabe i which layear of O35l
refarence modal they opersda, Lislueas of it

IS.05, ? Marks)

D2 ldenbty the following devices opecate B which

laver of OSHreference model @ Switch.
W10, 4 Marks]

3 Descrbe the role of followng network, devices
w3ed in computer pelwork 2 Swiich. (3-14, 1 Mark]

Cefinitkan :

— A switch is a networking cevice which connects devices
together on & computer network by using packed
ewiiching o receive, process and forsard data 1o the
destination.

Which layer of 051 mode! 7

- Switches generally operate 2t the data link layver of the
QS0 rpded buit seme switches can workl 2t the network
|ayer ton,

Role of a switch :

— A swith = a deace which provides  brdging
oy tonatity with greater ﬂl'l'ir.i-e:n::lr.

— A switch acls as a multiport bridge 1o connect devices
or sagiments in & LAN,

~  The switch has 8 buffer for each link te which i€ is

cannesied
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—  Whan it recemes 3 packet, it siores the packet in the
Fuffer of 1he receiving link and checks the address 1o
find the adgtgoing link

—  [fthe cutgoing link is free, the switch sends the frame 1o
that particular link

Typas of switches |

Swiitelves are of Ten Typet
1. Store - and - foremndd switch.
Lo LUl - Traciegh SbiTol

— & store - and - orward seitch stores the frame in the
input butfer until the whale packet has arived
A cut-thradgh-switch, forwards the packet o the autpul
bauffer a5 so0on a3 the destination addrass is received.

- Eaoncept of & seitch & shown in Fig, 991, As shownin

the Fig: 3.9.1 a frame: arives at port 2 and is stared in
the buffer,

=adlchi
oG Lt i

Fiemia m
L3
Frame=oul

6-367) Fige 9.9.1 : Switch
—  The CPU and-the control wunit, using the information in
the frame consult the switching table to find the outpat
Pt The frame i than sent to-podt S For ransmissicn

Mole ; FRouding swilches use the nobwork  Byer
destination address 1o find the oufput link o

wrich e packet shoukd be foswarded.

991 Comparison of Hub and Switch :

W-08, W-09_ 5-10, 5-

MSBTE Questions

.1 What s the maln difference  befween hob and

switch 2 (W-08, Z Marks)
Q.2 Compane Hub and Swich.  (W-09, 5-13, 2 Marks)
&3 Wite diference batiesn Hubs and Seilches.

b b

8 LCompare Hub and Switch wilh any four points.

1S.11, 4 Marks)
5r. '
Huls Switeh

Na.

1. |t B & bradcast (It B &8 pont o poind
disvica. mEnic

2. | It operatss at physical | It operstes &t datalink
e, layer,

& | It nct an irtelligent | 16 is an intsligent devics
device.

4, it simply broadoasis | |owses switching fable o

ihe incoming packs find thi alpgeln
desl nEteon.
5. learnnolbewedasa | L can be wssd a5 a
regaabar. epEsalar
E. Mot a Eliill.'ll"llﬁll-i'.'Et-Ef.'l It |5 = Eﬂﬂ'ﬂ'ﬂﬂ-&l‘l&lﬂ
devica, devica
7. | Motwveny costh Coatiy:

9.9.2 Comparizon of Rouler and Bridge :

MSBTE Questions
&1 Gwve the usa of Koulars and Bridges wm . comgaber
networka, Give the difarence belasen 8 nouler
el @ bridge, (S-08, I Marks]
i FParameter Router Erid
Ho. s
1. | Layer i | Metwotk laver | Physical o data '
Q5] medel. fink. i
2. | Operaticn. Conrect two | Regeneration,
or more | check AL
Fiebasark adress _
3. | Types. Cestance Transgarant, |
weglor,  Link | Routing.
slabe
4. | Princigleosl | Uses BET2T lables
waeking. harduware and | relating the
softweEne. addressss and
| pors, |
b, | Lisad for Conraching Connacting '
| nebearks | e

8.8.3 Comparison of Bridge, Switch and
Hub :

5-17

MEBRTE Queations

Q.1 Compare Hub, Switeh and Bridgs, (S-17, 4 Marks]

TechHaawledge
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ri:: Parameter Hub Switch Bridge
1. | Typeof Brosdcast | Foint o Biodh
clEyvie paint
2. | Layer of Phyzical Cata link Phyysical
operalicn and dala
liF
4. | Inleligence Flet Inteligent | Hiahly
irtelligernt irveligen
4, Dldlies Simply Lizas Filtering,
brosceast | switching | forwarnding
the takle o aind
incLHming fined bBlacking
ket eormect of frames
daedination
5. | Sophiatication | Low High Yery high
6. | Cost Lo cosi | Exgensivie | Wery
expensive

9.9.4 Comparison of Bridges, Routers and

9.10 Modems :

S«10, W10, 313

awitches ;
Tahle 9.9.1 : Camparison aof bridges, routers and
swiitc s
=T, . y
N Faramalar Routar Bridge awilch
1 Lavarin Mehasnry Physical or Data link
Gl miodiel | Eover chiala lirk Glals
mahwork
fawar
2. | Tvpaol Paind to Point 1o Paint to
Chie pucifi paint or point
brosd chst
3 | Operations | It eonnests. | 11 It prevides
1w o regenevates, | bridging
mare chacks MAC | oparation
neEdworks address wiih
graaker
AOCLTALY
4 Tvpes Distanco Transgarenl, | Two ayer,
vector, ik | Routing Thres layer.
shzia
5 | Intelligence  Highty Highily Higihby
intalligent intelligent imteligent
G | Used for Connecting | Flltening Lises
maiworks forwarding switzhing
arcd blacking | Table Lo
frarmes. find comrect
dastinabicn.

Mo E Questions
.1 [iesgnbe modam.
82 Whatl s modem 7

3

{§-14, 1 Mark)
(WD, 1 Mark)
Explain the operation of & reodern. (5:13, 4 Marks]

What iz a MODEM 7

- A MODEM, 15 a hardware device which converts data in
sich A way that it ls can be transmiited and received
Fram compurer 1o computer aver Teleptone Hnes as
shcrem B0 Fig. 20101,

Sgnal
Tranemilied -"l"ll‘l"'-":i]

#grna Ery reo i

coirmpiedd  Roncmicd

¢6-148) Fig. 9.10.1 : The rale of MODEM

-~ Modem 5 a very familiar word 1o everyone of us, It is
used far canrecling & computsr o & telephane ine, It is

a combinatan of modulator and demodulator.

—  The tetephona lines are chesignad to carry snalog signals
paicd Abesic bandeicibh alsa is limided so I:hm__.l caraicyl b

uzed for digital data transmission.

A modem converts the digital data from computers to
analog signaks andd puts i on the telephone lirmes an the

sefider side,

If used an the recenver side the modem will cormvert the

analag signals receresd on the tebephone line to digitat

dats.

It.15-a bi-directional dewce which conwerts the analog
signads on the telephone hines into digital data when it is

psed Far data rl:n:_:-e-:r.ll.i-:_:-r..

Modem 15 a combination of twe wonds Modulator and

Demodilaior.
9.10.1 Role of Modem ;

 MSATE Cluesticons

&1

511, & Marks)
3 In which siluabicn MODEMS are uws=iul in
, e (§-15, 4 Marks]

In wivich sitdation MODOEM iz usefdl in nebdorks 7
[(W-05, 4 Marks)
.2 Describe ok of modam in trsmsmission.
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G4 What is mole of medams m nebeerking 7 Explain
types of modermns: 1516, 4 Marks)

Q.5 Descnbe rale of maderm in Metworiong.
{5-18, 4 Marks)

- The term ‘MOCEM' iz derived from the wonds

MOdulatcr and REMpdulatar, A modem  contains s
modulatar as wall as a demadulatar

The rormal digital signal cannot be put directhe on the
telephane lines

—  This is due to the facl that the bamdwidih of the
telephone lines s not- sufficent ta transfer the digitat
data without distortion,

- Therefare the digital data 15 first convertad toa sgnad
which is compatible to the telephone lines

This conversion is dode I'.-'_,' 4 5|::-rr.ial CerimRicatms
box called “MOOER".

— [tisthe box that rakes a digital data signal compatible
with ary nandigital system and reedium Besices the
plone syesten

— &an example 5 3 mocem ‘which makes the dats bits
compatible with a-microwave radio system
The rele of MODEM can be better understopd by
refarring to Fig. 1001
The modem = a BCE (Data Communicaton Egquipmeant}
whith is designed to ocperate with the DTE (Dot
Terminal  Equipmentl. OTE & nothing else but
COmpuUisrs.

—  The principle oF madem operation 15 based on using
sine wawes af varoud frecuencss, pliases or amplitude
ta represent the binany data.

—  Thus the binary data 15 converted into cormesponding
anHIr_'-g '.:igr]al.'.. |_.|.l.:'|15 smocdem on the 5E.r|-.:|i|'|E| Sl
on the recening side, the modem comvers these analag
sigriats to correspancing dignial data

9.10.2 Functions of Modem ;

WOR, W10, 512, W12

MSETE Questions
Q.1 Slate Rmclion of MCDEM, (W-08, 2 Marks)
.2 Slate any s fanclions of modem.

(W-10, 2 Marks)
@3 State and expiain functions af modem:,

|S-12, 4 Marks)
L4 VWibe-any four tuncilons performad by modam at-

transmitting end. (W-12, 4 Marks)

Tha functions to be performed by a moden depends on
whether i is At the 1ramrr'|il_1in|:__| i o ot the n:-cl-.i'u.ling
end

Functions (o be performed at the tranamitlineg end

Take the data from the R5-232 interface,

Conwet the data (De and 1s) o appropriate analdg
signats [mindulation process)

Perfosrm the line cortrad and ﬁignalling 1cx the other 2nd
of plors fine.

Sand dialing signals if this modem is desigmed to: dial
without the presence of th wser,

Have  pralectan .‘iEdlIILl line averlpad and  obhar
praklarns.

Functions of recsiving modem ;

Recene the analog signals and demadolate them into
1 and Qe

Fut the demodulated l:-'l-:_||'|a| intea RE-E':-II;‘ farmat and
cannect ta BS-233 Interface.

Perfomrn line contral and signalfing.

Heve: protection against line overload and  other
|.'|r|.1|:_:ll-|:n1:..

Recover data with mianimwum sumber of errars from: the
received signal cormpted by noise

9.11 Null Modem : 507, 5-16 |

MSBTE Questions

.1 Drawand descrita the functicn of Null modam.

.2 Whal is role of modame jn networking 7 Explain

1=-07, 4 Marks}

typea af modamsa. (5-16, 4 Marka}

If -an obeerver stancds bebwean the DTE and DCE to
nbserse the RS 232 intarface, 1t 15 seen that a sigral
which comes cut of a partscular pin of OTE port goes
toward DCE on thea same pin

That means in any pair ef comesponding pins of the OTE
gacd ChCE ports, one s the aulput pine and the other 15
thie Input pin,

Heree in arder fo use RS 232 ta inferconnecdt amy tem
devices, it & necessany that @ DIE thinks that it is
canfected 1o s DCE imespective of whether the alier
devices s a OCE or net

Thus we can confect a compatar and & Terminal directhy
wsing RS 232 interface if one of them has o DCE port
and the other has a OTE port a5 shown in Fig. 9.11.3(a).

TechHnamledge

Pudlipgdidinegs



ﬁ DCCN [Sem. 4 Comg. ( MSETE)

9-12

Metvwork Connecting Devicas

Termirsl CTeRILET
OTE OGE

te) VDL - DPHCE invleresmmecliom

LCE DCE
s | ooz

(1 IV = DN E diresd inlereonneetion

QCE | phai LCE

" el OTE | modom OTE

CHmlar

el TE = THCE oterconpection essng a Null modenn
iG-1067) Fig. 2.11.1 : Use of a Null Madam

Henpever  if bath  the devices that are to be
interconnected have only the DTE ports, then ane of the
device has e "lack like®a DCE (z2e Fig. 211100,

& nll moclern dees this job as showncin Fig. 9111 [t
conwerts a DTE port to DCE port and vice wersa

Thus we can conrack two DTEs using a3 Mull Modem,

812 Wireless Infrastructure

Components : w

Following are the imporant wireless mirastoachare
components used far the wiredess LARNE:.

Fadea MICL
ACCaEss points
Routers
Repoatens,
ANTEnriaEs.

el R R S o

Lsar dewvices

9.12.1 Radio NICs ; I-Scheme ; W-12

MIC means netwesd interfacing care. Radio MIC & 8 very
irmpartant part of wireless LAM.

Radia MIC operates inside the computer and prowvides
e relasy L'I:Irll‘lﬂ:l.il.ll‘l}'.

Radioc MWIC = alsa called as the radio card and
implemwants the 80211 wireless LAN standard.

Radia-HWICs generally imgament ane parbioular physscal
layverie 80211 a or 2211 byg.

9.12.2 Access Point (AP.) -Schie e @ W-13

Definition -

I computer retwarking an Acgess Paint (APT is o
déuvice that alloes-a WI-Fl device 1o connect to a wired
et k.

Feefer Fig. 9.12.10ay which shows the manner inowhicha
wired LAMN # conrected 1o soime ather rebasark such a5
tre Intermet through a rodwater.

It iz possible to connect a wireless LAN either to a wired
infrastructure network or a wireless  infrastructore
netwinrk, arto another wireless LAR.

Fig. 212100} shows the connection of & wireless LAN o
& wared infrestructure network

Ej‘ Hiorar

Inlesimlnschams
e e WA NS :

Timn LARK

{a} {=))
pE-20sT Fly, 9,121 : Connection of wired LAN and wireless
LAN to the other netwark

Cesfisicher Fig':|. 9.12.1by In this case Ehe wtiretess AN is
called 25 infrastructure network.

It is . connected fo tha wired indrastructure such as the
Internet through a special dewvice called as Access Polnt
(AP}

The communicahan betereen the wireless hosts and AP
g wirelege in nature whersat that bebween the AP and
the wired infrastructure is a-wired commumication

A @rress point oantains 3 radio card  which
curmmiirecalEs with the individeal meear devices as weall as
the wired MIC.

Acoess - Point &) 15 8 station that transmits and
receives clata. Each AP, can serve midllipde yeers within 4
coecifed metwark area

As a user moves beyond this area, it s autormatically
handed aver ko the next A F,

A csmall WLAN may reguire only ane AP but’ their
number increases with the increase in the ssxze al the
wirgless mehaark,

Generally the adjacent APs use different frequencies to
commurscate withe their clents o avold intesference,
betwean the mearby wiraless networks:

Accass points can have major seouanty issues IF an AP s
connected 1o a wired network, then anytocy within the
range &f that AP can get connected to the retwark

Tharefare every wirgless AP roust be protected with a
passiwaoned.
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9.12.3 Wireless Routers :

9.12.4 Wireless Repeaters :

W19

=Scheme

& relstel transfers packets bebyveen netwarks,

The fumction of 3 wireless router = same as that of the
rewter used in the wired netwarks,

& owireless LaM router consists of a mulhiport Etherne
rauter alongwith a boilt in Access Point (4:P)

A Typdcal wireless LARM router Indludes four Etherret
parts, an #0211 Access Poirsl and sormatinngs a paralied
poet so that itan be a print server.

Routers implement the Metwork Aderess. Translation
(MAT] protecal that enables multiphe network devices 1o
shana a single 1P address provided by an Internet Semvice
Proaticer (1P,

Fi. 9.12.2 il rates the concept of wiraless router,
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pa-2390) Fig, 3.12-2 | Concapt of 3 wiraless routor

Frimbai

[ home and small offics setup, the 15P provides a single
[P address through DHCP ta the wireless router amd H

then provices 1P addresses through DHCP to clients on
the lecal netwark,

Homeewer wiireless roukers are not preferred in larger
implemmantations such as hospiiads  Instead  Access

Falits are prefem&d.

W19

I-3cherme

APs play an important role in prowviding coverege in
most wireless LANS But wireless repeaters are wsed for
externding the range of & wireless LAN, instead of
adding mare APs {thal are expenswel.

Feg. 2122 illustrates the concept of a wircless rmepeater,
[T simply fegenerates the network signal and extencls

the range of the Wwireless LAMN.
AL |
Reshate Icpeakor Trarsnill
sgnet gignal

15-2357) Flg. 123 : Concept of wireless repeater

[1-does not use wires but recaives the radia signals from

an AP, e&nd wsers or olbes Tepealters, fegenerales The

siginal ard retransimits It

We can owercome the signal impairment caused by RF

pttenualion, wih the help of repesters,

Dermarit -

9.12.5% Antennas

1
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As g repeater retransmils every received frame, e
pftectivie traffic on the petwark 5 doubled,

This protlem will further increase due 10 the use. of

muftiple repeaters  and  therefore degrades the

perf-:-rman:e af a WLAR.

Heres repeaters should be used carefully,

Schama ; W15

Mast of the wireless LA anlennas are omnidirectiosal

and hisve low gair.

Standard antennas are used in all the Access Points

AR5 repeaters and vireless routers,

Somatimes we need to e directional antennas for

|:r.'|l.|'-:‘.rir'|E| & I|‘:|r'||_.] TAFTCIA e,

sometimes antennas are integrated within a radio card
or Access Point

Review Questions

Explain Imnsoeivers
Glve the clasamcation of netwark connecting dermoes.

With the help of 3 diagram show e relabon belwsen

cormecling dedoes and O3] model],

Which layer dobs a rapaater bedong o7 Explain e
operation of 3 repaater,

Hew: does signal regeneation take plece ai the
rapeatar ¥
Whatis hub 7 Explain diferent fypes-of hubs,

Compane hub and switch.

Whal = & bridoe 7 Whech layer of Q51 doos it operaks

Iy
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Metvwork Connecting Devicas

9.14 |-Scheme Questions and Answers :

2.5 Whal i flitering In badgea 7
4 1 Compans ouber and Fecaater. Z Marks
of & bridge, A . s I: '
Ans, ;
.11 Explain routers Comparison of router and repeater |
0 13 'Wrile 2 nole on galeways ﬁr. Parameatas Repeatar Reouter
o,
2,13 Stete the types of awitches. 3 Layarin 0% | Physical layar Mabwork layar
] ] ] readed
2. 14 Explain the need and operation of swilches,
i Funiction Ta reqenerale the | To confsst baa
0, & Compare routes snd bridogs. recalved signal or free nehavarks
0, 16 Whal are modems 2 What & e roke of madem 7 3, | Types - islarnee veciar,
Link state
.17 Mame differsnt modulstion  techniques used n 4 Brinciple of To identify data Uesnbiardmsa®
Mo, warking smildat nolse & | sofiwans
o reconsiruct &
0. 18 Explain he operatkon of modem. redra nsrsE i
9.13 MSBTE Questions and Answers :
Q Winter 2019 [Total Marks - 10]
Q.1  Give tao applications of .2 [Rescnbe diflerenl conmecling  deviees  Used n
1. Modems 2. Routers.  (W-16, 4 Marks) RRAHEILIRE TR
{Sections %4, 9.5 8.6 9.7, 34 and 2.9] (4 Marks)
Ans, : . ; ; i )
Q.3 Describe wireksss infrastriectore comgonents in cetail
Applications of modems
faactlons .12, 8121, 8122, B33 8124 and
L. [n broadbaset camnacina by 9. 12.5) (6 Marks)
. ’ Summer 2022 [Totad Marks - 03
2. Medem s used to cannect compuier to communicate = [ ]
) . 4 Lisl ddferent bppes af nebwors conmecling devices
wth wired ar wireless cayicss, 9
(Sactlon 9.1.1) (2 Marks)
IR kST Q.4 Explain the walking ol hiub, seilch and  bridge
Applications of roulers . (Sections 9.5, 9.6 and 9.9) (6 Marke)
L. Toconnect multiple LaMs.
2. Taconneck sarme ar different networks,
3. Used oo conmect Wak (Imiernat) to LAN.
1]
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O8I Ealarencs Model

11]'1 __I_nh'ndu::tinn__:_

A metwark 13 a combmation of hardware and software
that sends data from ore computer to the other.

—  The hardware 15 dehned as the part of network which
containg the physical aquupment to carmiy signals' from
one point of rebwork 1o the other.

The taftwara = defired 25 the ather part aof the netanrk
Whach comsists of the Instructlon 2216 and program
which makes it possible to carry out the expectad
services fram the networks,

—  Any task that = to be performed by 5 comguter network
can b= diviced smaller tasks =ach
parformad by 3 separate softerare peckacs.

into  cayersl

Each software package uses services of another software
package to carmyd out the task assigned to it

- MWie ran think of this process as a =tack of layers as
described i the subsaction belai

10.1.1 Layered Tasks :

—  The comcept of layvers is usad in our daily life. Take an
example of two friends with ore friend wants o send 3
gift 1o 1he athes via caurier service. Fig, 1811 shaws the

steps invcived in this process.
S ARwiver

E

1. fist the offt fem
2 Pock Hina b 1. Fhodibhicn Mo ki

3. Wirrie et it o s kit
saEdE G e Lags ROCEE S
ey o s The box m cmited i
0 il DOLGETE M aymg thi chsds s
A ess

allica

¥ _ 3

[5ten 0 bow 1o B¢ 1 Ui paurex] do
T Dbt miaG f iy Ly | s LR T EE e e T
ivi0 tha deslnesion Gy [y e I e = = e B

B camied Tom snuroe
AT e

i5-1546) Fig. 10.L.1 : Layered tasks

- ImFig 10,11, we have thres important persons invedved
namely the sender. the recewver and the carmer who
carries the gift bos framy ane city to the other.

Hisrarchy of tasks .
- The |'.'||:||:'|': to be noted |5 that in order 1o complate a tack

in day to day life small actions are being done in a
hierarchical way or layerad manner

1. Al the sender :
Thea tasks of higher layers ;

1. Getthe gift mam.
2. PFackitinabox

1. Wnite the destination address on the bos

Middie layer :
Carry the sddressed b 00 the office of -2 cauner
COMpRNy

Lower layer ©

— Give the box 1o a person who will take i to the
destination ciby,

2. Al the receiver

Tasks of |ower layers :

—  The boy is delwered to the courier company office in the
destination city.

Midd e layers
The by 15 cartier by anather parson 1ot destination
adcdress and the bow 5 deliverad.

Upper layers :
1. Reacebvethe bes, 20 Unpackit 3. Seethe gift.

Hiararchy and layerad tashk :

—  This discussion dernonstrates that the important tasks
are carfed aul by the higher ayars whereas the Simplar
tasks are carried out by the middle ard lower layers.

In the netaatk pratacols-as el the lavered architecture
5 usesd.

Sarvices :

Pefernrg. ta Fig. 1011 for the sending e=nd we can
obserse how each laver makes dge of the services of the
lzper immediately oolov i,

= The thind laver uses serglces of the second layer, The
cacodd |ayer uses senvices of the first layer and s0 o

—  The Q&0 medel dominated the netwarking literature
belore: 1990, Bul the model was never implemented
Fudly.

—  Instead the TCFAPR protocal suite became the morg
gircessiual commarclal architecture. i i used for the

Internet as well K ls used by many other protocals
being sed Practicabhy.

— I this chapter we are going ta discuss the Q51 model,
TechMmawledge
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O8I Ealarencs Model

10.1.2 MNetwork Architecture ;

A zat of layers and protocols ie calied. as: network
architectura.

Provieeal stack it defined ag o fict of protacsls used fowr &

cetlain syclerm one grotocal per laver

10.2 Reference Models :

The isers of 3 computer netwark are located over a
wida physical rarge i.e all over e world

Theretare to ensare that nationedde and warlduide data
carmnmlhication systems can be developed and are
caompstble to each other, an mternational groop of

aftar discuseing about the layered networks, now we
wrll diesogss twao work architectures or reference modeals.

The twioe most mpartani réeference modeals ares
1.  The 5] referance madel.
2, The TCRAP referance model.

The International Standards Organlsation (150) covers
all aspects of network comvmunicaton in the Open
Systermns Interconrection [O50 modael,

standards has bean deseloped

- These standards sl ik into & frasnevors wiich has bean

deweloped

by the ‘Intemational Organization of

standardization (5057
This framewctk 1o called a5 “Model far open system

interconnection (OS5 and. it = normally referred B as
"05] refaraice madel”.

10.3.1

An O5] madel 15 & layered framewor for The design of
netwrork systemns that-ailoes for communication across Al
all typres of computer systems
—  The purpose of each layer & 1o affer certain services 1o Q.2
the highar avers.
= |_._"|:|I['r n on-ane rmachime [source) will communicats with @3
layer i on ancother machine (destination]. e
—  The rules arnd conventiors used in this commmunication a5
are collactimehy known as-the layer noprotocol,
E-.uLuHII:,' | prl:lml::-::ll 15 -an agresfmeant betwesn the Dwoe k. 6
COATITAIICating rachinas aboul Fiorew the L
communication fink should be established, maintained
and released, .
10.3 0S5l Model :
Q.9
E-rJﬁ =08, W-00, W11, L, 2
'|"||1--1-‘5-1-.'51...]..1.I|:n|..|"||1 10
MEETE Questions
2.1 Desonbe OS1 madel with suttable diagram. .. 11
(5-06, 5-14, 4 Marks, W03, 8 Marks)
Q.2 Explain OS1 refarence model willh ils layersd Q12
e rLhE D, (3-04, @ Marks, 3-12, 3-17, 4 Marks)
Q.3 What s 05l refersnce modal 7 Explain warking o 013
only daia link laver in detail, (W11, B Marks)
Q.4 Explainlhe funcbon ol each layer of OS] refersnce
medal with neat diagram. [(W-14, 4 Marks)
G % o bref dascribe Q51 model with suitable diagram.
[G-15, 4 Marks)

La!,rered Architecture :

Fi-'1 !:]_ W18, B-FL

- -

Describe OS] model with svitabls diagram.
[5-04, 5-14, 4 Marks, W-02, 8 Marks}

Draw raal diagram of Ok referenos madel
(W04, S-10, 4 Marks)
Diafng : Poar i5-08, 2 Marks]
Explain OS5l melerenos  model Wity = Liyerned
sruchiare.  [3-08, 4 Marks, 5-12, 3-17, 4 Marks)

Orew the 5] reference mods! and siate tha rola
of each layer (S.00, 4 Marks)

Whiat s OGS referance model iW-11, 4 Marks)
Diascribe the saven layers of 51 modal.

1513, 4 Marks)
Wy layersad archnecioee is Ugad InOS) reference
modeal T Discuss. {W-14, 4 Marks)
Explain the function of each laver of Q5] referance
madel with neat dizgram, W-14, 4 Marks}
In kel describe O moded waih sditabée diagram:.

1515, 4 Marks}
What do you mean by layered architechms 7

1S-16, 4 Marks)
Dranw and explain the funcllons of varous lsyver of
DS reference model (S-1E, & Marks)
Draw a neat diagram showing the layvers of O35
micchel and state the Tunction of each laper

(W-16, & Marks)

—  Fig. 18.3.1 shows the sewen laper architecture of [50-Q5[
reference model, [t defines seven levels or Freers in
complete communication system
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O8I Ealarencs Model

Layee T Apptinathon layar
Lo & Prasssssrle bon ket
Ly 5 SCEN 1AL

Lotrgear o Trarspar! ey

Lo i e by S E DLy
Loy Dt 1k Ky
Latca | P el [alpee

Loy £ Trarsenesainn mada

ja-sm) Fig. 10031 : A seven kayer [50-08%1 reference model

—  The lowest layer is physical laver and highest cne =
called as the applicatien layer

Each compater on & nelivork uses.a senes il |:|rl:_||:l:_:-:,:-:,:-I:.
ba perfonrm the funchons assigned 86 each laper.

- These layers collectively form the protocol stack or
retworeing sback.

At the bap of the stack we have the apphcation amd at
the botiom i the papsical medium which  aciually

conects the compuiers Lo forme & netwaark;
Wha developed the 0% modael 7

- The 951 modeal was dewloped i two diferent and
completely independent projects by the ntermational
Qrgenzaticn for  Standardizaton  (152) and  the

Consultative Committee for International Telephone and
Tatagraply |COITT) which is now ke as TTU-T

- Both these erganizations developed their own seven
lanver models, Then in 1383 the two projects were
cembined tagethar,

081 protoces] suits

~  The Q51 modal was originslhy developed a5 a model for
ereating a 7 layer protocal suite Bul this seven layer

protacol sUite never came Into eristehcea,

— Infact none of the pretecol suiss eadsting today exactly
masch the sewen layer structure of the Q51 model,

- Butb still the 280 refersnce model 1= 20 simple vet
pomeriul that it is being used as a teaching, reference
and cornrEnicatiang tanl.

- The reiaan why real protocct stacks differ froar the: 051

model is that many protocols used today were
developed bednre the O model was deesloped

Thae TCRAP protocols which anre used  extensivaly in
practice hawve ther own layered neodel. The TCORAP
reference model 15 discussed |latar on

Fig. 10.3.2 shews a mere detalled OSE madel with twa
hosts & ard B communicating with each other

Interface ©

Arvinterface defines the aperations and senvices offerad
by lowear layer 1o the uppear Layer,

There 15 an interface Bebweet sach pair of adlacen
layers as shaw n Fig. 10.3.2,

Pagmrrx ol
el
srdizrgsd
Pesiedn A Mo
i b i |
Il B0 Tl =t L EEERETEEE P RRE as ms R EEEEEaRsEERaEEEE L Bl LT ] S
PYaE S piny Dl |
1Bk Tig
Prassistian prolaml :
G [irese e e e L i M rrrseiran] 1194
Prar lopes japiasd
1R
Heasn pareaal
G BEsske H Simskin | SRDU
Fiam forpiess pa i
[ r
r .
Treait ipisinned
Al TIEspall - e ﬁ:"'"r' ..................... N ST o B R
I s e Gl
5
i [I'Hnlllllr;|1!uu-lll.|l|i.1'|lnll'|-_'lill
& e ————— +
A Haraed B Lo s B Ktk o Himsdk |
F r
S B BT Lo LR L] ] R Ir I:l.'rl-'nlr-li+ ~H D ik | Frame
i il |-~ - K l'I'.|l'l:i|< i« |'|'ql.l:.- El

Rt Rzl Hcal 11

Pl link | e bt icud i pinlenss
Fimrka e fewd moakn prolees

JG-ee Fig. 10.3.2 : The interaction betiveen layers in the

051 modal

Pegr :

Tha active slarnents present (n sach laver are known g3
entities.

The erbties can be hardware entiies or  soHwara
entfithas,

The entities comprising the comespording layers on
different machires are cafled a5 P ers.

The communication acteally takes place batween the
peers wsing the protecal,
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This communication is based on some mutually agresd
rules called protocols.

The proceszes oh each machire which commuanicate &t
a gieen lyer are called ax peer-lo-peer processes,

10.3.2 Peer to Peer Processes ;

Al the applications need not use abl the seven lavers
shinsry in Fig. 10031,

The lower three layers are enough for most of the
applications.

Each lager 15 bullc from electronic clredlts  andfor
softerars and has 3 scparate existence from the
remaining layers.

Each lener s supposed to handle message or data from
the layers which are immediately above or below it

This is dore by Follewning tre protocal rules. Thus eack
lawer takes data fromn the. adjacent leyer, handles i

socording 1o these rokes ard then passes the procassad
data to the next laver o the other side,

Interlayer communication

rMetworking is defined as the process of sending and
recetving messaces.

The protocal stack Hlustrated by the SS1 madel defines
the Lasic components fesded to transmdt The MELLages
to thair destinaticns.

Just as the way we package a ketter by placing it in an
emEiape and write an address on it the netlworking
protocols . also package the data generated by an
application, puts an address on it and sends to the

clechimatiomn r.urn|:||,.|l|:-:'.

[ arder to get.ar idea of interlaper communicatian. et
us take a simple example first. Consider a three layer
migdel of Fig. 10.3.3.

10-5 051 Relarenca Mocel
A : i Machines 1 Machne 2

- The dotted. Jines in Fig. 1934 show the wirtpal

commumcation and physical communicateon 15 shown Layar 3 ' Laer 3

By solid lines
—  MWithin a single rachine, each laper vses the semvices of

the laver just below it Leyer2 Layer 2
—  Howesar betwesn Two machines A and B of Fig. 1032

layer ® o machine A Wl communicats with layver 8 o

- Lagar 1 Laged 1
miachine B,

Priysaiial mesl e

Dl ard cordrol avamalion
NE-S HH. 10.3.3 : Data transfer

We want the data to get transfermad from layer-3 of
machine-& 1 Iﬂ:,'-:-!' 3 ol machin=E

But the data does not get transferred doectly froam layer
3 of one machine o laver 2 of the other machine.
Instead tha clata transtar takes place as explained balow

The data arsd control infarmation B pased an fram the
topmiost layer to the lower [avers antil the kerest layer
Hawer 11 is reashed,

Besow layer I lies the physical mediuam such as coaxial
Lable, through which the actual comrenication takes
place.

Thig iz shown In Fig, 10.3.3, This & =afled as the aonousl
cormmirscation betwean the lavers.

10.3.3 Qrganization of the Layers ;

The sawan layers in the Q51 model . can be considerad to
belang to three subgroups as follows

1. Subgrowp 1 0 Physical. data hink and network
reebwork suppoert lavers, favers 1, 2 and 3]
. subgroup 2 Sesshan,  Presentatioss  and
application-uesr support layers. (layers 5, 6and 1
3. Subgroup 3 Transport laeer-linking of subgrougs
1 and £
Fhe first subgroup consists of layers 1, 2 and 3 ie. the
physical, data link and network leyers
T||l:_‘.:|-' are imiportand far the |'.:-I|:||:.|r..;:|| aspu:ls. of hli:-'-'ing
dala from o computer to the otier.
The second subgroup 15 mada up of the wpper thres
lagers (5 & and 7)) e session,  presentation and
aoolication layvers.
TechHzsuledge
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O8I Ealarencs Model

. Thig is cabled a5 he User suf=nrt Ia:,-‘.:ri Tl'u-!,l allow the
interaction between unrelabed] soHware systems

The third subgroug consists of only the fFourth:layer e
the trarsgsort kayer. [t links the subgroups 1 and 2.

—  The upper layers are implemsnied gsing softerare anly
whereas  the lower layers are 8 comblnatlon  of

harcdware and softwana
—  The physical layeris implemented by only hardware.

) i
‘ E \ ﬂ'ﬂ{llir:lu

b

Zevling

Ledata &

] EL
- T
s o [T ILL?-I

EL Nz

Laer

]
E
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3
2
1

QR0 TS0 010 10 10180 000 3 L2010 1006010 1050 100050 300

frohiid clalks

L P e ST E T

b

AL 1 e
Trrermissim medim datn

a1y Fig, 10.2.4 1 An exchange using the 05 mods

10.3.4 Exchange of Information using the
2351 Model ;

AL the physical layer, commuanscaton s direct e
Friaching X sencls a straam of b to machine Y,

ol Iugl'-e:r Ia}-l:rr:, izl |.::|]|'Er in the !-.r.l-:ling mashire acdads
its awn infarmatian ta the messsge it recees from the

lamer just above it and passes the whole package tothe
laver just below it as shown in Fig. 10.3.:4.

—  The informmation added by each layver i& in the fonn of
headers or frailess,

- Headars are added ta the message at the lBvers 6 5 4
Toardd 2 A trailer s adoed at layer £

— At taar 1 the entire package is comerted o a form that
can e transherred 1o the receiving machine,

— At the receiving machine, the message is unwrapped
laver by laar with each process receming and remomng
the data meant for it

10.4 Data Encapsulation ;

=-11, W-11, W-14, 5-16, 5-17

MSBTE Questions

Q.1
Q.2
3

Diefne : Data Encapsulatian. 13-11, £ Marks)

Diescribe dala encapsulalion, {W-11, 4 Marks|
Explain encapsilation with exarmple.

W-14, 4 Marks}
Diafme : Encapsulstion [5-16, 1 Mark]
Describe data encapsulation n OS| rmooel.

it 4
o5
{5-17, 4 Marks)

Each layer in the layered architaciure provides a sendce
to the layvers which are directhy abdaees and belonw it

- That means laver 4 will provide sendces 1o layers 3
prd 5

As discussed mst now, the owtgoing informatian will
travel down teobgh the lapers o The lowest Rt
[retiwark medium],

—  Whila mowing down oncthe sounce maching, the data

unit scguires all the control  infermation which s
recjuired bo reach the destination machiine:

This control infarmation is in e fomm of headers (and
i ane case a footer] which surraunds the data received

frans the Ia.:,.-er abowe as shaown In Fig. 104.1.

Layal 5 M |
Layar 4 | H, ful
M = Mamsaps Hy = Haadar

sa-140m Fg, 1004.1 : Data encapsulation
Definition of data encapsulation

—  Ths precess of adding the headers and footers 1@ the

data 15 called as Data Encapsubstion and it s
demcnstrated in Fig. 104.1.

The headers and looters [or traiters] contain the cantral

ivddcdisgl  fimlds.  This
information is used to make the message packet reach

infarmatien I the santeal

the destination,

- Thus header and foater form the envelope which: carries

the rressage to the desirad destination,
This seC]LierICe nl'-::-pl:r.al_inr' I..:|I-:ir||:_| |:_:-:'4-||:'r.' a1 machine 1 is

shireth iy F|-:_;. 1004 2.
TechHaawledge
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10-7 {51 Relerenca Model
b
Layar s H:“ Step1: A megsapes M s produced By layes 5 oef
L maching 1 and gyven i layer 4 for ransmissicn,
Lavar4 H* a Stepd: Laysr 4 adds = header Hy, m fropt of the

H, = Layer 4 baadar

Lavar3

H. =l ayer 3 headar

wayarz | Hy PR H ] W | T [ e BRAA e | T
oy N

H, = Lagir 2 HeueChion
Layer 1 jPrysacal

; A T, w Laper 2 trailey

w

Message + Heackr + Trallar

felching = 1
(Soures machre ]

pe-51p Fig. 10.4.2 : Data encapsulation at the sending machine
The control informaton placed v headers &5 used a1
the: cestimation machine [machines £ to coney Lhe
gl pttile s b layer 5as shaawn in Fu" 1043

| 4% I Lenser 5

H = Hapderns I My ] b I Lapar 4
T =Traars k T

M3 I Hy | ¥4 I Hy | My Leyir-3

Ho Bt w, o | T Hy BHA Mo | T 2

= '-'-..-':}." _q i 2. . .'.-'.'-'I..':-' = 3 | Lapar
bk -2 Leryar A
[ Desdaniakinn

fe-52h Fig. 10.4.3 : Reverse process at the destination
machine

10.4.1 A Simple Example of Data

Encapsulation :

Let us take an example of & 5 layer stack and
understand the procass of data encapsulation,

- Conskker fwo machines with a S-layer protocod stack
The 5" layer of sending imachine wanls to send a
message "M° tothe 5 layer of the destination machine.

Then the LEGEncE of data :-.rlmpsula-liu:-n takes Flﬂ-;-e: al
the sending machime Machine - 1y as follows

—  Refer Fig. 1042 and go through the steps given below
b understand the data encapsulation

messsage 50 s o denlify the message and
passns tha (haadar + meeaane) 1o leyver 3.

& haadar includas the conbrod information and it
alliey & Byar 4 B maching 2 o deliver the
MSssages In nght ordes.

Step 3¢ Layer 3 breaks up the incoening Messages inlo

small ynils, packels and apoends o layer 3
adder 1o each packet M, and M, 85 shownh In

Fig. 10.4.2 and paszes these packets to layver,
Layer 2 adds header as well a3 raler (ooter) o

each packet abtained froam laver 3 and hands

awer the resuliant unit o layar-1 fior physesl
iransmission,

Interfaces and Services :

Step d :

10.5

The beser funchon of each layer in the layered straclure
i5 10 provide sendce 1o the leer aboye it

Mt i il discuss exacthy wihat sepace does 1 provide.
But before that. let us defing some impartant t2ms.

10.5.1 Entities and Peer Entities :

MSETE duestions

21 Describe the terms - Entitles-and peer entities.

[W-12, 4 Marks]

A entity is defined as the active elerment in each layer.
A entity can be either a softvare entity or a harchware
entty.

~  The aexampla of coftwars entity is 3 process and that of a
hardwareantity 1s an intelligent- 120 dhap.

Entitias in the sume layer but on differsnt machines are
called as peer entities,

10.5.2 Service Provider and Service Usear ;

—  The entities at layer n irnplement services for toe layer
(n + 1) which is abiove the n” layer.

So layer nowhich prondes sendce g called ag service

prosder and layer |0+ 1) which takes thie sapdace is
caled-as serios dsar.

10.5.3 Service Access Points {SAPs) :

- Reler Fig, 10.5.1 to urderstand the definition of SAPs,
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10.5.4

The long formeof SAF & senace atcess goint, They are
avaiable at the inberface of nand n + 1 laver & shown
in Fig, 10:3.1,

[]¥] T

= =

el s0Ou

Laye
e+ 177

1ot Tl = .
Lzr,-'r_'rn-i : :

Hancled
i -565 Fig. 10.5.1 = Relation betweeen layers at an interface

BoL

C

o
r = ROL

Serdices are avadlable at 54Ps, That means the layer
n SAPs are those places at the interface where layer

i+ 1) can access the services being offered.
Each SAP has a unique acidress for its dentification,
Interface Data Unit {IDU) : En

MSETE Questians
L1 Explain: inedace Oata Ut (0L} {$-11, 2 Marks)

For successful exchange of infermation betwesn two
layers, a set of nules about the interface should be
present

Ac shown in Fig. 1052 the layer (v + 1) enfity passes an
DL [interface data unit) ta the IH:,.'-:r n I.':I'IIiI‘!.I Lhrnugh
the SAF

fOU = FCl I =0

e Bornog dala unil

e Inteafaca conined infarmation

[(5-57 Fig. 10.5.2 : I

An [DU-conrsists of two pants namely SO [sepace data
unit) and 101 Fnterface control infarmation).

10.5.5 Service Data Unit (SDU) :

SOU s a pert of 100, The S0U S the information pessed
gcross the network fo the peer amiity and then upto
layer in + 1],

IS containg the contrel informatian which 15 niecessary
Ea help the lowes layer [n) 1o dothe necassany job.

10.5.6 Protocol Data Unit (PDLU) ;

Wal5 5-11, W12

MSBTE Questions

L1 Describs @ Protocs Data Unit [PDU
(W-05, 2 Marks}
0.2 Explain Prlocsl Data Unil (PO
15-11, W=12, 4 Marks}
In oceder to transfér the SDU, the layes n entity has to
divtcle it into many smaller pleces,

—  Each pieca is given a header and sent as a separate POL
[Protocal Data Unif) such a5 a packst

The FDU headers are used by the peer entities o canmy
out their pear pratoccl

Hreal -1 Hnst — 2
sty Bty
| =ou
g
n- POU
j6-5%1 Fig. 10.5.3 : Layer n entities exchange n=POUs in their
laver n protecal

-  Some PRUs contain data while other POLUs contain the

confral information: The PDL headers will identify or
differentiate betwean cifferent typas of POUS

- They alse provide sequence numoers and Sounts.

10.5.7 Connection Oriented and
Connectionless Sarvices :

5-13, 5-15, W-15

MSBTE dusstions

2.1 Explain conmaction cnented and connaclionless
SCMICES (5«13, 515, 4 Marks}

.2 DOelmesonnechon onsnked proocs,
(W15, 2 Marks)

Ary layer can offer twe types of serices ta the layar
ahone it

1 Connectian-orientad sarvica,
2. Connectanless cendos,

1. Connection orlented sarvice ©

- The connechon orented  sernce s simdlar ta the one
prosded in e telaphane system.

