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CS601Data Communication

LECTURE #1

Course Outline

Athe coursewill consistof :
1 45 lecures
1 10-14 assigments
T 2exans (1 midterm and 1 final)
1 GMDB
krading Criteria:
T OneMidterm: 35 %
T Final Exan: 45%
T Assigmmerts: 15%
1 GMDB: 5%
Textbook
:&ﬁ D a €Communicationsand N e t w o r 4" Huijod by Behrouz A. Forouzan

:&ﬁ D a and Computer Co mmu n i c &' Editionnby William Stallings
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INTRODUCTION TO DATA COMMUNICAT ION

DEFINITION OF DATA COMMUNICATION

A D a @oenmunicationis the exchangeof Information from one entity to the other
using alransmissionMediumo .

DEFINITION OF DATA COMMUNICATION ( Cont 6d)

As you can clearly notice, the definition of Data Communication although Simple
leavesmany questions unanswered:

Y Transnission????
Y Medium???7?

Wewill try to answerall these Questions in this Course

History of Data Communication
Datacommunicationsistoryrepresents blendof histories including:

Y Thehistoryof thetelecommunicatios industry
Y Thehistoryof datacommunicationsand
Y Thehistoryof the Internet

Al elegraph1837SamuelMorse
Moderntelecommunicationndustry beganin 1837 with the invention of
the telegraph by &nuel Morse

This led to building atelecommunication#nfrastructureof polesandwires
as well as tahe deelopment ofcommunicatiorhardwareandprotocols

Al elephonel876Alexander Graham Bell

Invention of telephoneby Alexander Graham Bell in 1876 and the
development of wireless comnunication technology by Guglielmo
Marconiin the 1890ssetthestagef or t oday 6s communi cat |
ABy19506s

By 1950s telephom ard telegrafm companies had developé a netwok of
communication facilities tlmughoutthe industrializedworld
A9706S

Although developnent of databaseslanguagespoperatingsystems, and
hardwarewasstrongfrom 1950sto 1970s Jarge scaledataconmunication
systens did not energe until the 1¥0s.

This was stimulated by major developmest

Y Largescaleintegration of circuits reducel cod ard size of
temminals and communication agpment

© Copyright Virtual University of Pakisté 4
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Y New software systens that facilitated the developnent of
data cormunication networks

Y Competition among providers of transmission facilities
reducedhe costof datacircuits

T OD A YEVERGHANGING & BUSY WORLD

0 To dsfad world demands better seare ard most of all FAST ways of
communication

o0 Gonearethe dayswhenyou hadto wait a coupk of weeks to get a letter from
USA

o Why wait ONE weekwhenyou cangetthe information you requirein just a split
of a second using wha we know by the name of MDATA

COMMUNICATION 0o.
HOW TO ACHIEVE THIS?

0 How to achiewe this ACCURACY, SECURTY and SPEEDfor the transferof
this information?

o0 What HARDWARE and the SOFTWARE is neé&l®e

o0 And, what should be the MEANS of sending this info?

ARE SOME OF TOPIC WE WILL BE EXPLORING DURING THE COURSE OF
OUR STUDY

DATA COMMUNICATION

When we communicate , we shanérmation

Information can be LOCAL or REOTE

Between Individuals LOCAL conmunicationoccursfaceto face

REMOTE communication occurs over a long distance

Whenwe refer to COMPUTER SYSTEMS, Data is representedn the form of
Binary Units (Bit) intheformo f Z e r o sOn(e06&s )( 1adbn d

o Also the @tities canmost ofthe times be considered to BOMPUTERS

O OO0 0O

Data Communication Definition (Modified)

Therefore pur earlier definiton caneasilybe modified to:

A D a Communication is the exchang of data (in the form of 0O 6and 1 6 s
betweentwo devices(computers)via someform of the transmissionme d i u m.

LOCAL and REMOTE Data Communication

ALOCAL
Data communicationis consideredo be local if the communicatingdevices
are present in the s buildingor asimilarly restricted geographical area

© Copyright Virtual University of Pakisté 5
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AREMOTE
DataCommunications consideredemote, if the devicesarefartherapart.