Tha. service sars aof the connection onented senace
undergo the following sequance af aperatian ;

1, Eilablizh a connection

2. Use the conmection

. Eelease the carmection.
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The conmreclion acts like s tube. The sender pushes s | —  The transport layer POU s then passed on 1o the

from ome end of the tubs and the receivar takes them retanrk layer,

Ut rom the other enc The mebwork layar protocel recelves the wanspart layer

—  The preler is generally preserved. That maans the crcler POU and encapsulates it within its own POU by adding

irt which the bits are seni is same- as the ordes in which lts cown beader as shiown InFig. 1061,

khey are: received,
T Appicston byer

- sometimes after establishing o connection, the sender

ard  receiver  can  discuss  and  negotiate  about 5 b
paremetars to e used such 38 Masimum message size, g T e T T et e e L S e
: : ; 5 Fesvo
quality of service and some other issues, g
2. Connectionless serdee : 4 Transpor r‘r"fm’fﬂ HEAR
.............................................................................. i e
The connectionless sendce i5 similar to the postal
SETVILE Hataorm Trarsoo layar
3 r-.|n1-.-.-:r|-c| il Bo |

Each mestage fanaiogus to a latterl caries the full
adtlress of the destination. Each message s rowted

|r||:|¢|:,||:r||;||.-.|'rll:|.l from source to- destinakios Ihr-:-ugh by

system,

- It'is pessibla that the arder in which the messages are Bt (rk lye FOL

seel o amd Ll order i which |.h|:-.:|' are peceed Ty be
diffcront, To e Nelwork megdam

Fig. 10.6.1 : Data la%ion in 051 model
10.6 Data Encapsulation in 051 Model ; s i it

The network layer POL is then passed owver to the data
link layer, where the DL header and footer are added to

the netwark laver POU, 1o fonm the data link layar POL.

MSEBTE Questians

2.1 Explainthe data sncapsulation in OS] mooi .

—  The pmcess of encapsulation is gwer at this point and
the data link layer PFOU ks seni to the physical kaver from

‘Wa have already disoussed the pnnciple of data
encapsulation. Mow let us extend it and apply it to the
seqen layer 051 model.

Fafer Fig, 19.6.1 far the data encapsulation-m £5] laver
A application-laver protocol which sko incliedes the
precentation and session layer fumctions will generate
the message or data to Be sent

This data &= m & strcture which & decided oy the
application layar protocod.

This data ls called "application data”™ = passed down 1o
the trarsport layer as showat in Fig. 10061

The transpest layer pretecal has-its ewn PR structurs
which includes a transport header and the application
data.

whare it iz seht over & retworking media such as a

caxsial cakle to the destination computer.

The encapsulated packet by cata link layer is called as

frame.

It has @ format as showrn Fig, 10602,

iksia link Mok Transpar s DL
fayrer lmypar laypar Axﬁ;ﬂ'{m fpar
heaier header e [wail=g

p8-1517 Fig. 1062 : & complete encapsulated frame, ready

for transmission

The ercapsulation and de-encapsulation procsss is
illustrated in Fig. 1082
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| L i) ' Frarahiing Comparer-1 Corputer-2
_'-_ . muding ]!J T _ o
. ¥ 7 = L i P RpIEsEn p———+ LIRS H
il . Lpminy Ly ﬁl
'R e § : :
I _l 8 Frcosr bl | i Prcon il 55
AR i
e 1 S SBHkarem = BHmeam
.'-'-::a‘l.:. ”E_ i | 3 Sl 4 Trayneeneet 4 Trmn g
5] | 5]
= i TITTE ' [ i [etrori | B Hetwark
Lfdue__|Ha] AL L] [siwm JHe Sl Bt
h i § Frresical i Phusial
40m 5 T Hmu.'. e | ¥
Lz E 2 G-1203) Fig. 10071 : Hortrontal eommaenication
L e el 2 | E;-' Lﬂ"’i _iH= ik e .
Dt ] il e oo cr o e o v | 1'}E ‘I-r'ertil:al 'EI:II'I'I '."“.".":.'?“.":’“5 .
ST .
Aoctusl daky J e :
HHIT TR R G ] FEiEL reda R Wl | E Gluashians
L s ) e @1 Explain horzonlal commisscation and  verlicas
{4-61) Fig. L0.6.3 ; Encapsulation and de-encapsulation commaracahiion,

= = . (5-08, £ Marks, W-10, 5-12, W-14, W-15, 4 Marks}
10.7 Horizontal Communications ;
—_ — —r — .2 Explain verlical communication in O350 refersnce

5-08, W-10, 5-11, 5-12, W12, 5-14, W-14, model. [W-089, 4 Marks]
3 What I3 esizamal and verticsl communicaton 3
MSETE Questlons {5-11, 4 Marks}

G. 4 Explain weriical commurication with example,
[W-11, 4 Marks}

. & Describe horizontal snd vartical communication.
15=14, 4 Marks}

€8 Explain hotizontal ard vertical commanication.

.1 Exsplain honzoptal communication and  vertical
cHmmunicabon

(508, 2 Marke, W-10, 512, W-14, W-15, 4 Marks)
3.2 ‘What is horizontal and vertical communicatcon *

=11, 2 Marks
2 J {(5-17, 8-18, 4 Marks)
Q.3 Wih meat  diagrany,  explain  horizontal
communication. (W-12, 4 Marks) The headers-used by the varlous protocos implerma
Q. 4 [mscrbe horizantal ared vertical commumication the spechic functions carried cut by those protoools
[8-14, 4 Marks) [ | -  The header infermation communicates horzantally with
Q. 5 Explain horizomial and wertbcal commaunication. the same protocol in the other system-and. it will enable
-4 3- gac rto cxmmunicate verticalby wi e lawers
[S-17,; 5-18, 4 Marks) h layer t te werlical ith the laye
[Fwe wiant tWo campulars Ta- commiuticate oéer a aove and below it as shown in Fig, 1081,
neteork, then the profocols used at each layer of the i dreend |
D8l moded i the sending computar should  be . i S .
duplicated at the receiving ed computer. i |
Wren: th apsulatad  frame  fransmitned tf ’ '
5] B ErcapsLla | B4 Thie & Tedion |
seivder reaches the recelver, the precess by which ' b :
headers and footers. are included at the soure s ' .;rm.;m |
ri-pr-.urrl,:l in reverse toogel the pltaris i_.:lr_||::-!H':|L|-::-r.| I
datal, 3 e .
. : : o
—  Peote that the herzontal connections bebween the layers % .
shows in Fig, 1007.1 are leqical connections : m"“:"k I
They are called wvirlual confnectians. There 15 g direct IF'h;'-.:::-:u |

conmmurcation between them.

p-1404k Fig, 10,2,1 : Vertical communication i O51 modal
TechMmawledge
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- For eyamgls, The netimark [Eyes will comnunicate with
the data link layer and transpdrt laper.

Thiz interzyer commignicatsn on the same machine s
called as the vertical communication.

- When a system receives & packet and passes it up
thralgh varlais: lavers, the data link layer protocol
headar incluices a field which speches the name of
neteark layer protecal to be used 1o process the packet

—  Similary. the metwork: laper pratace! header-will specfy
the mname of fransport layer protoocd to be wsad to
process the packet.

D §o wertical communication, it becames posibde for
A compules To SUppoet |r|.ul1i|:||r profoeals at esch layer

at the same time,

10.8 Encapsulation Terminology :

Fragmants :

While transmitting a datagram, sometirmes it ic splitinto
eall parts, Each part is called &= fragment

Segment and sequancs :

Transmession Control Protocol [TCF =another example
of framspar I.:.|:.I|.-.r prodacnl,

Tha FDOUs oroduced by the TCP are called az sagments
and the collection of segmants is called as & sequence

10.10 Functions of Various Layers in the

Mo ket ussee the terminalogy used Tor describmne the
Pl gmu_‘.rﬁlﬂd h'_-,-'i.".ﬁ:h |i'.|}'|.'.|

1. Pachkeat -

—  Packet iz the complete unit trarsmitbed by sanding the
computer over the network medium.

—  Sometimes packetis wsed as a generic termn for the data
unit ab any stage in the procesc.

2. Frampes :

- Muost data link layer: protocols are said to be working
with frames,

— & frameincludes header and footer arcurd the data
Frarm: the netesark laver

& frarme is of variable size dependindg on the amotnt of
data tobe camed.

The data link, layer protacal which uses PRUs of uniform
size sach as ATH {Asynchronous Transter Mode] uses
cells,

X, [ratagram ;

& fransport lsyer data encapsufated by the network
layer protocol such as IP (nternet Protocal is called as &
datagram.

The POUs of the aset datagrar: protocal are alsa called

a5 datagrams

MSETE Questlons

1 Describe the funciions of presantation layer.

2 2 Draw the O8] rederence model and state the rale

. 3 Explain functions of following fBawers in OS5 model ;

@. 4 Wirite the namas of the laysrs that performs the

Q.5 Desgrbe the seven lavers of OS5 modal,
6 Explain the functan: of esth ldvsr of Q51 raferancs
.7 Draw and exgdain the imclions of various layer of

Q.8 Draw a neat diagram showing the lavers of OS5I

5-06, 50, W-12, 5-13, W-14, 5-16, W-16,

[=Scheme ; S-1%, W14

(506, 4 Marks)
ol sach layer, (5-09, 4 Marks)
1.  [Caata link layer 2. Matwork layer
3. Transpor layer & Hesgion [ayer:
(W-12, & Marks}
following funstions in £651:
1.  [sata encryplion 2. Ermor detection
R File transipr & Bala encoddmng
§5-13, W-14, 4 Marks}
(==-13, 4 Marks]
madal with naal disgram [W-14, 4 Marks|

CSl reterence model I&16, B Marks]

madel and state the fTunction of each layer.
(W-18, & Marks)

Layer 1 : The physical layer ¢

Functions of fiw Fl'n}':ir.:-ﬂ In}'rrr e as Follonwes

Ta  activate, maintain and deactivate the plysical
Connection.

Teav cdafine waltages and data riles  neseded  ar

Cransmisshom.

To corveert the digital data bits imto elecirical signal.

T cfericke whether the frandrmissmb EiI"I'IFI|E':lI'. half
duplex or full diaplex

A physical laver cloes not perform the Foliowing
|:|F1;|r.':1i-;-ni:

TechHaawledge
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it does nof detect o corFact 8rroms.
[t does not.decide the madium or madulation.

The examples of the physical laver protocols arg R5-232
or BS-440 ctandards.

Layer 2 : Data hink layer

Functions of tha data link layer are syrchronizétion and
information which & 1o be
transmitted over the phisical Bink,

arrar contral dor the

Ta Epabds e errar ceteclion, it ades armee delectian
bets 1a-the data which = to be transmitled.

Theencoged data s then passed 1o the physical lavear

These: errar debection bits are used by the data link o
lanver-an the ather side to detect and comrect the errors

At this lewel tha ouigedng messages are assembled inte
frames, and thesystem waits for the acknotledgements

ta be recerved after every frame transmitted.

Carrect operalicn af the data link layer ensires reliabie
transmission of each messape. Examples of data link
latyer protocols are HOLC, S500C andd X205 protocols.

Layer 3 : The network layer ;

The functeans af network kayer are-as follows -

Ta reate the signals through: vandas channels o the
oiher @,

Ta act as the neteork controdler by deciding swhich route
data should take.

Ta divide the cutgoing messages into packets-and 1o
asgemble Incoming  packets (nto messages for the
higlkser leyals.

[r short the netaork laver acts as a nebyork controller
For rauting data.

Layer 4 - Transpoart layer -

Az the name suggests this layer pravides the trangpod
senvices. The functions of the fransport layer are as
listed balow ;

[ decicdes if the dela framsmission should take place on
paraliel paths ar singhe path,

[t does the funclions such as multiplexing, splitting or
seqmenting an the data

Transpoetl layver guaramees fransmission of data Erony
caie end tothe other.

It breaks the data groups anto smaller arets so that they
gra handled moare efficiently by the network layver,

Layer § : The seszion [ayer ©

This layer manages and synchronizes conversations
betwesn two diffarert applications,

Thiz 1e the level at which the user will estabilizh system to
eysterm conraction,

It contrals logging on and off; wser-idertificatsan, biling
and session Mmanagenment:

In fhe transmission of data from one systermn 1o the
pthes, -t sesslon et stréarms of data are marked and
resyrcironized properly oo that the ands of messages
are not cut prematurely and data loss is avoided.

Layer & ; The presentation layer ;

that the
that the

The presearation laver makes i sure
infamation & dgaliverad In

receiving system will urderstand and wse ik

The form and  sertax  languagel of the teo
carmmyurscating  systems can be different eg. one
systam is using the ASCH code for file transfer and the
other one uses [BW's EBLLAC

such a fomrn

Unider sich cordiians the presentation |layver provices
the “rarslation” from ASCH ba EBCDIC and vice versa.

Layer ¥ Application layer;

Application layer is at the top of all. [T pravides different
sendces such as manipulation of information in warous
vrays, rakransterring the files of information, distebuting
the resufts etc. to the user who is silting aoove this
lzer.

The Funclions sach-as LOGIM, of passwond checking are
akso-performed by the application layer..

Let us now go into the details of each ared every layer,

Table 10101 shiows viafaud Ia].u:n afed (s fuRetions

Table 10.10.1 : Functions of the layers of 150-051 model

Lyl AR Of e Funetians
Layer
1 FPrakcal Make and break connections
Layer define voltages and deta rates,

convart deta bels min slacircal
Sigrial. Dtz wihielher
ransimissnn 5 simpees,  haill
dusplex or full duples.
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neteork ard with tranemissson and reception of signals

10-13 08l Raleencs Model
Lpanay| H-urll_'lrnftln FuibeHara —  This level delings physical and electrical details such as
_| Ayer what will represert & 1 or & 0 how mare pins 3 nebwork
2 Data Link Synohromzadion, S will have, how clata will Be synchronized and when the
Layes detection and. corection. To network adapter may or may not transmit the data
assembls oulgoing Mmessages
; The pocition of the: phiysical kayer wilh respect 1o the
inte fremas. P P / ' Fe
' Eransmisscn mecem and the data link byver is shown in
.| Metwor Routing of the signais, divides Fig, 1141
rkdads
L3 the  ootge Messa ke
e going P8 Froim cials bk L Tex daslsp DOl deper
packets: 1o acl as nebaork L T [ |
canteoiar for rauting data, Iy 5
4 Trafispod DecHes whether fransmiasion ‘I’ :
Phigsci :
LE!.I'E'F ehould be II}EFE"EI o E-f'lﬂ'& her |1[|||:|1m|]|:|||;| |1ﬂ|¢1mmlﬂ| q.ﬁ-
palh, mulbipbaeeng, splitng or
gagmenting the data, o hreak
data o smaller units  tar
_ ~S -
afficiant handéng. Titics fTiiscs ko P | L)
B, Sassion To manage and synchronize ig-82% Fig. 10.11.1 : Physical layer
La mrwersalion  betwesn  fwo
i Summary of lunctions performed by physical layer
syatems. 0 controla: eaging on
and off. user identification, 1. It defines the type of encoding e how 0's amd 1's are
hilling and RO changad Lo sigrals
management. 2. It defines the transmission: rate ig. the number of hits
=] Presanlalion | 1 works a5 a8 lmanslating layer. transmitted per second,
Layss 1. It degls with the smchronizatien of the transmstter-and
FECaivar,
T. | Application | Retrarsferng files at
L-aysr information, LOGIM, pesswond g N desls willh pelaork eannectian By pes. |nq.||,|-::|ir|E|
checking ate. Fiftpnint and palnt To polnt connections.
5. It ceadz with physical tapolagies ie bus, star, ring; or
10.11 The Physical Layer :
mash,
The physical layer defines the aclual mediam which i f.. I deals with the media banchvichth 2. baseband and
used for carrying data fram one computer to ancther. braadisand mansmission.
The mast commeonky used physical layer is copper based | 7 Multiplexing which deals with cosnbining seversl data
electric cables and optical fiber cables. channels inte. one.
The physical layer erecodes the binary data supplied by B Trdefines the charactenstics betawesn the device and the
the data link layer into electric woltages. pulses of hghi transmisscn medim,
o other impuices suiable for transmissiony over the | 9 It defires te transmission mode batwean two devices
netdork medium. lee whather it should be simplex, half dupdex ar Full
The physical layer 1= responsible for sending bits from duplex.
wne compuier o arekhern Features of physical layer ;
The physical layer is not concerned with the meaning of
F'.T}'-“ _’. _ _ _ i 1. Physlcal laver is first layer of OS5 mode
thebits, but 1 deals with - physical connection 1o the ,
2 Protoced data oret qenerated by physical laver is bit
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; ] T netvacrk. Ly
% The phaysical layer scodes the binory data supplied By | ET T
the data link layer into electric woltages, pulses of light
o other impudses sutable for transmession over the
netveork necium
4. The physical lever = responsible for sending bits from
pae Coampaiter o gl hat’
L. Hubs and repeaters can aperate in the physical leyges
& [t deals wath physecal topologies 1e: bus, =tar, nng, ar e gioeoononio
rriesh. From o soal ke
It prosides servcas o the data hink Llayar i g AT v ke fipey

10.12 Data Link Layer :

W-04, SOT, W03, W-11, 5-12, W15

M3EBTE Questians
1 Wiah the help of sultabla diggram mdicating the

Q.2

Q, 3

Q2.4

Q. &

adiacent leyvers descibe the funclioning of Data
Link Layer.in he OS] refarence modsls,

(W-D4, 4 Marks)

Draw lhe adjacent layers of DLL in OS] reference

modal and descrsbe the majer funclions - and
responaibilities of DLL. Descdbe b sublayers of

DAL {507, W-15, & Marks)
Winch layer of 05 reference motel packages e
hils Enba frames 7 Which subilayer of dala link Layer
direcly iaracts with retwark card, ako stale IUs
functions [W-09, 4 Marks|
Explain warking af only data link layer in datail
(W-11, 4 Marks)

{512, 4 Marks|

Explain data link Byer in datail.

The DLL i= rezponsible for reliablz node to node dalivarny
f the data it accepls packats from the network laper
and farms frames and gives It to the physical leyer as

shronwry in Fig. 10.12.1.

Froem netvork: Lagar
L3 cisia

T G GO0 10
To physical lsyer

jG-6%) Fig. 10.12 1{Contd...)

Features of data link layer ;

LT

Diata link layer I second layer of O maodet
Protocod data umit generated by data link layer i frame

[t 15 responsible for refable node {2 node delivery of the
data. It accepts packets from the networm layer and

forms frames and ghes it 1o the pheysical layer.

Erirh;_:-e;:s_ inrﬂ|||'-:_|ﬁ|: hubs and rebwork intesface cands are
devices associatesd weth the datsa link harear,

It provicles: a flow control mechanism to avold a fast
bramsmitter  from owver-running & slowe receivar by
biutfering the extra bits.

It prowicies services ta trae rebwork layer.

10.12.1 Functions of Data Link Layer :

5-06, 507 W05, 510, W-10, W-11, 513, §-14,

MSBTE Questions

.1

2

k3

o4

Q. 3

Q.6

G- 7

4

Describe the furclions of dala link [ayer. Describe
o sublayers of dats lnk layer  (S-08, 8 Marks)]
Draw the adjacant leyereof DLL o 05| raferance
modael &nd describe the majod lunchons  d
reeponsibiltias of DLL Describe bwo sublayars of
DLL. (S-07, W-15, & Marks]
Oive the functions of data link layer.
(W-02, 510, 5-18, 4§ Marks}
Which kayer af OS] reference model packages raw
Bils inta frames P Which sublayver of dats fink ver
darectly Interacts with network card, also slate if's
functians 7 [W-09, 4 Marks)
What = GE reference model ? Explain working. of
anly data link layer in detal, [W-11, B Marks]
Explain the servicas provided by data link Bwer in
Q51 model. (513, 4 Marks)
Slate the names o o sdblayers of data link
layer, [5-13, 517, 518, 2 Marks|
Siate the funchons of dala vk lapar
{517, 4 Marks}
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Fallowing are the funclicns of data link &yer

1.

3.

Framing

The bits mecewed from the network layer ase diniced
inte another Ty of data units called frames at the data
ling layer

Flow conirof ;

[l prosides a Fow control mechanism to-asoid a fast
transmitter from owerrunning 2 slow receiver by
puttering the extra hits,
Physical addressing :

[t adds a Feader to the frama which consists ot the
phigsical address of the sender and [/ oF receiver-of tha
frarme.

Error control ;

& traller s added at the end of the frame in arder 1o
a-hiese greor control.

[t also uses a mechanism to prevent duplication of
Frarmes.

docess control -

The data link laysr protoced perform an important
function of determining which device has contrel over
Ere link &t ey given tire, when bad or moee deysces dre
connacted 1o the same link.

The Institstiban- of Electrical and Electronies Engireeds
[IEEE) Felt the negad 1o define the data link layer in rare
detale, oo they splat it o bio sub-lapers

Logical Limk Confrol (LLC) .

I establishes and masntaing: links Betaesny  the
communcating devices

Media Aceess Cantral (MAC) -

[t controls the way multiple devices sharg. the. same
media channed,

The legical link contrsl sub-layer provides Sensce
Access Points [38Pc] that the other comiputers £an refer
tar and wse ta tramdder infarmation from LLE 1o the

netdar I.:::.-r-_-r.

The MAC sub-layer provides for shared access o the
neteork adapter and communcates dirgctly with the
network interface cards.

Metwark  Interface  Carde ML
12‘-|:Iigil. hexadecimal AL adaress r;.ﬁigned hefore I‘|I-!;:':|.'
leave [he factory where they are manufactured,

nave & Unegue

The MAC agdresses are used o estailsh logical link
betwean two computers on the same LAN,

Brideges, intelligent hubs and rabwosk interface cards ara
devices associated with the data ink layver.

The data link layer is responsible for moving frames
Fram: one hop (node] 1o the next

Fig. 10122 shaws the node delirery by the data bink

lzper.
End Tnlnnpdak
SyHHam
| i
4
ol o i MGk 00 o MNode borods
- drlvary 'jf' e fen iy a3 drbvary '_1'_
[Rsha b= ] (laln i E _I s e _.'. I
Pryzecal [T popaenl. [TIET] rhysea 11

iG-ma] Fig. 100122 Node to node delivary

Fig. 10.12.2 lllustranes that the communication at data
link |eyer taxes place betwesn two adjacent nodes

The data is being senl from erd systermel o end
evetern-4 . Ta do so, partial data deliveries are made

thres times. from L to 2, from 2 103 and then frony 3 to
4

10.12.2 Framing :

The hits to be tansmittad is firet braken into discrets
frames at the data link laver.

In order to guarantes that the bit stream is emor free,
thez checksum af each frame & computed

When 3 frame 5 recelved, the data Ik theeg,
recompites the chacksum. [ 13 is differant from the
checksum present in the frams, then the data link layer

knewis thiat an errosr has accurred.

It then discards the kad frarme and sends back a request
For retransmissicn

Breakirsg the bit stream into frames ks-called as framing.
Cia wiay of dodng it is by inserting fime gaps between
frarmes ad shown in Fig. 10.12.3.

Tima gas

Frame

Frarms

Framc

Frame

j6-172 Fg. 10.12.3 : Framing

But practically this framing technique. does not work
eatisfacicaly, because networks generally do nat maks
@y guarantess ahbicait the lin:-ll'lg.
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. 5l
- S0some oiher methods are derwed e il
Framing mathols
Fallowing methods are used for camying out framing byt T
1. Character count Laver]  yetwork b B s T
3
2. “atarting and ending characters, with character stuifing, Trak ik Conval |
- . Layor Cregalink LG
1. Starting ancd ending flags with bt stuffing. . bayiar Nioda A Eaer
(AL :
4. Physical ke codding vinlatans T?Eﬂslﬁgé-
: Laye Phiysical Frysial A
10.12.3 Addressing : & fayir fevar Slaranis
—  The data link layer protocel header cortains the addrass b adium Whadinm l
of the sending computer as well as the recehing (5-265} Fig. 10,124 : IEEE 202 protocol layers -:ump-ar-a-d

10.12.4 Access Control :

computer.

The addresses used in this layer are the hardeare (MACY
sddresse

OLL protwsools are not concerned with the agelvery of
packats 1o ks ulbmate daestination, as long as the
déstimatlan s oo the came LARL

The only respansibility of & DLL proface s to put the
packet to the rmouter-on the local nebwork which
preaticles are access to the rast nedwark,

S0 the destination addrzss in the header of & DLL

protocol will b that of a device on thw local neteork
and not that of the ultimete destination

MSETE Questions

Q.1 The IEEE #3Z projec divides the data link layer
i two sub layers, Which sub layer of the data
link fayer communisales dirgclly with the petwork
intarace card 7 Deacribe ve Tunclions.

[S.03, 4 Marks)

The data link layer protoosd getermines which devce
hes control over the Iink 8T ary Given Bme, when b ar
rmiore devices arg connected 1o e same link.

The Instiiutian of Electrical and Electronics Frlglr'.-.-en.'
(IEEE) feit the need o define the-data link. layer b more
details, o they spiit it o bao sub-lapers

1. MAC sublayer 2, LLC-sublayar

Fig. 10.12.4 shows the layered OS] model {pardal} 1o
shiow the position of Mal and LLC sublayers.

Wa wall discuss the roadcast protocols corrmasponding
b the longes lavers [1 and 2| of the O] madel as shown

in Fig. 1k12.4,

to Q51 moded

Frg. 10124 relates the LAM protocols with the Q5[
srhimecture.

Thes architechure was deveioped by [EEE 502 committes
gnd it has heen accapted as LAN standard,

It 15 called as IEEE B2 reference model Let discuss this

el laver by laper.

Fumctiens of Media Access Control sublayer (MALC) :

Tia I:'IEI'fﬂII'I'I'I the contied af acces o rmedia,

It performs the unique addressing to stators directly
cannected o LAN.

DEtee T af arres.

Functions of Lagical Link Cantral (LLC) sublayer :

Error recoveny.

Tt perfemms the flow contred oparation

Llser adcressing.
[t comtrate the way multiple dewices share the =ame

media chanred
Tha |ogecal link comdrol - sab-layes provides Serace
Access Points (S4Ps) that the other computers can refar

to ard use to trarsier information from LLC o the
network leyer.

The MAC sub-layer provides for shared atcess 1o the
network. adapter and communicates. directly with- the
network interface cands.

Mabwork  Imieifaca Cards  (RIC)

hewadecimal MAC address sssigned before they leave
the faciory where they are manufactured.

heve a  unigue

The MALC addresses are used to eclabl=h logical link
hetwesn teo computers on the same LAN,
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10.12.5 Types of MAC |

W-03, 303, W06, 5-07, W-0B, W-12, 513, 3

@, 1 Descrbe e aorking of CSMACD protocol,
(W03, S-05, W-09, 4 Marks)
Q2.2  \What |s token passeng ¥ (W-06, W-12, Z Marks)
2.3 List all access methods. Explain any one.
[S-07, 4 Marks)
Q.4 Whal Iz taken passing 7 List any four prolocss
assosiated with application layer of OS1 model.
[5-15, 4 Marks)
Qb5 Slabe laken passing, 1517, 2 Marks)

- Tem hasic forms of MAS which are wed in most of
tadai's LAM ake

1. Token passng methad used by the tokeen ring and
FODL.

2. CshA FCO e, carrier sense multple aooess with
collision detection
1. Taken pazsing methad @

—  Im this methaod a special frame called token is passed
fram ane warkstation to the other

. Qinly the system which posseses this token s allowed 1o
trasmit tle data oo the netsiork

- & workstation, atter transmithng its data will releaza the
Eokan o the nedt workstation.

This. meethod s wsed by the token fing and FDDH
sYstEms,

2, CEMANCD;
—  The lowg foon of CSMAMNCD 5 carrier sense multiple

access With collision datection.

I ths methad when 8 workstation Bas o send some
data, it checks the status of the neterark cable and if It is
idke then sends the data

- On CSMASCD mebwork the workstations can transmit
simuttaneoush which results in packet callisions.

— Lo tfhis system has a oollision detection mechanismm
YWhen & collsmn is detestmd, e l.',':,:-i"l't;!ﬁl:ll:mﬂlllg diyta s
retransmritted. Thus the lost data will be retransmitted.

10.12.6 Carrier Sense Multiple Access
(CSMA) : W-05, W-08, 518

MIETE Questlans
2.1 Duscnbe camar sansa mutiple access with

collisicn dedectian,
.2 Whatis CSMA Y

(W05, 518, 4 Marks)
[VV-08, 2 Marks)

Tha Ci8A protocol operates: an the principle of carmear
BEMSING.
In this protocal, a station listens 1o check the presence
of Transmission (carnerl on the cable snd decld=:s 1o ac
aceordingly.

Nom-Parsistent CSMA ©

In this scheme. F 3 station wants to trepsmit & frame
and i1 Ffinds that the chanmed i |‘JI.I!-|'.5' [Scane other STAticn
|5 tramamitting) ten it will walt for flxed nterval of time.

— After this Tme, it again checks the status of the channsl
and if tha channel 15 free it will transmit

1-Parsistent CSHA :

In this schame fhe siation which wants to transmit,
mminumslg,.' mienitore the: channel untl i s idle and
then transrnits immeadiately.

—  The disadhantage of this strategy is that iF bwe staticns
e wearing then they will tracsmit simultaneously and
collision will take place.

T his walf then reqguire retransmsssion of fost data.

P-Parsistent CSMA ;

Tha possibility of such collisions and retransmessions 15
rechieced in the p-persistent CSMA

- Inthis scherme all the waiting stations are nat alicwed to
transmit  simultanecushy as socom as the chaneel
becomes idle

b =tahonp 15 assurmesd

prababildy “p

fes  fae 1_r.i-|r|s.rnll_||r|-g with a

—  For example §.p = 1/6 and 1f & stations are warting then
0f 8 average oaly one station will transmit and atharg
Wil wait.

Larrler Sense
{CENMAMCDY ;

Multiple Access/Colllsion Detection

—  The CSMASCD spacifications have besn standardized by
IEEE 8023 standard, It 15 & wery wedely used MAC
protacal.

Media Aecess Corntrod :

—~  The problem in CEMA explained eadier is that a
I;rauﬁmillin:__a slstion continues to transmil its [rams svan

though a collision Goours.

—  The chanral fime i unnecessarily wasted dus 1o this, In
CSMASCD. If & station receives other transmisslons when
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it & transmatting, then a collision can b detected as | -
soan a5 i ooocurs and the trapsmission tine can be
sdved.

Me sooh as 3 collision is detected, the tranemitting
stations Teleases a jam signal.

- This jam sgnal will alect the other slations, The stations | -
Ehen are nod sugposed to transrmit imonedately after the
collision has oocurrad,

Cirerwise there 5 8 possibility that the same frames
willkd collide a34in.

After some “back off* deday tirne the stations will retry
the transmizsior I again the collision takes place then
the back off trme & increased pragressvehy

A carelul cosign can achieve gfficenoess of mome than
Sl using CSMAKCD.

This schime 5 as shown o Fag 1412 5

— | |—+ _L

A listerrs, channel appears quiet
d shars trarsmssEon

A s rensmiting

Ma gigral reachas B Blocks any
Trarmamissian by B

G lsters, chiannel sppbaans guiet,
o oelbgrbs lmnsmrs=en

] : | — --EE—L A gt T bty aee trarsriting

i 2 A

——+ N

| ] | ol o

+— Coflismn—*

1 I — O Cprinwes b draneaet

Jarn signml

S 77/ — s bt
' ] arsemisEkan, serde @ akgrsl

3 alatds

I _._HI:- sfation s mfsmilting but
there ane =1k sgnal= on th= bus

D Transrizsian fram A Celisian Transmissianfon & | Jam aigral
ps-273) Fig, 10,125 : C5MASCD schama

10.12.7 Space Error Contral : -

The next problem to be dealt with is to make sure that
all Frames are sveniually delvered to the neteark layer
at the destination, inproper arder,

— Generally the receiver sencis back some feedback
rpositive or negative] (o convey: the  infermation about
wiysther it has receied & frame or not =
& positive acknowledgement feadback] ACK indicates a
successtul and errar free delivery of a frame =

- Whereas a negative acknowledgement  [MAK] means
that something has gone wrong and that pasticular
Frame meeds to be retransmitied,

Due to the presence of noise burst 2 frame rmay vanish

completely. 5o the recever does nat recsive amything
prnd it does not react at all (no acknowkedgement).

I'his problem s ewercome by intreducing o timer in the
dala sk Laer. Trs Fare T of This Himer s as follows,

Functiocn of a timer !

A5 s0on as a sender transmits @ frame, it also starts the
data [k timer,

The timer timeng s set by takdg into account: the
fackors such as the ime requened for the frame to reach
the destination, processing time at the destination and
the time required for the acknowledgement to retum
back.
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Peorrnally the frame = recesced correclly and the
acknowlhedgement will return back to the sender before
the fimer runs out.

Thiz shows that a frame has been recelved and the tmer
is cancelled

But if & frame s lost o acknowiledgerment s lost, then
Ehe taver dill 5o el This will alert the sender that there
I5 szme problem,

The olution to this pr-:nblum & That e sendder
retranaindts the same rame

But wiren 3 Tranwe is trarsmitted multiple ttimes, there is
a-possibility that the recener will recene the same frame
bwo ar more times and gass it 1o the network laver rane
tham once. Thisis called as duplization.

Tax aveddd This each culgaing frame is assigned a distine
sevietice . numbsr. This will helg the recener o
deztinguish retransmission.

10.12.8 Error Detection ;

This isa 1:-!'.hr'|i|:.||.u- i whick thee cantents of the reosived
frarme are checked far preserce af eror.

The PEA) of DLL protocal contain the foater or trailer:

This footer contains. a3 Framme Check Sequence [FCE)
Fledel.

The receiwsr system chedks this: field to detect the
prasence of any. ermors: that have occurred during the

Lrarsniswean.

The twansmitbng computer  calculatas 3 Cyclic
Redundancy Chack {CRC) value for the entire frams and
Inclucles it in thea BCS field

The recening system computes the CRC value agmn
based on the received frame and compaess it with the
wElue in FCS fimld, T Both values are same thep no =rrorn

10.12.9 Network Devices used in DLL :

The nativok devicas used i OLL are

Brickpes.
[rtellagent hubs.

3. MNetwark Imterfacing Cards (NIC):

10.13 Network Layer .

MSETE Quostions
Q.1 Ezxplain nebeork laver,
.2  Explaln neteork [2yer i detall

(VV-08, 4 Marks)
{5-12, 4 Marks)
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Tha main function of this layer 5 to0 delivany packets
fromm source to destinaton agross multiple  networks
(links)

If teio systems are conrected on the same link, then the
riedwork layer mar rot be meeded

The relshanshap of the retawork layer tor the data ok

and fransport layer is shown in Fig. 10.13.1.
Froan BEFaCa i kiyar

L4 dwrln |

e fdaodh
=L

| L4 data

B 3w
Fodala vkl apee
T iranapoet Lepss

| L+ dma |

I Flataek
.

| L2 dara |

Frovime S5 Bk Wi
iG-65) Fig. 100131 : Metwark layet

Tha netenrk layar 15 responsible for carmying the packet
Fram the source all thewsay to destination

In shoet it Tesponzable for host-to- ost delivery.

The network layer has.a higher responsibility than the
data link layer, because the data link layer is anly
supposed 1o move the frames from ane end of the wira
to the other end

Thus netvecrds layer is the lowiest-baver-that deals with
the eied bo-end transmisson.

Functions of the network layer ;

1

It tansdates logical rebserk address inta phaysical
machine addresces g e numbers used a5 destination
[0 ini the physical network cands

It determines the guality of seruce by deciding the
priarity of message and the reute 3 message will take i
thers are several waws & message can get to s
destipation,
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=3

[l breaks the lamer packets into srabier packets if the
packet 15 larger thary the kangest data frame the data link
will accept

[t iz concemned wwith the circult, message or packet
swikc hirdg

[t prosdes connecton - onented secvces, néluding
netdark layar flow control, natiwonk |aver amar controd
and packet sequence contral,

Roadters and gatessys opetats in the hetwonk laver
The netwark layer carmes out the end to end source o
destination delivery and rmuting,

This isillustrated in Flg. 10.12.2.
Enl

[ =

Srayieg o doatinalion ool
o 5

I

P Matoth [ p=— ]
D link ] s []LL El3
] Phwmeal [T Prosed [E]LT e

- Erd o end delpeny

a0 Fig. 10.13.2

The segquence of events Lakes place as Mollows

1.  Metwork lanver of end system-1 (source) sencls the

packet to the networe laver of infermediate

systern-2 whech is a router.

2. The router [2] decidas the next node Loowhich this
packet should b semt on the hasis ol dinal
desfimation, Tk next hop s the moeter £31, The
retiwork layer of 2 forward the packet o the
rectwark layer of routor 3

3. The mebaork layer of 2 fodich is ag@n a rawter] will
direct the packet to the network layer of end

eystarm -4,
Features of nelwork layor :
L Metawork layer is third layer of OS50 model.
< Protocol data unit generated by rebwork layer & Packet
1. Renters and gatecsys operale in the nelwork layer
4. The metwork laver carries out the end to end source to

destination delivary and routing

g,

7

The netasark laver raceives the packets from upper layer
pratacal and encapsulates them e form new packsts

Roaters ahd Gatewaws are device: associated with the
hetwiork layer.

It prowicles scrvices tothe transpart layer,

10.13.1 Network Layer Duties :

M3BTE Qduestlons

&1

2 Explain the funciions of pressntafion laysr and

What arg the ssrvices provcad by the network
layver af Q51 model -7 [5-14, 5-1E, 4 Marks|

restwork layar. (5-17, 4 Marks]

Fig. 1123 showes the set of duties of the netwark: [ayer,

Dhuizeol tha II'l'.ll'.'-l-I:u'I': layer

| ! ! } }

Internetworking Addrassing  Rouling  Packslizing  Frpmenting

pe-d3ay Fig. 10.13.3 - Duties of the netwark layer
Intermedwarking

This is the main duty-ot network laver. B provides the
logical cannection bebween different types af networks,
Addrassing -

Addressing {45 necessany toentify each device on the
Incerniet uniguely. This i simidar to 3 Telaphonse synarm
The addresses used in the neteark layer shauld be able
to uniquahy define toe cormeciicn of a computer o the
InterfieT uriversally.

Raouting :

In 8 network, there are muhiple roots awailable from a
saurce toa destination and ore of them: s to Be <hosen,
The network lager cecides which roet 15 to be taken
This is cadled as roufirg and it depends on vancds
criterions.

Packetizing :

Az discussed earlier, the network layver receives tne
packets from upper laver protocel and - encapsulates
e T foim nes packets,

Thiz is called as packetizing. A network layer grotocol
called TP dnfermetwarking Protocod], deoes the jobe ot
packetzing.

Fragrrenting :

The =ant datagrarm can treve

nedworks. Each rouber cdecapsylaies the [P datagram
fromy. ‘the recelved frame. Then the datagram s

pracessad and encapsulated in another frame
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rher |ssues |

- The other ssues which are not directhy related to-the

dufies of mabwark kayer but need to be discussed ana
1. Address resalution
& Ny |I.||.':-|5I.i|"|g.

3. Routing protocols,

Cther supporting pretocals :

The Imernetaarking Pratecs!| (F) needs the suppart of
armther protocol E2MP or ARP Bto. in the network layer.

10.13.2 Connection Oriented and

Connectionless Protocols -

W-4, 5-14, W-14

MEBRTE Questians

Q.1 Define conneclion onerted protocol.
(W08, 2 Marks)
Q.2 [escribe tonneclionless and conneclion orieeded
pralGoss, {5-14, 4 Marks)
Q.3 Explain conmectonlaea and tonnechon oriented

protoced. Give the example for each typs.
(¥W-14, 2 Marks)

Thére an= fwo |'!.||'.'IE'5 af end ta end Proiisd I':II‘.'IE-Iﬁ[l."IIE;

in the network and transport layers

1. Connectioh arlented proteaos
2. Connectlonless protocsls.
1. Connection oriented protocols

Iry this Wype of pratacols, a kagical conneclion bebweern
the saurce and destination systems i established before
arn cata is sent

Dleslinmlicon
ayEtEm

Siaree

Egstam
d-140%; Fig. 10.13.4 : Connection oriented pratocol

Ll

Confetion

After establishing the kogical comnaction,  the =burce
system will transmit the data and destination systesm will

acknowledge.

- If the acknowledgement is not receied, then that

packet 15 ratransmiited,

—  After successhul completion of transmission the logical

ronnackion is kerminated.

— The thus offer

gl.mlnnl.l:l:ri service. However addilinnal nebwork traffic
is generated by the
ackrowledgermen!  and  ferminataon  massager, The
pratecol headar of this bype of orotocols are longer:

connection  oriented  protocaols

connectian  establishment

- TCPis an exsample of connection orientad protoccd

2. Cohnectioniess protecols |

A cormecticidas: |_:-rnl,|_1r|.'|I will Fltll;'l:tgﬂ the ¢ats and
transmilt it to the destinalion address withaut any logecsl
caonnection Beivden the sendey 3and recener,

—  Thay do net even dheck whether the destinaticen system
Is avallable or mat. The dedtination stem does nod

safid any acknowledgment
—  Conrectioniess protecols do not guarantes, delivery of
packers.

Mozt of the LAN protocols inthe netwark layer are in
fact connectionless type. The axamples are [P (nternet
Pratocol and 1PX.

At the |.'I‘.!|I'|5-.P-2II'|I |E|:|.'Er'_. Bath CormecTian: oienied as well

a5 connectionless protocols are available.

—  LIDP 1530 example of connectionless proteoal,

Surmmary of functions of netwoark kayer

—  The functicns of the network layer are as Tollows |

1. Tt translates |logical retwork address into phepsical
machine addrege=s L2 the humbers dsesd g% destinalion
1% in the physical natwork cands

d. It determings the guality of sarnce by deciding the
prigeity of message and the route & message wll take of
thers are several waws a message can get too s

destination.

3. 1 bvreaks the Iﬁrger F;:-:.i:lirl; into smalier packes if g
packet is larger than the largest data rame the data kink
will docept

4. I s concerned with the circuit, message ar packed
axritching.

5. It-provides cohnection services, Including network laysr

Flowe Contral, networ laver error control and packet
LRSI e COATET]

10.13.3 Network Connecting Devices :

—  The dayices operating in the network layer are
L. Routers

g Latmwayps
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10.14 Transport Layer :

Apicatin lager |

o Trnsperl laysr prreu e
i “marvicas o lhe anpicatian laver

The furction of the trﬂrlspl;-:rl I.;':'r-.r s the proecess o

Lovrr -4 Tremapost layer |
process delivery af the entire messaga, I T e iy ok
i ek b seErdcr R Tmm s rehanek o pes
- [t ensures that the whole message resches the Layar =3 Ty — |
destinatian Intact and in arder, with bath emror controd
: ; s ; G- 1a0a) Fig. 10.14.2 - Position of transport layer
ard flow control imcorparated at the source” and
Features of Transport kayer -

destination

IS N iy T P g D B e 1. Transport leyer is fourth faver of Ol model.

bo tive metwark layer and session |ayer. 2o Protocod data wunit gererated by frarsport  layer s
From session laper sergment
L5 dala _I 4 T . - 2 .- o
: — : ransport layer provides sendces 1o the application layer

and takes serices from the network laver.

4. Trameport layer s omeant for the pracess Too process
delivery

5. Oaleways are associated with the transport layer,

. TI'HI"I!'-.FIF.IH |32|.'-EI" |'.'|I"|:-'.|'IIZ‘|E"'G sEruices [ The Eli:lFl|i|:'.!|[|I:|n |.E|!||'IEI‘

Lo s and takes sendcas from the network layer.
et Tl 10.14.1 Duties of Transport Layer :
L4 daka m
T0 nabgort lavar
i e
LT dan & 1 Explain the aerdcea provided by the transgodt
laver of the OS5 madsl, W-16, 4 Marks]

Transport faver is meant for the process to process
dedhvery and |t 15 achlévedd by pedforaing a number of
furctions:

:rn == |

{sﬁ’f’

- Fig. 19,14 3 lists the functions of a7 transport layer,

Dutles of transpest layer
L4 data |

[ dwa_ | | I Voo

. Packalizing 2 Comnection 3, Addreasng 4. Flaw & Eror

i
i

Fm;,;,.umh fgor i poeiecd e
¢a-4% Fig. 18.14.1 : Transport layer 1G-1%071 Fig. 10.14.3 ; Duties of transport layer
—  The transpor® layer is the core of the O&0 model. The | 1. Packetizing :

application  layer programs interacl awith each other | The transport layer crestes packets with the help of

using the services of the transpart layer, encapsulatan on the messages fecehved from the

Transport layer pradides senaces to the application layer epolication Lyer. Packetizing is a process of dividing 2

ard 1akes sansices Trom the rebwork faver,

Frg. 13142 shows the pesdion of:the transport-lager o
the ¥-layer O51 model,

The traraport lever (s fowrth laver n this model [t
eennects The lower three layers fa upger three lavers of
an D5 [ayer.

lang message inke smaller ones

These packeds are then eacapsulated into the dats field
of the trancport layver packet, The headers contaimng

caurce and destimation address are then added,

The length of the message which = to be divided can
vary frarm several lines je-matl) to several pages.
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- Butthe size of the nessage can become a problem. The
message size can bhe larger than the maximum size that
can be handled by the lower layer protocols

Hance the messages must be divided inte smaller
sections Each semall sechon s then encapsulatad mito &
separate packet

- Then a header 5 addad to sach packet 1o allow the
trarspart layer 10 perform its-other functions.
2. Conmection cantral !

—  Transpor layer protocols ame divided indo  twe

categories

1. Cannecticn arlentad.
2. Connecticnless,

GConneciion oniented delivery

- A Connection  oreted  rancport proboccl

ectablishes & connection ie, virtual path batween sender

lawer

A FeCE e

- This is a virtual conrection. The packet may trawel out of
crcder, The packets are numbered consecutivehy and
commurcation js bWodirectional,

Connectioniess delivery ©

& conmectionless  tremsport “protocol will tredt each
packet mdependently, There s mo conmection betwesn
them. Each packet can 1ake ts own different route.

3. Addressing :

—  The chant needs the address of the remoie computer 1t
wants o commumcate with.

such a remote camputer has a unigee acdress so that i
can b l.'.|i:|."|il"-|l:_|l._.lir-|lﬂl;| Irearmn all thes other COrmpulers

4. Flow and errar contrad :

—  Far mgh reliability the Aow condrol and error controd
should be incosporated,

Flow controd : We knen that data link fayar can provide
the flow control Smilady transport laper also can
prenide flow cantral. Bt this Tl contral s perlormed
e e e and not across a single Hk

—  Error contred 1 The ifransport layer can provide error
cenirel a5 well, Bub arrer confrol at transpor Laydr s
performed end to end end not acrose a single hnk. Error
comection is generally achieved by retransrmission of the
packets discarded due to errars

Congesthan coantrol and Qo3 !

The congastion can take place in the data link, nebwork
or Tansport Bger. But The effact of congestion s

gersrally evident in the transpart layer,

—  Dualily of Serdice [Qo5) can be imgplemented 0 other
lzpers burt ifs actual effect is felt in the transpart layer.
The transpart layer enhances the QoS provided by the
network layer.

Sumimary of transport lager functions |

The tranepart iaver performs the followsng functions

1. It drides each message into packets at the source and
Fe-assembaies then at the destination

2. The transport layer header includes a service paint
adcress to deliver & specilic process from source o a
sppcific process at the destination,

1. The transpest Laver is capable of sither connectionless

ol
cannestinoh-arerted transfer of data.

4. It performs ened ba end flow control. Flowy control s an
important hanction of the transport laver.

5. It makes Sure that the entire medsage artives ab the
receiving transport layer without errer.

_1&.15 The E-e_s_ainn Layr_e_r:

Wi-05

MSBTE Quesations

0.1 Deseribe @ Dialog contral, W05, 2 Marks)

- The maln funciens of ths layer are oo establishes,
maintaine  and  synchronizes  the communication

between interasted systems.

Fig: 10.15:1 shows the redationship of the session layer
to the transport ayer and the presentation layer.

Friom gresentation e

| LB tata

Sesgion '
o |

ot ll an osm L

1 -

L& clama
T irargpor lapeer

w2y Fig. LOL15.1 @ Session layer (Contd,..)
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To prosaniaton lavor
LB dats

e — v

R SS T B | — -\.-.p:.-\_- |-||-\.;.-.il |_—_;|._—_
Sesskan ; :
lpar il

L ¥
syn

S Lecalg

From tarsport layvar

ia-6€) Flg. 10151 : Sesslon layer

Functions ;

The sesgian bayer periarms the follawing fubhctars

[t alkonys The
coemmunicafion betweon teo processes will take place

baty  spetorns  too start  dialog.

either in half dupiex, or {ull duplex mods,

The other function of this layer s syrmchronization

The session layer 05 not inherently concerncd with
sesaaniby and the rebwoerk kagon process,

The primary function of this layer le exchange of

messagns betereen two inferested systems called as 'a
dialeg.

& aumber of different seraces are provided By the
sessicn layor.

These are grouped into subsets <uch as the Kered
Function Unit, the Basic Activity Subset ard the Basic
Syrichromization Subset.

Howewes the bwo most impartant services: proveded by
the session layer are

1. Boalog control

i Di.jl-:_:lg separaticn.

DHalog control :

Chalog contred 15 tha means by which a serding and

receiving syslems initiate a dialog, exchange mestages
and finally end the dizlog.

Dialog separation ;

[t 15 a process of inserting a refererce marker cailed as a
checkpoont info the date stream travelling between the

'.Hr'-:ling ard roc :il.-'in-:_; suRTeT.

This allaws the checking of status of hath the machines
at the same paint in tme.

This il also avond ary possble confussan and collision
s uaTion.

Features of Session layer @

L.
2
1§

cassion layer is fifth layar of O5[ madel,
Pratocel data unit generated by session lager i< data.

The sessian layer 15 ned inheemily concernied with
security and the network logon process.

The primary function of this layer 5 exchange of
Mmascages betweean twe Interested cystams called 2 2
dialog,

Gatewrays are associated vath the session fayer,

It provices services to The presentation layer

10.16 Presentation Layer :

vi-id, 510, 5-14, W-13, 5-16, 5-1

MSBTE Questions
.1 Explain the followmg 1erme with  respect to
préaenlabon Eyver
1. Dataencrypion.
2. Data compression, [W-DB, 4 Marks)
Lk 2  Explain role of presantation lever  (5-10, 4 Marks|
2.3 Describe the impodanse | mle ol presenlation
laver in OS] e, (S+14, 4 Marks)
4 Explain the folicwing e with orespact o
presentabon laver -
1. Data encrypicon 2. Data comprassion
(W-15, 4 Marks)
Q.3 Describe presentation lavar of QS| medel,
{3-16, 4 Marks}
&6 Explain tre funcliona of presentalion layer &
netwcr layer. (5-17, 4 Marks)

The prasentation layer is the 6" laver the OS5l model as
shigrmt o Fig. 100161

dionve 11 there s the .;:|:||:||i-:_.:|_i|:|r| |i'|:|g't!'l' andd below it thers
iI5 the sessicas Layer,

7 A AT e er

fi Prasamatn [aver

EF] SRS 0N Ay

16-#07) Fig. 10.16.1 : Pasition of presentation lkayer
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The presentation layer s related o the syntax and
samantics of the informaticn being exchamnged betoeer
the interested systems.

Some of  the important  responsibilites of  the
peasentation kiyer are:

1.  Trarskalion.
2. Efcryptian,

3. Lompression
Translation ;

The commumication systeims dsually excharge the
miprmatign in the form of strings of characiers,

nuimbers e

Thic Infarmation needs 1o be ul'panr:'red ko bt strearms
pafare trarsmissican

This i pssenTial Because dilffarent SAISTAITL 1 cliffarent

encoding techniques, The presentaton layer does the
jedr of transation.

The preserdation laver at the sending end comerts the
indorrnaticn imo a cormmes format and the presentation

laver- ot the receiving end will conver this common
fortmal ipta the are which is I:I,'.Irr'FEI!I-H'-E'!- Tar [he receier,

Encryption ;

Fear engurlng thie SEcutiby and privacy af The inforsatian

that is being commonicated. a process called data
encryption is essantial.

Ercryption iz carried out at the sendireg end In the
El'll:l'!ll'l'.'lﬁl'.'il'l Process, the wender frarsionns the I:'lﬁqil'lﬂt
infarmation Lo anotbear forn, and sends the trarsiormed

infarmarian

At the raceiving end, an exactly cpposite process <alled
Decrypbon 5 carsed awt e owhich the recerved
infetrnation is Wansfomed back to its orginal farm,

Encryplion and Decryption e carned ot by the
pracsntation layer.

Compression -

The data compression technique s used for reducing
the number of bits required to'send an informatean.

Crata compression = essentsal for  franemmssion  of
rrultivedia such as e, audio and video.

Relation with application and session layers :

- The relation of presentaticn layar with the apphcaticn

lzper and sessian layaris illustrated in Fig L0016.2

The data From the application lyer (L7 data) s

encrypted, encoded and compressed at. the
presantation layvern A presentation layer header H-6 is
g added as shawh in Fig. T01E 2.

From npplicalion bryee

! L7 chika
Presgmialinn
Encoded, enorppied ond :..ri-"'-"'

| e ]

T Bassin e

T spplealien lase
LY i

.F"rna;n-nl:l.lim t
layar -

Drecoded, decrypied ane  Frced
:i:-mrq:tnﬂndd.u'l.um 5_:@.?;

Li dia
Fresm session laser

ra-6a] Fig, 10.16.2 | Relation of presentation laver with the
application layer and session layer

—  This-=than sent to the sesson layer as L-6 data These
procesgag 1lake F-I:.:uil: al the E.Er:-:1||1g- end af the SPEEEn,

—  While receiving the data from session laper, the
operations camed aut by the presshtation layer are
exactly appasite te those caried out while fransmilting

—  The received data from the session layer undergoes
decryplion, decompression -and  decoding  at  the
presantation layer.

- The header H-& 15 detached fram the data and then the
L- ! data s sent to the applicaton fayer

Functlions of presentation layer :
The preseitation |ayer perfarms the following finctian
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1

[l framslates data betwesn the lormals the netwark
requires - and  the format  the

feg. ASCH or EBCDIC).

[t does the protocol commversion

compater  axpects

For secuwsity and privacy purpose i1 camigs ocut
enciyption at the transmiiter and decryption at the

MECERET,

[t carries out data compression {0 reduce the banchwidih
of the data 1o be transmithed

Linlike the session layer, which provides many differeat
functions, the preseritation layer has anly one funckon

[t baskelly functiaons as.a pass through device.
receives prmitives from the applicaton byer and issues
dupdicate primitives to the session laver below it using
the Presentation  Sercice Access Pomt [PSAPY and
session Serice Acoess Paint (S5AP)

Features of presentation kayer -

L

10.17 Application Layer :

Presantation layer is sivth layer of 051 modal,

Protesal @ata unit -!]H'rerdl_&d t}} Frecentation bayar ig
data.

[l frapslates data betwesn the lormals the netesark
requires angd the format the computer expects (eQ.
ASCI or EBCDIC

it does the protocol corversion

Gateways are asociated with the Presentation layer,

il |'.:-r|::-'|.-i|,1|-_1 services o Lhe applicaticon |.!|}'I:!'I'

MESEBTE Questions

Q1

With fhe help of suitabde disgrem ndicating the
adjgeent  layers, describe e Naclioning  of
Apphcation Laver In (S referance modet.

(W-03, 4 Marks}

[t is the topmost layer ofF Q51 medel &t provides services
thatl directly suppest wser apalication such as database
aocess, a-mail 2od file fransfer.

[ alloaes appcations o cornmunizate an the computer
with agplications on other computers as though they
wara an the same computer.

The relatianship of the dpplicatian layer 1o the user and
the presentation [ayer s shown in Fag 117.1

uﬁ,-tnl‘

Apalication L| 1 ‘]
iad 500 | |Fram| | =400

L7 deta

T praseniabon kar
.

UHET’?
Appicatan
lryaar

)
5 |

L=

L7 dala
Froen prasestabon byer
670 Fig. 10.17.1 : Application layer

The sppiication layer perferms the tollowing fonctions

1

i

The applicatian layer allows the creation of & Wimasl
terminal which s the software version of a physical
terminal. The user £an log on to the remate host dse to
this arrangement

The application layer provides Flle Transfer dccess and

I'-."I-url.p::;l:‘:rlr:nl [FTAM] which allows a user o access,
rednesve Mg e O COHl tredl files i a rermate com |'.I|.I|.E1.

It creates a basis for ferwarding and storage of e-mails.

Features of application layer ;

1
2

[1 ts the topmost bayer of O5] modal,

Frotocol data urit gererated by application layer i5
data.

It prowldes  services  that supspart  wser

ppolication . such as database access, e-mail and file

diractly

transter.
Gateways are sssociated with the application layer.

It allpws applications o communicate on the comipater
with applications an ather compuaters a3 though they

were ofn the same compuster.

Ii creates a basis for forwarding and storage ot &-mails.
TechHzsuledge
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10.17.1 Protocols Associated with the

Application Layer : W8, 5-10, §-18

MESETE Queslions
1 Ghve the peclocals Sssoclated with applicetion

.2 Slale any  four  prolocok  associated with

Q.3 What 15 token passing ? List any four profoccls

layar of C¥SE refarencs model. (V-08, 4 Marks)

application laver of OS] model.  {5-10, 4 Marks)

associntad with application laver of DS moded
[5+15, 4 Marks)

some af the protocels which are associated wiih the
application layer are

1. FIP :  Fibke Transter Protooal
2. DON3 ¢ Domain Mame System

3. DHCE :  Denarnic Host Configuration Protocol

4. BGP  ©  Border Gatewvay Frotocol
5, EIF ! H-::-l_lll-.'r:_; Enferr matian Pratoaal
. MFR o Metwork File System

Thera are many Application types which agoess netwark
recaurces in different Ways and far different ressons
The togis uselul for the access also are located in the
application kayer

SO .':r.lplil.:alu.:lns use pratoccls ke SMTE (Simpde fad
Transport Frotocall and POP3 (Post Odffice Protocol-3}
for e-mail or protocols like SHMP for network
adminstration, HTTP for wowss applicatians ate,

10.17.2 O35l Layers and Associated

Protocols !

511, 5-13, 5-16, W16, 5-18

2.1 List the ban protoccls each associabed with

L2 Glate the |ayers al which the Tollowing profocss

Q.3 State name of protocol used at diffierent layvers of

Q.4  MName he protocols used i

.5 Sltae name of protocol wsed at different Byvers of

applicaton [ayer, session layer, transporm layer,
Fetwari layes of OS] model, {511, 4 Marks)

wiarks ;
1. ARP 2 PPRP
5. ShMTP 4. ICMF {813, 4 Marks)

Q5 moded, {5-16, 4 Marks)

1. Dalafink layer £, Nelwork layer

9. Traasporilayes 4. Prosenlalcn beer
{(W-18, 4 Marks)

05! mods, {S-18, 4 Marks)

10-27 O8I Ealarance Modal

Layer name Protocals

7 Application | FTR, TFTP, SMMP. STP, D5,
Teinet, RIP, GHCP

iy Pres=nlation | -

3 SEGS kéatf BIERS, Net BEUL SAP

4 Transpeet TGP, LIDP, GPX

3 MeLwmrk ARP, BARP, IP, ICMP, DSPF,

BGF
2 Data link sNAR SLIF, PRPP
1 Phy=izal Elthemet adapler, Token  1ing

adaplar. FDDI adapler

10.17.3 Merits of OS] Reference Model :

. It distinguishes wery clearly bafwaen the services,
interfaces and protooets

2. The protaccds in O50 model ane better hidden %o they
can  be easily replaced. by new protocols as the
technalogy changes,

3. OSEmodel s tnaly a general medai.

4. This meodel supports connecticn oriented as well as
connectionless senices,

10.17.4 Demerits of OS5I Model !

1. Sessions and presentation layers are not of much use.,

2. This model was dewvced before tha pratgools weve
invented. So in real life there is 3 problem o Firl:in__q
pru:l:':-c-'_'ll IFvicy 4 ryesdes]

Review Questions

4.1 Whatis laysrad archieciurs ?

d-d  Define proboco,

1 3 Define peer.

L4 Whad is nelwork architecturs ?

Q.8 Mamie the v referancs models.

o6 Whatis OS5 model ? Drees i,

.7 Explain the interlayer communication in O3 layer,
0.8 Cleardy explain the concept of data encapsulation,
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Q.9 Define: L A0 Whad s routing 7
1. Barvices ard interfaces Q.31 Wnte a note an fragmenting.
Z.  Entilies {1.32 Explain the funchions of transpart layer.
2. Jervice access poinls .33 Yhat s eaghventation and reassermhly.
d. FDU 4. 34 Exglain llow conlred &l iransporl Layer.
O 10 Whal iz 1l I'I"I-Eﬂ'lil'lg ol canreciian arenled and 135 YWhat am the rmain dulies of fhe session I‘i’]l'ﬂr.
rectianl 7
AN @ 36 What s diakg conir! and dialog separation 7
.11 Write alout data latic irs Q5] model.
i .97 Explain the role of prasentation laysr
.17 How does the actual data transfer lake place bebasen , .
{38 Whad ara 1he funchone of applicalion layar:
Tl Fnachines.
£ 13 Write 5 note on : Virual communication betecen | 10,18 MSBTE Questions and Answers :
laymrs
Q.14 Disciss the mporant design lssUes for warous | O-1 Which layer of the OSI model packagee rav data bit
| into data fremas 2 (503, W-10, 5-14, 5-18, 2 Marks)
AYETE
Q13 Wk 2 note on  conmeclion  orenbed  and AT -
connectlianless aervitas, The data lirk layer of the D5 madel packages raw data
.18 What 5 ralationshegs betwsan sanices and protocols ? LS Jf cats- e,
Q.17 Draw the ©F| reference model and explain fhe | 2 Yheh layer ol the DS mode. packages raw data hil
funciions of different |ayees. Intcy deta frames 7 (W-03, 2 Marks)
2. 18 Explam honzonlal commamicstion n OS1 modal i
. : ik L _—
Q. 1% Exglab lhe vertical cormmuriestion #U0E] madél It is thee data link layer, which packages the raw bits into
data farmats,
.20 Define the tolicwing
k3 State and expkain in brief at which the folowing
1 Fackel
profecnl warks ;
2 Frames
1. ICMP 2 ARP
3. Dalagram
3 PPF 4. SMTP
4. Fragmenis (W10, 4 Marks)
Q. Z1 State the phiysical layver design issues. Ahig s
Q. 22 Explam physical layer signaling. 1 Mebwork layer protocel
02,23 Which network devices are used in the physcal laeer. | 5 papoork layer protocal
{29 Explain vanous unclions of GLL 3. Data link layer pratocol
2. 25 Explain the Toliowing 'wilth replace Lo DLL ¢ 4. hoplieatian Layst
be  Framing Q.4 What|s layered archieciurs ? i5-12, Z Marks)
2. Addrassing By
¥ Actess contr| Mast. networks aie arganised as a series of layers o
O.28 Whal B medha accsss contrsl F What are its bypae ? leyels:
. 27 Briefty explasn token passing and CSMACEL -  To mduce the o design  complexity notworks  are
0,28 Explain errot detection in OLL, organised as a series of layer-or levels, one above the
_ athes, is krrer-as kayered archateclure.
2. 28 Explain Ihe duties of nateork tayer.
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O. 5 Nametwa relerence miooels: {512, 2 Marks) | Ans. !
Ans, Reder section 10031 for Q50 model and refer 3, 1
1. QE] & TLPAP

Q.6 Siate the regsons for having a lavered architecture in

51 refersnce madel. fW-16, 4 Marks)

Ans, -

The process of establishing a link bebween two devices
to. communicate ard share infermmation is complicated.

There are maty unclions which are (o be taken no
consicheraton to #llow an effective communicabon to
take place

To arganize all these functiens in an organized oy the
designess falt the need 1o develop netwaork architecture.

[ the network architecture variows tasks and functions

&rH grnu[.l:d itk ralalecd arsd rnurl.pgl:-.:ll:llﬂ sels Lalledg
LAYERS.

& natwork archeteciure can be defined as a sat of
peratacnls that tell howy every layer B to function

The reasons and adventages of using the nebteork
architecturs are as follows

[t simplities the design process as the funchions of eadh
laiyvers and their interactions ars well defined

The |ayered architecture pravides flexibility to modify
ard d-e:'.-'elup retaork sernces.
The nurnkber of layers, namas of the leyers. and the tasks

assignad to therm may chamge from nebwork o network.
But for-all the netwarks, ‘always the lower layer offers

SOITe E2MICES T0 iTs Uppsr layer,

The concept of layered architecture in a new way of
lceeing ab the relwaoarks,

Addition of new services and management of network
infrestructure becomes easy

e 1 segmientation tlavered slructure], il is |:|u',;:a|.1||: [

broak  ifficult -problems it smatler and  more
manageable tasks,
Lewgicad  seqimeéntation  allows parallel  wiorkeang by

different teams on different tasks simuitansously.

Q. T Explain ©51 model with neat diagram, Which layer of

Al model packages raw dala Bt inte daia frames 7
Dezcribe bit stiffing with cne example.
{5=18. 8 Marks)

10.19 |I-5cheme Questions and Answers ;

.1

. 2

€. 3

Summer 2019 [Total Marks - 16]

State functans of nelwoek layer,
{Section 10,10} (2 Marks)

Dy aand expdain Ssvered archibteclure of Q31 model,
{Section 10.3.1) (4 Marks)

Descnbe funcions of physacal layar aad dats link
layes of O rocel (Sectian 10.10) (4 Marks)

YWhat iz the-MAC protecol waed m foken Ang LAN'S 2
'Whai happens if tbe token is kost 7 (6 Marks)

Ans,

AToken ring syiter i as sivoen in Flg. 1. 10 consists of a
number of slations connested fothe ang through a
Ring Interface Unit (RIL,
The RIU k& basically 3 repeater, therefore it regenarates
the received data frames and sermas them to the ned
station after some delay

A

{3 - Fing intetiass dnit (ALY
re-3amy Fig. 1

Moediz scocess control (MALC) ;

Intoken bus system, the srcess tothe madium fie who
wll Transmid) 15 cantrolled by the spedial contral frame
called token. It is 2 three yvie frame:

The token is passed from oo station tothe other round
khe ring,

The saquence of token passing is dependent on the
physical lccation of the ststions conmected to the ring. I
ls mat depandent an logical number as In caze.af fokan
bius system.

A station which & in possession of the token onby can
transmit hos fremes, |t may transmet one gr more data
frarmes buf befora the expery of Token Holdimg Time
ITHT). Thies every station gets a fixed Sime to traasmit its
data,

TechHzsuledge
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Typically this bime is of 10 msec After the THT, the
token frame must e handed: over to some other

Winter 2018 [Total Marks - [#]

stadicin Q.4 State the unclions of any oo layars of 051 modal.
e ik {Section 10.10) (4 Marks)
—  There-are iwgi error conditions that may cause the token LY (TR S Se e iy

fing to break. down, One of them s the case af ot {Sections 10.2 and 10.3.1) (4 Marks]

raken. Summear 202 [Total Marks = 10]

Il the tokenis bast, fhery Ehers i o Toker on the firng. a7 Listiha i el ol e s oF O At
- [ order o owescome this peoblem, the 1EEE 3502 medel (Section 10017.2) (d Marks)

stanclard has. specified ‘that one stadon must be | 5.8  Ewglain the working of O8] model layars.

designed as achye monitar. iSections 10.3, 10.3.1 and 10.3.2) (& Marks)

The meniter detects the lost token conditlon wirg -a

timer and tme out mechanism and inserts a free token

et Lhe fing.

.

TechHaawledge
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11.1

Metwork Models ;

11.2

I this chapter the jdea of nebodrk modsd has bBesn

decyssed fist and then the TCR/AP protacol modal has
eeny discussed indetail.

[ orcder to defing the computer netwark operations,
b mndels have bean denved. Thay ard as follows

1. TCRAE protoosd madel.
2. o5l el
The International Standards Orcanisation (1SO7 covers

all aspects of nebtwork communicatan In tha Open
Systermns Interconnection PO model.

An D51 model is a lavered franework for the design of
network systeens that alloes for communicatin across

all by pes al cormptiter L'_gl-sl.l,-.rns..

The purpose af each layer is toffer certam services 1o
the higher layers,

Lenver i o one maching {source) will communicate with
layer n or anather machine (destination)

The rules ard conventioes used in this communication
are collectively knownad the layer nprotocol,

Barcally a protocol s an agreement belwesn the two

|:|:-n'|rnu|"|i-r.21.in-|:_| Frackines abiowt Fivi'y' ({pTe

communication hink should be ectablishad, maintained
and released,

Protocol Layering |

Protocaol :

A protocol nodata comrmurstation and networking s
designed to define certain nales which are to be
Follosedd by both sender and the receiver and all the

termediate Geaces,. o as to maka the commumcation

afectiveg,

Fratocol layering

For a simple 1ypoe of communicetion, we need 10 Use
caly ane simple protocol.

Howsewer for a complex bype of communication, we
need (o divide the tasks ameoyg varous lavers

&l pach |.!'!,'Iﬂ' o nesd foowuse & profoo 1o CHITY gl &
spocific fask This is krown as protecol layering.

Layar - 1 | Lister { Talk |

11.2.1 Scenarios :

Need of pratacol Byering -

I arder fo undarstand the nesd of protocl |H'!.II'.'I'iI'IE|. |
us develop two simple scenarios as follows :

First scanaria

In the first scenario, the cornmunication betwean the
saurce and destenation is vary veny simple.

Tharefare only ane layer will be sufficient to camy it oud
surcesshally,

Assime that & and B oare r':e:|E|:E|I:-:_:-'|,.|m 5 I-:-I:.Iir'-:_| neEl Lo
eack otherin the same Bailding,

They speak the same language and can talk face 1o face
very easily and freguenthy.

Therefare the communication between A and B can take
pleecies i e batver as shawn o Fig, 11-2.10),
%F‘ﬂrsm EFEI‘GEH‘I
& B
Ligtan ! Talk

t Air ilsriace i‘

(G-zos3 Fig. 11,2.14a) : A single kyyer protocod

Layesr - 1

Ewan in the simple single layer scanaria, a sat of rules
must be followad,

The set af rales which should be follawed by Both A and
B are &= folions

1. Both A anpd B should greet sach other.

2. They  must words . or

fhoose proper
comUriunicatan,

i HAisspeaking B should ramain sdent and listen to
& and vice versa,

4,  Both know that the ccommunication should e

bidirectional.  [dialegl and not  unidirectbional

Lirearnalog);
@ Thiey should say goodbye while leaving.
Second scenario -

Meorer let us disouss the second scanar, inwhich person
A has been offered a high-lewel position in his company
s nesds
carnpany s -arother branch which s located inoa ity
which s far away fram person B,

therefore  he to melocate  himself o

Tech¥asuladge

Fualitatfioe



ﬁ DCCN [Sem. 4/ Comg. [ MSETE)

11-3

TEF P Medal

But & arch B being very goad [riends wish ta continue
their communication about an innovative project G

start a new husiness atter their retirement.

—  They chocse the comventional mail through post office
acs thesr wap of cornpranesatian,
But they de-mat want to reveal their Ideas 1o anyone in
case thair mails are interceptad.

—  Therafore bath of them agree upon using the technique
of emcryption and decryption.

— Thus the sencer oncrypts the letter 5o that any intruder
won't b2 ablde to read and understand the contents of
Lhe le=tler.

- Binly the receiver knowis bow o decrppt . 5o he will
decrypt the reseived Ietter and enderstand its contents,

that the
communication beiween & and B fakes place in three

—  From  this  discusson we  conclude

layiers as shownin Fig. 11.2.10].

Pormon - A Ferscm- B
Lapo=d | L iaeer Tk ClsmrTalk | Lepor-d
{E] Pariast -Eq—l-aul_"”" Plintext [Z]0
Enurpl & My
Lerprer2 Decrypt e I Layar-E
::E]mmm:-rr-lﬂq—riz I-, —# Ciphemest Eit
| B Feadt =i ud e
Larpre-1 Laysar-1
Jame .
1 E k'l w LLETE E
' Pl syEcm

i5-206%) Fig, 11.2.1{k] : A three layer pratocol

- Let us assume that both persons A and B have three
different machines or robots to perform the tasks
specified at each layar.

—  Pafer Fig: 11.2.1(b} and imagine that person A sends the
First letter to B. For this A talks to the robot at lager-3 as
if it is person 2.
The [ayer-3 pobal (oF machine) Hstens [oowhat A -says
a1 corvarts it e the |:||:.!|ir'|1:-|::|-|'t LE. & l=iter wrtlan i
Eraglish

—  This fetter 15 then sent 1o the refbot or maching present
at kayer-2,

- This plaintext is encrypted By the machine at layer-2 o
create the cphertext which & sent 1o the machine
prasent ab-layar-1,

The rebot/machine present at laer-1 will take the
ciphartert, puts it in an envelope, write the addressas of
serwier and recaiver cuer it and maijls the emnvelope

~ Al persoen B's place, the letter from the mailbox s
pickad up oy the robot/machine at layer-1, the letterin

the cphertext i taken out of the envelope and gives it
to the machine/robotat layer-2.

Tha machine at layer-2 decnypts the cpherext fo
obstain the plalntext and hands it aver ta the maching
at layer-3.

—  Fimally the machinef/robat present at laver-3 reads the
plairtext a5 if person 4.5 talking i person B,

Advanlages of protocol layering :

1. Tallowsws to divids a comples task into-many simpler
basks,
2. It allows

implermantation.

L to separate the services from  the

1 In prsctee, the communication doss mat always lake
place directly betwoen the two end syslems [A and 8)
but there are intermcdiate systemns which nesd only

layers, Withowt the protecol  layenog e

intermadiate systems will e as compley as the twe and

SO

systar, thus making tha entire system very complex and
EXPENSING,

4. It dmplifies the design process as the function of each
lzper s wall defired.

5, It provides fleshility to modify and . develop nebwork
SIS,

fi. Addition of new services and mansgement of network
infrastruciure bhacomes aacy

Disadvantages of protocol ayering :

1. We lose the fouch with reality.,

2., Sometimes the protocal lavering <an result in poor
perfarmance of protocol

11.2.2 Principles of Protocol Layering :
I-Scheme : 5-23

~  There are two differant pnnciples of protocol - lavenng
We il disouss them one by dne

1. First principle
- According to the Frst onnciple, in order to have a

guccesshul cammunicatian, each layer
chould b2 able to perform teed opposite tasks one in

bideractennal

each direction

Tech¥asuladge
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- For gaample layer-1 parforms send and récaive mail
Functions or laver-2 performs. the ercrvplion and
de:nr:,-'plrl,:ln and so am

2. Second principle :
— Chccording to the second principe, in protocol Layering

the bwo. objects under each laper at both the ends
should be the same

- Por exsmple in Fig. 11214, the objgecl under the
] oy | | I.r_,rrr at A as vell a5 B is |.'i|'_'-1|:1r feesil,

11.2.3 Logical Connections ;

—  We can think of the logical connection between edch
layer s shown in Fig, 11.2.2. This is alter fl:,:-ill,:l'-'-irll_:| L=
ba prncples-of protacal layering.

Par=an « & -E Flutvkt Fhintext Ferson B '%

| = = I =
Lager] Takilidten | [Ble-2020 ToldListen | Layer
3 CanrnegIEn . 3
Cipheriasl P T Y
Leayer]  Enrgpdd e I L R e Ercrypll | Lerpar
2 Doy = #I'_'!-:-nnul:ll-:-rrﬁ'" Lenrpt 2
Il Ml
Leryar Eerpel il L= Suml melt Leapest
I | Beesion maf | Bﬂ.l‘.'.‘-‘.lnnm:!r:lnhE Favamal]
i 20ed) Flge 11.2.2 | Concept of laglcal connections between
the peer layers

- Fege 1122 shows ‘that there 15 & lagical |[imaginarny
connection from a lzver at A to the corresponcling layer
at B,

Tlye Iu__L||-'_=|I coamreethon between esch L:I:,II-_'I‘ I.'r||'.|I|e'.. Lhrat
there is & layer Lo layar copwnunicatson,

- Due todegical conmactions, persors A ard B can think
that it 1s passible to send the ohject created from layer
o the comecpanding layer ab the ather end.

_1 'L:} T_E PILF" Protocol Model ;

W-08 W-11, I-Schemea : W-19

.1 What la TCPE ? Exglaln its pratocols:,
(W05, 4 Marks)

.2 Explan TCP [ WP rslerence model with raat
dismgram, (W11, & Marks)

- After discussing about the concept of protacol layering
ard about the logical communication taking place
betwwern layers, now it is dme 1o introduce the TCPAP
protocol maodal.

TCRAP i the short form of two impentant protoceds
namely Transmission Control ProtocobInterne! Profocod

- & protocol model is definred &z the set of protocals
cecsanlzed in different layers The TEPYIF protocol mesdsd
is wsed in Internet today.

TCRIR 5 a herarchical protaccl model mears that ach
upper laper protacol receives support and seryices from
etber one or mors lower level pratocols,
In the eaginal TCP/P pratucsl madel, there were faur
software layers builtt upan the hardwars.

But today's TOPAP protocal madel uses & fee layer
icscdeel a5 shsoambrin Fig. 1131

Apphoation layer I Largr 5

Transpo |anssr I Lerper &

Mty |ayer | e 3

Diata WAk layiar | Laiper 2

Physival loer I Ly

¢e-2065) Flge 11.3.1 ! Layers in TCP/IP protocol maodel

11.3.1 Layered Architecture :

1

Q.2

W-DBE, W-11, |-Schame 2 W-19

MEEBTE Questions

What = TCRYIP 7 Explaln s protosols.

IW-0&, 4 Marks)
Explain: TGP 1 IP relerenes medel  with - neat
fEagram, {W-11, 8 Marks)

Tn arder 1@ gndestand o the communicalion [nides
place betweean various |ayers of TCR/IP protocal maocl,
w2 have tonsmered & small internetwork corsisting of
threa LAMs (links) with-all LANs connected to each other

vid & rodller as shanwrn e Fr:__l. L322
Iettnelbn H i

- Y

Comaniahen
e A

pe-2178 Fig- 11.3.2 ; Communication through an Internet
In Fig. 1132 there are two computars A and B
coinmyrecating with each oter and thrae more devices
hiarmedy & the link laper switch in Hok-1, the router and
the link layer switch in link-2.

Compuicr A i= called a5 the seurce host and compuier
B s called as the destimation host.

ﬁmm

FUail b adiu-e n
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Each device in the [htemet has o specific role to play,
depending on which sach:device uses @ set af layers as
showrs in Fig, 11.3.2

Al the five layers are trvolved it communication for the
source ard destination hosts & and B respactivaly

At the source host, @ message i35 created at the
applicatian layer and thea it & senfon down the layarsin
crciar 1o pysically sand it 1o the destmnation host.

At the destination hest this message & receivad at the
physical layer and then il delivered o the appiication
layer wia the other layers between the plyesical and
applicatian Ly

At the router, as shownin Fig. 11,22 anly three ayers of
TCRAP protocol mocel are needed to be inmvalvad,

Thirs & router doas net need the transport or appfication
lavers when It |s Baing used only for rauting.

The router s connected o multipie links At each link

we use 3 swwtch which inveives only ten lapers of the
TP protacol madel 35 shosen in Fig: 1135

Howewer note that the link layer and physical layer
protatals uied By each fink can be completaly differant.

Thus the router may have to recese a packet fram fink-
1 baszed on one pair of probocol and may heve to detiver
a packet bz link-2 basad ona todalhy different pair of
peotacols,

Mo considar & -switch i Fig. 11.3.2 which shows that it
has e different conreactions,

But both of them belong to the same link. Therefore
bwe different protocod pairs will not be imecdved.

& =witch has 1o deal with anky ane pair of DLL and

phvsieal layer Braroe e,
11.3.2 Layers in the TCP/IP Protocol Model :

14, B=18, 517 |-Scheme ! W15

MEETE Questions
Q1 De=cribe TCPAP moded wilh suilabde dagram.
|5-11. 4 Marks)
Q.2 Dwscnbe TCGRIP with neat skeich. Compams
TCPAP andg OS] relerence mece. (S-14; 4 Marks)
.3 Draw and sxpiam layersd struciure of TCFAP
modal. {5-16, 4 Marks)
Q.4 Describe TOCPAP model with suitable ciagram.
[S-17, 3 Marks)

—: hert A,
Raras

Moy 'Wie are gaing to disouss the fuhctions and duties of
varkaus [ayvers in the TORIP profoced mede

the

cannections  bhetween varkous leyers, 30 as to clearhy

In this section. we will think about lagical

urderstand the disties af each layer.

The logical connections in a simple intemetwork have

breen shwom in Ficl 1133,

Cesanatnn 8
beora] 5 | ——

T
=i v etk |
-+ F}------ =} --+[Camina ]
-0 O

2 GTGE

Loy oo eonnecdans

ey

SMEch Fnlsn aEEch
= | LAK | = | LAN | .
Beh, CnE] Lk 2 D nahon

Commumncaban rem Ao D

Prest A, sl

(&-2077) Fig. 11.3.3 : Logical connections belweesn the layers
of TCP/IF model

Each layer has some specifc duties and s can use the

logscal cannections to think about them easily.

Frism |-_'.|:_i 11.3:3 51 5 dear that the Aastwnrk, Lanspor
pad application kayers have an end-to-end duty. But the
data link and physical layers have the hop to hop duty

[Hop s & host or routes)

I this way the upper three layers have & domadn of
duty af the entire Intermet while the lowsr two have a

domain of duty of andy link,

Data unit created by avery layer :

We can think abaut the logizal conrections in 2
different way be. In teoms of the data anit created by
each laver,

The pames of dats units: {packets) creatad by different
letpers are a5 follomws -

Layar Data unit | Layer | Data unit
Applicsion | Message | Dalalink | Frame
Transpork ! aagmant | Physcal | Bils
Nebmor Catagram

TechMauladge
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The data unit I_F-.ank_-:t:- craplad |.'|:,r the Top fee I.au!.lr.rﬁ.
should not be changed by a router or &:link laver swikch

Hiowrewer the data umit created at the: lower twao levels
can be chamged caly by the router. The link layer
sutches cannot modify it

The second principle that we discussad for the pratocod

layerng has heen shown in Fig, 1134,

]

%;;ﬂﬂlm I
== ———= lilsram] chiechs | Massagas

ran=ssa
Terdieal chijecty | Bagments or Usel dalerans
Poe otk
F----—---- blaracal chiects  Dadedpians
Dt link

........ - Jerdeal chioch © Framns
Fhy=ical
--------- ldcracal clyects © Dits
pi-2178) Fig. 11.3.4 : ldentical objects in the TCRAP model

- Pate that the objects shown belowy each laver refated to
cach device are Wentizal,

11.4 Overview of TCP/IP Architecture ;

Q.1 Descnbe TCPAP madel with sultsble ckagram.
[5=11. 4 Marks)

Q.2 [escnbe TGRYP  with neat skelch, Gompare
TCRIE and OS1 reterence model. {5-14, 4 Marks)

Q.3 Draw and explain |ayersd structure of TCPRAP
mizcal. {S-16, 4 Marks)
Q.4 Dezcribe TCPAP madel with suilable ciagram.

|5-17. 8 Marks)

MSETE Quoslions

Transmesicn Cantrml Protoosl and the Internat Pratoced
FTCPAR) was developed by the Department of Defence’s
Progeces Ressarch Agency tARFA. later DARPA] under its
praject on nebwark irterconmectian.

- [t s asstof protacols that allow cormmumication across
multiple dhverse netoark,

- ARPA chginaily oreated TCPYIP to cormect mmilitary
neterorks together, but-later on this probecel was alse

geven o government agencies dnd universifies Trag of
COET.

Citese the TCRAP was dl_‘.*.'-e':l-;-Fl:r.' {or r-'.iIiI:|r!,.' use, i1
became robust to flures and Reatde to different tepes
of metworks,

TERAR: is the most widely used protocel dor
interconneching computers and it & the protocol of e
Internet.

TLPAP became the standard for interoperating Linia
Compuiers, especially  in military  and  university

ENironmEnis,

With the development of the Hypertest Transker
Fratocel (HTTR) far sharing Hy pertert Markup Language
(HTRAL) dacaments fresly on the internet, the Waorld

Wide Webx PAYWW wes born and. s=eon TCRAP came into
much use,

Fig. 114.1 shows the TCRAP reference moclel along with
the 5] rnpdel used for companson.

B mreechad TP ) P raceded
ARG Spleatian
Frescreason Thiss T
:-E-_-_, Iy mre
Facit TS
Samn i Ui el
Transpon Trarszd
Fadusiirk Il Emed
Clata knk
Hosl - bo
[ iy
F RS

ja-71) Fig. 11.4.1 : TCPIP reference model

11.4.1 Description of TCP/IP Model ;

504, W04, W-10, S-11, S-12, W-14, 315

MSETE Questions

Q.1 Describe the Tunclioning of application layer in

1.2  Which of the llowing TEPIP (rnspirt yer is

TP referance mock.
(S0, W-04, 2 Marks, 5-12, 4 Marks}

Tasinr, Jusiify youir arswer,
1. ICMP 2o TER

R ¢ 4. UDE =10, S-11, 4 Marks]
Q.3 Describe he functian of Transpart layver
16-11, 4 Marks}
ﬁfﬁlll |'|'|r:
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. d Give the name of protocols dsesd By @ferent

Q5

layers of TCPYP, Disouss the nelion of ARP and
RAaRF {W-14, d Marks)

Dascnbe TGP 1P madal wilh suitable diagram
Crascrbe the funclion of aach byer.
[S-15, 4 Marks)

A shon in Fig. 1140, the TCRP medel has only fow
[aiyers.

Internet layer ;

This fayer 15 called as thé interned layer and it holds the
whode architecture together,

The tatk of this laver & tooallow the host to ingen
packets Into amy netwo and then make tham ravet
independenthy 1o the destinaticn

The order in which the packets are received can be
different fromm the saquence in which thay were sent.

Then the higher layers are-supposed 1o amange tham in
the proger arder.

Maote that “internet” is being used &= a generic tenm.

The intemet layer defimes (specifies) 3 packet foemat
and & pratocal Lalled Interer Protocal (1P,

The internet layer = suppoesed to dolaer [P packats to
thieir cestinations

So fouting of packet: and congestion contrel are
important issues related to this- layer,

Hence TCRAP intecnet leper i wery similae to the
netoork yver in GGl meded asshown in Fig, 11,41

Transparl layer

This = the laver shove the internet layer Its functions
are same as those of a transport layer in 051 model.

This layer allows the peer entities of the source and
destination imachines to cormerse with eadh other.

The erdi o end pratocols weed here are TOF ared QP
{User Datagram Protocal).

TP 15 a relisbde connectien oriented protocal It allows
a byte stream traramitted from ohe machine to be
delivered to the other machine without introducng any
BIrors.

TGP also handles the flow conbrol

LICE [User Datagram Protocol) is the sacond protoced
uged In the transpoit laver,

Tt is.ae wnpeliable, connectanless protocsl and used lor

the applcations which do not want the TCPs

sequencing or flow conteol,
LID® icalse preferred aver TCPR in those applications in
which prompt delivery 1s mare impoartanl than accuriatae

delivery, It is ysed m transmitting speech or wdeo,

Application layer ©

TCRIP model does nel have session o presentation
lzyers, because they are: of little importance in most
aglications

The layer on top of transport layer bs called as
apolication layer.

The protocols related to.this layer are all high leval

pratacols such as virtal terminal (TELMET), file teanstar
[FTF} and eleciranic mail $2hTF] as shown in Fig: 11.4.2

Applcation layer  TELNET, FTP, SMTP, DNS, HTTP
NMTF
Transgot TCE LUDR
Intamet iNatwork) 1P
Heslsbemrye bk ARPARNET SATNET LAN,
Packet radio
Fig. 11.4.2

Many other protocols have been added to these, aver
the years suchy as Dormaln Mame Sepvice [DNS), NNTPR

and HTTP &g,

Host-te-neterark layer |

I'his 15 the lowest aver i TCPSIP reference model

The host has to connect 1o the: netwodc 0sing some
prl:ltr.:-:-:':-l. so that it can sand the [P FJ&:H&H chet ik

This protocel vares from host ta host and nebwerk o
network

Qut of all thess, UDP |5 Uy fast because of tha

following ressons

LD is a conmectitnless protacal. SO0 iCdaes not have to
extablish & connactoh or termminats i

I does nal provide amy flevws contral.

It dews ret-pravide aay: error control, Therefore less
time ts wasted Inretrarsmission,

11 =< et |‘:-r'-:‘:r-.I|rJ|: Ay -:'-!':-hg':."ﬂil:':-l'l cariral.
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11-5 TEF AP hiodal

11.5 Detailed Description of Each 5. To dead with the media bandwidth ie. baseband and
Lﬂ:‘.‘ﬂr - braadband transmissian,

7. Multiplexing which deals with combining several - data

11.5.1

I this section we are going to discuss the duties of
various layers in TCP/P.