VAGUE DEFINITION
Wewill clarify

Data Communication System

For Data Communication to ocaur, the communicating devices must be a part of a
communication systemade up of sme ecific kind of hardware and software
Thistype of asystemis knownasa

A DAA COMMUNICATION SYSTEMO

Effectivenessof Data Comm. System
Effectiveness depends upon thfeedamental characteristics:

Y Delivery
Y Accuracy
Y Timeliness(BetterNEVERthanLATE)

./ ExampleofthePOSTALMAIL

Componentsof Data Comm. Systems

|F' —Message L —

Medium
Sender Receiver

Componentsof Data Com Systems
Any systemis made up of more than one component Similarly, a data communication
systemis made up of 5 aaponents as shown in tliig:

Y Message
Y Sender
Y Receiver
Y Medium
Y Protocol

© Copyright Virtual University of Pakisté 6
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AMESSAGE

Y Informationor Datato be communicated
Y Canbetext, numbers,video or anycombinationof these
Y In shortanythingthat canberepresentedsingbinary bits

Data Communication Messages

./ Eiles(meaningfulcollectionsof records)

./ Data/information requests(datébasequeriesWeb pagerequests,
etc.)

./ Responsstorequestandcommand®srerrormessages

./ Statusmessageg(abou thenetworlGsfunctionalstatus)

./ Control messagetrarsmitted betweemetworkdevicego control
network traffic

1 Corr nden ongnetworkusers

MESSAGETYPES

i

Server

Any tickets for the Request
driver of this Maserati? ol
Response Yes, lots.
-
File Hera's a ticket summanry:
Status The systermn is going down in 5 minutes.
Control Don't send me any more requests—I am currently busy.
You have ok :

new mail: Correspondence

on

ASENDER

Y Devicethatsendghe datamessage

Y Canbea Computer, Workstation,Video cameraetc

Y As alread discussedthe data from the sendermight not be in the
appropriateformat for the transmission medium and will needto be
processed

ARECEIVER

Y Devicethatreceiveshe message

Y Canbeacomputerworkstation,Televisionetc

Y At times,the datareceivedfrom the trangnission medium may not
be in a properform to be suppled to the receiverand it must be
processed

© Copyright Virtual University of Pakisté 7
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AMEDIUM

Y Physicalpath that a messageaisesto travel from the Senderto the
Receiver

Y Canbe a CopperCable (Telephone),Coaxid Cabk (Cabk TV),
Fiber Optic Cable,LASERSor RadioWaves (Wireless M#éum)

Y We will see that Data needsto be trandemred in the form of
ELECTROMAGNETC signals and The Transnission Medium
should be capable of carrying these Bignals

Y TransnissionMedia

TransmissionMedia

Medium Speed Cost
Twisted Wire 300bps10Mbps L ow
Micr owave 256Kbps-100Mbps L ow
Coaxial Cable 56Kbps-200Mbps L ow
Fiber Optic Cable 500Kbps-10Gbps High
APROTOCOL

Y Setof RulesGoverningCommunication

Y Representan Agreanent betweerncommunicaton devices

Y Without Protocol,two devicesmay be connectedut they will not
beableto communicate

./ EXAM PLE: Consider the communication between two
individuals. Theycanonly communicate provided thdyoth
speak the sae language.

A little more complexComm. System

© Copyright Virtual University of Pakisté 8
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Digital bit Analog Analog Digital bit
stream signal signal stream
Text vy L Text
" Trans- .
Source rans- » mission » Receiver pDestination
mitter
System
Input Input data Transmitted Received Output data Output
information a(t) signal signal 0 information
m s(f) r(t) m'

EXAMPLE T ELECTRONIC MAIL

{1117/~

Workstation Modem Modem -
| Public Telephone Network ~ Workstatior
Y Userof aPCwishesto senda messag&mo
Y Useractivateslectronicmail packagee.g.hotmail
Y Entersthe messageia input device(keyboard)
Y Charactestringis bufferedin main memory asa sequencef bitsé g 6
Y PCis connectedo some transsystemsuchasa TelephoneNetworkvia
anl/O