Detailed Introduction to Physical
Layer :

MEETE Questions

Q. 1

Descobe TGP F P model wilh suitable diagram.
Oescribe fhe fdnetionh of each Byser,

(5-15, 4 Marks)

Physical layer is the lowest Baer in the TCR/P protocod

model, Tha commpnicaton at the physical laver level 15
ctill bagical because of the presence of & hiddan layer

[transrnlscion mecial undar the phycical layer.

The primary responsibility of the physical laper &5 12
carry the indimdual bits presert in-a frame acress the
lrik..

The transmission media (wirgd or wiredess] s used for
eonrectig  btwee devicas to each other. Here It s
irmpartant to understand that the trancmisson media
daas not actually cany-the bits,

[rstead it carmies the electrical ar optical signals which
represents the Bits which are to be camied frorfm one
device to the ather.

That means the blte frecelved in & frame from the data
lirk laver are framsformed Inte an- electrical or optical
signal and sent awer-the transmassion media

atill we consider bit as the data unit for commaenication
bebtwees physical layers of two communicating devices

Far the transformation of hits to signal, several physical
Ianer protocals sre availabhe

Following are the funclions of the physical layer :

1.

To define the type of encodirg Le how &5 and 1's are
changed o signals,

To gefine the transmission rate e, the number of beds
transmitted par secaond.

Ta deal with the synchranization of the transemitter and
PECEvEr

Ta deal with retwerk  connection types,  including
multipointand pomndt: o phint cannectxons

To deal with physical topelogles Le. bus, star, ring, or
mesh.

Nota :

charnels into ane.

T define the characberistics bebween the device and tha

tramsrmissssn mediyern.

To-define the transmission mode. Debween b devices
e whather it should be simphay; half dupdax or full
duplex,

Passre hubs, simple activa hubs, terminatas, |
couplers, cabs and  cabling, connectors,
repeaters, mulliplexers, transmitlers, receivers,
franscelvers are assoctaled with the physicsl

layss

11.5.2

M3IBTE Questlans

1

.2 Descnbe TGP ! IP modsl wilh suilable diagram.

Detailed Introduction to Data Link

Layer :

Eive the mame of protocols usdad by diffgrant
lyrers of TEP/AP, Discuss the lunclion ol ARP.

[W-14, 4 Marks)

Describe the funciion of each layer.
£3-15, 4 Marks)

A intermetwnrk consists of riEny LAMz and WA,
connected to each ather by routers.

Whila tranelling from scurnce to destination & datagram
has 1o fravel through many averlapping sets of links

It w the responsibilily of router 1o choose the best
possible lmk fora datagram 1o traved

When a router does sp, 1T 5 the respoasibadity of the
data lsnk kayer to take the datagram aoross the ink.

The =aid fink can be amghing =uch as a wired LA, a
wireless LAN, or a link layer stdtch et

Every tye of link will yse different types of protocots.

Tha data link layer should ke able to handle all the
different types of pratocols and move  the packel

through the link:

The data link layer receitves 3 datagram from the

network |aper and encapsulates it into a packet called as
frame.

[here are no specific datz link lager protacols definad

by thee TOPSP repded. Instead it supports all the standard
pratecals that.can carry the datagram successfully aver

the link.
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The services provided by each data link layer protocol
are different,

Fallawing are the functions af data Hak Bayer :

1.

Framing !

The bits received from the network layper a#e divided
Inty arwther dype of data units called frames at the data
Hrve layer.

Flow contral :

It prowides B flow control mechanism o avoid a fas
fraremitber  from over-running & slow  receiver by
buffering the extra bits.

Physical addressing :

[t acds a hesder to the frama which consists of the
physical address of the serdder and f or receiver of that
Frarme.

Error control |

& trailer 5 added at the end of the frame in onder 1o
a-hisva error control It also uses a4 mechanism 1o

prevent duplication of frames.
Aocass control -
The data lnk layer protocel perderm an imgportant

Function of determining which device has controd over

the link at any given time, when bwe or maorg devices are
cosiireched 1o the sanwe lnk

The Instituticon of Electrical and  Electionics Enginesrs
[IEEE] Feit the need to define the data link layer in mome
clestaals, s bhey spivt ik mto o sub-lepers

1. Logical Link Comiral {LLC).
2. Maedia Access Control [MAC]

1153 Detailed Introduction to Metwork

W-i4, 515, I -Schame :

Layer :

MZETE Questions

5-19

The several routers present betwesn the source and
destination hogts  chodse e Hedt route for each

Erawellisy packet.

Tharefore the two resporsibdities of the network layer
are @ hott tohest communleation and reating of the

packet through the possible nouters.

Tha main protocol in the network layer of the [ntemet is

P (Interret Proftacoll. The format of the packel

rdalagram) at network layer is decided by 1P

The routing of datagrams from  their scurce o
destnation & atsa the responsibility of 02,

It achieves this by making each router forward the

datagrams to the next router in its path towards the
destination.

I? is 3 connectionless protocol. 11 doss not provice
services like flow control, error control or ewan the
congeslion contral.

Tharefore it i= clepandent on-the transport layer in case
if an application needs these servicas

The rauting protccsls inciuded in the netwark layer are
of unicast (one-to-onel and mulicast [one-to-rmanyd
nature.

These rauting pratocals have a responsbility of creating
the Forwarding takdes for the routers to help them in the
procass of reuting,

Thare are some auwiiary protocals &t the network layer,
that are designed 1o assist [P in its defivery and routing
kirsks,

The examples of such protocaiz are ICWMF, KGRP, DHCF,
ARP otz

Tha fuschomng of these protocaols 15 a5 follces

&1 Ga the mame of proceols ussd by diffecen &
layars of TCFIP. Discuss the fenction of ARF, Ne. Frotocal Function
(W14, 4 Marks} -
4.2 Deserbe TCP ¢ P model wilth suitable diagram 1. | IEME | Tohelp 18 repost profams when routing
Desctibe the function of each ayer, a packst
|5-15, 4 Marks) 2. IGMP Helps 1P in multiasking
The primary responsipilicy of the nebeork layer i to 3. | BHGP To help I o get the natwork |aysr
creaie a connectan between the source and destination ackirerss for a host
computers, The communication at the neteork layer | 4 | ARF Halps IF ko find the ink layer sddiess of
lewvelis called as haost 1o host communication. & host-or- Pouter.
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Functions of the network layer -

1

B

[t tramslates |ogical network address into  physcal
migchene ackdresses i e numbers used a5 destination
[ 1 the physical network cands.

[t detarmines the guality of service by decdmg the
pricrity of message and: the route a mesage will Gk if
there are several ways a message can get to s
destination

[t bregks the langer packets into smaller packets if the
packet 15 lager thary the kargest data frafme the data link
will accegt

It 04 concemed with he . circuil, message oF packet
ﬂmnihlr*{.]-

[t provides connectcn  onemed services, including
neteors layer Bow contral, network ler error contred
ard packet sequerce contral.

Rioutars and gatewsys oparata in the netwonk lsver

11.5.4 Detailled Introduction to Transport
Layer: 511, W14, 5115

Ma=BE 1 E Qusstions

Q.1 Describe TCRIP model with suitable diagram

Q.2 Gwe the mame of protcsols used by diflerem

3 Explain the servicas provided by transgart leyer in

Q.4 Descibe TCP ( IP mdadel wilh suitable diagram

Cascnbe the funclhion of ransport layer,
15-11. & Marks)

layers of TCRP. Discuss he fnclion of ARF
[W-14, 4 Markz)

TCRAP Model, [W-14, 4 Marks)

Crescribe the Tuncton of each Byer.
{5-15, 4 Marks)

The primary responsibility of the transport layer & also
bo provick: an end b end conmecion

At the socurce host, the application layer serds &
message (o the transport lyer which encapsulates i
inte a transport layer packet pwhich s alse cabed as-a
segment or user datagram) and sencs it through the
logecal connecton twhich = imaginarg to the transpon
laver af the destination host.

[ shart the transpeet layer takes messace fram the
application layer ‘of source host and ma the transport

layer at the destination bost delivers the mesage to the
application layer at the dastination.

—  Faor the Internet applications, there are mumber of
transport laver protocols - desigred to give spacific
sEraoE b vancus appdication programs
The mam pratacsl in the  Tangport layer 12 TCP
(Traremission Control Protocol) which 15 a connecticn
ariented protocnl.

- The main task of TCF is 1o establish a logecal cannection
betwean the transport layers of the source and
destination hests befona actualby transfermng the data,
Betny connection arlented, the TCP |2 & reliable protocal
which provides the following services to an application
l=per progran
1. Flow cantrol 2. Error control and

3 Congestan cortngd

—  The other commanly wsed transport layer prokocal is

LIGE slser Datagram Profocal)

This i= & cannechionless protocod. Therefore it does not
heed  to oreate  any  legical connectan hefore
tramsrnitting the user datagrarms,

—  The LIDP treats each datagram as a tetally in dependent

packet wath absolutely no relation with the preveous or
next datagrams.

LB is a very simple protocsd as compdred o TEP. I
does rat provide flow contiol errat contiol o
cangestion contral,

— LDf iz an attrective protocal for certain application

program spacially for thaose who want ko send small
ressages or thase who do net afford retransmissian of

a packet if the packet is comupted or lost

For rew amerging applcaticns in the field of
mulEniedia & new Transport layer profocol hes besn
designad which 15 cdlled as SCTP {Stream Control
Transmession Protocal),

Funclions of transport layer ©

The transport layer perfoems the following functsons.

1. It dwides each message inta packets at the soorce and
re-dgssembies then at the destination

£ The transport layer haader HY includes & service point
address (o deliver a specific process fom source 1a 3

Loec i pfooess atl the destingticon.

3. The transpoet layer is capable of aither connectionless
or connectan-cnanted fransfar ot data,
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[ performs and to end flow control, Flow contral s an
impaortant function of the transport ner.

It rmakes suFe thal the entire message arrives at the
recaving wansport layer without siror.

Layer : 0d, W, 512, W-14, 5-15
Q.1 Dascribe the fencboning of application layer in
TCPAF retarence model.
(S-04, W-04, Z Marks, 5-12, 4 Marks)
.2 Gre the name o prooeols used by differsemn
layars of TER{IP. Diacuss the ienction of ARP.
{W-14, 4 Marks)
Q.3 Dezcribe TEP ! IP madel with - suitable diagrams
Dezoribe the function of sach laver.
[S+15, 4 Marks)

The logical sonnection between the application layers of
source and destination hosts is end-to-end Eypre.

The communication baiween the applicaton layers of
source and destiration hosts fakes place through all the
| aiyErs

The application laver communication is between tao
precessas, A process i5 nothing but 2 program manning
al the application jayer,

This the prmary responsibifity of the application leyver
i5 the procass to process communication.

11-11
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The apphcation layer performs the fallosang functions ;
The application layer allows the creation of & wirtual
terminal which is the safbware verslon of a physical

terminad. The uzer can log on ta the remate host due to
this artangament.

The application layer provides File Transber Access and
Management [FTAM) which allows a user to access,
retrewe; manage or control files in a remote cormputer,

1T creates 4 basis for f-:ar..uﬁr:!lng and slorage of a-rmalls.

11.6 Addressing :

Addressing & anoiher important concept refated o the
pratacol layvering in the ntarnet

There iz a logical connection between the par of layers
s, discusted earlier

Foe any communicataan 1o take pace beltwean a source
and a destination; two addrosses namely source address
ancd dlestmation address are neaded,

Thus we will nesd four pairs of such acidresses
corresponding to the data ok, network, trareport and
apmlication laers

There 15 no need of addresses at the physical laysr
because communication at the physical layver 1akes place
in Bits which cannot have an address

Fig. L1.6.1 shows the sddrescing at each layer.

There are ey Fredeﬁne‘.l:l pratocols al the applk ation Facked nema Lawars Bl ren
layer in the Inlernet. Same of Lhese protacols are HTTE, Bt Apghention. | Mames
T
WA, SPMTP, FTP. TELHET, S5MMP otc, These protoccls il e T ST
and their funchives are shown in Tasle 1151,
Table 11.5.1 CIATALIMI hlemattk Lexghoedl dckiratass
Sr. = Frame Crata bk L Ly each s s
Mo, Protocol Fumction
Hita Pl | M Akl nesck
1, HTTP As lool o access Weordd Wide Web e
kit &-z0ew1 Fig, 11.6.1 : Addressing in TCR/IP pratocel madel
= 2 :r:r;:E AL RERC-LEEE 1R S NER Fig. 1161 gt shows the relaticnship between vanows
' ' lapers, the addmesses used in gach leyer and the name of
3. FTP To frafsfer fles from ans host 16 ke
R the packet at sach Layer.
a. TELNET ' To access a wehsile ramoiehy. — Wi gerarally use the names to define the site address
; | -S-T'-II';F' ] _T:mrunm;l:hﬂ |I'I.|.'E'!'I';E|."- = which provides the reguared - services, Far ssample
: : techmaxbook.cam, at the application Layer,
& DMS To find the nebaork laver address of &
carnpter, It ‘i5 also possible 1o wuse the email address such as
7. | IGMP To collect the memBiership ina group Jayantkatregmail.com.
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Aprdication -
~  The addresses at the transpart layer are called as pert layar A5 e I"” ”"I E'”EI . L
] i
nurmbers. These define the pragrarms 21 the dppdication f !
inati Trarmyst

layer af sousce and destination. II_:ﬁ:‘l-:l-"r'i" TR T

—  There are several applecation laver programes running at |

& tre PorT nidmtsers are the bocal addresses which ars

used to-distinguish bebween thess programs.

The addreszes at the network l3wer are global in nature
beraiEe the whaole Intermet 15 the scope of thage

adddresses,

The coarection of 3 device 0 the hiamet is uniguealy
dafined by a network layer address

The addrasses at the dais link layer are called as the
MALC addresses.

Thage are T |¢l|;.i"l||::|' dafined addreses Fach host or
rauter in & neteark such as LaM or WAN alwsys has &
fAALC address,

11.7  Multiplexing and Demultiplexing :

Matwsark -
layr - 0
pa-2071} Fig. 11714k : Demultiplesing in TCP/IP
— A5 shoon an Feg. 117 10a) at the transport layer two

pratacols TCP-and UDP are. capable of multiphesing the
messages coming  from wvarous: protocals at the

ppolication fayer.
Mest e segments from TCP or user datagrams from
LD are acceptad and multiplexad by 1P at the network
leyer.

— I? fan alsa multiplex the packets from some other
profocals such as [CMP or 1GMP et

~  The frames at the data link layer level can carry the
payload carming fromm the network layer protocals such
a= 1P or &RP-=rc.

11.8 Connection Oriented and

Im TCR/AF protocgl, many prodccels are being used o
the same laver

Therefore mulbiplexing & neeced at the soarce and

demultiplexng 5 needed at the destination

[ i process of multipleking &= shown
Fig. 117143, a peotocol at one layer in TCRAP cam
encapsulate @ packet {ore al a time) from severasd
protocols comaspondirg e the next higher layer in
TEPAP rnodel.

mﬂ'}':":r"':'" BT I s iieiai |_|-|-|'1:|I CiklS ENMH
T

>
rAnNspn
-

Mefvenrk

layesr

1s-zoro Fag, 11.7.1(a) : Multiploxing in TCP/TP

I the process of demudtplexing, a peotocol will
decapoulate amd deliver 8 packel ane at a time 1o

seadral protocals belonging o e next higher layer m
TCRAP pratocol maodel as shosen n Fig. 11.7.150).

Connectionless Services ;

Ay laver can offer bwo types of services t the layer
above it
1. Connectlhon arlented servlce.
2. ormectonless service.
1. Connection orlentad service -

Tha confEchan arented seppoes & simdlar ta he G
pravided in the telephane system.

—  The service users aof the connection onented - saryocs
undergo the following sequence ol operatian

1. Ectablish a connechon.

2. Alsa the conmaction
3, Releaze the cornaciion.

—  The conneaction acts like & tuke, The sender pushes bits
fram one end of the tube and the receper takes them
aut from the othwer #nd

The crder i gererally preserved. That means: the ardear
im-which the bits are sent is =ame as the order in which
bhey are received,

Sometirmes afier establishing a conmection, the: sender
and racenyer can  discuss and megotiste  about
pararnecers to bhe pded such ag makimum message size,

guality of service and some other Bsues.
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2. Conneclionless service :

—  The connectionless sennce 15 similar Lo the postal
SENHEE
Each mescage fanalogus 1o & letier] cares the full
acidress of the deslination, Each message ‘15 rowted
|r|c|l:|.|=|1|,:I=nll',l from souirce Lo destinatics 1]".|i.'.l|:-'3;h | =
system.

- [t 15 peesibde that the order in whech the messages are
sevit and the order in which they are received may be
deffenant.

Applications such as electronic mail do nod requere any
connections, The cost associated, complexity and
cyetheads of rellable sanacas i3 not required: hare.

Such applications: require: igh rehability of message
arrival but no guarantee e unreliabie sansce will be
acceplabls for this applicatian,

The services inwhach acknowledgements are not sent to
semder arg unraliable connectioniass services,

—  Such sapdces pre called as datesgram service which is
sirrHlar Lo telegram service.

- Howeeor nole that ackmowledged datagram service
can alsa ke provided.

- Dng mers ype of sendice is the regquest-reply service.
I this type, the sender tramsmits a single datagram
which contalnsg & request and the recalver send a reply
|

—  Tables 1581 lists vancus tepes of services and their
Exdrmples

Table 1L.8.1 : S different types of services

sr. ]

Service Type Example

Ma, _

1.  Reliable message | Gonneclion Soquences  of
; slream, | orienbed eily oo
2, Relialye e | Conmeclian Remate
& reatm. | oheanbad feagin.
3. Linreliabie | Connectian Digitized
Connechon. ciianted OGS
4. | Unreliabe | Conmectionless | Electronic
daiagram. mail.
0. Aninowiedgad | Conmachonless | Reqetsrad g-
dalagram, mail,
G, Raequest-Raphy Conmeclonless | Datasbass
dplery.

~  The unrelizble service 1s usad enly if the reliable service
Is net available or i$ too costhy o affard.

11.58.1 Comparizon of O3] and TCP/IP
Models |

W08 W0, W11, 5-12, S-14, W-14, W-16

MSBTE Questions
-1 [Differentiale Bebveen OS] & TCRUP madad wilth

el diagrant. {W-03, 8 Markz|

. 2  Compare OSEand TSRPAP raferance madel
(W-10, & Marks)
@3 Compare OS1 and TCP [ IP {4 pokvis) reference
moadel with figura. W-11, & Marks]
2.4 Compare and cantras! TCORP reebvmark model, sith
XSH el (5-1Z, 4 Marks]

L& Descrbe TCPAP with  neat skatch. Compare
TCHIP and 5] reference modal. (5214, 4 Marks]
8 Compara OS5 refersncs model ang TCRAP
needwork roded. {W-14, 4 Marks|

k. T Compare OS5l and TGPARP nebtwor micdsd,
_ (W18, 4 Marksh

Similarities between G5 and TCPIP Models ¢

—  Following are some of the similarities bebween 041 and
TLPAP madels

1. In both the models the fumswtone of layers |5

aporaximaehy sama.

Mo

Both models use the concepd aof lapered architecture.

3. The trarsgort layers and the lapers Below it provice
bransporl senaces independent of networks:

4. In both the madels, the layers abave transport faler are

apolicalion cnantedl.

—  Eefar to Fig. 11.8.1 and Takle 1182 for the compariscn
of the Two refarance mosdss.

A ddodel TCHIR Wit
Apaicaninn AL i
Prreceia 1A oA TGP pocs:rod
T hp hieaRaary
SEaEkn =" irem 1510
Fr.;:l;;n-l I TEn=nn-t
Habenk Imka N
Gk [tk FHoel o nalsuik
P ikl

46-75 Fig. 11.8.1 : Relationship between O3] and
TCRAP models
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Table L1.E.2 ;: Difference between O51 and TCPfIP mode|

11.8

Data Link Layer Design |ssues
(Functions of Data Link Layer)

05l TCPIP

Hias T layers Has 4 fayers

Transpoert laver guaramiees | Transpert laver does nok

defivery of packels. guarantee delivery of
packets.

Horlzantsl approach. Vertlcal appecach

Eoparale cession layer, ko = LT lemyer,
characiersbcs BIE
provided by Iransgport
layer,

Separate presentadion layer, Mo presonlabon  laver,
characisrisbes Al

provided by application
layer,

MNetwork  laver provides  bolh
connectieebass  and  connecion

anented sarvicee.
It delines the

interfaces and profocols ey

Glaary armd makes & clear
Aietinction beteeen e,

BRIVIC2S,

Metwok. layar provides

anfy  poanection (eSS
BRMVICES.
It does ol cearly
distinguish babaeen
sarvice, interfaces and
prodocns.

The profocole are bedber Rickden
and can be aasky replacsd &8
lhe technology changss.

It ig mol sasy lo replacs
Ihe protocols.

051 is tnaly a peneral model.

It has a problem of protocol
fitting Ik & rroockel.

TCHRIP cannol be used

Tor any ofher apphication.

The: model dows mot fit
any ather prolocod stack.

11.8.2 Demerits of TCP/IP Model :

1 TCPAP madel does not clearly dstingush the concepls

of serice, interface and protocod

2. This madel 5 not at all general and it cannot describe
any pratacol stack other than TEPAR.

1 The hosl-fc-reloark IE:].IL-:-' i5 reoloA |i:}ll"'l" al all in the
normal sense. [T s simmphy an interace.

4. The TCPAP -model does not even menton the physical
and data link lsyers & propar model should inciude

both a5 separate layers

The data link layer is supposed to cany oub many
specifed functions,

For effectve data communlcation between twa directly
[physicallyy  conmacted  tranamitting  and  receiving
slatiahs the data link Ryer bas @ carry oul & nuimber of

s i Furctions &s follows
Furdimna m Diats Link Loy

.

D ks
Irar=inr  aunchrorirahnn e

v + * + T

Frume Flesrs Emrer Schdnspany  Link
[en g s 1'r|.-|r|.l||;|.-|11-nl'
{L-&843Fig. 11.9.1 : Functions of data link layer

Servicas provided 1o the network Layer :

The data link Rayer provides a well defined sendce
interface to the mebwork layer,

The principle service is franslerring data from the
netwiork layar an seading mackena ba the network layer
on destination machina.

This tranafer abuays takes place ¥a the DLL

Frame synchronisation

Tha source machinge sands data in the form of blocks
called frames to she destinaticn machine,

The ctarting &nd ending of each frame chould be
identified sa that the frames can be recogrized p the
destination machine

Flow caonirol ;

Tha souarge machine madst not send data frames at a rate

faster than the capacry of destination machine to
pecept them.

Error controd ¢

The srmors introduced during transmissian frem scurce
be. cétected and

cormectad at the destination machine,

to desteation  machings  must
Addrassing :

When mary machines are connected bogather (LAR),
the jdentty of the indhwdual machires most be

cpechad while transmitiing the data frames.

This is knewn-as ackdressing,
Contral and data on same [InK

The Aara ard control information & camblned in a
frame and trancmitted drom the sousce to destination
machine.
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- The destimation rmachine must be able o separate oot
ther comirel information from the data  being
trarsmithed,

7. Link rmanagemeant ;

link: betwean: the sounge and
destination = required to be inibizted, maantained and

finally termninated tar effective axchange of data.

—  The Ttommunication

[t reguires co-ordirmation and co-operation amaorg all
the imolved statiahe Protacold or procedures ane
required 1o be designed for the link managamsnt

11.8.1 Nodes and Links :
- Thetyps of comrmunication takirg place at the data link

lsyer leved s the noda to node
enmmunication.

called &=

- 4 packet sent by a computer in the Internet will have 1o
travel through differant types of networks {LAMNs and
WaAMsT belore reaching the destination,

Al these LAN: and WaANs are connected to each ather
USirg routers.

Mol
W can defineg & nede as the two ehd hosts and the
rauters inbetween them.

Link ;

The nelwories inbetae=n the wo arsd bosls ared Lhe
racters are called as limks.

Source node and dastmation node :

The first node in the network s called ag the source

nacke while the last node i caElled = the decstination
Flerda

- Feg. 1182, explains the concept of nodes and links.

B
S|

r——
Fomt =
ralwcrk
Pl Miocka
= - -
Link [ U MHoxle Link Mrale T
. . Dk

ie-za7m) Fig, 11.9.2 : Cancept of nodes and |nks

11.9.2 Services Provided to Network
Layer :

Metwark faer i the Llaer above the data Hnk layer in
the ©31 model So T is supposed to provide services o
the network laver

—  Tha main sensce to be peovided is 1o fransler data from
the network layer on the. sending machine to the
netwark. layer of the recerving machine,

The virtual path follesed for such & communication s
shioemy on Fig. 11,8 3030 It 15 notthe actuad path.

Hix 1 Hued 2
Layar
Hetpark 3 L] T ;-
Diala s 2 r ] T e
Praysioal 1 1
~ il
slH path

fL-565) Fig. 11.9.3(a) : Virtual communication

—  The actuad path follwad by the data from sending
maching to destingtion = shown m Fig. 11.9.20k which
i wia all the layers below the network [ayer, ther the
physical medium, then layars 1,23 of recesving machine

Host 1 Hnst 2
Layar
Metwork 3 'r T =
¥ I &
Dalz fnk P 2
Fyeiayl |
f S——
Actux!
d=ia gath
iL-#65) Fig. 11.2.3(b) : Actual data path
Heongswar 0 s -::Ih'&'&:.lh saLlpr Lo think that  fhe

cammurscation is taking place through the data link
lapers [Feg. 1123000 using a data link lzyer protocal,

11.9.2 Types of Services Provided .

—  Data link layer can be designed to offer_ditierent. types
of services Some of them are as follows -

1. Mracknowdedaed conmactionless senvice
2. ackrewledged connectionless senvice
3, Acknowdedged conmecton oriented service.
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11.10 Two Sublayers :

11-16 TER AP Medal

— Tharelore iF a Fame s having & unicast destination

11.10.1 Two Categories of Links :

The mediem which connects two noces physically can
b & cable oF s

But the Important padnt here 15 that the functlon of data
lird layer 15 to contrgl how the medivm is usad

Wa cary heme a DLL which can utilize the capaciby of the
rreclivm efthear fully or partally.

& partially used medium iz called a5 a point to point
Hnk whereas a fully used mediom is called & the
broadcast link,

11.10.2 Two Sublayers :

Wha can divsde the data link layer imto two sablayers, 10
ofcier o have a Better enderstanding of its Junctonalicy
and services providad ki it

The twic subilayers are as follows
1. Datalink control sublayer (DLC),

2. Madwa access control sublayar QA8
The twoe sublayars‘arecas shosn in-Fig, 11.100]

I:IL.'I: sUbiavEr Data link
MAL sbdayer baper

iG-20741 Fig. 11.10.1 : Twe sublayers in data Bnk [ayer

The DLC =ublayers supposed io handle-all the ssues
commean o the point to podnt @5 well as broadcast links.

Hiowewer the MAC sublaver i@ suppoced to handle the
issuas ralated only to broadcast links

11.11 Three Types of Addresses :

address, then i 15 dastined to go to onhl ore entity In
the link.

— The example of a unicast address is the LAM address.
Ethernet addeessas are 48 bit i length (5ix Bytesiwhich

i5 written as 12 hexadecimal digits separated Dy colons,
—  The suampla of a link laver unicast address of a
camputer is a5 shown inFig. 1111, 1k
Adrabi 431284 El
Fig. 11.11 X(a) : A& unicast address

11.11.2 Multicast Address :

—  Thare are some protoceds, which define mailticasd
- Ta fa [ =cd A o

The meaning af the ward multicasting sene-to-many,

comrraation: Howsuesr [he carmmunication it lacal i

inside the link,

—  The multicast link layer addresses are wery commmionly
uzed in LAME, Ethernet

They are 48 bitls bytes) lohg and are written as 12
hewadecimal digits  ceparated By rolons as gheim 0

Fig. 11.11.1{k),

—  Mede fthat in the mullicast address the second digi
should Be-an gven number in hedadecimal,

BZ: A6 47 15:92 EL
Fig. 11.11.3(h) : Mubticast address

11.11.3 Broadcast Address ;

Thare are some protocok, which define the broadcsst

sl cresses.

Thiera are come data link layer pretocols which defing

the inllowing threa by pes of addresses |

1.  Unicast addness
2. Multicast addrass.

3. Brosdcast address:

11.11.1 Unicast Address :

The meaning of the word wnicast = one-to-one
emmnication. & unlcast address b astigned to each
hast ar each intesface of a raater.

- Thg meaning <f the word broadcasting is ane-toe-al|
carnrunacatian,

— Ha kame has o destination broadcast address, thery it
will be semt to all the entitses conmacted in the link

Tha broadcast addrass are wary comimanhyused e LaMs,
Ethreriets. 'I'i-m!,r &fe 4B it 16 I'.r:.'IZE-E:I |I'JI1I':‘| It &l hee Eits
equal tol

Thay are writteryas 12 hexadecimal digits separated by
colens as showen inFig, 11.11.31c)
= et bl 2 f A e
Fig. 1L.1L.1(c} : Bruadcast acddress
TechHasuladgs
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11.12 ARP [Address Resolution

Protocol) :

MSETE Questions

Q.1 Whalis MAC address 7 (W-00, 5-00, 2 Marks)
.2 Explain funchian of ARP prolacel. {W-08, 4 Marks)
Q.3 Dafins |P-addresg. {512, 2 Marks)
4 What is MAC address 7 Wk the instnection bo

Q.7 Give the pame ol pmobtools used- by dilerend

Q.8 Whatis MAC address 7 Hew ibis located 7

Q.8 Explain the protocels © ARP (W-16, 4 Marks)

Wk, -0, 514, 513, S-14, W14, W15, W-16

fingl MAC ackiress. {5-13, 2 Marks)
Q.5 What s ARP ¥ 'What are the functions of ARF 7
{6513, 4 Marks)
.6 Describe rredning and funckion of
1. MAC address 2. IP address.
|5-14, 4 Marks)

layers of TOPYP, Discsss he inclion of ABP and
FAFF, (W-14, 4 Marks)

(W-15, 4 Marks)

&RF -3 defined In RFC 82% & Ethemet Address
Fasnolution Protocol

AEP pronces serpice o [P, which make us think that it i
iy the link layer TORAR el (or DLL of O5SE macel).

But its messagas. ara carned by DLL pretocol and are
nat capsulated within IF detagrams.

That 15 why it can be called as-a neteark |ayer protoccd
a5 well, Thus ARP wocupies an unuseal plecs in TORAP
rrndel,

But the mast important point is that ARP provicles an
essantial sarvice whan TCRAP is runming ona LA,

& internel concils of vanous Ty s af nelworks and
the camsecting devices like soutars.

& packat starts from the source hosi, passes through
roany  piysical  petesorks and  dinally: reaches  the
destination host.

&t the netwark leyel the hosts and rovters are
rl!:l.'.l;lEI'Ilﬁl:‘.'l,:l iy their P addresses

IP address. -

An TP addrels it an internetaork oaddreds, 1T oo
universaliby ungue addnsge

1117 TER AP Medal

—  Bwery profcoal inveded inintermmetworking requires 1P
g clresses,

MAC address ;

—  The packets: from source to destinalion hosts poss
through physical neteorks.

Al the plysical lewel the 1P address b6 not useful bur the
hosts: and  routers are addressed by ther  MAC
acloiregses,

— A MAC address = local address, It is unigue lecally bus
It 15 not umgue unpersalhy

—  The JF .and WMAC address are two different identifiers
ancd  Bath of them are needed, becauze a physical
nedwork can have o ditferent protocois” operating at

the network layer at the sama time,

Simalarly a packel mey trevel throughy different physical
networks.

- Soto deliver a packet To a host or-a routar, 'we require
addressing to-take place at twoe levels namely [P
addressing and MAC addressing,

- Most impartandly we should be able -t map the [P
adcdress into a corresponding MAC addregs,

11.12.1 Mapping of IP Address into a MAC
Address ;

—  Wehave sean the negd of mapping an [P agdress mto a
FALAC acdrecs

- EBuch @ mappang can be of two types
L. - Siatd mappeng.
2. Dwnamic mapping.

1. Static mapping :

~  Instabic mapgirg a fable is crested and stered in sach
miachine. This table associates an [P-address with @ MAC

acldress,

If & maching knows the [P address of anather machime
then it can searth for the comrespanding MAL address
its table

—  The limitation af static mapping is that the MAC
adddresses can change

~  These changed MAC addresses must be updated
periodically. in the static mapgaling table
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o

Dymeannic magping :

[ afyismic: maapping Technigue & pratocol i wed farr
Anding the ather address when one ope of address (=
k.

There are bwe protoccds  used for camping out the
dynanue mapping. They are |

1.  Address Besolution Protmcol (AR,

2. Reverse Address Resolution Protocol {RARF),

The ARF s used for mapping an 1P address fo a MAC
address whemneas the BARP is used For mapping a ML
address to an [P-addreds.

11.12.2 ARP Operation :

MSETE Questicns
.1 HowARF s located ¥ (5-03, 1 Mark)
Q2 Why s ARP regiesl broadcast byl ARP repdy
unlcaat 7 {5-12, 4 Marks)
Q.3 What Is MAC sddress 7 Wike the instnaction o
find MAC ackirass. {513, 2 Marks)
Q.4 Whal is MAC address 7 How it 2 located 7
(W-15, 4 Marks)

S08 512, 513 W16

AR 15 used for mapping an P address 1o its MALC
address. For & LAM, each device has its oon physical o
station address as ifs identfication

Thic address e stored an the MIC (Natwors Interface
Card) of that machine

Howw to find the MAC address 7

Wilan a router ar 8 host (&) needs 1o find the AL

address of another host [B) the sequence of events
Eaking place 1< a5 fotlows :

The router or host A wiho wards 6 fird the PAC

address of some other roater, sends an ARP request

packet, This packet corsists of [P and MAC addresses of
the sender & and the [F addrezs of the recever (Bl

This request packet is broadcastad over the mebwork as
showty in Fig: 11.1.2.148]

Samule:

E |Hoarver
| ARF e pachasl ;
'|__'.|: I =i
| - i
| T
¥ | " AP fezpical (s
- i hiricos aed A T e
[ | C E el

(&-575) Fige L1.12.1{a) : ARP request s broadcasi

Evary host and redater on the neteork will recesve the
ARP reguest packet and procsss it But only the
interded recaiver (B} will racagnize its [F address in the
regjeest packet and will senc! arn ARF response packet
back 1o d

Tha ARP response packet has the P and physcal
adciresces of the recelver (Bl In it This packet |
deliversd only o & (unicast] wsing A5 physical sddress
in the ARP reguest packet. This is' shown n
Fbg. 111210z Thos host. A has obtaired the FAC
address of B using ARF

o

AAF response packsd

I

11.12.4 ARP Packet Format :

= E

0

576k Flg. 11,121 (k) : ARP response unicast

11.12.3 ARP Cache Memory :

The we of ARP would he imefficiert if A nebeds to
brosdcast an ARFP redjuest four mach TP packel That i< o
bhe sent to B because instead ol broadcasting the
Fecjieest i could have broadcast the 1P packet it5elf

Lo ARP & efficent only if the ARP reply & cstored |n
cache memarny (cached) fora whilsa,

This I& due to the fact that 2 systery generally =ands
hatidreds of packeds to the same destination.

Thus the systam that receivas an ARF reply stores the
|'||.;'||:||:_:-:"m;_| it The cacks mEmary and !{:r-r.ls. it for 20 1o
3 minates.

%o if pachets are again sent to the same destination
then it could use this mapping Instead of broadcasting

an ARP request

Befora serding an ARP recuest, the system chacks its
cadhe o see i the mapping could be {ound.

o1

MSBTE (hirstion:

Lest aray two funclliors of ARP message felds.
(W-10, 2 Marks}

Tha ARP message format is as shown in Fig. 11122, Tha
varkous fletds i it are as fallows
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Hardwars Typs (16 bits| Protonol fype {16 bils}
Hardware Protocal Cperation request 1.
lesrigth lsrth Reply 2

Sandar hardwara address

Sender pmlcoot address

Target hardware addrese

Target protogol address

Fig- 11.12.2 : ARF message format

1. HTYPE (Hardweare Type) ; This 16 bit fiald d=fines Lhe
type of network on which ARP is being run. ARP =
capable af running of any physical netwark.

2. PTYPE (Protocol Type) : This 16 bat field is used 1o
define the protocol wsing ARP. Mote that we can use
ARP with Arny I|E-.3hr.=r-|i.-.'-.'r1l |::-r-:,:-le;||.'n| et 3% 1Pud.

3, HLEN {Hardware length) : I is an & bt fied which 1=
used for definirng the length of the physscal address in
bytes, Far example, this value is 6 for Ethernet,

4, PLEN {Protocol Length) : This feeld iz & bit long and 1
dafines the length of the IP acldress in bytes. For 1P
this walue is 4,

% OPER (Operation) : [t is a 1¢ bt field which defines the
bype of packet. The two possibie types of packets are :
ARP request (1] and ARP reply (2.

&, SHA (Sender Hardware Address] @ This isld is used for
defining the plyseal addracs of the ender. The length
o this figlclis vanable

¥, SPA [Sender Protocal Address) @ This field defimes the
legical address of the sender, The fength of this fisld s
variakle.

&,  THA (Target Hardware Address) @ [t cefines the
physical address of the targel U is & variable length
field. Thes fielcd conteans all zeros for the ARP regquest

packet, because the recesvers physical adddress s not
Krevdith 10 Che Senddar,

9. TPA (Target Protoco] Address) : This fisld defines the
logical ackaress of the targer. It is a vanable length feld.

1112.5 Encapsulation :

MSETE Quoslions
Q.1 Explain the concept of encapsuiation.

[S5-16. 4 Marks)
3.2 Describe e coneep! of sncpsilation,

(W18, 4 Marks)

—  An ARP packet ireguest or rephyl is inserted directly inba
the dala link Frame Such &0 inseran s knmen as
emcapsulatian.

—  Fig. 11123 shows an example of ancapsulatian in which
an ARP packet being encapsulated in an Ethesnet frame:
The bepe field shows that the data carred by the frame

is-an ARP request or reply packel.

Thee lpps el ireazaion thal
Lhet dardin caar iead Loy S frermes 1h—

S pcksd L
SN

Dita
R s
B bykes 2 bwees £
Catla Bedd Conlares
e AR P Sapdecd i neoli
Faan ket
(G-578] Fig. 11.12.3 : Encapsulation of ARP pachket

11.12.6 Operation of ARP on Internet :

and &1F Aodmss o] s s

8 lyies 8. bt

Freamhihz | Dirinafinn | Enume

The services of ARP can be used under jhe Fnlll:_:-'.i.lln__q
wiarking conditions when it 15 being operated on
inkterrer

1 The sender i 4 host and wants 1o communicale
with arather bost whbeh is an the same nelwork.

2. The zender is a3 host and wants 1o comsunicate
with a host o arother network

A, The sapwlar 1o & rouler T Fas recEved & I.‘|.‘.-|SHI‘.-.'|I1I
with a cestimation address of a host om ancther
(R n e

4. The sender k= & router. It bas received & datagram
which is meant for & host in the same netwark.

— Moy ot us see how ARP waorks on the internet

Operation |
1. The sereder thost or router knows the 1P address of the
target

2. 1P orders ARP 1o create an ARP request FIBSSacH, Tl

recqueest - packet  consists of senders ‘physical and P
addresses plud the 1P address of the target but the

|'.'||"|:|-'F.||'.'E|I ardrads af the Larger is not K FiEnay

3. This ARP request packet & sent to the data link layer.
Heré the ARP requed] packet is inderfed ina frame

4,  Ewery router or host receives this frame because it is
broadcast. All the machines except the target drop this
packet &5 discussed sarlicr

3. The target machine sends back a reply packet which
cantains the targets physical address This reply is
unicest and addressed only to the sender,
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The senider recaives the reply packst. Hence the phyeacal
address of the target kas Baen obtainmed.

Thie IP datagyram. carrying data For the target machine is
ihserted in a frame-and the frame 5 unicast to the target
rrachna,

11.13 Network Layer :

The metwor lawer & responsible for carreing the packet
frar the sourcs all the way to gestinatian. In shart it s
respanisible dor bost-to-host deliverny,

The netweark layer has a higher responsibility than the

data link layer, because the data link layer 5 only
suppaosed toomava the frames rom one-end of the wire
ko the-other end.

This retwork: layer 1o the lowest Layer that deals ‘with
the end-ta-ersd ransmizsian,

Position of netwerk layer ;

Fig. 11131 shows the position of petwork layer in the
5 layer intemet model. It is the thind layer.

Laywar

4 ITranip-c-rﬂ:l:.-ﬂ
Mot layar provides eervioes B0 Lhe ranspot layar
K| I fstomrk lavar |
ek by o garaicaka fany e dane Bng Byse

a I Data link fayar

{a-453) Fg. 11.13.1 : Position of network layer

[t recedves sarvices from the data link laver and provides
seewices to-the tmnspart layer,
The network layer was designed to soive the problem of
delivany through ssveral links,

The netwiork layer 15 alsa called as the Intermetwark
| ayer

Ir addion to the host-te-host delvery the netwaork
laver Is also respoasible ior reuting the packats througi
the router,

A5 & pure concept we can imagine that the Internet is a
Black Box which connects a very larga number of
computers in tee entiee world together.

But the [nternet also s ot 3 single netaarke Bt is infact
the netsork af rany networks ar links:

That means the trtemeat is -an intermetwork whech is
actuzally 8 combination of LANs and VWAMNs.

A these LaMs and Wahis are cannecled 1o each alher
Via @ ConnEctng devicr sch a5 3 rowter which acts as a
wraiich;

Routers

Routers have many ports or interfaces. When i recenes
a packer &t one of s pores, 0 forwards the packs

through another part to the nest switch or the final
destination,

11.13.1 Netwoark Layer Services .

Thia duby-of the netwod byer in TCRAR is to provide the
host-1g- host-delivery of datagrames

In this section wwe are going to discuss the services that
pra-ggpected from the network ker.

At the serding emdd the network aver will accept a
packet from its trensport laver, encapedlate the packs?
into datagram and will deliver the pachkat to the data
link leyer

Al tha destiration, exactly opposite process takes place,
That means, at the destination the recebed datagram is
decapsulated to extract the packet from it and the
packet is delivared to the transport layer

11.13.2 Logical Addressing :

Tha two computers in commuenication with each other
chould have some unlversal ldentification system which
is called &= the network layer address or legical
addrass,

Thus the sending and receiang computers must hsve
bwe network-leyer addresses for them to communcale.

11.13.3 Services Provided at the Source

Computer

The following Fxur semces are provided by the nebwork
laper ok the soarce computer ;

1, Packetizing
2. Tofmd the logial address of the neat hop;

3. To hnd the physecal or MAC address for the next
b,

4. Fragmentation of the datagrarm if mecessany.

These sarvices are & shown in Fig. 11,13.2{k),

The upper layers {transport and application| take
seraces of the netwark Layer. For this the Upper lagers
sl several places of informatian,
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The network layer processes these peces of informnation
ard creates fragmentad datagrams alongwith the nest
hop MAC address to finally daliver it to the data link
layer es showsn an Fig. 11.13.2{&j.

Layers al Lippear layers
SOURSE COMERItaT L]
Fackelizing

Find thes el |
e kgical schidmza |
L] H.:'l'::.

Fird th- k]
nop MAC addrass |
¥
I-Frdgrn-unla.llm

¥
Diates 1k Ay

L] Metwork layer process (b)) Metvaerk layer servicas

e -1555 Fig. 11,13.2
Pachketizing

Packetizing is the fisst duty of the ~ebtwork layer in
whnch it encapsulotes the - peicad {data received From
the transpart Lyer} in a packet at network layer at the
SOIMCE,

Then at the destnation the decapsulation proces takes
place.

I this way the netwiork Bayer 15 detng the job of a postal
service in delvering the packages from  source o
destinaticn

At the seurcs ;

At the sending -end the events take place In the
Followsnng sequence
The: pavload [dataj from the upper Lyer is mogived.

A macder containing the source and destination address
arid sorme ather information is added e the payload

This packet is then delivered to the data lawer,

[f the paylksad 1s teo large: then the heost camses out

fragmantation or it Othermise the host s not allowed
o medify the cortents of the padaad.

Finding the logical address of the next hop |

The datagram prepared with packetizing contains the
source and destination sddresses of the packet

The datagram is to be delvered ta the naxt router

11-21
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But the source and destination addréesses n thwe
datagram do naot give any information akeout the logical

acldress ol the ik hap,

Thz neteatk layer at the source camputer finds the

logeal address of the naxt hop by comsuiteng a rauting
takale.

Finding MAC address of next hop

Mote that it ‘is the duty of data link fayer land not of
niestwork layer) to actually delwer the datagram to the

next hops

Aird toodothas the-data link fayver needs the physical or
MAC address of the next hop,

The neteark layer uses anather table to map the logical

address of next hop into the comesponding  MAC
address of e fop.

Howewer generally -an ausiliary protocol called @ -ARP
IAdciress Resolution Protocol] s used far this purpose.

Fragmeniation ;

The datagram at this stage may rat-alwiays De eady to
be given to the data link lawer

Tha LAKMs and WAMs can carry the data of & limmted sie
ina frame,

If the data i longer than the masdmum specltied size for
LaMs and WANs then it i not possible: to fit i0in ons
frarme.

circammskinces, should: e
fragmented i to smaller data units before passing it to
the data link layer,

In zxh the daaﬂgraﬁn

The datagram header i5 copled Into all these fragments
e that all the necaszsary information in the datagram is

presant in every fiagment.

In additian to this some more information reqarding the
posificsm of that fragment in the whale datagram should
be added to the header of the fragrrant

111534 Services Providaed at Each Router ¢

The routers present @ bebween the. source  and
destination are supposed  tp check the source and
destmation addresces in the packet i order: to forward
it 1o the next network on the path,

ﬁmm

Fualitatfioe



ﬁ DCCN [Sem. 44 Comg. { MSETE)

11-22

TEF P Medal

The redtor is not allosed to decapsudate the recenad
packet unless it iz too big and fragmentation needs 1o
b carned oot on it

The routers are rot suppesed to change the source and
destination addresses

[ry ther ewent of fragmentation a router has to copy the
header in all the fragmants

At the router e sannces proveded by the retwaork layer
are As fedkin

1.  Tofind the rost hop'logical address.
2. Tofind the next hop MAC address.
3. Tecarry cut fragmentation if required.

Fig. 11.13.3 shaws all these services.
T T Maran e

OILL i

—— ] —rf L
In-:::mlnu@mlu-:rm Trues . Fragmant |

) [ vl nexi
g 3 kel e
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hop MAL sdiress:

Aok

Falsa

Dipcand
calagram

e
R

Dataggram

E
fa link layec]

[[EEeed] [FERiech

OLL af inpoming T F
imerians c

[a) Process at the rowter (b} Services provided at the

reuter
poi-guoa) Feg, 11133

Before prowiding the serdces menticrsd above the
router checks the validity of the incoming datagram
pith the help ef checkum.

[rv chiecking the validation, the following Swo-things are
checked

1, Whetsar e clatagrarm Peader 1S oo upied.

2. Whether the datagram is deliverad to the corect
roater

[F the smcorsing datagrarm fails the valldation test thes it
is simply discarded as shown irs Figl 11,13 3k

11.13.5 Services Provided at the Destination

Computer ;

The =pquence of events taking place at the destnation
i5 as iollows ;

1. The network layger packet i3 recelved fram the data
hink: layear.

2. The recewad packet 15 decapsulated and the
payload is delivered ba the upper kayer protocol,

E IFalarge packet ls fragmented by either the source
hest of & router. then the responsibility of the

netwark lavar at the destinatien is ta wait until all

1r'ﬁc;;|:"-ﬁr'|:". are rECPRided,  feamembie them and

celiwar them to the upper laver protocal,

Tha netwark layer at the destination computar 5 much
simpler than that at the source camgmuter ar routar,

Before  provdding amy service. the receiwed datagram
should be subjectad to validation

[{ it passes the wvalidation test then all the services
mentioned above should be peovided, Otherwise the
datagram is discarded.

The rebwverk layer alio els a reassembdy timer when §
receives Tagments of a datagram thal are 1o be
reassambled.

I thwe reassembly timer expires before arrival of all the
fragrments, then alf data fragrments are dastroyed and an
enar message iz sent that the entire fragmented
datagram be sent again,

11.14 Routing and Forwarding :

The other two important duties of the neteark. layer,
whichh are” malated 1o each other are routisg and
forvearding.

11.14.1 Routing :

Tha responsbility of the network layer is to route the
packets from its source 1o destination,

The physlcal netweds through which the packets travel
cansists of LaMs, WANs and reniters.

Diue fo this the source and destination are connectad to
each ather vie moare than ame roufes.

It s the respopsibility of the network Layer to find the
best route ol at &l the |:||:-55th¢1 rerimhes,

In arder to -achiewe this goal. the netdoark layver misi
haws some comorete stratagy for defining the besi route:

In the modern -:Iﬂ:,-?:, This is done I'.-:!.' PuRning an
appraphate outing protocol which helps the routers to
cocrdingte their krowledge about the neighbouring
routers and prepane routing 1ables which can be used
or e arrival of a packet.
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shauld b kefare

commencament of any communication.

These routng protocols Fn

11.14.2 Forwarding :

‘Wa can define the process of fonwarding as the achon

taken By a router when it receves a packet ot one of its
interfaces.

& router takes such an action with the belp of the
decision rmaking 1ables called as forwarding table or

mutlng talabe.

When a packet arrives at ome of the imerfaces of a
raitar from one of the attached netaork, the router has
to fanward it to anather attackhed neteark.

The router has to make this decision with the help-od a
paece af infar matian present i The packet haeader

This pigce of infomrmation can be the destination
address or o lable,

The router can use this indomation to fisd the
coresponding  output  Interface  number In the
farvwarding table,

11.14.3 Other Services :

The other services expected from the network layer are
o Tallows

1. Errar contral,

Flow conirol,
Cangastion contral,
Quality of service (Chob).

EE!EIJrl'I!.f.

b e N

11.15% Network Layer (IP) Addresses :

Bach computér connected Ta the Thiermet shoukd e
Identified unigueby. The Igentifler used for this purpose
I5 calledl a5 the Intermet address or 1P addrass

The hosts angd routers o the [rtemet hawe unigue [F
adrlrassas

The currert wersion of 1P iIntermet Protoool! 15 [Ped
pwiseraas The advanced varsian it [Py,

The Bl acdress & & 32-bit address and i€ Is used for
defining the connection of 3 host of router 1o the

[mtarnet. Thus an [P address = an addrass of the
hte_r_l'a:e_.

Unigueness of IP Addresses -

The 1P address is unbque and universal. That means
each 1P address deflnes only ome cohnectlon to the
Internet.

At ary given ime, no twg Gences connected oo the
Inkernet cam hawe the sams 1P addiess.

But if a dewvice i connected to the Interet wa tem
connectinns |||-r-|‘:|u[;h fwics chifferent Fietearks, then it can
brawve téa chifferent [2 ackiresses,

Al the TPwd ackdresses are 22 it kg and they are used
in the sourca addness and  destnation address tields ot
the IP haader

Tha [® addresces for hosts are assigrsed by the retwork
adminisiratar, Far Internat it has to be ablained from
the metwark informatian certer.

11.15.1 Address Space .

The Pyd protocol has-an acdress space, [l & defined as
the total numbes of addresses used by the protoool.

If M number of bits are used for defimng an address
then the address space will be 2" addresses.

Fiw [Py, M is 32 bits. Hence its address space js 27 or 4,
254, 967, 23% (mare than 4 billion).

o theoretically more than 4 billlon dewvices could be
connected to the Internat,

Thus the address space of 1Pt i5 2

Nokation ;

Tha IPyd addresses can be shown wse three different
notations as foflows ;

1.  Binary potations [bhase 2|
2. Dotted decinnal notation [base 256,
3 Hewadecimal notation [base L&)

Gt af lhese the dotted decimal potatcon s mos
cammnhy used.

Dottaed dacimal notation ;

This notatlon has become popular becauce of the two
advantages it offers

This nodation makes the 1P address morg caompact
gl pagy 1o read.

The 32 bit [Py address &5 grauped Inte groups of 8-bits
pach sepafalecd by decicnal points {dots).
TechHasuladgs
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1P Sckdreiss

Each 8-ttt group s thesy Lomverted it an equivalent

daecirnal numiser as showein Figo 11151
4 34

A0 Loy - 00O 010 BSdG01 0 Hootin

B

145710 - 34 3
pa-2001) Fig. 11.15.1 : Dotted decimal notation

Each pctet (byie} con take @ value betweeen O and 255
Therafars e 1Ped sddrasc B the doited: decimal

hatatlon has a range from .0.040:t0 255255 355,255,
For example the IPed acdress of

1001 001 0aDD10E0 J0160010 Copmanll s denoted in
the dotted decimal famn ae 14510345,

11.15.2 IPvd4 Address Format -

A 32 bt 1P address conslsts of two parts, The fist pant
i5 falled as net W oiE netwode identification wswhich
icdentifies a network g the Internet and the second par
s calied a% the host id whick identifies a host onp thal
netyork.

Fug. 11152 shows the [Pwd addrass format: Note that
the met id and host id are of wardable lenaths

depending on the dase of address.

Mate that class [ and E addressss. are not divided inie
nest id ancd host i« for the reasons discussed later or

T 1.0 | I —

potil | hostid | 1Pva addroae
iG-z00z Fig, 11,152 : [Pvd address format

11.15.3 Classful and Classless Addressing :

Clasaiul addressing -

The concept of 1P acdresses 15 few decades ofd, JEuses
the concegpt of elasses. Thes architecture 15 called as the
classtul addrassing,

Classless Addressing :
Later an o omid 19905 8 e srohiteciure of addressing
was introcluced  whech  was  Enown as classless
addrassing.

This Mo archifeciure Bas wpefﬁﬂ-:::lﬁi {153 r:-:l'i-:_';inaF
architecturs.

[ this section wwe are going o discuss trm classhd
acdressing.

Everi though the nurmber of actual devices conneclad to
Internet & much less than 4 billion,. the addrass

depletion has taken plaece due o thws 0 the classful
adclressing scherme.

We have run out of class A& and B addresses. To
Ouercorme  [Hess |:'|r'r.'|J'_'|IE1"r'|:-._ the supef r'm'[lin-g aArid

5ub|1el:1jr-g has bean tned a8 discusged sarlier,

But subnetting and supernetting also could not solwe
the proflemn of address depletian in [P,

Due to Increased number of vternet wsers, it Wwas

evident that a larger address space woukd be reguired
a5 @ lang term salufice o this praoblem

Far this the length of the [P address shaubd be increasad
which rraans the IP packat itself must be changed
A hng Ceri soiutssn 15 I swilkch ta [Peb. Bul & shar

term solution which uses the same address space has
been deviced for [Pvd [ is known 25 classless

addressing.
In the classless addoassing. thers are g Classes but the
address generation take place in bocks

The classless addressing was announced By the Interret
authonties in 1396 in which blocks of vanable length
which do not Belong toany class are ysed

11.16 Host Configuration : DHCP :

-Sohaimea

a-22
RHEP [Pynamic bost configuration profocel i the firsd
client server application program thet & used after o
hiost Is booted.

Thus 1 weeks as'a bhootsifap when the host 5 booted
and is to be connected toothe [nternet but dogs nm
kricer 185 1P acddress.

A computer that makes usa of the TCPAP modsl miusd
kricyy 115 1P addiess

Aoy wilth its P address 1€ mwst Blse krew the
following Enformation

1 Subnet mask of the computer

2. 1P address of the rouier 5o
cardnunicate with othver netearks.

that [§ <an

3 [P address of the mame samrer 5o that it can use the
rames instead af addresses

Abl this informnathon cars be saved In a corfiguratian hile
and accessed by computer when booting takes place.
This is known as host corfiguration process.

Tech¥asuladge

Fualitatfioe



ﬁ DCCN [Sem. 44 Comg. { MSETE)

11-24

TCP £ 1P Modal

But wihat will happen if the workstation & dediess or the
compuier 15 with a disc but & 15 keing bootad for the
First-time,

If a computer 1= discless, then it is possible to store the
operating system and networking software in the 084,

But 1his information 5 nod known 1o the maralachare
and therefome cannct be stored in ROk,

This infermateon is dependant on the corfguraton of
indisidual machive and it defines swhickh retlork the

raching & conhedted to,

11,16.1 Previously used Protocols :

Mow a days DHCF has became the formal protocol Tor
hast configuration

But the tea protocols which were dsed sarller far the
sdime purpose Were RARP and BOCTP.

RA&RF 15 Reverse Address Resolition Protocgl and
BOCTP standds far Bantstrap profocs!

BOOTP ;

The Boot strap protccol (BOOTPY was being used
extlusively prior bo RHCP.

This protocol 15 a clientyserer protocel and £ i
dasigned ir such 3 way that the dements of RARF could
ko evuBrC e,

Due to the client / server nature of BOOTPE, s server
can be present ampwhere in the Intermet.

Alza It can pu‘mude all the informatios that e
mettionad earlier,

[t rermoves all the restrickicons faced by RARF an
peoviding this inforrmation,
The problem ‘with BOOTF s
configuration protocol.

That meaare when a client asks BOOTF to find itz [P
gcddress, the BOOTP server willl go through a table
whikch containe the [F addresses cosresponding to the

physical ‘addresses of the chert amd sends the [P
addredts of the requesting cliant

that = & static

But there are same situations in which the static
|:|;-1|‘|iE||.|r?|I:i|.'|n F-r-:-l-l:n-r.-:_:ll like  BRATP ddoes nol iwark
PIOpey.
For example when a host rnoves from one - physical
neteary 1o the other, s physical address i5 oound to
change,

Dr another examgple s whan a host wants a temporary
IP addrass dor wsing over onby & short penod of tima,

It & not possible for BOOTP 1o handle the situations
rentlaned abowve due to s static nature

Instead necd  a  pretocol  with dynamic
configuration to cdea with deal wath these siuatans.

LI1E

11.16.2 DHCP :

Tha Dynamec Host Confeguration Frotacaol (OHCR) was
devlees by IETF in order to make the configuration
Butaratic.

Thus DHCP does not require an administrabtar to 204 an
entry for each computer, to the database that s server
LISRsS,

Imstead, in DHCF a mechanism is- provided for amy
computer ta join a new petaork and obtaln ane TP
adoiress autormatically with no manuabintersention.

This is known a plug and play retworking.

Thus DHCP alless the we of computers that run sepver
caftaare as well as compaters that run client software,

When a computer that rans client software is shifted to
a new nelwork, it can use DHCP to oblain configuration
information autamalcally.

DHCP &=signs a permanent acdress doa nonmobile
cormputer that run server Softaarns.

This address will not change when the comguater
reboots.,

To accommadate both type of compiters, DHCP makes
wee of & client server approach

When a computer baots, it will roadcasts a DHCP
Request. In respense a server sends & DHOP Eeplay, An
ademintistrator can canfigure a DHCR saper to have fao
types ol addrassas,

First |5 the permenant address that are assigned to
setver compaters, and feccnd type l5oa pool of

addresses which can be assigned aon the basis of
detnand, when a cormputer boals and sends a reguest
o DHCP,

The DHCP fird the configuration information by
aooassing s database

1T the databace containsg a speclfic antry for the
camputer thes the senver retums the information frem
[he el
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Homsewer i there 15 no sudh o entry - exists lor the
computer. then the sarver chopses the next IP address
from the ool and assiges it 1o the computer,

What Is DHTF -

OHCP, as- the name suggests 15 @ protocol used for
dynarmdicadly configuring the hes1s ana metwork, sach ag

warkstations, personal computars and printers.

DHCP-can hel in assigning vanous iypes of infommation

such. a5 routing information. - directary-zervices

indcmnaticn and default web server andd mail sersars,

Heoweees, ther most mpartant and commonly  used
information for whicky DHCP 15 wed |5 the [F addrece

ared subnet mask infarmation.
DHCFP was primanly designed for managing the netwark,
arrd the clients automaticalby.

With BHCP, it i not necessary to configure the network

ared chent infomalion rmaryually Far mdwidual hosis.

by additeon, DHCP-can coaxist withy staticadly corfigurad
hosts with fixed IP sddresses.

OHCP  can alss carry oul the allacation of certain
configuration miormation 0 & host on 3 permanem
basiz

This- protocol prowvides a fowr point informaticn [P
acddress, submet mask, [P address of router, 1P address of

name servard 1ooa diskiess compamer or 9 3 computer
utrlel 15 booted Far the first time.

[t 15 a client ¢ server ‘profoced which s backward
compatible bo the BOOTP

11.16.3 Advantages of DHCP :

The use of OHLP on & metweork offers the fodlowing
aciuantages !

[t sets free the network administratos Tnoen the dutes af
settived wp the sonfiguretson informatian, such as the [P

acdcdress, the subned mash ard the roohing tables
rmanually, The OHCP simphifies petwork admanistration

by doing these tasks stomatically,

Aunlds: this and the sometimes the same [P address s
assigned to bwo different hosts. The OHCP avoids this
ardd the consequent malfunctionmg of both the hosts
Frat fappening.

If the DHCF was rol used, then the: moverment. of
carnputers from one network to another requires must
be reconfigured. With DHCP, you can mows the
carnputers to diffecent subnets or ngbworks without the
need to reconfigure them In such situations, DHCP
bakes care of [P oaddress -assignment and  other
canfiguration details

Maobile computers, such a5 laptops and palrntops, can
eagily get connectad 1o different netweoric. They don't
Fesgimre i'er.r:-rl:flgurc‘ltin-r'l afmy more AL I.I'I-E:r' -:_'ie1 e
canfiguratian inlarmatson fram the DHCP sarver.

DHCP allocates 1P addresses from 3 pool of [P
addrasses.  In - addition, computer - gats
disconnected, its released [P address is returned to the
rescureg  pool  Therefora, the possibdlity of having
unusad [P addresces are minimized.

Wihen a

11.16.4 Components of DHCP :

The use of OHCP an a network requires the fallesing
thres components ©

DHCP serwer @ Tt asszigns the [P ackiress and other
infarmation to the cBents when they request for the
infarmatiog.

BHCP chient ; [t communicates with the DHCP server to
get the desired Infommation regarding its configuration.
This communication can take place when the computer
starts, Thee user of the DHCP client can also initiate a
DHCP client request to the DHCP Sétver 1o fetisey 15
infammatic,

DHCP relay agent : It iz used 1o relay (forward) chient
reqquessts fo the BRHCP server, This is required when the
DHCP serwer is yat fo assegn the dient an [P address:
Without an 1P address, a client cannot wse IP routing on

ks gwn, A DHCP relay agent helps the clent to
cammwrscate with the BHCP sepmer whep the clisnt
does not have an [P acdress.

When a clisht slars, it has an P addrass oF 2000 N
sends & broadeast message contalning i1s MAC address
and the computer name,

In response the DHCE servar serds an offar message
that contalns the MAC address of the client, the [P

adciress offered o that client, the lease periad forwhich
the [P address will mmain walad and its oem [P address.
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- The leasa penod is the e docation foe whickh a chent

can use the IP addnass that has bean assigned to i by
the DHCP server.
Yau can canfigure & DHCP server 1o sef the ase dime.
When the client receives the 1P address, 1t aotepts the
offer and then broadeasts the message thal it has
accepted the offar,

11.16.5 DHCP Operation :

We will discisms the DHEP aperation arder e different

oparaling conditions :

1. PHCP client and server on the same nefwork,

2. DHCP elient and server an different nebworks
Operation on the sama nabwork

This situation is not & Wary cormmedn one. But sometimes

the DHCP cient and senvel happen to be ob the same
neteork a5 dhowmein Fig 11161

DHEP aliant o CHC= o
b gl e Haaryiear ]
E |I!:_ = b | t
MLy .oy CHCH Hepanue | L
| : . i

Rl ) 'I

. DHEP Requisd s|.=-| ’1“5 I!E'n' &t | DHCP Ragly

CIHCE Raply
CAP

o B
AR | i "

22 |~ DHGP Fegums
DHEP Rocuat

w-174%) Fig. 11L.16.1 : Gperation of DHCP when client and
s&Erer are on the same network

The aperation takes placs as Tollcws |

1. The DHCE sarver sends a passiee open command oo
paort B of UDEF and waits farclients respanse.

£ The BHCP client sends an active apen’ command o
powT GR.af UDPE This message |5 encapailated i the
UDFE datagram with pert 67 a5 destinaticn port and pea
BE as the spurce port. The LOP datagram is then
encapsulatedin-an 1P datageam. Note that the client a1
this time does not know 3 awn [P address (e the
source address) and the server's [P addeess |destinaticn
addressh Thersdore the client uses an all zero address as
suuree achdress and an all cne address. as destination
adress.

3. The server responds to this message by sending edtwer a
broadeast or 4 unicast message using part &7, IL uses
purt B2 as the destration port. Brosdoast address is
used onby for these system whichy do ot alloly the

byzassing of ARE

11.16.6 DHCP Operation on Differaent
Metworks :

In this situalice e DHCE ¢lisdt ared Server are on Bao

entiredy different netiwarks, as shown 1n Fig. 11.16.2,

“DHCP Falay n.g-m‘d'

 HBnl B disanal

I OHER saner

i 1]

L N |

it

Linesax=]

MARAR]S j

ps-17e0) Fig, 11.16.2 : DHCP operation when client and sorver
are on different networks

—  In thiz situation a problem arses due o the broadcast

rature of DHEP rr.l_'|u|ﬂ‘|. The ciient does ot Riow The TP
wddress of the s2nser.

—  Henmce the DHCP request is a broacicast type [all 1s [P

addressy. Any server doos not allew the broadcast
request 16 pass through il

—  Socthis request canrot reach the DHCP server.

~  In grder 1o solva this problem we can configure one of

the hosts ar router to eoerate & & relay agent as shown
in Fig.-1L.16.2.

Tha relay agent knows the unicast address of the DHCP
bl

—  The relay wall ook For the Broadeast refuest on pot 67

— A5 soon a5 it receives the breadoast request message, i

encapsulates this message in & dnicast datagram and
gerids it 1o the DHCP server.

—  Such a unicast messace is allowed 1o pass through by

ey roiater, Thus the raquest message reaches the DHCP
caqay,

—  The DHCE saprver sends its rehy 1o the relay sgent which

in turn sends it 10 the DHCE clignt.

Mote: In Fig. 11162 oniy the message batween the
relay agent and client is it boadeas! boe. All the
othar messagpes arm unicast bypes,
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Translation :

The pralzlern that existing nuwniser of [P addresses is lass
thas the actually required cnes is practically important.
A lervg term solutlon to this problem ls that the wiole
[rtarnet should be migrated from [Fyd to [P,

This has begun. but will take year to get completa, [That
means 2l the compaters should have [PvE addresses
instead of 1Pw] addressesh

A quick salutian o this problam s NAT Le NMetsark
Address Transtation. 11 & deseribed in KFC 3022,

The basic idea in NAT is that each company s assigned
a single 1P ackdress or at the most a small numbear of [P
addresses so asio access the [nterned.

Within the company, every competer gete a unigue [
address which & used for routing the internal traffic of
the afice

But when a packet goes out of the company, and goes
b ISP, the trarslation of [P addrass takes place thare

Iry ardet t& make this scheme work, thres ranges of P
addresses hawe been declared as private,

Companies can wse these addresses internalty as per
Eheir requirentsnd

Hiosuewer no packet contsinkng these addresses is
allawed Lo EAPEAr an the Interrel, The three paserdad
réfvges are a5 fallows: |

Fange1 | 10.0.0.0 o (LTl
10,255 205,206/ Hursls

Range 2 | 17216 0.0 o 1048 376
173.31.255,255/12 Horsts

Range 3 | 192 1¢8.0.0 10 B3 230 Hosts
192 188 285 266/16

Gengrally most companies chodse the addresses from
Ehe first rarge

Rafer Fig. 11.171 which axplaing the operation of NAT
[t shows that within the company premises, every
machena has a uniqua address of the form 125

But when a packel leayes the EOmpany premises, (i
passas thraugh the NAT boa

This box converts the internal [P addeess 120.022 im
Fig. 113171 1o the company's tnse [P address

180 6042 10:
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pe-551y Fig. 11.17.1: NAT

—  The MAT b is generally combined with a firewah. It is
gisa possible to integrate the MAT box into company’s
router.

11.18 Transport Layer ;

~  The transport layer is the core ot the Intermed model,
Tha application layer programs interact with each othar

usireg the services of the transport layer.

Transpart layer provides tarvices 18 the application Tagat
and rakes sanicas Trom the network [ayer

—  Fg. 11181 shows the position of the transport fayerin
the 5 -layer inkernet rmoded

Layes -5 Apzboahnon Lyar I

Tranapar laycr provides

| T sorvices o tho appkcalion fayar
Layer -4 Transoort laom I

T Transgu lawar b

L T sk from thee nelvaork kiger
Layer -3 mltwank Lapar I

fm-392y Fig. 11.18.1 : Position of transport layer

The transpar lawer is-fourth layer in thes model [t
conriesls The lesgier sthrae Iu!,rﬂr:; ko LUpper Ihres In}ler:.' eof
an O35 ayer.

11.18.1 Transport Layer Duties and
Functionalities :

- Transport fayer iz meant for the process to process
delrvery and 1t 15 achieved by perfonming a nurmber of
Fur Tians

= Fug. 11182 histe the functions ol @ transpar] Laver.
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Dobesaf ranspor layer

T T T

1. Fackalizing 2, Conrection 3. Addressing 4, Fluw 5. Ernor

cnnbmd cantred  contnd

iG-1407) Fig. 11.18.2 : Duties of transport layer

1. Packstizing :

The transport laver oreates packets with the belp of
encipeulation on the messages receiwed from the
application layer,

—  Packetizing lsa process of dividing e long message Into
srrallar ones.

~  These packels are then encapsulated into the data feld
ol the I;r.ﬂr|5|:||:|rl. Iu:lr-e:r packet.

—  The headers containing source and destination address
are then added.

The Ir.I1|_._1!h af the Mmesaie ivbich 5 ta Be divided can
wary from seeral lines (e-mail) 1o -sevaral pages.

—  But the size of the mgssage can become a problem. The
messace slze can be larger than the maximon size that
can be handled by the lower laver protocols.

—  Hence the messages must be divided into smadler
seclione Each small section is then encapsulated inda &
seprarate packel

— Then a header is addad to each packet to allow the
Eravsgart laver 10 perfarim ts ather functions.

2. Connection cantrol ;

—  Transport - layer protocods are diided ot b
Catecoriss |
L. Connaction arientad. d  Connectionless.

Connection ofiented delivery @

- & comnection omented  trancport  layer protoced

establishes & connection e virtual path batiween sender
and recefes

Thiis 15-a virtual coneection. The packet may travel out of
oeclar,

The
communcation is B directional.

packeds  arge  numbeyed -'.'-I!-T'IL-EEIJ':iu'-E|:|-' and

Connactronless delivery ;

A conrectionless trarsport peotocol will treaf each
packet indepandently.

Thare s no conrechion between them. Each packet can
take itz own different route.

4. Addressmg:

—  The client needs the address of the emate compotar it
wants 1o communicate with, Sach a remote comipoter
has a ursgque address: soothat it can be distieguashed
framy all the other casmpubers.

4. Flow and error coniral :

—  Far high relaklity. the fow control and errer- contral

gl be incorporated,
Flow contrel © YWe know that data link fayer can provice
the foww contral Similarly transport layer also <an
prosmae flow control. But this flow contrgl i perfarmed
end o end.and not across a single fink,

—  Error conbrod - The transpert layer can provide errar
confral as well. But error control at ransport Layer is
performed end to end and not acress a single link: Error
carmection is generally achieved by retransmissicon of the
packets discarded due o sfroes

Congestion control and Qo% |

The congestion can take place in the dsta ink; nebwork
or transport &var. But the effect of congestion s
gererally evident in the transport layer,

Quallty of Senvice |Q05) can be Implerientad o other
lapers b its actual effect is felc inthe trarspaort layer.

The transport layers enhances the Qo5 provided by the
network laper,

11.19  Transport Layer Services :

In this section we ars gnlng to disrucs the serdices
provided by the transport [ayver

11.19.1 Process-to-Process Communication |

Tha data ek layer perlorms 3 node to nocke delivarny.
The natvwork |E}IH‘ Larieg Ul M dn[ugrﬂrn |:|r|iu=r:,|

betwesn two iosts dhest ta hog cJetivery]).

But the real communication takes place beteeen e

processas or application programs ko which we nead
the process-to-process delivery.

Tha transport layer takes care of the process-to-
process delivery. Tn this a packet lrom ane prooess is
deliversd (o the ather process

TechNadiuladgs

Fualitatfioe



ﬁ DCCN [Sem. 44 Comg. { MSETE)

11-30

TEF P Medal

The relatonship Betwsen the commumcaling processes

I5- the oBent-saprar relationshipe  Fig. 11151
demonstrates the three processes

Procass Prooass
S D —

— —

hoda fMode’ Mogs MNode' Mode
to node fonede o rode o node (o node '
{Cinta link laper) :

Hast to hoet {Hotwark fayen ——

—_— Frecaas-fo-procass [Trarsson By *,

{G-534] Fig. 11-19.1 : Types of data deliveries

Deteveen  hosi-Lo-bost
Ccommunication and process to proCess CoHmnEnication

Thera 15 a difference

that wa need 1o understand Gearky,

The host [ fosl STy

communication is handled by the neteark laver

[Camputer o

But this communication only gnsures that the message
Is dellvered to the destination computer. But this = not

anough.
[t iz necessary (o handower This message to the oorred
cacatess. The Lranspord la:pur will take= cara of this

11.18.2 Addressing : Port Number ;

There are. several ways of achigving the process-to-
proCess commmunication. but the most common method
I5 I.EEiI'Ig the client-serer paradigm.

Cliesst s defined 25 the process o the local host: 0
heeds serdces from another process called server which
i5 an the other (remote| host.

Bath client 2nd server have the same name, Same of the

impariant ferms related to the cent-server  paradikg
are

1. Local hast r Remate host

3. Local process 4. Remoate process

Wa can use the [P addresses to define the local host and
remate hogt. But thls s mat enough ta deflne & provess

[ arder 1o define a process, we hawe to use one maore
igentifier calied Port Numbers.

I TCR prodcoad modal, the port numbers are intagesc
ared they are numoerad betwesn 0 and B5,535.

Al the data link laver we need a MALC address: at the
network laper we need 10 usa an 1P sddress:

A catagram uses the destination [P address fo deliver
the datagram and uses the source [P address for the
destination's repdly

At the tramsport layera transport layer address cofled o
port number 15 required o be dsed o chaose among
rmualtiple procassas nuaning on the destination host

The destination port number 5 required To make the
packet delivery and the source port number & readed
o feiurm back the reply

In the Internet madel the port rambers are 16 bit
ittegers. Hence the number of possible port numibers
will ba 2" = £5535 and the port numbers range from d
b 65,535,

The cllent pregram wdentifies melf with & part. mumber
which is chosen randormby,

This number is called a5 ephemeral port number,
Epfseineral means $hort lved, [t is used becausa fife of a
client is generally shart.

The sarver process shadld also idenlil'“-_l.' itedf wirh & part
Pdimiesr bur  this |.'|¢||t numbier can net bBe chosen
rarsdicmy:

Tha Intermel usas universal port numbers for servars and
these numbers are called as well known port numbers.

Ewery. client process knowe the well knoem pant
rumbers of the pre identified server process

For example a Day time client process can use an
temporaryl  port nember 43000 for
identifying itsell, tha Day tima server process must use
the well knowr [permanant]) port number 15.

This is illustrated in Fig, 11.13.2.

ephermeral

Ly lime Dlaghimeg
chisnt garwsf
| I || |
I—Imhq—l i t.ﬁ 1
Trans Trafapit
=TT per
Datn | 15 | 4z000 e

= 5

pe-399) Fig. 11.19.2 : Concept of port numbers

43000 | Caita
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What i= difference between IF Addresses and Port
Numbers ¥

The 1P addresses and port numbers -have altogether
different rales In sedactiryg the final destimaton of data.

The destination IP address & wsed for cefinmg a
particular bt arnandg the rrilllicsrs of hasks in the wodd

After a particular host (s sslectedd, the port number &
used for icentifying one of the processes an this
setectad host,

LANA Ranges -

The port num&ers arc divided inio three ranges by TANA
tnkermational Assigned NMumber Author iy,

The ranges are as follows |

1. Wel knowin ports.

2. Registered ports

3. Dymiamic or private ports

Well known ports ; The pors from O to LDZ3 are
krvevats a5 well known ports, They are assigned as well 35
controlled by IAMA

Registered ports : The ports frorm 1024 to 49151 are
neither controlled nor assigned by TANA We can only
register therm with 1ARA o avesd duplicatson.

Dynamic or private ports : The ports from 49152 1o
A3 535 are known as elynamle parts and they are nefther
contralled nor registered. They can b2 used by any

process. Dhymamic pords ang also known a3 private ports
and diynamic port are called as ephemeral ports

Socket Address :

Process I process delivery  [ransparl layer
commumcahon) has ta use two addiesses. one & [P
adddress. and: the other is port rumber at cach end to
rmake a connectan,

Hance a process to process  debwvery wuses the

comhbination of these fwo

The combiration of TP address and port number 5 as
shioiery i R 11,393 and o ks knowin as the sodkel
address.

sockal Addrass
[ob-a2 24 - 6 7
P Addrass Port
ridmbar

eG-asdms Fig. 11.19.3 1 Socket address

Tha dhent socket address definas the client process
uniquely whereas the senver socket sddress defines the
SETVET PrOCess umgueh.

A transpoet layer protocol reguires the client socked

address as well as the server socket address. These e
adciresses cantain four paced

These fowr peces go oante the 1P header and the
trenspoit layer proteoal headar.

The [P headat containg the 1P dddradies while the DR
and TCP headers contain the port mumbers,

Ii we want to use the transport layer services intha
Interned, then we bave to use a pair of socket addresses
narngly the clierts sccket address and the serers
socket address,

11.19.3 Encapsulation and Decapsulation :

The transport laver cames oot the Encapsulation of the

massage at the sandimg and and then Decapsulation at
the rdebdrg end when fiwg compuiers communicate.

This process has bBeen ilustrated i Fig. 11.1%.4.

CLIENT SEAVER
[=] Cliam Baner = _
Applisation| & pracass prosesstad | AHICATOR
Bayer T Tree—— W oerag layar
.—-
Tranmspon | Eo Meesege | | Plezraage | | TrAnEpen
layer | Comoal | Hedar bery
Encapauktion DecsgeirsEtion

{6.2x0i% Fig. 11.19.4 : Encapsulation and decapsulation

Encapsulation

At the sending end the process thet has a message to
send, will pacs it to the transpo laver alongwith 2 pair
of socket addresses and some additicnal mfermation,

The transport layer adds iz own header to this data.
This packet at the transport layer in the Intemat s

kncwn by different names such as user datagram,
segment or packet,

Decapsulation

When the segrment-or datagram anives at the roceiving

eacd, the ‘header 15 solated and destroped, and the
massage 15 defvered o the process running at the

apolication [aver as shownin Fig. 11,194

The socket address of the sender process oo then
handad arer to the dectration process,
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11.19.4 Multiplexing and Demultiplexing :

The addressing mechanism aliows multipleriig  and
demuitiplexing taking place at the iransport layer as

sty in Fig, 11.19.5.
Proasaas FronHsmRY

ILL] ILIL

7 Y o

o |

pe-557 Flg. L1.19.5 : Multiplexing and demultiplexing

Multiplexing :

At the sending end, there are several processes that are
iterested in sending packets,

But there |s andy ane ransport laper protecal [UDP o
TCP. Thus it 15 a many processes-one transpert layer
protacol situation.

Such a rrany-to-ane relatisnshlp regquires multiplexiing

The protocol first accepts messages fram  different
PrOCEsses,

These messages are separated from each other by their
powt numbess. Each process has a-unlgue port number

asslgnead tot

Then the transport lavar adds header ard passes the
packet to the netwark IH:I'-H" agshoan n F|E|' 11155,

Darriuitiplexing

At the recesving €nd, the relstionship is one & 1o many.
sowe need a demultiplarer

First the transpor layer receives datagrams from the
neteark layer

The transport kaver then checks for errars and drops the
header 1o obtain the messages and delivers them 1o
appropriate process based on the port numiber

11,19.5 Flow Control :

[f the packets produced by the sender are at & rate X
and the recefver is receiving them at a rate ™, then for
X =¥, there will be a perfect balance observed in the
SyStem.

But if X is higher than ¥ {sourceis producing packets at

a rate which is higher tham the rate atwhichthe rocenver
Is accepting  them) then the receiver can  be

ocrvarwhalmed and hasto discard some packess,

Flowe aon ol
.f]-. J Py
Sender [—toelRacatvar| | Sender vnrﬂmw Recalvar

Fered 1f X is less than ¥ (Le. source s producing packets at
skawer rate than the rate of acceptance a1 the receiver]

bren system becomes less efficent

Flesr contral is melatad o the situation in which X = ¥
hecause it s very Iimpartant o pravent data (o fdie ta

discarding of packets) at the recever site

Pushing and pulling for flow cantral :

There are teo different ways of delivering the packets
prodaced by the sender 1o the recéiver. They aqe
pushing or pufling,

PLzhing :

If the sender is sanding the packets soon .as they are
producad, without récering any pror request from tha
recoaieer then this type of delbver 15 called as pushing.
Fig. 11.19.6(=] illustrates this concept

Pulling :

I the sender sends the pedduced packetsd only when
they are requested by the recener then the delivery s
called as pulling. Fig. 11.15%6{b} illustrates the principle
of pulling

Fucripd

(a) Concept of pushing (b1 Concept of pulling
pe-201% Flg. 11.19.6
In caze of pushing type cdelhvery. I the packsts ars

being sent at a higher rate than that of recerving, then
the raceiver Wil be overahelmed, and some fecelved

packets will have to be discarded.

In order to aveid discarding of paskets the flow
codtral will have to be puercised

For this the receiver has to warn the sender to stop the
dedivery when it is overabeimed and it has to interm the
sefider again to start dedveny when it receier 19 ready,

ko recene 1he packets.

In cawe of pulling type delivery, the recaiver is actually
pulling the packets from the sender. It requests for the
packets when it is ready.

Thergfare the fiow contral i not requirad inthis case
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11,18.6 Flow Control at Transport Layer ; ~  Howewer the defivery of decapsulated messages to the

The cancept of flod contral at ransport laver hes baen
illustrated in Fige 11.1%7. It shaws the commenication
tmking place between a sender-and 5 recener,

apolication larer is a pulling type delivery,
That reeans the ranspart Byver waits Bl the applicaticn
lapet process reguests Jor the decapsulated mescages.

— Scndar Raaiwsr il Flow contral ;
ayar SR R ipar — A shown InF ) fl ded {or
oreyhend i, 11.18.7, the flow cantral 15 needed o
Moessagos B hemaipos g
are pushar LI & am pulkad atleast two Cases. First is. from transport kayer of sender
r to thwe appiacation layver of sender,
Transpor [|C e ar Fackels g ! T et EnE Y
layer Prexdiacar pushed layer Al secondy Tarin the frarspor et af recejvar Lo the
T Eransport laver of serdier
Flows contanl

yG-2end) Fig. 11,19.7 - Flow control at transport layer

A% shawrin Fig. 11087, there ave four entities invaleed
Ir this earnmunication. They are & follows -

1. Sander process.

2. Sermer rargport layer

3. Retsiver process

4. Receiver transport layer,

W will discuss the flow cantrob by considering the
serwking and receiving ends separately.

Sending end :

The first entity on the sendirg end k& the setvder
proecess, at the application layer.

[t works only as a producer which produces chunk of
messages and pushes them to the tfranggort layer on the

sereding end, as shown in Fig. 11.15.7,

The secord enlity on the sending end is T sender
transport layer. [ has teio different rolas o play.

First @t actz 35 a custemer and consumes all the
messages produced ard pushed by the prodocer

Thery 11 encapsulates Those messages into packels and
pashes them to the recever transport layar &5 showe 1m
Fig- 11137, Here it acis a: o producer,

Receiving &nd :

The first entity on the receneng and 15 the raceiver
transport layer. [F akio has teo different rales 1o play

[t acks &= a consumer for the packets pushed by the
servders transport lyer and it also acts as the prodscer.

[t has decapsulate the messages and delber theim ko the
applicatkon layver as show an Flg. 11.19.7,

Buffers ©

It is possible to implement the flow contral in mamy
differant ways.

Qe af he waps. of Implementation & 1o we two
buffers cne each at the sending and recedving transpar
l2ivers.

A buffer 5 nothing but a set aof memdady locatiars which
can temporarnly hold [store) packets.

Tt is passible to exgrcise flow contral communication by
ne:ﬂrJ'ﬂlg higrl.;i:‘:- Fraam the consurwr 1o picrdicer.

The flow central at the sendimg end takes place as
follows - As soon as. the bodffer at the transport layer
becares full b sancks the stop message foo s
apolication layer in arder to stop the chunk of messages
that ara being pusked inbo the buffer,

The second flow control takes place. &l the receiver
transport layer as follows o As sown as the puffer -at
recoiver transpart laver becomes full, it will inform the
sender transport layer 4o stop pushing the: packets,

Whenever the buffer becomes parmally empty, T again

infarms the sander transpoert layer to start sending the
packets agaln.

11.19.7 Error Control ;

Need of ermor contral :

In the intermet, the network laver protocol [P has the
respeas:bility to camy the packets from the transpon
laer at the sending end 1o the trarsport layer at the
receiwing and,

But IP © unraliable. Tharefare transpart layer should ke
made relishde; in arder to ensure raliability at the

apalication et
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- We can make the transpart lager relsable by adding the
enror contral service io the transport layer

Duties of error control mechanism ;

Following are the important responsibilitas of the arrar
et mechanism introduced at the transpart layer

1. Tefind and discard the cormupted packats;

2. Ta keep the track of lost and discanded packets
and to ressnd them,

3. ldentify the doplicate packets and discard theen.

4. To buffer out of order packets until the missing
packels arfive,

—  Im the erior control process  ondy the sending and
recening ransport layars are invohed

That mears 1T 05 assumed that the chunk of messages
exchanged between the application layers and transpon
lavers ane arror free

- The cencept of amor contral at-the fransport laver level
is deronstrated @n Fig. 11198

=T [=] Heste iugsf
Tran=par T ranapork
laear layas

* Ermroir cantbrol

{5-2015 Fig. 11.19.8 : Concept of errod control at the
wransport layer

- The receiing transport laver manages the error control
by commumcating with the sending transport layer
atmut the problem.

Sequence numbers :

—  [m order to exercise the emer control at the transpord
laver follaming tao requirernents shoukd be satisfied

1. Thesending transport layer should ke about the
pu.r.l::l-.-l which is o b resent,

2. The receiving transport layer should know about
ihe packets which are duplicate or the ones that
havea armved. out of order

The requirerments can be satlsfied only if each packet
FEs @ URKUE Sequence number.

- [ a packat is either cowupted or lost the receiving
brarspaort  fayer will somehow  inforrn the - sending

mrarcport layer alout the sequence nurmber of those
packets argd request it to resend those packats.

—  Dwie to the unigue sequence nummber assigned 9 2ach
packet it 15 possible Tor the receiving transport layver b
identify the duplicate packets. receied,

The out of order packets can also be recogmzed by

obserding gaps In the seguence numbers of the
received packets

= Packet numbers are given sequentiatly. But the lenath of
the sequence number cannot b2 too long bacause the
sequence number is §o ba included in the headar of tha
packets.

If e hezder of & packet allows "m’ bits per sequerde
rumbaer, thers the range eof AEfUence ALy welll ke

fram O o 27-1. For gxample If mo= 3 then the rangs of
saquence nurrbers will be from O te 7.

~  Thus sequance numbaers are modulo 27,
Acknowledgemeant

—  The receiver side can sand an acknowledgerment (ALCK]

signal corresponding to #ach packst or each group of
packets which amved sate Bid sound.
Tha guestion is what happens T a recened packet is
caorrupted T The answer iz thal the recedver simply
digcards the coraupted packet and does not send. any
ACK signal for it

—  Thesender can detect a lost packet vath the help of a
tirmer. A bimer s Started at the sending end a5 soon as 8

packet is sent.

— T the ACK doss rat arrive sefore the expiry of the timer,
then The sender treats the packel to be «ifther oSt or
carrdged and resends i

- The mecear silently discerds the duplicate packets. It
will esfher discard the out of order packets or $iceed
until the missing packst s received,

—  Meote that every discorded packet i5 treated as 2 |ost
packet by the sender.

11.19.8 Combination of Flow and Error
Contral ¢

- Til nows we have disoussed the following important
concepts |
1. We nesd b ouse buffars g1 Lhe serwling and
receiving ends for exercraimg the flaw candro,

2. Also we hawe i gse 1he seguence numbers and
ackncwiledgements far exercicing the amor contral
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- We tancambing these tao concepls together by using
oo numbered buifers crm at the sander and the other

at the receiver, in arder to exercise-a combination of
How and errar. contsol.

At the sending erdd, when a packet, is prepared to be
sent the number of the pest fres location (2} n the
Buffer Iz used as the sequence number of that packet.

— &5 so0noas the packet is sent, its copy & stored at
lecation g4 in the sending end BuHer and the sender
waits for the: acknowledgement from the recelver,

on reception of the ecknowledgement of the sent
F-.!I'J:EI.. Ths CEpy of thar F:-.;!El-:ﬂ[ i |:||Jr|5|:-'r.| Ity Frdkie Thes
gy lacation () fiee again.

— At the recelver, when a padket hawing a seguence
number " arrives, it is stored at the memory location
" the recebser buffer until-the récéver apphicabon
laiyer is raady 1o recelve it
The receiyer Will sand the ACK mestage back to sender
o infarm it that packet " has arrived.

Sliding wirdow :

e Thee e 1] furabers are rroduls .E'T'. e O LSe s
circle ag chiddin in Fi=-'._'|. [119.9 13 r'El.'II'I‘."'.-iEI"It T SEgUenoe
numbes from 0 1e 27 -1

— e A
0T L CET
med %2 =¥
Ty e & mamicny
oomiioresn the aubier

¥: o
P PN
A BV
43
{b] Two packets have been [c} Three packets have been
senk weri
N T,
o T
Y
id) Four packets have bacn (2] Packeot 0 has boan
send, The window is full Ackenowledged and the
window slidas

&-2087 Fig. 11.19.9

We can represent the ouffer as a set of slices, called as
the sliding window whech wall cocoupy a pad of the
circle at anig time,

— In Fig. 11.19.9, we have assumed that m = 2 Therefare
2" - 1. = 7 and the sequance numbers are from 0 o 7,

Flerce the rumber of memaory locations in a butter will
alsg be B e kg ¥

The slidimg windows will comespond to the sender as
el A% per ey

- On the sending side. when a packet is sent we will mark
the comesponding slice.

Therefore when marking of all the slices |5 dane, i
mzans the sending buffer I3 full, anc it cannot accapt
any durther messages from the application layer as
shendt in Figg. 11.19.9)d).

—  When the acknowfedgemnent far segment “07 arrives a1
thee sanding end, the comesponding sagrment (segreim
0y is ynmarked and windgw slides abead by ona shog as
shortt 10 Fig. 111%9.9{e). The s@e ol the sending
window is 4.

Mote EHal the hiding windmy is just an-absiraction, Tn
actual pr.!r::.‘[luE,. campUter variabdes are-used (o hiold the
sequence number of the et packet to be'sent and the
|35l paciset sant,

Sliding window in the lnear flormat :

This & another way to diagrammatically represent a
siiding waindow, it is as shown inFig. 111910

—  The principde of this bype af cliding windoy 18 saime as
that of the circular representation. The linear format is
the st preferred format It reads less space &n paper
Fi-:_|. 1115100 thl. (o} arxt {cd} dre the 5I|I:||'ng o
presénted in the finear formal Corresponding Lo
Figs, L1.1290b0 (ch (o ared (o) respectively in the circular
presentation,

SFROEREEERNT  EELRERFIEREIFET
Aok T penciers e e 1k Thires: prachers Fave heen
=1l wrgil
SEFEREEREEETTT Sl OERREEE

il Poehicl 1k Deas betin aekinn-
ledEed and e windoy slhies

(et Fuur pockels luve been
st e windosy = Tull

co-2ovsFig. 11.19.10 : SEding windows presented in the
finesar format

11.20 Transport Layer Protocols :

—  We have dizcussed 3 few transport layer services in the
previcus section, By combining aset of these services as
per recuarerment, we can creale a transpot  layer
pratacol.
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[t & important to understand the behavior of these | Flow Dlagram :

general protocols before we dizouss the transport layer
protacnls such as LIOP and TCP,

[ry this section we will discugs the following pratacols -
sirnple protocol.
St andd walt pratocol

The communication betwesn the sender and receivar
vsigy the simple protoced has been shawmn n
Figg. 11.20.1¢h).

The senclar keeps sending the packets without taking
the receiver inta considesation at all.

1
2
3. Boback M IGEN] protoccl
4
5

CHIFN] 5EHYEH
Salective repeat protocal T';"t I'TE:I-,-—T“.I ﬁu E%"‘" ‘

iPlgenbacki —- kg I s EI
Bldirectlanal protacal. {Plgeybacking), : _

—  [nbsalbwe will discuss ali these protocols as simplex Le.
wnidirectional protcocls and then we will s2e how 10
miake tham the full duplax | e bidirectional protocols

11.20.1 Simplex Protocol :
Thiz |5 the simplest tvpe of connectionless protaced
whitch has the following charactenstics :
1. Mo fow control.
2. Mo ersrcontrad i
3. Thereceier does not get ovenwhelmed.

Because the recever does not get overshelmed dus e
the mcoming packels ewen ot wery high rate; the | -
recetves can handle any packst immediately as soon ac
it Is received.

-~ The principle of operation (or protocol layowt] of the
sirnple protocol has besn llustrated in Fig. 11.20.348)

o £ e FELENER
Apploation A heanom
leansporl AT T [ranspol
g T = e ma = L
] GILE Mg

pa-217s0 Fig. 1120 1{a) : Layout of the simple protogsl
Cparation ;
Al the sender

—  The application layer at the sender, sends its messaga 1o
Ehe Srarapsart layer.

The sender transporl layer meceives the message and
makes-a packet out of it

—  This- packet & then sert ower the lagical channead
bBatwepr the transpoet levers on the twa ends,

Af the recaiver !

The network leyer al the receiver (hol shawn in
Fig. 1120102 delivers the received packet 1o the
traresgort layer.

The recever trarsport layer extracts the message fram
the packet (decapsulation] and sends the messade 1o

the application layer.

T S e
_'*"IIE"‘_.,________'__—— Dobiory

e =gy

Tirre: Tinne Time: Tirme

i5-2181) Fig. 11.20.1{bj) : Flow diagram for the simple
protocol

11.20.2 Sicp and Wait Protocol :

The second transpart layer protocal that we will distuess
fiowy 15 a connection orfented protocol called as step

and wait protocol.

The aperation of this pratocol are as follaws

1. Itis a connection oriented protocol.
2. It prowides bath e and armar contred

3. hender serds one packed at a time and ‘waits far its
acknesiledgement from receiver before sending
the next packst,

4 & checksurs 5 added 1o esch data Fla-rl:r:l: T B L A
derect & :-:-rrup'red |:|a|r_'-‘!!t-.L

5. AL the recever, the checksum in each packet is
chacked. ¥ found incomect, the recener considers it
as the corupted packet and discards 1t silenthy
auch a packet ic not acknowledged by the recelver.

B IF the semder doss  net recsive an
ﬂl;l‘:Jll:_:l'r'.l|I:".'.|!3I:'.ll"ll'!|'||. far s F.:.-.-.I':r.l within a predecided
time, it wnderstands that the packet = edther
carrupbed or lost,

=

The sender starts 8 timer avenime 1 sends out a
packer. I it recenes the acknowledgement for the
packet before the expiry of the timer, it stops the
timer, and sends the next packet. But If the timer
expires before the arfival of acknewledgement, the
sander reserdds the previous packet which was
aither cormipted oF kst
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Fag: 1120 3a) showis the princeple of fhe stop and ‘wai
protocol, - Mote that at any given tirme there can e only
cne packet-and one acknowdedgement in the channel.

Pk
2= NDER E.Ei.jh:rl:i'.:n.mn HECEIVER
Appigation | [PEEE e feecqd | Apptisson
Tonrancn | Bl Me=ari e " = R T anepon
<= S W - B A0k
5 B Meslpacket
k1 reEje
T i o B
2l vandoaw Fecdave mrlow

[G-2187 Fl.qu L1. 20 2(a) : Principle of stop and wait protoood
Seguence number

[ this protocol,  seqguence numbers and

a-:l:r'lm'lﬁl:l'gﬁnem nuambers are uwad  Tar preanting
I'I'.ll':lllll.'ﬂr.lﬂ Flﬂlik’&".:-.

Az shownin Fig. 1120020, an additional field is oreated
in the  packet header of sach packet to hold =
Sevarice number.

| Haaciar =«

Creckoan | Meceage

Swp. [

rE-2183p Fig. 11.20.2{h) : Packet

A wery important consickemmbion about the sequence
number s the range of sequence numbers,

Iri ordler to provade an unambiguous commarscation

inith the miniraunr packer si2e, we ook for the smallet
Fande of sequencs rarmbers,

Let % be the sequence namber of a- packet, then the next
sedquenice number should be (x+ 1k There B no need
For o + 2 We can shaow it using the fodlowing
discussion.

Suppise that & pecked with the secuietice numbear ¥ has
baery cent by the sender. Then the following three
things can possibhy happen.

Everything is narmal :

The first possibiline is that the packet reachws is

destination safe and sound without getting corrupted or
lost. The recener sends the ackrowledgement fioe it

The acknowledgement reaches the sender  safe and
sound

The sender sends the nest packet hawag a saquence
nuribies af (% + 1],

2

Packst corrupted oF losat

The second possibility 15 thot the sent packet: cither gets
corrupted or gets lost and daes not resch the moeving
end al all

The recewer discards the cormapted packst silently. In
E it frormiptes packet], e
ackrovdedgarment & not sent back.

LALE oF  hast

The sender waits for the timer to gapire and resonds the
packet. mumbered x The receiyer sends back  the
acknowledgement for it

The acknewledgement is corrupted or lost ;

The packed (nurmbered x| arnves sale and sound at the
receiving end for which it sends an acknowledgernent
hack 1o the sendar.

Howsaver the acknowledgement aithar get conupted or
gets lost o ite way back.

Theretere the serwder resends the packet (numbered xj
aain after the expiry of the timer.

Thus packet x has a duplicate mow. The recemer will

uriderstand this-fact because it was expecting packet
rumbared {x + 1] ta armbve but instead it recéed tne

packet nurmizerad ¥ again.

Conclusions ;

Fram the aboye discussen we can conclude that
sequence numbers x and 1+ Lare raquired sa that the

receiver can dishnguish betwean cases 1 and 3

discussed above,
But it is nat recessany 1o number the packet a5 [x + 2).

In case 1, we can numbsrdhe packet as x again Hecause
kit the packets (kand &+ 1) are acknossledged by -the
receiver and neither the sender nor the recever hasany
ambnguty about it

Finally ih the cace 2 drd 3, the new packet is ¥ + 1) and
nok x4+ 2

Therefore we conclude that only two sequence numbers
wand X + 1 are nesded and & +2 & nat nesdad.

Soletr=0thendp+ 1] =1
This there will beanly Two sequences rumbers T and 1
gnd the packet sequence waukd be d 1,0, 1 4. and so

on. Bue 1o the presence ol gohe teo distinct sequerce
numiers, this s called as moduio-Z anthrmets,
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Mcknewledgemeant numbers :

For bath types of packets |e data packets. and
acknowleddements, the zame sequence numbers
should be suitatie,

Far this ta happen sdecessfully the followdng conventlon

15 used.

The acknowledgement nurmber abaays indicates the
sevjwence ramber of the next packet that the recener

I5 axpecting o reteve

For exarole, the packet wth a sequence number Q
arrives at the recalver safe and sound.

Then tre comaspondirg ACK sent by tha recenver will

have a number 1 on it which means that the nest
expected packet to be recelved |5 packet 1.

Simélardy if packet 1 amives safe and sound then ACK

with acknowledgemont 05 semt back which mearns that
packet - 05 the next expacted packet at the recener.

The central variable at the: sender 5 called as the

sencer (s} ard it points to the onby slot present in the
serxt winclows as shown i Fig: 11.800208).

Similacly the contred wariakle at the recoivieg ond

called a5 the Receiver (R) and it points fo the only slot
prasenl i fhe receive window a5 shown  in

Fig. 11 20.2}a

Efficiency of stop and wait protocol ;

The effsciency of the stop and wait protocol & veny very
lor. This 15 hecause t'sends a packet and simply wails
for its ACK before sending The-next pachet

This s a grass underutibzation of the cormmainecatian
channal espacially if the chamnel is thick and long.

A channel s thick i It has a8 large banchadth and it iz
baruy iT it has a long round $np Gime.

The 1:|r-|.1|:|u:! ol these sk parametars s called ag
bandwidth delay product.

& channel & equivalent to a pipe. If it is underutilized,
ther it will be ealled ineflicient

The numbsr of bits a seader can transmit-thraugh the
chamnrl can be measured from the value of bandwicithy
delay produt.

— O all these accounts the step and wait profoccd proves
to be patremealy inefficient,

Fipatining -

In reebworking and even other areas, 8 task is starled
befors the erding of previous task. This s known as

pipelining.

In e 51:51': and  wal |:|r|:,|1-:a-:,:-.'.ll. the s=nders serels &
packet and waits for its acknowledoement before
cerching the next packeat.

Thid shaws that here 13 no pip=siining m the slop and
wait protocal,

Butl in {he other |:,|r-:,:-|-|.:l-::||5 fhatl we are ey fo Ca [ TR T
after the concapt of pipalinlrg will e uied,

Therefore it & possible for the sander to send several
packets before it receives only acknowledgemeants for
the previously sent packets.

The process of pepelining improves the efficiency af the
pratecal,

11.20.2 Go Back-N Protocol {GEN) :

The |.-|"i'i|:i.':r'||::|r ol transmission can be improved. by
Eransmitting multiple packets while the sender is waiting

for acknoledgment

That rrisans we shauld allow more than ane autstanding
packets pwenn whes the sender s waiting for
ackrowladgement because thes will keep the chanreal

busy,

- A protocol which can achieve this goal = our nexi

protocol called o Back-N [GBH] protecal.

The mwast maportant- part-in the operation. of GBN
prafecol is that we can send several packets before
receiving actnawladgement, But the recersar can buther

only one packet.

A copy of every sent packet is kept by the sender antil it
receives the acknowledgement of that packet,

- Flg. 11.23.3(a) shows the cuthine of GBM protocal which
explains  il5- prinople of operaticn.  Note  the
simuttaneos preseree of mulhiple packsds and multiphe
ackrawledgements in the channe] at any given ime:
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£EMDER sefia
b = | whecksum o Logical
el L By |'ﬂ-.n:.5 [[ rh‘EﬂE—Eﬂ- : I
Toarepan) fER—TEe R 1Peiket P
S Amsout &, Hast 12 serd |_|—-‘:th= i

Sernd winion ; Bk o
-E|T|n|-:r

pa-21a0y Fig. 11.20.2(a} : Principle of Go Back-M
(GEN) pratocol

Sequence numbers ;

Iy GBM priatacol, the sequenee numbers are madula 27,
wrere modenctss the size of seguencs rumber field o
bats.

Acknowladge numbiars
Iy the GBN pratocol, the acknowledgement number ic
cumulateve and it carries She sequence numbear of the
neet packat That is edpected (o bBe redeived ab the

Fe s,

— [f the ackblo = & 5 an idication that the receiver has

recerved ali the packets having =equence number upto 3
sate and sound.

Hance thw recewer is ekpectng the packet with seq. No
=& b arrive nekt,
Send window

\We can define the send window as an imagifary: bo,
whilch covers the sequence mimbeéns of the data packets
that car be-sent

The maximum slze of the send window is (27 — 1) far
the reasons discussed later on in the chapter.

I each send windaw posiicn (1 can shide), scame
seqieence numbers. indicate the packets.that have been
aiready sent whereas the other sequence numbers
indicate the data |,'.l.i-||:.h|_-.1 thak are 1o be senl

—  In this chapter we assume that the send windaow size is

fixed and has bedn sat o i1s makimum possible value,
Buk I some prntnml; the sand windesr size is varable

Thit structure of a =end window for the GEM protocod
with m =2 has beon shawn in Fig. L12030b), Mote that

thewindmw size =27 -1=F-1=T.

% 4
[Firsd putstamdng) {Prdeail fox sl |

I ]

ot leTsT4TsTe 7 o

soal. ackramedsed | Sietanting (500 nba ann) | el e
W pE | e Wikh oo

ai Bl A padgariTh frampmoass fioin procaos

— 5, = Sed window 2 —s]
i-2187) Fig. 11.2003(k) : Format of the send window of GAN

At ary gmen time the serd window divides 1he possitle
sEquance nurnbers irto four regions.

A3 shown in Fig. 11.20.3]k], the fisst reglon cofrespands
o the portion 1o the left of the sand window.

— It comsists of the sequence numbers which belong to
the packet which are alreacy acknowleckged.

—  The zender doas not kaep amy copy of these packets.

- The serond region which is shaded in Fig. 1120206
corfaens  The sequence numbers: belenging to  the
packets that are already sent bul not acknowledged by
the receiver.

That means the axact satus of these packets is not
ko
-  These packets are called a: outstanding packets.

The third sange, which = not shaded in Fg 1130.3b),
contans the sequence numbers belonging fo the
packets which the sender can send

—  But the corespanding data is yet o be received from
the applicaton layer.

Ard fieally the fourth mnge, which & at the nght of the
send windaw In Fg. 11.30.3(0), consists af the 'sequmua
numisers that cannat beeused by the serder until the
send window slices tethe right hand side

Site and location of send window

—  Theare ara three varlables that define the size and

lacation of the semd wendow at any gen time They
s

1. 5, Send windew. the first curstanding packet
2. 5 2 Send wirdow | the next packet 1o be sent
3. 5. Send wdmdow size

—  The sequence number of the first (olcect) autstanding
packet is delined by the wariakle S

The sEquepnce numdeer, that will ke Hﬁ!,il;]rll,'.'d to the nexl
packet 1o be sant i defined by the variable 5.

- And finally the size of the send windicwr which is fixed in
GEM protocal is defined by the variable 5.,
Sliding of send wincow :

— A send window will slide nght on the araval of
acknowledgements,

Fig. 11204 shwrers the send window before-shiding and
after the arfval of an acknowledgement with ackMa = &
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5 5
[First oudsiarndrg)  (Hexl [0 s=nd}

F raE TR RN LR e e — e e = m——— A AR AR LS
eiriziafefsfafvlolrfa]aiaisls;
ik Wimslew bidare sliding
Sy Sy

ot Syl il AGK =i | 1
LT N S - ) N N N R |3|618;

B Witnlown Hl'lul.' ﬂu:llllg ll'am ACK wilh
aek™d = 6 has arrFived)

i5-2188} Fig, 11.20.4 : Miding of sand window

This means that all packets upto seqio = &5 have
reached safe and sound and the receiver i expachng
the packet with seq.Mo = 6 1o arryve

Conclusion ;

Frarm all this dizoussion we conciede that the send
werdow will siicde bw one ar more =kots wiwan the sender
receives an arreddres ACK whose ackNa |5 greater than
o equal to 5, and bass'than 5,

Recalva window ;

The revelve dindosds has fée tasks ¢ First it has to ansure
that comact data packets are received and second is 1o

make surg that correct acknowdedgements are send

The e of recswe window in the GER F.lrl:':-l-;:l-:,:-:ll %
ateays 1 Therefore, e recejeer 15 always expecting a
specific packet to arfve

That meaans the recetver will discard ey packeat which
arrives cut of order and the sender has to resend the
dizcarded packet.

The receve windew for the GBMN protoced i shown in
F|-:_5| 11.20.5. 1 has nnl:,r aneE variaie B oLe recewe
Winon, neit packet expacied,

H -IHTI:-I‘.‘E‘F-I‘.‘E‘E{I:I
niyralat d Bl ey et vl A
Fatkets sy n-l-l.'l-ll.lu-l.l - | : r ""I
*—nd scimowieAged ™ =1 L. F'El:-i.-&ilﬁl.'.lhr:-hl.ﬁll.

nol be recedsed

pe-ziem FHg, 112005 © Structure of recelve window of GAN

The seguence nurmbers 1o the left of the receve window
comrespand o the already received and acknowledged
packets

The sequence numbers 1o the right of receve windoy
comraspond to the packets which cannot be recaived.

The receiver discands any packet that belongs to thess

bwe rarges: It will ‘only accepd thal packsl ‘whose
seciuence number exacty matchss weth the value of B

Like th sliching window, The redeive window also sides
but cndy I .ore slot at 3 fime.

O recaption of 3 comect packet, the receie wirdow
didesto B, = (R, 1} swduba 27,

If a corrupted packet is receved. the recesve window
dives not skde at-all.

Timers :

Tdeaily there showd be ore timer per packet, which is
sent. In GEN protocol anby one timer 15 used
The ragsan for thiz = that the timer for the first

outgairg packet will always explez first, I 50, then all the
outstanding packets vall be resent by the sender,

Resending the packets ;

A5 stated earlier, on the expiry ol the anly timar {also
called a5 fme out), all the cuistarding padeets will be
resent.

As oan example let s assumme that the sencer has
afready tent the packet having seq.Mo & |5, = 7] but the
biret ol lakes ]:llal:.n [that means the -:z-nl}l Lirmr i GBN
has expirad)

If & = 3, than it is an ndication that the packats 3. 4, 5
snd 6 are all atstanding packets Le thay are sent but
not acknosledged.

Hence, as soon as the timer expires, the serder will go
back and resend all the autstanding packets La. packets
3.4, 5 aml A,

This is the reasan behind the name of thes prolecal
which Go Back I,

Tha zender goes back by W slots and rasends all the
packets from thera as st as the tmer expires:

Send window sira :

Mo e are aalng to discuss, why in GEN protocel the
size: of serd wingow should be kess than 27

Let m = 2 Thenslore the size of the send window will b
B ' = 3. Whth this serd windew size §f all the
pcknowladgements-are lost and the timer expires, then
the cender reserds all packets

A5 the recesssr 15 Ehpﬁﬂting Flar.k-EI. Jand nst 0,4 il
sicepsciully jdently the resent packst O ag the duplicats
mncd discard i,
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- But i the mend window size is 27 = 4, and il all the
acknowledgement are tost and the timer expires, then
the sencler will retransmit packet 0.

But iz mme the receiver alzo 15 axpecting packet 0 10

arrive [next cyde). Henca twan't treat the resant packet
0 ac the duplicate packer and won't discard it

— In fact the duplicate packet Q0 = accepled & the
legitimata packat & of the next cpcle, This = an eror.

From this example we danclude that the size of send
windaw In GBM protacol shauld He less than 2™,

Comparson of GEN with stop and wait

The GBM andd stop and walt prodocsds ane somewhal
sirnllar to each ather.

—  The stop and wait protocol is actually a GEM protocol
with anly tem sequence numbers [ and 1) ared send
prdone sire of 1,

[rr-stop and wart protocal, the modulo 2 anthimetic: is
Uged whereas in GER pratacol, modula 3™ arlthrmetie
sl bo have been used

—  Thus stop and wait protocol is a GEM protocol with
m=1

11.20.4 Selective Repeat Protocol .

—  The procass at the receiving end is simplifed in the GEN
peotocol to d great extent,

—  This is because R; &= the only variakle which is to be
Eracked I:,|:,' the recaiver ant the out ol order receleed
packels need rat be buffersd. They are to bBe samply
cescarded.

- But the problem with this protocsl is ts inefficiency if
the underlynng pretacal tands 1o lacse a lot of packets

This is because everytime with the st of a packet the
sereder has o send all the cutstarding packets,

- [t1s posshle that some of these packets may have been
received without any ermor but cut of crcler,

- [ the petwork congestion is already saisting, then it will
bacorme wore due 1o these frequently retent packets.

—  The worsened neterork congestion will result in the lkoss

of mora: packats which kads 1o retransmsssion on of
more packets and so on.

This 15 called a5 an avalanche effect which may

evenrtually couse total oollapss of the netwark,

—  In ooder to overcond these problems. of the GBN
pratocsl, a new proteool has been deviced which is
called a5 the Selective Repeat Protocol

This new protocol, as the name suggests, resends-only

selacted packets. that are - actoally corrupted ar Inst, It
does not resend all the nutstandivg packets like the

GEM pr-:-t-:a-:-:-l.

—  This will raduce the number of resert packats and
thermiore meduces the possibility of network congestion

The pHnciple of selective rapeat protocol has been
illustratad in Fig. 114005,

e T i e
S —o bk (o
Akl . riad
Tispst | EI [ Erores LRG| Padaza --F.-. Eu;—iﬂ‘pﬁml
| oGl Ol e B - Al o
L i <hannisie | L mwclanm
.....E.um ““:L:. = r I;E:l .......mﬂ "lm..

[] Sant bl nat sckn kg Ther

I P S P T 3 Padkste reosivedd oultof ondar

pe-214ap Fg. 11.20.6 : OQutline of selective repeat protocol

VYWindows :

I he selectie reguest |.1r|:j-|l:,:-:_|_:|| dEo Thete are bdo
winlcderss used D a send window and a recee windon,

- However these windows are ciffapant from those in the
GEM protocal  Enthis protacol the masdmdm see of

send window is 127 L

—  This size is much smaller than that inthe GEN protocol
Alzoa the siee of receive vwingdow s same @5 thel of the
sand windomw.

Send and receive windows :

—  H'm = 4 then the maiimum size of the'send window 15
Mot 2 P = g Mo 18 inothe GEN pratocod).
Fig. L1.2006a) shaowvs the structure of the send window:

=, E,
It oulstanctingd (Mexl o sendp

Taw FaEmETen PR E TR

SR 7 I R S

Abaaly ack:|  Oubklanding | Packebsthel | Packsts thal
monbeckzel | pocksts anme | mEn hrunl'r aan nul bewenl
skl Arkncr sk

]
le—— = B ]
| Packals cutstancling (ol ok de el
et Packes ackiomksdgad nut of ader

pe-2191} Fig. 11.20.6(0) : Send window for selective
repeat pratecol
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Fig. LL206(0) shows the structure of receive windoy in
the selective repeat protocol. Mote that itois totally

difterent from that in the GBN protocol

H. {Aece e window, Mexl
(BT e s (]|

1 sy i
CRHNOT B 160 vad

| Podads | Packals o con be aoskn
| ahaay | Cstanad (o abar dallary . Shatad

recmread Lol gy e vl Erckecds

I-._ Ryma ™ :E“ i _.I

%I"mhl received oul of order

pe-2197) Flg. 11.20.6(b) : Receive window for selective repeal

protocol
The recetve window here has the same size as that of
the send windaw (Masimum size = 2770

Principle !

[y thie sesactive repeat protocol, the packats equal to the
size ™ the mecene window are allowed o -armve oui of
CEar

The recener 15 allowed 1o keep them until it has a set of
consecutive packets which can e delivered o the
applicatian - lalfer.

As the zand and recaive wirdows are of the same size,
&l the packats in e send window can armve out of
oecder 8t the réceer’ and the recensr 1€ allowed fo stare
them until it can deliver them to the appdication lawver

Hemewer the selective repeat isoa relinble protocol
Therafare the moeiver (s (o) arpemcied 1o defiver pa-ub:el.:.
put of grder to the application kayer.

The structure of the recaiver windaw Tor selective repaat
pratacal 15 & shownin Flg. 11.206(k). Tt shows that
there are packsts raceived cut of crder,

These packets have to wait for the sardier transmitted
packels to armive before all of them are finally delivered
Ed Lhe apphcaton layer.

Tmer ;

Theoretically in 5K protocol a limes 5 asdgred Lo each
pautstardsing packet in Lthe send wandoe. When a tinmer
cxpircs, only the comesponding packet is nesont.

This Is totally diferest trom the GBM protocal which has
caly ane amer for a group of outstanding packets

But: practically, almest all the transport laper protocols
which are based on selective repeat principde e anly
e Timer.

Acknoviledgemeants ¢

In GRE pratacal, the ackblo is curnulathes T0 carries. the
rurer of the hext expectad packet to be receivad.

It also confirmns that all the previous packets have been
receiverd safe and sound,

But in the SR protocol it & totalty different In SR the
ackMo defines the sequence number af onby one packet

whicts s receivesd safe and sound

It does not geve any feadback about the olher packets.

Window slras :

The mammum sice of send and recenve windows in the
Sk protocol is 2™ that means 2772 i, half of 2

I¥ m = 2 all the scknowladgements are kst and if the
tie aut takes place (Le Himer sxpires] then sendef
retransmits packet 0.

But the receiver window is expecting packet 2 and not
packet 0.

Herce the recener will identify packet 0 as the duplicats

packet and will discard it (The sequenca number 4 is
RO i Ehe winck

that the window size s 3, all

acknowladgerments lost and the dmer expires, Move the

Mow  tmagine

sender will resend packet O
AL this tlime the recetver is alsa. expecting packet 0 of

the meat oyche to arre (DS the part of the wiralow).

Therefore the recever cannot ecogmze that packet O s
a duplicate packet. This is an errar.

That i= why n SR protocod the madmum sime of the
sesiel aned receive witideas 16 27 or balf of 27

11.20.5 Bidirectional Protocols Piggybacking :

Mote that im all the protoceds discussed so far the data
packets  PBew  in only  one direction and
acknowdadgerments travel ik the apaac it direction,

Tharefore @l these four ‘protpools are sed 1o be
unidiractional protocols.

Howsawar in reality the data packets ame travelling |n
hizth the directions client to seeserand vice Yersi

The: acknowdedgements also are travelling in hoth the
diréctians.

Thus all the transport layer protocals in real life are
bidiractioral, We can improve the afficiency of these
hidarecticmal |:|r|:|I!|.'|r.'|:|I5 with a  lechpicoue: called

piggybacking.
Tech¥Naawladge
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[y pegoptsackirg, tha data packet going from A 1o B can
also carmy acknoledgement for the data packet armived
from Btn &,

Simdlarly -a data packet sent by B to A cam canmy
acknowledgement for the data packet arrved from
& Lo B

11.20.6 The Internet Transpart Protocols

Q.2
o3

.4
Q.5

Q.8
Q.7
.5
L

' B v B = R

B O g o

(TCP and UDP) :

The Internet has two masn protocols in the transpor
layer. One of them is connection eriented and the other
e supparts the conneclionless seracr,

TCP {Transrnission Coantrol Profooosd} is @ oonmechon

cnented pretocol and UDP [User's Data Protocaol) is the
resirneciianiacs pretocol,

LIOF is basically just 1P -with an addstional short header.

Review Questions

A Why B ARF reguesi broadecasi but ARP reply

Lenicast ?

State the names of two nelwork modeds,

Defing the ward prafocal.

VWhat is protecol layering ?

Explain the cancepl of legical connections

Drerer 1he lavaers of TCRAP modal,

Explain tha yered architeciura of TCPIP modsl
Explairy in datall lhe ghysical laver in TCEIP mads),
Ezplain in detall the data link ayver in TCRIP miocie.
10 Explairin detail the netwark Lnver in TCPP miods.

At Explainin detail the traraport Eyer in TCRIP modsat.

12 Explam in dalail {he application layar in TCPAR

rriogdel

.13 Mame any three nelwcrl layer protbeols.

14 Wriha & short ngla on ;IR

1 Skale various funclions of nebaods Riyer,
16 Stete the twe most snportant dransport layer

pecdncols

A7 Slate vanous dubess of trsnsport Byper,
18 State sty fowr applcation ayer protacols.

19 Explain the concepl of swapsulation n TCRIP

220 Explain the concept of decapsulation sy TCRIP

d 21 WWille a nole an Tollowing in TCRAP rioded |
1. Addresssyg.
2 Multiplexing and darmultiplexinig.
Q. 22 Compare O3 ard TCPIP model.

11.21 MSEBTE Questions and Answers :

.1 Listtwo DHCF protocols.
Ans,;

BOOTP ard DHTP,

{W-15, 517, 2 Marks)

.2 Explain and BOOTE. {W-15, 2 Marks)
Ansk. !
Bootstrapplng protocal -

What is Bootstrapping ¥

What happess whet a computer first bagins operation 7
The process & known 35 Boobstragoing.

—  “When & user turns on the computer, the hardware first

searches permarent storage device, usually disks, for a
device thal contains & spodal program calked a boot
program at lpcation zerno.

When the bool pragram s, toallaws the storage
device to resd and load acditionzl software. (24
npeaton system) finally atter loadreg all the software,
I Ry npnraﬂin-:_; s Allcwis 2 user 18 rue Bis a|:||:'|Iir.'.-|l:i:'|r|
progran.

Bootstrap Pretocal (BOOTP)

The RARF is reverse acidress resalution pratocal. To uses
& coriplters hardwars address 1o dentify machine, 1
canmol e used om netweres that dynamically assign
harcware addresses.

—  The RAAP protocol has theee drawbacks, first; AARP
operates at low level. Second, it requires a packet

exChange between client maching and a computer that
arawers 1S request Bnd third, It usés 8 computer

hardware addrass to klendify machine.

— In rder to o overcome these  drawbacks of  AARP
reseanchers developed
(B2TF] Later, the Deywarme Host
Frotocol (DHCP) was developed which i= the successor
b BOCITE.

BOCTR b= mnpre. efficient than BARP Decau=e a singhk
BLOTR message specifies many items needed at the
birre of starting a computesr

the HEII:ITﬁ[I'.-LFI prolocol

Configuration

Tech¥asuladge
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These items are - camputar's [P address, the address of
rauter and e addrass af a seruer

BOGTE also consists ol a- vesdar-specific field in the
reply in which a hardware vendors can send additional
informmaticn

BOCTP mestages are cared by the UDP and UDP
messages are encapsulstad in [P datagrams for deliveny.
Thus  wath BOOTP

all

responsibility. for reliable

select of enler he infanmation as follaws
Dala starage fomal

hame service 1o store host reconds -
Length of lease

Metwotk address

Subnet mask

Metwark bype

FHalar

communication is with e clent BOBTE uses UDp | SR 35 Verhy your Gonfiguration information and click
whitch 15 a connectionless unnefable protocel for I :::: 4 : 4
epd URHTEC o confrene addressss
ITEshAO el k for Ii'l-ﬂ-:-Eﬁ'-E'l" -fl:::ﬁ?ea .
Messades can be dalayed, lost, delvered aut of arder ar THE Kl R W rehasH e 18
dupdicated. But 1P does not provide a checkeum for data displayed,
therefore. the UDP rlnla-lgmrn could srree with some bils Step 5 :  Entor the following infoemstion -
i i Murnder of 1P addresses.
—  Ta reduce the number of errars, BOOTP recuires that Marme of the magping senar
WDF use checksims Slarting 1P addraes.
[t algo specifles thal requests and replies choukd besen Conhguration macros te be usad for
with the do not fragment bit se1 to accommoidate those corfigurirg e client
clents having a wery small memory and therefore Loasze typs.
cannal reassemble datagrame Step 6 :  Verify your configuration information and click
— [ datagrams are lest then, 2O0TP uses the corventional Finish
technique of timaowt and retransmission. Step 7. In the Addrescs Properies wwdow enter the
cliest il field = 01 Followsed by the MAC address
11.22 |-Scheme Questions and Answers ; of the RAID corroller,
Step B 1 Modify the serdos oplions
summer 2019 [Tolal Marks - 10] Siep 9 :  Verify that the BOOTP service is reaming,
Q.  Deseribe tiaisr lriciions 6f ristierk laver in TCPIP Step 10 @ After lurning on Bwe power, piog he address
e Al Wintar 2019 [Totsl Marks - 16]
Q2.2 Describe the process of DHOP sarver configuration,
. 3 D and explain TCRIP model.

(6 Marks)
Ans. -

Stepwise procedure for configuring the DHCP servar ;

The stepwize orocedurs for setting up 8 DHCP server s
s follows -

Modly e netmasks line of the ! sicd ns
switch.oonf fila

Sep1:

Gtarl the DHCP wizard by Bsued tha following
commaEnd lins

Stap 2 .

‘usersadmiadminfbin'dhepmge
The wizard will ask you the Tolowing information

Q&

. 7

iSectlans 11.3 and 11.3.1) (4 Marks)

Explain configuration of TCPAP procdecol in nebwork.
(Sections 11.3, 11.3.1Tand 11.3.2) (6 Marks)

Explain the proceza ol OHCP server configuration.
{Refer G, 2) (6 Marks)

Summer 2032 [Total Marks - 10]

Descnbe the process of HCP server configurstion.

iSaction 11.16) (4 Marks)
Explain ARP, subreibng and  superesthng  with
example. [Sections 11.2.2) (6 Marks)
|

ﬁ‘ﬂrﬂlll |'|'|r:
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121 Addressing :

122

When the r.ﬂrnpul.Er: wish o commudnicale wWith ane
another, they need Lo lonoay the addnass of eacks other.
Each zorpatar has its oon address

The addresses car be of different types Such as physical
addresses ar logical addres:.

Ivan internel emplayirg the TCRAP protocols, four
levels of sddresses ars used h!.l the compubers -

1. Physical adciress.
£, Logical address (1P|
3. Part address.

4. Specific address.

Firg. 12,11 shovwes the classification of addresses,

|5|.|:I-:Ir||:55u-
l " . 1
Pesical Lewginal ot Spanilic
acddreapea arhd e g addraemas  addressas

4-75; Fig. L2.1.1 : Classification of addresses in TCP/IP

Each of these addreszes is associated with a specific

layer of TCORAP archritecture as demorsimated
Fig, 1212

Appication layer — Spiccilic aiddroes
Tranagart lyer — Parl afdeese
Hﬂfﬂ?ﬂi;?ﬁlﬂl‘l‘ll’:ll Ln:lgl:ﬂl o A

Daata link anpsr
— Fhymcal sddress
Physica! layar
(4-78] Fig. 12.1.2 : Relalion between TCPIP structare
and addresses

121.1 MAC Address (Physical Address) :

The packets from source to cestination hosts pass
through phisical networkes.

At the physical leved the 1P address is not ussful but the
hasts and  rouabers are recognized by thea MAC
addresses

A MAAC adddress 1o a local address, It is wnigue locally bt
It I= not urigue universally.

The IP and MAC address are two different identificrs

ardd hoth of them are nesded, bocauss o physical
network can have b different profcosts atthe netwark

laver at the same timae.

IF &ddrersig

simniarly a packet may pass through different phyesical
networks.

o to deliver a packet fo a host or 3 router; we require
tw levels of addressing namely TP addressing and MAC
pedcdressing,

Most importantly we should be aole 0 map the IP
address inte o comesponding MAC address

The =re and fommat of the physical addrass varies
depending o the nature of network

The Ethernat (LAM] w=es a A8-bit (6-byte) physkal
adddress which is imprinted on- the netwerk intedacing
card (NIC),

Rafar Fig. 12.1.3 which explains the concept: o physacal

addressing,
Sender Recruer
A |15 | 8 |22 c |38 D |54
[ F Y
I -I—J—I —T-—-lr
i s e =
54 18 |Dataf T
[ L Locs Aren Nalvwork [LAN]
Clestnaton SoLrce
adclregs address

o7 Fig. 12.1.2 : Physical addrasses

The sender cormputer with a physical address of 15
wants to communicate with the recener computer ‘with

# physical address 54,

Tha frame sent by'the sender consists af the destimation

address, sender's address, encapsulated data and a
tradler [T,) that candains the error canteal hit,

When this frame trawels ower the bus topsdogy, avery
coimputer receives it and fries toomatch it with s own
physical address,

Il the destination address in the frame header does no
match with the phyescal address it will simply drop tie
frame,

Al recaper  computer (D) the destination address
matches wth its physical addrass (54 50 the frame is
acceped and decapsulation bs canied out tQ recower the
data.

The emample of a 48 bt or & byte physecal address 15 a3

Follows, Tt containg 12-Fesadeamal digits,

0 a3 4L - 810515

BF Techknowiudy:
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121.2 Logical Addresses (IP Addresses) .
W09, WA T, 516

MSETE Questions

Q.1 What is IP addres=mg 7 Explamn the classes of 1P
addressing, (VW-08, W-11, B Marksa)
Ci.2 Dafing IP sddreseing. Lisl I addrass classes with

their ranges of addrassas. {S5-16, 4 Marks}

—  Lgical addresses ame required to facilitate univarssd
corrrunications In which different types of physical
networks can be invohed

- The bogical address is alse called as the 1P [(Internet
Protocal) address.

- The imtemet : consists of many physical neteories
imdarconnected wa denoes fke routers
frternet & & packed switched network that means the
data form tha source computer s sent in the form of

small packels carrying the destination address upon
Ehem.

— b packet starls from the source hosi, passes through

many physical  netwarks and . dinally reaches the

destinaticn host.

— bt the neteork level the hosts and rowvters  are
recogrised By their TP addresses or logical addresses,
An 1P sddress 5 oan internetwork address. | s o6

universalfy unspoe address

Every pratacal imsohed In bntamebsarking requires [2

addresses

The lewyical addracs Used in Internat s Clrently A 32-hit
Fddress. The zame [P adoress can neser be usad by

miore than one computer cn the Internet

121.5 Porl Address :

—  The modern computers are designed 1o mon multiple
prodesses on i1 dimultanecashy.

—  The main objective of intemet & the process 1o process
communkcation For this purpose it ks necessary ta lable
L4 Harne the procaccesg

—  Thus the processes nesd acdresses The fable assigned

ba & process is called as & port acidress. It is & 16 hit
acidress,

12.1.4 Specific Addresses .

- Some applications have user friendly addesses. The
examples of specific addnasses are the e-mail acdresses
ar the M5BTE Rescurnce Locators (LIRL.

12.2 [IPvd Addresses :

W-09, W-11, 5-16

MSBETE Question:s

€1  What & IF gadressmg 9 Explam the classas of iF
akdrassing, W-02, W-11, 8 Marks)
2. Dafne [P addreaging. Lisl 1P addrese clasess with

their range of addresses, i5-16, 4 Marks]

Each computer connecled. 1o the Internet should be
identified uniquely, The identifier used for this purpase
iI5 Called a5 the Internet address or IF addross,

—  The hosts and routses on the Intemet have unique 1P
addresses,

The cument version of [P (nfermet Protoced} i [P
whereas the adianced yerson 15 IPub.

The IPvd address is 3 32-bit sddress and it is used 1or
defining the comnection of a bt or foutes [a the
Internel. Thus an IP address 5 an sddress of the
ievtarface,

12.2.1 Uniqueness of IP Addresses !

The 1 addrass s unbque and undwersal, That means
each 1P address defines anly one connection 1o the

Interret.
— At any gven fime, no two cevices connected to the
Internet carhawe The same 1P address.

But If a device L canmectad oo the Intermst wa oo
cannections through two different netwarks, then it can
have tem diflerent [F ackiresses.

— Al tree [Pyl acidresses are 32 bit kong and they are used

in e source addmess and destnation adolress fields of
the [P header

The [P addrasces far hosts are Hmlgrw_d I:,:-:|.I thie mebwssrk
admministratar. Far Internat it has to be obtasined from
the noteeork infornnation cember

12.2.2 Address Space .

—  The [Pwd protocol has an address spacs. [t is defined as
the tatal number-of addresses used by the prodecol,

BF Techknowiudy:
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- I W number af bits are- gsed for gefinng an addrese
then the address space will be 2 addresses

Far 1P, M s 32 bits: Hence its address space 1527 o 4,
294, ShT, 296 [rmone than 4 billica).

— So theorctically more than 9 killion devices eould be
conngcted i the Internet,

~  Thus the address space of 1Pyl i s

12.2.3 MNotation :

The 1Pvd addresses can be showe use three different
natations &5 follows

1, Binary notateans (hase 2),

2. Dotred decimal notation (base 25E).

3. Heoxadecimal notation thase 16).

Out of these the dotted desimal notation = Mmoot
comrmanty usad.

Dotted decimal notation ;

—  This notaticn has heconyd popalar because of the two
achvantages it offers. This notation makes the [P
aclddress morg compact and easy. bo readd

The 32 bBit [Pwd address is grouped into graups of 8-bits
each saparated by deamal paints {dots).
- EBach B-bnt group 15 then corverted 1irto an equivakent
decirmal numbser as show in Flg, 12.201.
a 31

IF Addeea | 1010001 - GO0Q1 Q10 - O2100010 + DOSOORT
" B A
D:ﬂmm%ws-m-u-a

jo-poon) Fig. 12.2.1 : Dotted decimal natation

- Each pctet (byte) can take 3 valug betereen O and 255
Thersfore the IPwt addeess in the ciotted decirmal
notation has arangs rom RO0E to 255255.2055.255

Far exarnple the 1P ackiress of

1O QOO E0A0a10E 0 Q0140050 003011 is danoted in
the dotted decimal form as 145 100.34.3

12.2.4

S-0%, W-12

IP Address Assignment :

MZETE Questions

Q.1 Explain the concepd of [P addrese sessgnmen.

[509, 4 Marks)
@, 2 Explain IP address assignmenl,  (W=-12, 4 Marks)

Tha netemrk adrministrators need o assgn 1P addresses
to the systermn onctheir network This address needs to
b 3 unique g

The IF address consists of owo parts namely a nanaork
identifier ard & host idantifier

— Al the computers on a particular subnet will haee the
eame netwark identifier but different hast identifiers
The Intermet aAssigned  Mumbers  Aotharity (LARA]
asslgng btk dentifiers to avald ary duplication of
sl cdreages,

12.2.5 IPvd Address Format :

—  A3E kit P address consists of two parts. The first part

is called a5 met id e network identification which
identifies a netwark on the Intemet and the second pan

iz called ac the kot Id which depntifies a hoct an that
network

- Rg. 12.2.2 shovwrs the IPyd address format. Mote that the
net b and host id are of variable lengths depending on
the class of aderess.

—— 37 hijta ———|
metid | hostid | 1P address

f&-2p02 Fig. 12,22 : 1Pvd address farmat

- Hate that dass [ and E addresses ame. ot divded into
ret id and host id for the reasons discussed later on.

1o Classhil Addressing :

- The concept of IP addresses = faw decades old. it uzes
the concept of classes.

This arctataciure i3 called a5 1he dassful :ltll:lﬂ!t:hg.

—  Later arvin micl L%30: 2 maw architecture of addressing
was introducad  which classlhess
addiessing.

wias  known  as

This mnew architectisre has superseded the original
archintectne.
— In this factioh we aré going to deoss the classiul

adciressing.
12.31

IPvd Address Classes :

W-08, S-10, W-10, W-11, W-12, 513, 5-14, W-14,
5-18 W-15 516 W16 54T, 518
MSETE Questions
2.1 Whal are the &fergnt IP address classes 7

Explain any one in bnel,
(W=08, W15, 317 4 Marks)

i L)
LT g - -

. FEchedma :
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Q2 E:Hain any four IP address classes, 12.3.2 Formats of Various Classes ;

etk ulizid) W-0B, 510, W-10, W-11, W-12, 5-14,
Q.3 Describe e various [P addmes clagess. W-15. W-16. 31T, 5-18, 5-19, W-19

I-Sahame -

(W-10, 4 Marks) MSBTE Quaestions
Q.4 What is IP addressing T Explain the classes of P | | | g ¢ hal are the d@ffsrent 1P address classes 7
atdressing. R ) Explain amy ore In ket {W-DB, 4 Marks)
@ 3 BwplainIP address classes.  (W-12,BMarks) | | | o 2 Explain any four IP address dasses.
Q.8 Whalis IP address 7 Slate the |P address classes, (810, 4 Marks)
[5=13. 2 Marks) .3 Deserbe the varlous 1P address clasaes,

Q.7 Whch diffeveni cleagas are ugsd  far 1P (W-10, 4 Marks]
addressing ¥ Deecribe each in-brief.

: - _ |
1544, 4 Marks) . 4 What s 1P addresaing ? Explam the classes of IFP

B | bl FIP i St
Q, List differenl chysses of 1P address, ) = . 5 Explain IF address clagsses. [W-12, B Marks)
e i Sl 6 Which differsnt clazses are used for [P addressing

2.9 Describe different IP address classes. 7 Descrbe each in brief. (&-14, 4 Marks)
[S-15, 4 Marks) @7 What are lhe dGfferent 1P address classes 7

& 18 Define IPaddressing. List IF address dasses with Explain any one In briaf. {W-15, 4 Marks)
Ihair rangs of addregses. {S-16, 4 Marks) €. 8 [Deecribe the various IP Bddress classas with

. 11 Dascnbe the varous IF address classes  with suitabla sxamplas. (W16, 5-18, 4 Marks]
suitable examples. {W-16, 2-18, & Marks) .9 Slale @fferent [P address classes, Explain any

Iy the classfil addresccing architectire, the 1P addrecs OERR S it

space hes been divided Into free clagses @ A B C D Class & format :

and €
—  The farmats usesd for [Ped address are as shown in

Fig. 1232 The [Pvd address for class A networks is
choresTt i Figg. 12.3.2(3)

- Feg. 12,31 shows the percentage of ooccupation of the
adddress space by each class.

The number of class A addressas 5 the highest Le. 50 %

1 bits 24 bits
and those af classes Doand E 5 the lowedt e 625 % = =
E 0| Habwork Heat I
Cilizg & 6-531) Fig. L2.3.2(a) : Clas= A IPvd add forma
5% i AR = L

—  The netwoark field & 7 Bit lorg a5 shown in Fag. 123248
gind the host fieid & of 24 bit length

o the network field can hawve numbers betéeen 1 to
126

- But the kest rwmbers will range from 0040 o
1.37.255.2553255

g = Thus in class A, there can be 126 types of networks and

A | 2| 5% 17 million hosts
------ n _-_--I_ . . L ol " »
B i pEw - The 07 in the first field dentifies that it is a class &
i network address.

C F 1255

M | Class B format :
D 2<0 | 625

; i —  Theclass B address farmat is shown in Fig. 12,3200
ra

a2 5%
—  The first twe felds idendify the network: and the numbear

(8- 20 i L7 Aok ML Pyl skl i cncos A Kl ] in the first fiald must be in the range 128 - 191,

acld ress space

W T Knouluyi
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14 hits 14 hits

el
Ll o L |

Hisd

10| Nemwark |

16-53 Fig. 13.3.2(b} : Class B format

Class B rebworks are large. Host mombers 9.0 and
260255 are rescowed, so thers can B upta 65,534
[216-2) hasts in a-class B network, Most of the 16,382
class B addresses heve been - atlocated. The first block
covers address froem 12800000 1o 128255255255 and

the last  block 191.25500%8 to
181 265 55 368

Example : 12889.026, for host 026 onret 128 09,

covers  irom

Class C format !

—  The<class € address format is shownoire Fig. 12,23
21 bite _ Ghbia

L il wl
e T 1

[ e D]

05533F Flg, 12.3.2i¢) : Class C format

The Flrt bbeck in class C covers addretoas froem 192800
to 19260.0.255 ad the last blovk covers addresces fram
223 255255 00 2232585255 255,

GChas= D format !

~  The<lass D aoldress format is shown in Fig. 12.3.2(d).

1110 fulilticast address

Fig- 12.3.2(d) : Class D format
The class Farmat allows forupto 2 million netwiorks with
upta 254 hosts esch and class D Tormat allaws the
pulticast b wivkch a datagram 15 directed ta multiple
hasts.

Chas= E address format !

- Fig. 12.3.2(e) shows the address format for & class E
aciddress. This addrass begins with 11118 which shows
Ehat it is resarved for the fuiure uge

11114 Hasen/ed for fubung uea

Fig. 12,3, 2(e) ; IPw4 address for class E network

Thie 22 hit 4 byte] network addeesses arecusually written
in dotted decimal notztion. In this rotation oach of the
4-bytes swritten i desimal from O to 255

- 50 the kwest IP adelress 12 00000 1 all the 32 bats are
zeta and the highest [Ped address 15 255,255,255 255

12.3.3 How to Recognize Classes 7

~  ‘Whenan P4 acdrgss i given toous either in tbeBinary
or dotted decimal notation, we carms find the class of the
adclress,

If the givery address i in the binary notation then we
can identify ite clags by Incpacting the fist few bits. of
the ackdress, This is as shoan in Frg. 12.3.303),

Bvis1 EwesZ Bwed Bved

azsa | oo |
Byt 1

Srasae 1.l ]
Byie 1

Clas=< | 110 ... |
Bryles 1

s | 1190 |
Byl 1

Cla=ziE il RS

¢-2004p Flg. 12.3.2(3) : FAnding the sddress class

I e Ve adddress = in the dotied decimal notation
then we con sdentily the address chiss by inspectng the
first yto of the addross

This 15 8 shewun in Frg. 12.3.3]5).

Byl |

Ciamaa | 0.027 | Byaz | Bvad | Bywea
Byl 1

Chasa® |128. 11| Bymz E'l'g".'ﬂi-IIE':."I-n--ﬂ
Byl 2

ClassC [182-220] Bya® | Swad | Byed
Byl 1

Class D [224 - 253| Byto2 | Byted | Byl= 4
Byt 1

ClassE [240 - 255 Byim 2 | Byte3 | Byl 4

5-2005) Fig, 12.3.3{b) ! Finding the address class

[1 |5 impartant to note hers that thess are weme special
addresces which fall in class & or E.

Thase special sddressec arg to be treated 3s the
evcaplions: 1o the adcdreesing,  We  have
discussad them later In the chaptar.

eladsful

—  Incomputers; the [P addreszas are generally stonad in

the Binary notatian formakb. Thematore it s possible-to
wrila-an algonthm which can idantify the address class
bir using the comtinuous checking process.

W T Knouluyi
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The prrcple of such an algorithm has been shown in

Fig. 1234,
Edart | 3 1 1
] [ 0 L |
e Loz A] [Saes B [Ohs €] [Chea D] [ClssE
Dl b

chask 1tha naxt Bit

{G-20es) Fig, 12,34 : Algaorithm to identify aderess class

12.3.4 Two Level Addressing |

The [Fwd addressirg = used for defining a destination
For an Internet packeat at the netwark layer,

At the time when classful addresses wene designed, the
Irtarnet was considered a5 the network of networks

Iy other woords the whale Intemet was divided Intaa
niurmnber af smaller netwarks weth many hosts cannected
ta each network.

Marmally ar organization which wants toconnect to'the
[mternet creates a netwark and the Internet authorities

allocate a block of address to the organization. These
acddresses can be m class A, Bor £

All the addresces allatted toan erganization belong to a
single Bdock, Therefore each [Pwd- ackiress in classful
a-::ll:lresl:lrlg sy ATam i% Mmade L el s prarts I'I3I'I1I'.|:,' net
bd and host Id a5 shown in Fiy. 12.3.5,

—————— 42 hits ————|
neid |  hased
le— 1 bl — = {32 - 1) ks =]

IFwad arddress

ie-2a07) Fig. 12.3.5 : Two level addressing in classful
addrassing

The job of te net ld s 1o define & network and that of
the hest id is to define a particular host in that netvark,

As-shoem in Fig. 12335 oF n bty detine met id ther the
remaining [32-n) bite defing host id.

The valus of “n" 15 iot same for all the classexs. Infact it s
dﬂp:l'r::l con the class A% shewen jin Tahle 12231,

Table 12.3.1
Chags | Value of n
A, n==5
B =14

i [ S

12.3.5 Extracting Information in a Block ;

A block s nathing but-a range af addresses For any
given block we would be irterested oo extract the
followsng thrae pieces of information

1 The tatal number ol addres=es in the Black
7. The first acddress of the block,
. Thelast address i the blod:,

Before extracting all this infarmation, we  have o
identify the class of the address a5 discssed sarlier

Cipoe we find the class of the block, we will fawve the
valees of *n” (he length of net 1d in bits] ared |::-!-? - £
le the lengthof the hast Id in bits,

It is mow possible to obtain the three piscec of
infarmation mentioned above as shown in Fig, 12,24,

Total number of addresses i the block ;

The total number of 1Pwd addresses in the given block
wiil be equal tao,

B, = gt W(1231)

First address [m the block :

The frsl address jn the given Back can be abiained by
kegping the leftmost “n" oits in the acdress as 1= and
cedting all the (32 — n ] sghtmost bits 1o 0 gs shawn in
Fiig. 1.2.3.6

Lazt address in the block !

Thia last address in the given block can be obtaaned by
keeping fhe leftimost *n” bits in the address & it is and
then setting all the {32 —n] rightmost Bits to 1 as shown
inFig: 12,36,

132} babs
b—n il ———+

rptid | hoatid
[

= [ EECo R | B2

e B ne 18
Hass Ton= 24

Any akdress

r
Lat et
P R P
el

*
Firgh Ao reces
ft—— ———nm- [ 32| ]
reeeticd aoe...0 |

Mo charce Al bits
st 4 1

Mo charas Al Tits
aal o 0

L'y
Tersl numiber of adckee=px
[ ==

N=2
16-20081 Frg. 12.3.6 : Information extraction in
claseful addressing

1236 MNetwork Address -

The nelwoark sddres 5 an addres that cefines - the
petgork itself U cannat be m:iguﬁd fa & hesl

ﬁr rT.-:hl:nu-l-l,i
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—  Fig. 12.3.7 shows the examples of netwodk addressas for
differ=nt classes

e [ Hezk 10
Spacitin AN Or I
146.80.16.50 11684 7.3 Rt thal 115 1a &t
...... I the aediireces oF all
machinas b cass
A natwork
1166012 &

116.0.0.0

Metwaarh addross

(i Class A network adil pess
1511640 15F 15873

Kote et 151150
cammian in the sidragg
af M reachings in olaks
B rativark

1511559091

M lwaork 21 S resy
(e Cliss 1§ metwork ail pess

on21 704 221 TOSS  Nom it 2230170 @
frenIraan in tha addesss al
all macknos in dass

5 neslvacirk

2ea-21.T0 1 2%

o R e

Matwsnrk ackdreess
i) Class € netwark adidress

joi-tesy Fig. 1217

—  The following examples will enable wou to find the
neteork addmess,

Ex: 1231 Forthe gddrass 24 468 85 wantdy the typa of
nateerk and find the nebwoik address.

Saln.

Examine the first byte. ks valse is 24 e it i batween O
ard 127, St is a class A nefwark,

- 5o anly the firct byte defines the Net id. S0 we car find
the network address by replacing the host id with Us.

—  Tha process. of obtaining the network adclress is shown
in Fig. B 12.2.1.
o~ P set-sp———— uene 1 ————+]
48 & . 65
'l' Faplapa hosl i by s

L2

Metwcrkattram — | 24 . | 0.0.0

wesan Fig. P 12,31

o the network address s 24 040100

For the addreas 1327 .21.84 find the type of
netssrs and the nateork addresa.

En 1232

Baln.

—  Examiipe the first byte, It i5 132 i betweon 122 and
192, Se it iea class B nebwork

- Spthe first tevo bytes defing the net st Beplace the host
id withh &'s to get the network address as - Sndn in
Fig. P 123.2

[— Mg i——s— hoal id —]
7 .7 .21 . 84
'- Fiegstacy bast o by 0=

Mefancuk Aokl — mna .V L

wa-33m Fig. P, 12.3.2

%o the neteore address i 1327400
Ex. 12.3.3:

Find the dasa of 1he nebeoik If the address 3
22148 7554

Saln. !

—  The firet byte iz 221 Le between 192 and 255 So this is
2 class © network. The net id and host id ane a5 shown in
Fig. P. 123.3,

————— Metid ——sb+ st iis]

2.5, m | ow

t6-535) Fig. P. 12.3.3

What iz the difference betwesen net d and network
address T

The petwork address i different froom & mef id A
network addrets has bath net 1d ard host |d, with Os {or
the hast id.

VYWhere to use the network address 7

- The: neteeork acddress is used Lo roule the packeds o the

desired |locatian,

BF Techknowiudy:



ﬂ DCCN [Sem. 4 Comg. { MSETE)

120

IF &ddrersig

12.3.7 HNetwork Mask or Default Mask :

—  Eadier ve have discussed the methods for extracting
different pieces of infarmation.

RBut all these miethods ane theconetical methods which are
ugsetul Iy explaining tee concept

But practically these methods ane’ not used, ‘When a
packet arives at the input of the router in-the Iaternet,

it uses an algorithm to exdract the network address
frafm the destinabion address in the recemved packet.

This can be achiesed by using a network mask,
Definition of default mask -

A metwatlk mask or default mask in classful addressing
is defined-as-a 32-l number cbtained by satting all the
“n” leftreast bits to Lsand all the (22 - n}rightmast bits
kn

12.3.8 Default Masks for Different Classes :

Wea know that the value of mois different for differsnd
classes Therefore thor default masks also wsll be
differant.

The default masks for dass A B and C© addrésses are- as

shoms in Fig, 1223.4.
Clam b n=§

P B R L1 —
11181 | e | IR0 I'-'IIIIIIIII.‘-'III!II:]{:' 256.0.0,0

-1

Wy
AR {32 - ) rcfrimost
bl Al o L
Al Kl et "™ Rils

ane 5o 1s
tak Thefawll mash for efiss A adidresa

Claan 8 n=148
b—nr=16 — (37N = 16 Gila—s

1] 11| 1331111 | anocoooe
rh Dxefei |2 nossik For chass B oadilees
Class Crm =24 (22-n =8 hdw

f——n = 24 bRy H
T1111T11, 0060

cha 25500

11111171 111111 | anocooos | 264 2682980

(€] Default mask for class € address
pa-2o00u) Fig. 1238

Tabla 1232 enlisis: the default masks of the three
classes of IPvd addrasses

Table 12.3.2 ; Default masks
 Address class | Defoult mask |
A 255000
E 255 25510.0
L EEE.EEE.EEEJ:-__

12.3.9 Finding Network Address using
Default Mask :

~  The rouler uses the AND operation for extracting the
network address fsom the destnation  addrass of the
received packet
The router AMD:L the destination address with tne
default mask 1o extract the neteork acldress as shown In

Fig. 12.3.9
Ceattalizn. acddness

0. 11
|

Cesmull mask
111,70 oo |
|

SO

i
: i Pkt vl
P o0, 0 i

ps-201 Fig. 12.3.9 : Finding a network address using
the default mask

- Itis possible to use the default mask to fing the numbar
of atddressas ard the last acdress in the block.

12.3.10 Three Level Addressing : Subnetting :

S-08, W-10, 5-12, 5-13, 5-14, W-14, W-15, 3-16,

W18, 517, I<Gcheme ; 5-22
MSETE Questions
Q.1  What is subret masking ?
(308, 3-13, £ Marks, W-10, 2 Marks})
.2 Explainsubnet mazking. 15-12, 4 Marks)
3 What is meant by subnet ¥ How o uss subnat
masking lo cheats fwo subnets 7 (S04, 4 Marks)
Q.4 Explain  sub-netting . and  auper-netling  with
BREMple. {W-14, 4 Marks]
8 Describe thetarmsubnet masking.
W15, 4 Marks)
.8 Slale measning of | T, Subpellng 3, Supermelting
with suitabds examplas. 13-16, 4 Marks]
a7 Explain the e
1. Subnetting
2. Supernziting
3. hasking
4. Classless P addressing  with  susiable
BT ples, [W-16, & Marks)
0.8  Explain subnat masking, (517, 4 Marks)

A decussed  earlier, the orepnally  designed [P
addresses wers with twoe fevel addressing with met id
ancd host id.

- The tao level addressing is basad on the prinople that
in order w reach a host on the Intermet, wa have to

reach the natwark first and then the hast

W T Knouluyi
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But vary =gon it became ewdent that the bwo level
addressing would net be sufficient for the following twe
Feasons;

1. First It was neaded to divide a large netsark of an
priganeration (4o which a block inoclass A or 8 s
allotted) into marny srmaller subnets (Subnetivorks)
for Impraved management and secunty.

I

Sacond reason i5 more important. The blocks in
rlass A and Bowera almost depleted ard the blocks
in class © were smaller than the needs of most

organization. Thersfore the organizatces had 1o

dnida thair allotied class & or 8 Siock inte smaller
cubnatwarks and share therm

Definition of subnetting :

We can delime the submetling as the prnopke of
splitting a block of addresses inta smaller blocks of
addressas

Iy the process af 'I.l.ll'.'ﬂ'he-'l:'llhg e divide & big rieTanrk
It srmaller subnetsorks o subnets.

Each such mibnet has its own subnet address.

=ubmet mask ;

Defaull mas | 11191144

Sutenat riaak [ 11111011

The netwaork mask or default mask that we discussed
sarliar it used wher the ghven network & hot o be

devided Imto srmaller subrebvorks Le when subretting
15 ot fo be done

But-when the given retwark isto be divnded inio smaller
sulinets 18 when subaetting is 0 be done we nead to
create a subnet mask for 2ach subnet

Fig. L2.3.10 shows The Farrmat of a cubnet mask. Each
subinet has it own net bd s ost 1d,

Iif we want to divide a network: into-3 subnets then the

comresponchng  subnet mask will haye three exdra 1=
because ¥ = B 85 cormpared to the default mask, as

sk in Fig. 12310

I: ri=524 II:

1114911 f 14141111 DOO00GI0
G G nabesork

|-|—|'|;u|;,"|'|-|-:'|-"-_:"T" =

(EEEEEEED EEEEREEED XX

}4— Mo chanps ——— 2
3 - onma

1'a
se-zoaw Fig, 12.3.10 ; Default and subnet masks

I:I__.

In Fig, 12214, we have shavwn the defauit mask and
subnet mask when a <lass © network 15 1o be divided
into 2 subnels

12.3.11 Special IP Addresses :

la}

&)

ek

{d}

[

12:3.12 Limitstiona of 1y

MSBETE Jdueshions

Fig. 12.3.11 skwrers sorme speaal 1P addresses.

Al Fe s meRs
] this heeat

& Feed i Hhis
Mrat i ifrH

AR i e
| broadaant on

the local network

Braatdsasl om a
makan! nabaik

Anything

127 Lexp: Back

iG-5u Fig, £2.3.11 : Special IP addresses

Al zeras means this host aor this mebsadk and all 1s
means broadeact acldress to sl hosts cn the indicated
network

Tha IP address G000 15 used by the hasts when ey
are being baotad but not usad aftereand,

The [P addresses with O as the network rumber refsr to

thear obm network without knowind ity number as
shenttrin Fig. 123,111,

The address having all armes = used for broackasting on
the local network such as & LAM & shawn 6

Fig, 125 1116

Refer Fig. 123.11@x This i5 an sidress with proper
network number and afl 15 in the host fictd, This address

sbowr machines 1o servd broadcast packets to distant
LaMs arsawhare in the IMtarnst

I the address i “1Z7F Anything® as shows |
Fig. 12.3.110e] than It & 8 reserved acdress loopback
testing. This feature i also used far debugging nebwaork

softviare,

W.-D8, 5-18

Tha mast ¢hvious limitation of 1Py 15 its address field
IP refies on cetwork leyer addresses to identify erd-
points on networks, and each nebwarkad device has a

unigue [F acdress,

fl' ;luhl:-nddp
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Ex. 12,34 ;

[P ses 3 32-bit .uﬂrlr-r:-;ﬁirrg schienme, which gi‘uH ird
Galhon possible dddresses. With the proliferation of
netearked devices incuding PCs, cell phones, wirelsss
dewces, ete, unigue IF addresses are becaming scarce,
ad the world could theoreticalhy run out of P
adreises

Il a nelwork. has slightly moere nuriber of hosts than a2
particular class. then it needs aither two [P addressas of
that class or the next cass of [P acldress,

For example, fat us say a natwork has 300 hosts, this
netéork neads either a single cass B [P addess or tiso

class € 1P addrosses,

[ class B address 15 allocated o this mabwork, as the
number of nosts that can be defined I a dass B
netgark is (3% - 21 a large number of host 1P addresses
are wasted,

L bwes class C P addresses are allocated, as the numiber
ef netwarks that can be defined using a class C address
s mnly (277, the number of available class € networks
will quickly exhaust

Because of the above two reasons, a lot of [P addresses
are wasted and ako the avwaillable 1P address space s
rapidly reduced.

Other identified limttations of the [Pyl protocol ane
Complex host and rauter configuration, mon-higrarchical
addressing, difficulty in re-numibering addresses, large
routing tabies, non-trivial implemeantatons in providing
secuniby, Qo5 (Quality of Servce), mability and. Fowlti-
harning, miuhicasting etc.

Ta owercome these problems the intermet protocod
version & [[PvBlwhich is o known as interngd protoccd
next ganeration [IPng} was proposed.

[ IPvE the intemit protocod wias. extensively modilad
for sccommodating the unforeseen growth of the
internet

The forvsat ano lengrh of the 1P addrasies hac beps
charged ard the packet format ako'is changed

A router inside an organzalion receivas the
same pachsl with a deslination address
1802403495, If the subnet mask is 19 (Tirst
19-hitz are 15 and fodowing bits-are 0sh Find
the subnet address.

12411

IF &ddrersig

Saln. ¢

1

To fimd the subnet address. AND the destimaticn
adcdregs with the subrat rrask ad chesin in Fig. P. 1234

— 15 1% — e [ o p—
okl | 11131117 1131 111 (o R e o ] I
mack | {

i
Sritpgn| 11000 111 10000 (0 k| I:-:l.‘.-1|:-.c-ll:|1111ll
130 =40 dd )
.‘-.ﬁ.l"-rtlinu
kel
P Teta | (e P10 1 11 1 n0Go | XA XEEE] IXEEEINK

1l &4 a3 0

w4 Fig. P, 12.3.4
[ hius the subret address (s 1902240320,

2.4 Classless Addrassing 1

—

MSBTE Cuestions

2.1 Explain the terms

Subnettisg
Supernstting.

fiasking.

Clagsless [P addressing wilh suifalbe

SRAMpEs. [W-16, & Marks| |

Eventhough the number of actual devices connacted to
Interfet B omuch les than 4 blllien, the sddres

e e

depletion has taken place duke o flaws |n thse classiul
addressing: echarme:
We have run out of class & and B addresses. To
overcome these problems; the casskese addressing 15
rovy being mad out.

I The classless addl'r:m."n-g_. [Fere are s Slasses BT the
ariciesy HEI'II-_'I'El.'lIﬁ-I"‘n fate |.'I|&-E-E- i1 bk

Ajdress Blacks !

dcddress Block is dafined as the radTCe oof aclcdresces

In the classless addressing, when an entity wants [o g
canhected to the intamet & block [Fange) of addresses
is granted ta it

The size of this Black e nomber of addresses deoends
on e size of the entity ac well asits nature.

That mears fora small entity sucdh as a hawzahokd only
one ar T addresoas will e qen wibvaread far a larger

entimy ke an organization, thousands of addressec can
he aliotted.

ﬁr rT.-:hl:nu-l-l,i
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Reostrictions

Sarme af the redtdction an chssless addnees hlodid have
been Imposedd by the mtemet authonitles noorder 1o
simplify the process of address handling

1, The addresses in a block should be cantinuous,
LE. sanial in manner

2. The tatal numder of addresses in a block has to be
r.r.|_4|a| Loy Sffme pawer of 21e E‘I ?:'. 2 ..ete

4. The first address shoubd e evenhy divisible By the
mumber of addresses.

12.4.1 Supernetling !
W-14, 516, W-16, |-Scheme @ 522
MEETE Qiuestions
Q.1 Explain  sub-nefing  and  supsr-eeiting  with
axampda. (WW-1d, 4 Marks)
Q.2 Slalz meaning of & 1, Subnetting 2 Supsmetling
with suitaldes axamples, {516, & Marks}
G 3 Explain the tenma
1.. Subnetiing
2 Superneliing
5. Massking
4. ‘Clesskss [F addressing withy sUlablke
BEAmpes, [W-16, B Marks}

—  The class Aand dass B addresses are almost depleted.
But class Caddresses ana shll avalabie

- But the size of clase C addmess with a magimuem number
of 256 - addrestses does not satiely the nesds of an
proanization, More addmassas will be reguirad

~ The salution tothis grablem 15 supernetting.

- Imosupernetiing an arganization coméines several class

L klocks 1o oreate & large range of addressas ie. several
ReErdarks are - cambined bo create a Sipermetwor.

By doing this the orgamzation can apply far & cet of
class C blocks instesd of just one.

Example of supernething :
— If an organization needs 1000 addresses. they can be

cotained by wusing four C blecks |one © block
comesponds 1o 256 addresses),

The arganization can thern use these addresses ag one

ﬁlIFIIE'l'I'Ell.h'IZIrk s @ Whdle

Mate : The classiul sddrassing 5 ainos] cbeobels oW
and it B being meplaced wih  dasaless
addressing.

12.4.2 Who Decides the IP Addresses 7

Mo tao P addresses should be same. Thisis ensured by
A central autharity that lsues the prefiv o the nebwark

nurnkeer particn of the [P acldress.

Lacalky -an 15F is to be contacted im order to get a
nlgue P address pradis,
— At the global level the Intermet &szigned Mumber
Arthoriby [LAMNE) allots an 1P addrass predix to the ISP
that the 1P addresses are nel

Thus i |l sRsurad

duplicates.
Conceptualty IAMA 15 3 ‘wholesalas anel 15F-is a retailer of
the [P addresses because I5P purchases 1P ackiresses
from LaMA and =ells tharm 1o the customers.
12.4.3 Registered and Unregistered
Addresses |
[ MSETE Questions
.1 Explain registensd snd unregisland IP addreseas.
W08, 5-18, 4 Marks}

W-0g, 5138

Registerad [P addresses are reguired for computers
whicks are accessible froms thee Thiemet but rat ausry
carmputer that is cornscted to the Internst

—  For security reasons, networks wse firewadls or some
other technologees For protecting the computers,

The firewalls will enable the workstatians to access e

Internet but do not sllow the other systems on the
[frErfiet o acceds Them

—  These workstatiens are given the unregesiared private [P
adiresses.
~  These addresses are amigred by the nebwork

adminisiratar without ul:urainlng thetr from an 5P
(Internat Serdce Frovider) or 1AMA

These apra -1|.'.I-E|:i=|| peetiakark ackdresses in each dass oS
shirent in Tabla 1241

—  Thease ackdresses are to be used for private networks and
gre Called unregistered addresses.

We can choose any of thewe unreglstenad address while
buildirg aus owrs private nedtwork:
Tabkle 12.4.1 : 1P addresses for private networks

Class i Metwork acdress

A | 10000 throuch 100255 255.255

— S —— e — | _————— T — | B ———— | - — T — —— o ——

B | 17216000 through 172 .31 255256

G | 1921B8.00 thraugh 192 168 255,255
frn-:hn-l-l,.
I
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12.4.4 Solved Examples : P Sl
r'-'.I-.'IHr-::-l I TIG0I000 . 001057107 , SON0an1 G 001100 I
Ex. 1241 Find the sub-meiwork address and the host id : T
for the following ; o : AR :
‘5":.1*:;:: | A1 11111117, 11110000 pos0Hoa
&r. Mo, IP address MASK
(a1 | 120142246 | 255285 128.0 "’ i
SO0 45 320
(6] | 140113622 | 2552552550 | s T
. S ! SO, cotoannt . poseoons |
(S 1411871 . 12,16 | 255,255 724 .0 Fla P 134D
l!'_E'E-s'E:l | [t
(d] 20034 22155 | 265,255, 205.240 | g.-

=oln, ;
Step 1 To find the subnet addrass |

Iy e Bo Fimdd the submet addracs e have to AKND the

IF acidress and the mask as follows
120 td 20 16

Il.‘-'1111l'-'ﬂ|.'-' Opga 110 0paiaiin IJ'[HJtI:IEI'IUI IF addrass

255 255 128 a
|1111f111 19119111 10000000 u:ll:-:m:-:-:l| MASK

ANDIY
120 14 () D

455533 Flg, P, 12.4.11{a)

S The subnet sddress s 20014 0.4,

- Simdlady wa can fing the other subnet addrecses

Step 2 Hostid :

—  Examing the fist byle of the subnet addmss It 5 120
whiCh 15 between 0 and 17, Hence this i€ a cass A
neteork.

S0 onhy the first e correspands to the net ld and the

remaining three baytes comespond 1o the host & ag
shicwrs in Fig, #. 124 14k

‘ 128 ‘ 14 % ., 0

° = i
Med id Heeat id
(&-554+ Fig. P. 12.4.1(b)

— Sothe hestidis 14,05

Sirdlady we can fing the ather hast id.

- Thus tha regiired ssbonet address & 20045320,

Ex. 12443; A oompary i genked a sile sddress
20170645, The ocompany meads  sSid

subnets,. Design he subnets,

5-13. 5-15, 4 Marks

Saln, !

—  This is a class € network. 5o the defadlt mask is
255,255, 255.0

A e eed] §osphners e reed theee axira i Sa the
cubpel mask s 255.755,255.200

—  In the binary form the subnet rask 15 a5 -shown in
Fig. P. 1243,

11111141

EEEEEEERNEREEER AR

[a-557) Fig. P. 12.4.3

— In orcler o have sid submets we can have 6 differant

Ex. 124.2: What is the subnet address if ihe destinadion
address is 2004534 .55 and subnet mask is
256,45 240,0 7

Saln, ;

Ta find the subret acddress we have too BNE the [P
acttlress and the subnet mask as showman Feg. P 12420

combinations ol the 3extra 1s as shown in
Table P, 124 .3,
Table P. 12.4.3
Cambination Subnat Number
(IRLED stbnet
001 | suma2
LR Subnat 3
d11 Subnet 4
Lk w1
101 Subnet B
Ex.12.4.4: A class B network on Intemet has & subnet

mask of 255.295,240.0, Whal = e
madmum rimbsr of hosts per ssbnat *

Salm.

Tha stricture of dass B address s 35 showm in
Fig. P. 1Z24.4(8).

W T Knouluyi
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= 4 fels; w14 brilz: ——
i‘[l} Met 1D I Hast 1D I

[a-58d) Fig. P. 12.4.4(a} ; Clas= B address

—  The given subnet mask s 2552652400 %o it is as
showrs in Fig, 2. L2440

265 255 240 Ey
11111111I |1111111I1111 I:UD-':'I-E-IZH}:I':'I:II:I:-
H——+ L

4 btz far _._I 12 hitsfor

subhnct bt [

15-565] Fig. P, 12.4.40k) : Subnet mask

u This there are 3 exira 15as shown in Fig. P 12448, So
there will e 14 ubmeds and esch subsnal can hade E'I
4G hosts.

12.5 Classless Addressing in IPv4 ;

Ex. 1245« A eclags A nelwork on the intamet has a
cubaat mask of 266 255:224:0. What BB 1he
maximum nkamber of hosts per subnet 7
S-03, 4 Marks
Soln. -

- & subnet mask of 2551552240 comesponds to the
Fallosaing patienn.

255 255
(RAREREREIARREEEE

244 b
111 | 00000 | 00500000

Due o 3 additional 15 {shaded Dormion] thers will be
1 2
2 = B aybmeats and the numi=ar of hosts par subnet wili

13
a2 = 8152,

Ex. 124:6: A router inside an crganization receives ihe
same pachat with a destinaton address
1902403495, 1f the subpel mask is 19 [First
19 bitz are 15 and following bitz are 02} Find
sbneat address. 200 4 Marks

=oln, :

The subnret sddress can be obtained by AMDing the
destination acdress with the mask as follows

180 240 A4 H#5
I1-:|111114:- E1110000 . 00an0i0 08011111 | 1P acdross
DES 255 22d 0
l AT AT 100000 . OOE00000. | MASK
l, A Diing
150 240 38 i
| 101131140 - 11110000, 00100000 . 00000000 | Subnet ackines:

ja-100% Fig. P. 12.4.6

— hc shown in Fig. P 124060 the subnet address is
150 240.32.0

- Eventhough the number of actual devices connected o
legs: than 4 hilhon, the address
depletion has taken place due o flaws in the classful
adcdressing scheme,

Internet 5 much

We have rmun out of class A and B oacdresses. To
owercomme  these problems. the super netting and

mjhnhlﬁr'.g has been tred o discusisd aarlier

—  But subnething and supermedtng -alse could not: solwe
the probiem of address depletion in [P,

Due to ihereased aumber of lerpet uiers It was
evident that a karger address space would be required
a5 3 lang term soluticn to this prablam

—  For this the length of the [P-acdress shoulkd ba increasad
which means the 1P packss itself must he changed

A kong term solubson 15 1o switch “ta [Peb But 3 short
ferm salulice which uses [he same scbdrees it has
beat deviced for [Pl I a4 classless
addressing,

% known

—  In the classless addrassing, thera are e classes bt the
adeiress generation take placs in Blaocks,

Tha classiess addressing was anncainced by the Internet
athedities in 1996 in which blacks of vadahle rength
which do ral |::-E;!|I.'IrIE| b gy class are usad,

12.2.1 Variable Length Blocks :
—  Agddress Block 15 defined as the range of addresses,

In the classless addressing, when an entity wants bo get
connected to the intarnet, a block [range) of addresses
i5 grantec fa it

—  The size of this Bock we. number of addrasees depends
on the size of the entity as well as its nature.

That rreans fof a srall entity soch as 2 Bausshold onRly
ohe or twa addresces will be given whereas for a larger
entity like an orgarmzaton, thousands of addresses £an
be alintted.

—  Fig. 1251 showe b the ackdress space s diveded Into
non overlapping address blocks.

...... fr——
L
_Bock L snDRESS SPACE _ Bk
1 frr=1
fo-1804y Fig. 12.5.F : Wariable length blocks in classhess

addressing
fl' TechKnowledge
I
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Twe level addressing :

We have discusied the two level addressing for classhull
addressing which diidad an address into Dao parts
namehy - net id and host id.

ritid howtid |

- ~

Dedires the melwork Dafires the fost

fG-1805) Fig, 12.5.2 : Twe layer addressing in classiull
addressing

—  The net id and haost id define the retwork and host
respectively. B possibie to use the same idea i the
classless addressling as well
A ook of sddresses granted tooan arganization s
divided inio two parts called as the prefix and the
surf i

—  The role of prefix 15 same as that of the net id wherzas
a5 the role of =uffiyis same as that of the host

Thus n a Bock granted o oan argameiation: all the
addresses wall have Lhe same preflx but each address
will fiave 3 different suffix.

Thus the prefiv defines the sebwark (ofganization 1o
which the zddress block has been granted) while the
suffix defires indnvidaal hosts on the network

- The concept of teo lewsl addressing in classless
addressing using the pgrefix and suffix e as shaown in

Fig. 12.5:3,
= 32 hits -
| PAEFIX. | SUFFIXY |

|+—— n-bits —sf+— [32-n) big —=

ja-ia06] Fig. 12.5.3 : Two level addressing wsing prefix
and uffix for classless addressing

—  The 1Pvw% address is 32 hit tong out -of which tha prefix
will Be of [etgth "n® which can take ary value Trom O 1o
32 arvd the length of the sufflx will be (32 - n} bits.

— Mote that the vabse of "0 e length of the pref

depends on the length of the address block allotted
::gl'EﬂtlE'lj:l to-an ﬂrgannzah-:-n.

Ex. 12.5.1 ! Find cul the values af grefid and suffix lengths
i Chysskss addresseyg i1 all the availabls
addresses in 1Pw (8 1o ba considerad ag onge
singla block.

Saln. -

The total addresses in IPedis 277 = 4 204057 208

—  We hawe ta consider this as one ohad hence the pradis
length = & hereas all thee hosts will hawe their
indivrdual addresses. 5o all the 32 its will be allotted o
the sulhis lencth

Ex. 12.3.2: For the same dala of e previous exameds

fwicl cout e yalues of prafix and sollix Brgihs
it all the avallable 1P addresess gare dividad
inte 4,294 967 256 blocks with each bBock
having anly one host,

Saln. !

—  Here the prefi length for each block i=n = 32, ard the
guitily length woukd be [32-n) = 0. The address af the
gingle host in 2ach bicck will be same as ms block
adclress tself.

Tha twe previous examples show that the: prefix
numbdar- n and tha numbar of atdressas ™ 3
block e inversely propartichal o each other

Mot ;

Wiith Increaes in e value of n, the nomber of

gddresses in & block will decrease.

12.5.2 The Slash Notation (CIDR Notation) :

- If an sddress [classhul oo ciassless) 15 given to us and we
want 1o extract information from it thety the et idin

Cla=stul addrassirg. oo the prefix m classiess addressing
are axtremely important and gseful to us.

Howewar i is not easy to identify the prefiv bits im a3
given clssless addrass. Tt is-easy to-identify the net id

frany the given classhyl address,

—  Fora given dassiess address it 5 not possible to find the
prefix length-because the gwven address can belong to-a
Block with any prafix ength.

Tharefore, in dassless addressing it is essential to
include the preficiength ta each address if the block of
the glven address is to be found.

—  Hence the prefiz lgngth "n® iz addec to the classless

address separated by & slash and the notatsan is knowm
ps te alath notation.

Fig. 12.5.4 demonstrates & cassless address with slash
nokaticn

Clamaless address
| Bt |+] Bute [«]| By

] Byie 2] |

L"F'FEEI-'II'I! kangih:
—= SLASH rexlaticn

(- 1207} Fig. 12.5.4 : Slazh nolation

BF Techknowiudy:
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The stash notation is also called as Clascless Imtardamam
Rting or CIDR nodation

12.5.3 HNetwork Mask .

- We have disoussed the concept of network mask in the
classiul adonessing,
The same concept |5 also applicable in the  dasdess
adtressing a5 well.

- & network mask in cassiess addressing s a2 32 bit
number. - With its "n® left most bits {dorresponding ta the

prafig] all set to 1s and the remaining [32-n} bits
comrasponding 1o the sufiie all setto s

Ex. 12.53; For tha: foliowing addrasses idendify the
nurmcer o prefix bits and wnbe down the
nebwork mask ;

1. 1226257918
2 112 238 16
Soln. -

1. <Claseless CIDR addreas 122625791 8

- &5 per the slash notation we have n = 8 L2 number of
prefiz bits is &

Therefore the number of suffix hits = 37 -8 = 24

~  [rrorder to obtain the network mask the prefic bits all
el to 1 and the suffol bits all set o zevo- a5 showin im
Fig. P, 12.5.3(),

= =34
WL PR 32 & =24 bie =I

HEE = .Ez. ..|.:.- 35. - 2 ::1‘5 .l ! = .:?5......!:'; ;E
Prafi o SofMik " n=48
Gzl el suflix o M, of pretic
EE:;';";":“ Bis in O l bilg =&
. 1
Kletvwark

bl =T 1 RV O O R

1G-1828 Y. P. 1£.5.3(a)
—  Thus the netwark mask = 255.00.0

2. Classless CIDR Address : 13012230156/ 16

- A5 per the slash notation, n =16 ie number of prefix
bats 510
Mumbsar of sufiie bits = 32 - 16 = 16

— Irorder to ohtain the network mask, set all the prefix
béts to Is and saf all the suffix bits to 0= ac <shodn in

Fig. P. 12.5.3(b..

IP &ddreesing
et 1] = 15 ]
= : _
ket 0 W o8 Tele] G Jo| 9560 ARG
e F e i T ~Suffix oL =416
p.umr.:.l 4 Al gat to
% ZETES
Plstveors k] ® I i o I 5 il [ I 0
- S

ia-1anay Eig. P. 12.5.30h)

Thus the nebwork mask = 255,253,084

12.53.4 Extracting the Block Information ;

—  We can extract all the reguired information from the
given ckassless address in the J0R natatson.

The infermation that we can abtam is as follows
L. Thefirst address jnetwoe: address)

2. The number of addressas

% The |ast address.

—  We can abtan the number ot addresses in a block as

Foallenes
Mumbser of addressed jna bback W = 2 30 J125T
W e no = Mumber of prefie bits.

—  The: first address or network - address in black can be
obdAalned by ANDing the address with the rebwork

mask.
First adediess = (Anyaddnesst AND (Metwork mesk]|
153

Ok what we canodo is koep the "n® leftmast bats el any
adclress as it is and 2t the remaining (32-n| bits to D

—  This is ecuivalent to the ANDIrg operation menticned
above

In ordar to of:tain the last address in the bkock wa have
to add she first addrass with ta number of addresses in
the block directly

. Last ackiress = First address + Mumdser of sddressec in the
bk w253

— It is also possible to obtain the last address by ORing
the ackdress weth complemant of the network mask.

v Lasmaddress = [Any acidressy OR [NGT (Mebwork kdack])]

A1254]

BF Techknowiudy:
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—  ne more way of obtaining the last address of the block
s ta keep all the “n" loft mwcst hils |;'|:,|n::|:i:-: bils] &5 it s
ard set all the (32-n) kit (cuffix kit to 18,

Ex.12.54: Il an address in & block i given in CIDR
mzssless nolation as 64.92 10,8 £ 27 then dind
b Tl
1. Mumber of addressas (N the Dlock (M)
2. The first address and 3.The last address.
Soln. &
Stap 1 Findn -
Guien acdress = 431168 527
Hencen = 27 fromm the slash nosation.
. n o= 27 b=
v Preficbits = 2Trsuffic bits = 32 - 27 =5

Step 2 1 Number of addresses in the block (M} :

14

Step 3 @ Find the Tirst address -

~  Rafer Fig. F. 12.5.4ia3) to obtain the first address in the
block. For this we have te AMD the given address with
the neteork mask.

M [32 - n)
Metwork mask = I 2T ones | 5 zeros

 hetwprk maske = J55255 255229

For ARDIngG write the given address and network mask
in-thair binany notations as shown an Feg: P12 5. 4(a).

. Froen Fig. P 12.5.405] we get the hrst address in the block
A5

First address = [ B4 22, 16.0 AR

NP Ll L
& A4 . 23 £ . a
1A = T . . 1 -.|1 - - ¥ 1 - . | -
ar_mrasal':"“'c":":"}':' {0 o -n.,t-nn:a’l:-r.-u:u g 0 G of-J0o 00018 00f
ARD
i 255 = i1 i ank - el
m.-.g.;“”"“‘I'h“'"11""1"111""1{":":":":'|
e =27 bils -*- sle— 5 itz =
H;_:Eﬁm1{:-:1-:.::|unl'~|-:a1-t-ﬂr;n&[~ﬂun1 g0 aG]-Joocda &0 o)
A4 . & . f& . 0
51800 Fig. P. 12.5.4(&) | First acdress n the bleck
- 1 =27 bits sa— 5 s —a
[._'li'u"l'.ll'l L ¥ = & 1
Sl (NN Y (R Y N ) I e S
¥ Y
Taka e bils-Aas 14 S P iy
l W 1a
L':‘M__||:|1+:--:--:-|:||:||:| -|Ga-|-:--:r|:-|:|-:-E pobd4 sooof-Joool 1111
addinass

G4 r a2

. 15 . 31

{o-1#11) Fig. P. 12.5.4[b} : Last address

Step 4 Find the last address ;

- Toabtain the last address in the Block, we have to keep
the feft most 27 pits in the given address asit s and sel
the remaining & bits to 1= as shownin Fig. P, 125 4]k

= From Fig. P 12.54(b) we get the last address i the
bdesc ke Bs Follosis :

Ex. 12.5.5: For the clesegkss acdresa 12965533001 | 24
tind the folkoeing -
1 Mumbserof sddnsssas inthe biock (M)
2. The first address,
3. The Bl address,
Saln.

Step 1 Find n

Grery address = 129653300 ¢ 24 heree i = 24 framy the
clash netation.

BF Techknowiudy:
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n = 2 bits Restrictions :
Foatal S
Preflibity. = ngotirbie=33-24= 8 Eome of the restriction on dassless address blocks have
Slep £ Number ':f'f_‘“ddm'fm in e block{N} ; been imposed by the internet authonties in arder to
M = "2 =288 . AANS,

Step 1 : Find the first address :

- PRafer Fig. P. 125508 ta obtzaen the first addrass in the
bdesck, For this we have 10 AMD the given address with

the network mask.

At e |
PMetenck mash P 255
=

Pk godrosa (ARD) . [ v 2 Bfofe- s Je] 3 Ffe] O

$a-1813 Fige. P. 12.5.5(a) ¢ First aderess In the block
n 32— ]
24 onae | B zaros |

Mebéwark mash =

Metwork mask = 255.265,255.0
Foar ﬁ.l".ll'.i'inl_'; LT T Fipe gi'l.lr:n adciress and netdark rmask

ir their darted decimal nmations & ko,

— .~ From Fig. Po1255{a we get the first address in the
bk a5

Firet mddrmss = ‘ 179.65.33.0 ‘ veaL N,
Step 4 : Find the last address ©

- Taabtain the last addréss inthe Black, we hawve ta keep
the kaft most 24 bits in the given addrese ac it is and set
the ramaining & bifs to 1= 3s showr in Fig. P 13550k

oo I'I b EII'!IIE EIII:!- Ell'l'll} 1I
L. " i, i

|'-'l.nr||r:1 Iﬂﬂtln'l
i 2. 9«8 Bj«]d 3j=]| 255

Laz1 achchresss -

pa-161%) Fig. P. 12.5.5ib] : Last address in the block

Feom Fig. Po 125500} we get, the last address in the
Block s a5 follows ;

Last acidress = | 129,65.32.255 |
12,5.5 Block Allocation |

Meaw let us understand b to allacate the Blacks in the
classless addressing. The global autharity far the block
allocation 15 1CARA means Internel Corporation for
Ansrgred Mamas and Addresses

i, LS

— But the indismdual sddressas of the Intemet users is nat
allotted by the ICAMNA [retead [CAMNA will assign large
Cdcks of addressas to wvamous [SP5 or  large
ceciatiizations. These [SPs ar arganization will assigr
gcldresses 1o the indmvidual Intemet ussrs from their
allofted Ialocks.

simplify the process of addnass handling.

1.  The addresses ina Block shauld be continaous, e

sendl i mannear.
2. The total number of addresses in a black has to.ba
equal ta some power of 2 1e 258, 2 _ete

3. The first ackdress should be evenly divisible by the

reirmiber of addresces,

12.5.6 Relation to Classful Addressing ;

The classful addressing may be imagifed a5 the special
cace of classless addressingg such that the blocks of
addresses - in £lass A B and © type addrassas will have
the prefix lengths ng = B ony = 16and n- = 24,

Tatle 1251 lists the peafis lengths for class & Lo F
classiul addresses and-using this infarmation we <an
charge a block i classful addressing ta @ block in
classless addressing:

Table 12.5.1 : Prefix lengths for classful addressing

Clasa | Prefix length | Clasa | Prefix length |
A T D T

B 118 E 4

o 124

12.5.7 Subnetting :

The concept ot subnetting I classhass addressing
domiagin is similar to that discussed for the classful

addressing.

- Tha suometting 15 used for creating a three  level

hiH.IElrL"I"I!,# if The Slascless i-!:-L‘IdI‘E!i'i.il'rg drain.

-~ An-organization or an 15P have a block of addresses

grantad to them

—  Itcandivics thase addiesses Into several subbgroups and

each  subgroup  of acldresses & assigred to 2

subnetwark or submnet,
Thea: subpetworks rmay bea subdivided further If The

organization want i that wey.
B Techknowledgs
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12.5.8 Designing Subneis ;
LetM = Total number of addresses granted to an
erganizatinn,
n = Prefn length
r";‘sd:- 2 .ﬁ.s-:si-:_|_m:| riumber af addressms 1o aach
subneteork
Pref length for each subnetwork

I"'El.lll =

S = Tatxl aumber af subpetworks

Mow Tallow the steps gheen below 1o ensure that the
subheterarks operate propey.

Steps to fodlow

The numbser of addreises in sach subnetwork should
abevaye be agued [o a power of 2. Le Aot ab e

—  We'can use the foflowing expression to find the prefiz
length of sach sunetwrrk

[ A
n + log, I_'rr":l

The starting address in each subnes should be divicible

Pl = W P

by the humber of addresses in that subrework To
achieve thiz we nred to first assign address 1o langer
nebdmrks

NMote : These resiriclions are smilar o thoss applicd

when addresses b network weng allocatad.

12.5.9 Finding Information about Each
MNetwork :

APl |1=ugn|ng e subapesbacarks, we can find the
iormation about the subnets such as starting and 1ast
addresses, we can use the same procedure that was
sesd 1o find the information about gach network in the
[mtarnet

Ex. 1256 A bBlock aof addresges granfed ta an 15P I

given by 13341384 7 26, These addresses
are 1o be divsded into four subnebasoiks  with

aqual  number of  hosts.  Design  the
submatemrks: and obfain sl ihe informalion
ahout &ach subsal

Soln, ;

Step 1 Find total number of addresses (N] ©
From the given address we get-tv= 26 [prefix length).

=  Hence the number of addresses in the whole netwark
el e

H = 2.:-.""'72_:::_' _'l.l:=:|:=Erq

—  Tha First address in thes block will e 130.34.13.64 1 26
whereas the last address will oo 1303412127 7 26

Thage values have baen abtairad Lising Ele P edkire
that we have discussad sarlier.

Subnat design
Step 2 ¢ Find number af hosts per subnetwork

There ame four subnetiwcrks with equeal mumber of
Quests,

Mumber af hosis per Sularelwork 1% gi'.-'r.n I'.r:.'_.

I

A I TR L L S

4 = 4 -ANS.

- Maole that the fist requirernent that 64 7 16 should be a
powar of 2 has been satisied hers.

Siep 3 Find the prefix lsngths of the subnsts ©
—  The prefix lerwgths of the Four submets are given by,

i
My=N; =Ny =n 4 log; F.IT
i

= 76 4 loa,| i—i::l

= -2f 1 log, 4

i . e

IR R
Step 4 : Starting and ending addresses of all the

subnets ;

—  Refer Fig. B 1256 which shows all the starting and

ending addresses of the 4-subnets,
1HLH TR BT P30 34 1312728
e
oW s i
Ay =28 e 29 iy = 28 h, =29
s 7 M L ot
|3.:T'3: 13 BAIS 150 .:..11;39.5-..;3 "~ T30.34,13.427:28

530,34 ¥3,8038 10 5 15 720

[8-1814) Fig. P. 12.5.8
= Itshould be noted from Fig. P 1256 that all tha starting

addresses should be divisible by the number of
wdcdresses in the subnet ie. by 16

12.6 Network Layer Protocols ;

Ther rmainy pratoceds coresponding Lo the nelwork layer
in 1he TCAP suite-as well as Internet lager are ;aRF, 1P,
ICMP and IGMP,

Gt of teece protocols the network laver in versian 4 s
rmain protacol and other threg are auxiliary profocals.

BF Techknowiudy:
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The vespansimlity of maen protoool e Intermet
pretocol wersion 4 = packetizing, forearding and
packet delivery at the netwark: layver,

ICMPvE  [Intemel conta! message protocol) helps
Irtamet protocol wersion 4 (1P| dor handimg the erors
wdnich can acciar in the natuwork laiger cleliven

To helg [P in rulbicesting, IoMP (nternet group
rmanagement protocol) is wsed,

I mapplng of netword layver addredies to link layer

addresses ARP {address resclotion pretocoly is nsed o
join the network drd data link layers.

Fig, 12,61 shows the positon of netwark layer protocals
irvthe TCRAP pratocol suite.

FTR| [TELNET| [SPiap)-------

AMATF

CHlS

Applcainan layse

TCF UDF BCTP

Teansgpoel s

iMe| | icwe |

IF

[
Fobears byyor I ARF |

Dwita link
ldyer = =
Lad or WAMN t=chnclogy
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The post office will not 1ake any record or frack of lether
and in case of loss of damage it cannob send any
notificaton 1o a sender,

Far packet switchad nenwork 1Py & 3 connectionless
pratacol which uses datagram approach.

That means, handling of each datagram is independent
gndd to the destimation each datagrasmn Lan. follow a
diffarant routa,

Thiz limplies that datagram could atrve aut of deder if It
Is sent by the same solirce 1o the zame destination.
Diuring transmmission alze some datagram could be los
ar corrupted,

Ta handle amd o take care of all trece problens, [Fed
refies on a high-level protocol.

12.7 Internet Protocol Version 4 (IPvd) :

We have alreacly discussed the addressing mechanism,
delivery and forwarding for the [F packess,

Mo wa will discuss the format of [P packet in the ned
Fe sedticn

I e discussion we will =g that an 1P packet consists
of a8 base header and opticns which are somehmes
usaful in contredling the packet delivery

12.7.1 Position of |P :

‘ Fhysical layer I

- 2x54) Fig. 12.6.1 : Position of netvwork layer protocols in

TCPAP protoace] suite

Pvd s comnectlonl2ss  amd  unpellabde datagram
protocol. ok also khown a best-affort delivery
sarvice,

The meaning of best-effort s that [Ped packet can be
host, corrupted, arrve out of arder or delayed and 1Paed
can create netwark congestion

Far reliabllity trere showkt be pairing of 1Pud with a
relizble transpeat layer protocal Jeeg. TCP).

Ta know the concept of best effort delivery we can take
an example of past office.

Ta deliver the reqular mall, the post office does 115 bast
But it will not succead always.

I case of loss -of unmegistered ietter, the post office will
nat take resgonsibility. To find cut the loss and solee
the protalem iz upto tw sender of would-be recipeent

The main pratoccls: corespanding to the netaork laya
I the TCRYIP suité as el as Internet fayer are @ ARP
RARP, [P, ICWIP anal [GRAP. This is as sheawn irs Fig. 12.7.1.

| iome || 1Cme

=

Ml |
Hyur AHF RARP I

iG-524) Flgg, 12.7.1 : Protocols at network layer

Cut of these protocals 1P ds the mast  important
profoenl.

It is responsible dor host o host delivery of datagrams
fram & source to destinatan, But 1P needs o take
cepoes Of other pratescols

I¥ tekes help from ARP in oroer o fAnd the MAC
[phiysical] address of the next hop

frlruhtn-l-ltf
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P Lses The sepvices of TOMP during the delivery of the
datagram packets to handle urwsual situators sech as
presence of an ermor

— [P iz basically designed For unicast delivery. Bui some
new Interet applecations as well & multimedia need
rrlticast delvery,

— 50 for multicasimg, [# has to wsa the sarvices of anather
peotorol called IGMP.

- [P s the cument wersion of IP whereas 1PyG is the
latestversiaon of [F.

12.7.2 Internet Protocol (IP) :

—  The Internet Protocal |5 the host 1o host deliveny
pratarol which belongs to the nelwork layer and s
desighed far th Intemat.

— [Pis used a5 the transmission mechanise by the TCP ¢
[F protocols

That means the TCP or UOP packets are encapsulated in
the [P packet and the [P carries it from source 1o
déctination

[P Is 4 connéctionless  datagram pratacal with mo
guarantee of relability

— It s ancunreliable protocol Becagse ft does ot prosede
any error control or flow contrad

- P can only detect the erar and discards the packet of it
is carrupted.

[f [P |2 to be rnade more reliable. then IEmost be paired
with & reliable pmtocal such as TCR at the trarsport
Iy

- Each IP datagram: is handled independenthy and aach
ode can folow a different roate to the destinalion.

— 5o there & 3 possbility of receiving cut of onder packets
al the destination. Soene. packets may even be lost or
covripted
[P relles- an & hegher beiel protocol to take care of all
thesa problems

The versicn of [P that we are going 1o discuss is called
& [Pyd e, 1P varsion 4.

[F 15 &l called as & best effort delivery protecol. The
meahing of the term best effart dellvery |5 that the [P

packet can get ool or carrupted or delaved,

- Thi::,-' iy arrive aul of arder a1 the dedtication ar iy
create congeastion in the network

12.7.3 Datagrams

—  Packets in IP bayer are cafled datagrars. Fig, 12.07.2
chioess the bypical format of an [P packet.

HaasT [aata

£0-40
oy e

i o
20t 25536 Drileg

i6-525) Fig. 12.7.2 ¢ IPwd datagram format

- A datagram has o parts namely the header and data
As ShomMin.

Tha length of datagram is not fixed. It vanes from 2
bytes tn 65536 bytes

- The length of the header is 20 to &b hytes. The
infarmaticn necassary for the routing and detivery of

the datagram has been stored in the header
The other part of the datagram is the data field which i
af wariable length,

— s acustom in TCPAP te shiow the headerin £-byte [32
hit} sectione,

12.7.4 IPv4 Header Format ;

~  The 1P frame Feader contalng routing Information and
cariral infonmation associated with datagram deliveny
Tha IP headar structure &= as shown in Fig. 127 .3

o a4 - 15 16 31
VEE | HLENM Saruine Tedal largih
dhils| dbits | vpe L brs 16 hita
Flag | Fragmanifaton oliset |
Idesificason 148 Bils 5 il 15 his
Trne B g Header chacksumm
B bita Profocol & bits 15 bLita

Sourea IF adsiness

Cesdinalion [P ackines
Dplions + Padding

ll" 40 - A0 brytes) ‘|,

sa-zoazs Fig, 12,73 ; IPvd header format

Varigus fislds in the header forrmat are as follaps
1. VER {Wersion):

Thiz ls &4 bl field wdskc by is ed ta dafine the ysssion of
IP protecol. The current version of IPis 4 e 1P but In
futuse it may be completely replaced by the latest
versian af 1P e [PYE

BF Techknowiudy:
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This feald wall indicate tha [F softwane running onthe
precessing machive that this datagram belongs to 1P
Wersion,

Ifthe processing macdhine iz veing soime other version of
[P, thern the datagram wall be dscarded.

HLEM [Header length) :

Thiz 4-bit fong fiekd is used for definirg the lencth of
the datagram header in 4-Bybe wiorc,

The value of this fieki is multiplied by-4 o get-the
length of the 1Ped header which vanes betwsen 20 and
Bl bytas.

Wiresi theve are ro options, the value of this feld s &
and the header length s & = 4 = 20 lytas

When the value of option field is maxirmum the value of
HLEN field is 15 and the cormesponding header length s
rnagimum i.e. 15 = 4 = 80 e

Service type ;

[ the sarlier designs of 1P header, this field was called
&= Type of Service [TOS5) field and (1= job was 1@ define
how the datagram should e handled,

AL that time, a patt of this field used to define the
pracedence of datagram and the remaining part used 1o
dafine the type of service ot of different possible
services such as lowy delay, high thraoghput ete.

But me the interpretation of this field has been
charged by IETE. This fiedd is nowr supposed todefire a

set of differential services. Fig, 12,74 ilustrates the

new interpretation of the service type fisld.
2. & Fi
Unised |

Ea ot A 1T

AR R ¥ |lxl= = =D
1
1

Pranedancs ol Rl el
milerpralstion TS ol R e
Ciflerental

it Ironprodaticn

pE-2oa 3 Fig. 1Z.7.4 ©: New interpretation of senvce type fleld

AL s |-_|-:.'| 1274, in the new inferpretation, the

service Lype liskd o5 divided inkg b subdiekds namesly,
the & bit codepoint subfield and 3 2 bit unused
subhicid,

We can use the 4-hit codepsint smiblisld in twe
differant Ways, a3 Tl borews -

1. Forthe purposc of precodencs interpretation,

2. Forthe differentlad service interoretation.
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Precedence interpretation :

H the thaae rIgh‘[ Mmast bibs are Pereel then the thres
lefomast bt
precedence bits inthe service field {oid interpretation).

cifes |I"1'[-EI"|iilI"-E|II':'d the sSame a8 T

That means it s compatible with the olg interpretaticn
af this field.

Tha prececence imterpretation is w=ed for defirang the
|:|r|r.'|I'i1:,' lewel afl this el tagraim tfram O o 7)) In e

sitisations Hke Iililllg-Eﬁl'llilr'l-.

In the event of cangastion, the datagrarns withy loawes?
prececence (0] will be discarded first,

Differential service interpretation @

When the three rightrnost bis are not all zercs. the & bit

codepoird subfeld 15 used for dfferential
Interpretation.

SErvicd

Iri that case these & bits can be used for defining & total
of 56 (B4 - 8 sonvicos, an the basis of the pricntics
assigned by the Interned or local authonlies as per
Table 1271,

Table 12.7.1 : Valies of codepaints
l:-ltaﬂ_r_j.r Codepeint  Assigning El.lﬂ'l-l:IﬂFj' |
1 wowowww | Intenmet
2, vaxaxl 1l | Local
3 wwww 01 | Temporary of Experimental |

The first 2ecard and third categaries contain 24, 16-and
1fi =arace types respactivaly

The-Internet authceties assgn the fist cotegory. The
lacal authorities assign the second white the third one is
termporary and <an be used for experimental purposes,

Total length ;

This 16 bt field is used to defime the bal length of e
I? datagram

The tatal length includes the length of keader as well a3
the data field.

The held fength of this ficlds is 16 bits sa the tetal
length of the [P datagram is restricted (o (27 - 1) -
b5 35 bytes-put of which 20 to 6D byles constitute the
header ord the remaining bytes are reseneed to camy
data rom upper lapers,
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This-fiald alloves the length of a datagrany 1o be upto
565535 bytes, although such long datagrams  are
impractical for most hasts and neboorks,

Al hosts must be prepared to accept datagram of upto
576 btes, regardless of whether they amve whole or
the form of fragments

The hosts are recommended 1o send datagram larger
thain 57k bytes only i the destinagtion is prepared to
accept larger datagram,

We can find the length of data by subtracting the
header langth from the total length.

b slated eardier the header lergth can be obtained by
rrultiplying the contents af HLEM fisld bi fodar

v Length of data =

The tofal kength [maximum wabue) of 65,535 bytes might
seaimn 1o b lange but oo future the se of 1P datagram s

Tatal lengih - kaader leregth

likeedy to ircrease further because the improvement in
technology will allow more bardwidth,

Why do we need the fodal length fheld ?

‘Wa might feel that the total length field 5 not at all
required becausa the host or router will drop the Feader
and traitler when it receives a frama.

Then why to inclede this field ?

The an=aer o this guestan s that in many situations
w2 o ot need this field at all.

Butin some special shuations, only the datagram & nat
encapaulated in the frame but there ae some padding
Bt as well that are induded.

In-such situatons, tha -machine [host or router): that

decapsulates the datagram, needs to check the tolal
kength field <o a5 to understand hoy miuch & the data

and how nisch is the padding ?
Identification

This field &= w=ed 1o sdentify the dategram origenating
from the source hast,

Whan a datagram s fragmented, the contests of the
icentification field get copiad inta all fragments.

This sentification rumber is used by the destination 1o
regssemble the: ragments of the datagram.

Flags :

Flags : This s 3 three hit field, The 3 hits are a5 shawn in
Fig, 1275,

Thiis caled A mons:

3 bil Nag Taks

ragrmenbalon BL © = B0 1 b3 el

—e Tl 03 5 0ot Dra e b
IG-527) Fig, 12.7.5 : Flag bits

First bit is reserved, and it should be 0,

The sacond bit is kmosin as the "Da Mat Fragment” B If

this hit is “1" then machineg understands that the

datagram i not to be fragmented.

But if the value of this bit is 0 thenthe machine shawld

fragment the datagrann iF ardd onby 1 necessany,

The third blt (& kneswh as “hore Fraghent BT ()
M = 1 Indicates that the datagram is not the last
fragment-and M = O indicates that this is the last or the
only fragiment.

Fragmentation affset -

This is a 13 bit fiedd which is used to indicate the relative
positicn of this fragrment with respect ta the complets
datagran,

It is the offset of the data in the original datagram
measured nounits of & ylex

To understand this refer Fig. 12.7.6

The onginal [P packet (datagram) contains 4000 bytes
numbered fram: 0 to 3999, 1t is fragmented into thres
Fragrnents.

The first fragrent contains 1400 bytes numberad fram
1t 1395

The offset far this fragment s O0E = 0 Similerdy the
affsets for the other two fregmeants are 14008 = 175
andd 2078 = 3] respectively as shownin Fig, 1275
The offcet ic meacured in unis of 8 byter. Becauca the
lencth of the offsat field 5 13 bits, 500 the fragments
should be of siZe Auch that first I:|!,|'!r. nambEr s divjsikle
by E.

—1

] L

O HEg | = 2 =

Bip Segnal aanka

Oibemi = 10005 = 175

——

:

By i

1 1407

Pm
5

ey

Hea) & 2E0CES < 3101

—-{]

230n

3354
r—'I'I-'n'nz-n Trogrivends
i5-528) Fig. 12.7.6 : Example of fragmentation
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8.

Tirme to Live (TTL) =

This is. an E-bit field which confrofs the maximum
nurnber of muters visited by the datagram during ils
lifetime.

& datagrarm has a bmited lifetima for frevetfing through
gy [ntermet

Crigieally the TTL field was designed 1o hold the
timestamp, This timestamp volue was decremented By
cne, evergbime the dalagram visits a muter.

As soon as the tmestamp value reduces to zero the
datagram is discarded. Buk for this scheme to become
stuccesstul, afl the machines st have snehrenzed
clocks and they must know the time taken by &
datagram to travel from ene router to the ather.

Today the TTL biedd 15 used to controf the masimum
number af hops e router By 3 datagram.

At the teme of sanding a datagram, the source hiost will
Stofe 4 Bumbar In the TTL feld. This pumber s

approdmataly twice the mavimum number of routess
pracent betwean amy teo hosts,

Everytime this datagram visits a router, this walue s
decremented by one I after decramenting, the value of
TTL fiekd reduces 1o zero then that router discards the
datagram.

Mead of TTL fiedd -

sometimes the routing tables in the Internct get
corugted, due to which @ datagrarm may travel beboeen
basa ar mcee routers for @ wery long Time but rever ever
gets delivered 1o the destination host.

The TTL field & eeded in such sliuatians far IImHing
the lifetlme of & datagram.

The TTL feld is also ased 1o limit the jowrney of a
packet intentronally, For example if 2 packet 15 to be
confined to a lecal retwork only then a1 is stored inthe
TTL fiedd of this packet.

B span a5 It reaches the ikt router, then TTL ek value
ls. decremented from 1 to D and the packet will be
dizcarded.

Pratocal :

Thic is an B-bit field which & used for defining the
highear level protocol which uses tha services of 1P layer

10

Tha datiy from different high lewel protocols can e
encapsulated into an I[P datagram. These protocols
could be WDE, TCR, [ICWP, TGMP o,

The orotocod field corments would 12l the name of the
pratacal at the final destination to which this [P
datagram is to be delivered

At the destinaten, the walue of ‘this fiald helps i the
pracess of dermultiplexing.

Table 127.2 shows scame af the valoes af this field
corresponding to different high level protecals

il
Value | Protocol | Valee Protocol
1 ICBF 17 HeE
2 | HEMP &o QsPFE
L& TGP

Header checksum @

A checksum im [P packet covers on the header onby
Sirce  some  header fields chance thic fleld |4

recampoted and verifled at each poent that the Interpst
headeris processed.

1. Source address ¢
This fleld is used for defining the 1P address of the
saurce Tt 5 a 3.2 bit feld.

12 Destination address ¢
This field Iz meed for defining the 1P address of the
destination It is also a 32 hbat field.

13. Oplians :

~  Dptions are not required Ffor evary datagram: Thay are
used-far netword-testing ard debuggmg.
W have discussed all the options in detail. later in fhs
chapitar.

_'IEH IF"u@- Packet Furmp__t it

Figg. LE2ja) shows [Peb packat. Fig. 12.8.1 (b srares the

packet format [Base headan) of [Pve Each packet can ko
divicled info tem parts viz' base header and payload,

Base header Is the mandatory part and payioad s an
opticnal one. The payicad fodlows the base header.

The payload is made up of tan parts
1. aneptional extenslan headers.

2. The upper laper data
ﬁrn-:hr._l-l,i
FadliLdlihns
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The base header 15 44 byte lang whereas the payload
consisting of the extension headar and uppsr laper data

can have infarmation worth epbo &5, 535 e,
o 40 byl ——— Uity 55,535 byl —

=1 Baza haadar ] Paylocad :
te-2245)Figg. 12.8.1(a) : TPw6 packet
a
vER FRI Floew labed
Payiaad kargth | Pleat heacker Hog lerit
Bazp <: |
FErlar | Sounca addrass
Destinatian acdrass
L
Exiensicn hoadar
Dipda packed from the upper layer
pg-5500 Flg. L2.0.116} : Farmat of an 1Pwe datagran (Base

header)

Bage headar

Fg. 1281 shows the base header, Tt has eight fickds
These lielkds are as fotkyens
Version (VER) : The contents of this 4 bit fiald defines

the warsion of 1P such as [Pwd or IPvE. i VER = B then
the warsion & 1Pva,

Priority | This 4 bit field conterits cefines the prionity of
the packet which is impofant in cannection with the
traffic congeslion,

Floaw lakbel : X iz a2 24 i (3 byte) fiebd which & supposad
to - provide a  special hendling for a particular flow of
data.

Payload length @ The conterts of the 1o bit or 2 ke
length feld are vsad 1o indicate the total lenath of the
[F datagram excluding the base hoaader. That means 11
geves Lthe kngth of anly the payload part of the
datagrany

Mext headar - It = an 8 Bt fiefd which deknes the
header wihich fallows the bass header in the datagram.

Hop limit : Contents of this & bit |1 bytel field have the
same fupction &s TTL [hme fa live) i TPy

Source address ¢ 1T 5 a 16 byie (128 b Interng
acldress which comesponds 1o the originator or source
which has produced the datagram,

E.

Destination address @ Thiz s a 16 byie (128 bit) internst
acdcdress wihich coresponds 1o the address af e final

destiation of datagram. But this field will cortain the
adcdress of the niexd ruter-and nod the inal destmation

if source rewtireg 15 bemg used,

12.8.1 Payload :

Tha mearng and format of pavlaad field in [Pes s
different as compared tn payioad figld in 1Pwi,

Fig. 12.8.2 shaws padoad fiedd in TPUG.

Florw lained

VER FRI
Payimact lengiygficst hoasar [HOR limit

___.-""-- Saue sddmoss

" Destrabon address

Bace
Fads)

Fheet machar | Lamgth
Ealarsioe Noasar '

Bl Freader | Lengih
Exirsion honooer
i

Foxt Feader | Lenglh
Extareacn hoadar

Paylaad |

Pockrs from aralber preolieal

(G-2246) Fig. LLE.2 ; IPvh paylcad

In 1Pys, the pavload is combination 9F 2ero ar mosea
extension headers (optiohs) which is Followed by data

from ather protecals such as UDE, TCF et
In P4, optlan 12 a part of the header, whereas in P2 1t

is designed as edansion headers

Depends on the situation the paydoad can have a5 many
extension Fasders as raquired.

Extension header is made up of two mandatory fields
nexl header and the length which is followed by
Infarmaticn which (s related to the particular option.

Yalue of naxt header field Le code defines which type
of the next keader js e . Saufce iuuting I.',II.'!-ljl.‘.ll'lﬁ_
fragrientation aption etc)

Tha last neat neader describes the protoccl which

caries 1he ckataoyrism,
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Sorne et hesader cockes are listed in Tabie 12.8.5.
Tabbe 12.58.1 - Mext header codes

5r. Mo | Cade Mext header cade
. |00 | HOP by hop eption
i 2 FEMP
3. | 06 5 o
4. | 17 LDF
5. 43 | Source routing option
& | oo
F. 50 | Encrypled securlly payicad
B, I 31 AulrEnbicalion header
9, = Mull [nc nesl hesder)
10, | gl | Deslination ogdinn
IPvE Addressing .

[PvG 15 the next generation Internet Protoecal designed
a5 the next step of the 1P version £ [PvE was desigred
kg enable high-performance and larges address space
This -~ was achieved- by owarcoming many  of the
weakneses of TPud peotoco| and by adding sevaral naw
Features.

The 1Py was developed due to the address depletion of
[,

The structure of FYE address & furdamantally cifferent

thae that -of IPvd. Therefore there 15 absolutely no
posslbility al addrese depletion taking place in futurse.

IPvE Address -

A [P address i 128 bit kong, It consists of 16 bytes as
showdy in Fig. 1283

Thus the Pw6 addrass is 4 times longer than that of
[P,

|s————— 728 s = 16 hytes = 52 Hax diges ——
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12.8.3 Notafions ;

An address is stored in the computers in the Binary
farm. Bub it is impassitle for humans 1o handle a 122 bit
hinary address

Therefare many notations heve been propesed o
represent tre [Pwa acldresses, so that they become

easier-to handie for heman eings.
colne of the praposed restations are |

1. Datted decimal natation

2. Colon hexadecimal podation

2. Mived repraséntation

4  CIOR notatsan,
Dotted decimal notatson :

In ormder to mantain  the compatibilitsy wath P

addresses, We may fesl tempted to use the dotted
decimal netaticn.

But practical observation 35 fhat this notation is
carpenient only for the 4 byte acddress of TR,
It is reot at all corvenient for the 16 byte IPvo ackdresses

a5 il seems too long,

Therefore this nodation s very rarely used,
Calen hexadecimal netation :

The 1ZE bit acdress care be made more readable and
gasy to hardle [Pyd has  speciied the calon
haxadacimal notation,

P uses a speclal notation called hexadecimal colon
notation. In thes, the total 128 bits are divided into 8
sections, each one is 16 bits ord bytes long.

The 16 bats-ar 2 byies i bimary comraspond 1o faur

hexadecirmal digits of 4-bits each

Herce tha 128 Bits in hesadacimal Torm will have 8 < 4
= 32 hexpdecimal digits.

These are In groups of 4 digits as showry and every

i 5 7 a graup s separated by 4 colon as shesn in Fig. 12.8.4,
FD‘EE .I’IW'E' I: .................. axiA FFFF
e A1 - 9840 : O0B6 : 3210 - DO0A = BEFF = DODD : FFFF
p—m~ e +— ]
16 birls 16 il 18 bi= 18 bz
or 2 bwtes o 2 Dytes Fig. 12.8.4 : Colon hexadecimal nalation

(a-5451Fig. 12.8.3 : IPyb address
'ﬁ"ruhl:ndd;i
Fadglird!i s
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Furher agbreveiad

[P uses 12E-bil addresses. Onpdy aboutl 15% ot the
address space 15 inifially allccated, the samaming &5%

Eing reservec for future use

These:unused addresses may be used in tha future for
exparsing the address spaces of exsting address types

ce-for twially new uses,

12.6.4 Abbreviation :

The PG address, in hexadesimal format cantales 32
dhigits and It is very lang,

But in this addrezs many hex digits are zero,

We can take advantage of this to shorten the addrass by
abbreviating it & sectson comrespands 1o four digits
Elveer any D calons,

The leading zeres in a section can be omdtted to reduce
Ehe length of the address as shoetrin Fig. 1385,

Mnesbreioed [ e e v o0 A BEFF - o FFFE]
! 1 I
Oirap Crags Do
Abbresianed £ . = P TIe o
e ACE! - 5a0 1 85 - 3210 A BRFF O FFFF

(&-544) Fig. LLE.S : Abbreviated address

Mote that only the leading reros can be dropped bt
the tralling zeros can ot be dropped.

Thig I5 ilustrated in Fi|5|. 125, Thus «ige Do abreviglioe
the length af The addracs has redoced o 24 hey chkgits

from 32

Furthar abhraviation :

We can make further aobreviaton if there are
consecutive secticns cansisting of caly zeres. This s
kevldell 815 BB RO LOMpression.

We can remnove the Zems compielely and I'E'|EI|E-'.'-E thémy

with double colon-as shown in Fig, 12846

Abbravinod sckiress [ACE1E0-0: 0 0 BBFF - 0 - FFFH

I'*-Flnplnm by chouhla Tnkans

=

ACE]::BEFF 0:FFFE |

14-547| Fig. 12.8.6 : Further abbreviation {Zero compression)

This further abbrewation has reduced the  address
Iength to just 13 by d:gtts..
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Tt is irnporiant to note thal abbrevialion caes be done
only once pear addrass.

Alzo note-that if thvere are two sets of zena secticons, then
anly one of them can be abbreviated

Mixed representation :

Sometimes, the [PWG address |5 represented using a
rmiked representation which combines-the eolon hex
ancd dotted decimal nofations,

Thiz notation is approprate during the ranstion time
during which an 1Py addeass is baing embedded in P
sl cIress.

In the mixed representation the righimost 32 bets
correspond  loo the [Ped address Hence they  are

represented by the doltéd dacunal nolasan.

Whereas  the kfmost 9% bits (6 sections)  are
remresentad in colon hex notation,

CIDA notation :

The twpe of addressing used i 1P 5 hlerarchical
addressing, Therefore IMG allows classless ackdressing
and CIDR ratation

Fig. 1287 illustrates the CIDR address with a &0 b
prefix. Tt has heen discussed later on i this chapter,
B e can divide an [PyE address inlo a |:_:-n:‘.i:-e and A
gl

FEEG @060 BaFF -0 FFFFI
Cnginal addross

FDEC : BBFF O FFFFYa0
CEDR ferd s

(E-2132) Fhg, 12.8.7 : CIDR acldress

Ex. 12.8.1: |Pwh uses 16-byie addressss. If & bock of 1

millicn  addrazses iz abocated every

picosecond, howe long will be the addrassas
lask

Saln, ;

Total number of address bits = 16=3 = 128
Mumber of addresses = 2 = 34 410
One plcosecond = 1~ 10 © seconeds

1 rillice addresses = ¥ x 107 address

ﬁr rT.-:hl:nu-l-l,i
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. 1picosecond = 1 « 10" addresses BPvd IPwE
o s 1410 The basic length of the IPwd  The IPvE header is = fixed
T R hésder  comprises A hesder af $0 byges in length,
£ ¥ HY e menimun of 200 byles . and has onty { fislds. Qpbon
3 (without ceodion flields). The  Information s carmed by the
= d4x107 RlerEELnE: maxmurn kel length of e edtenalon headar, which s
RN R | o Pl Peader e 60 byles  placed  afler  the [Py
:u- fwithh oplian fieids), ard b hesder
Sl S L usas 13 fiekds o idantiy
3.9252 « 10" days | various confrol settings.
10781 » 10" years IPed  hsader has & IPWE  has  no hesder
cracksum, which must be checksum because
12.9 Comparison between |Pv4 and rermuber by erch pouler checksums are,  for

IPv6 :

510, 5-11, 5-12, 5-13, 5-14, W-14, 5-15,
W-13, 5-16, W16, 3-17, 5-18, |-Scheme= ; W-18

grampla, abowva tha TCRIP
protoced  suite, and  abowe
lhe Token Ring Efherned,
e,

|Fyd containg an B-bit fedd
cailed Service Type. The
aepyice: Type  feld s
pomnposed of & TOE [Type

of Semace) feld and a

orocedure fiekd.

The [PvE hesdsr contains
an o:bi flield called the
Traflic Class Fimld, This freslid
allowes: the fraflic source o
idardify the desirad. dalvery
priority of s pachkst=

n 1Bwd thers are only 2
poasible ways 0 represant
the addrass (about 4 hillion
nessible addresses)

The [Ped address is wrilien
By dottad-decimal notation,
ag. 121.2.8.12

MSEETE Questions
Q.1 Coampase [Pyd ard P
{510, 5-12, 513, §-15, W-15, 5-17, 4 Marks)
Q.2 Compare [Pl ard 1P prolooes, (5217, 4 Marks)
.3 Cormpate IPed and 1B (four pomts).
(S=14, W-14, 5-18, 4 Marks)
0.4 Differentase belween [P ancd 1PvE, {wd points)
|5-16, 2 Marks)
Q. & Differentste 1Pvd and 1Pyl (W-15, 4 Marks)
IPwd |Pwi

I IPvE  fhere ame 27
possible way {akoul 3.4 =
107" possibla addressas)

PG 1%
hexadacimal and consisle of
g  groups,
4 hexadesimal digls or
& groups of 1o bits each,

X FARC: ACTET:
78342222, FALE:

writhen in

cortaining

ABBE: D422 557,

The |Ped node has obily
atafelul suto-configuralion.

The 1TPyE rade has bt oa
clalghd and a stalshess
address  sutoconficurabion

machadisan.

Sacyrty in IPvd networks 15
limited o tunneling bebwesn
b nebworke

d=stination
12 s

Source  and
addresses Bre

(4 bytee in langth.

IPvE his been designed lo
satisfy  1tho growing  and
grpanded nead for network

sEcalhy.

destination
pidneseEs ard
12E bits {16 bytes) in length.

sowrce cand

IPsec suppor is apdionsl

Mo dentiicetion of packet
fiow Tor QoS kandling by
radlars & presant within e

_ P4 header.

| Pz suppod is required

Pachet fien identifcaton for

Eos handling by moulers s
included in the IPvE header

using the Flow Labal Bkl
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P | IPvE
Addrass Resolulion | ARF Ragusst frames ane
Frotpooi AR uses | replaced - with mulbcast
waadcast ARF Reguest | Me=dghbour SOl Tt
fremas 1o resolva an [Pwd | messages.
address 1o & link ks
gddress.

9 A pabeork on tha Inbamet has a3 subnet meask of
250 285 24040, What i tha meximum nenber of

hogts it can handle 2

12.10 |-Scheme Solved Examples :

Must be configured sether | Ooes nob  reguire  manusl

menually ar throwgh OHCP. | configuration ar DHCP.

ICIP Rauter Descowary 8 | ICMP Houter Diecoverny s

used o datermire. the [Pvd | replacad wih  [CMPwE
Addrags of the besl defaull | Router Soliciatan  ated
Jateveay snd 15 options| Router Advertisenmsnt

| ressages and i reguirad.

&l oplional data is moved o
B exlension headaers.,

Header includes oolinns

Review Questions

L1 Wrile & noleron 1P

.2 Whal is the nameof a packel in P 7

.3 Ezplain the IF headear.

Q.4 Compare IPvd and IPw§

-5 Sigte imltations af 15w,

Q. B Explaimy the addressing scheme n 1Pl and [P,

Q.7  Givery an 1P address, how will you eximc its ot ad

anid host id.

Viehal 5 subneltfing in 1P nebdork, explain with suitable

SEBTIphaS.

Ex. 12,101 : Your company has the matwork ol

16513000 Yol are responsible for createg
subnets on the network, and each subnet
mued provicks 8 keasl 1000 host ide.

What sutnsd mask mests the requirement for

the minmum nwmber of host ids and provides
the haghest mumser of subpsis 7

5-19, & Marks

Salmn, ;

Metwork id = 165130.0.0
Each subimad shold have at least 1000 hosts.

Given :

To Find @ Subnet mask.

Type of network @ From network id. since the first biyls
. Betwaen 128 and 191, Henea this ic a clags Bnatwark
witht a 15 bits network id, and @ 10 bit host id as showm
inFig, o124 10 (@),

~  Therefore total number of hosts = 2 — 2 = 65534, As
we want to have at keast 1000 hosts per subret, s
necassary to have 10 bits reserved for host id because
£ = 1024
The remalning & K58 bits ot of 16 host id hits will be
made 1 as shown in Fig. P 12.10.1(b)

Herce thers will be 2° = &4 subrats.

—  The required subnet mask = 255 255, 254, 1 as showm
In Fig. F. 121010k}

1 boik=, 16 bils

Hoghd

iG] Nabd

{L-=2d) Fig- P 12 10.1{a) : Clazs B address

i b i 255 P W a
| R ol A=t B o8 'I1'.|11‘I'-:|-:||EIIIIEI.'."IIIEIIIEI|
v i A ——
for hioshid

e £ bt for submels

(L-a24% Fig. P. 12.10.1(k} : Subnel mask
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12.11 |-Scheme Questions and Answers :
Summer 2019 [Total Marks - 107
.1 Desoribe typea of 1P addreas clagses.

(Saction 12,3.2) (4 Marks)

Your company has the nebwork id 165.130,0.0. You
A fespongible for erealing subnets on the netaork
and sach subnet must provide at least 1000 host ds.

Whal submst mask mesis the meguirement for the
rainimum nember of hest ids and provades the highest

mumber of subnets ? {Ex. 12.10.9] '6 Marks)

5

. 8

Winter 2012 [Total Marks - (4]

List clas=es of IP addressing with their [P address

range. (3ection 12,3.2) (2 Marks)
Coimpare [Py -and 1PV [Any four poinig).
{Section 12,.9) (4 Marks)

Summer 2022 [Total Marks - (4]

Ligt ¢lesmeas of IP addreasas,
tSection 12.3.1) (2 Marks)

Explain ARP, Subneiling and superssibing  with
exarmple, [Seclions 12.3.10 and 1241} (6 Marks)

L

BF Techknowiedys



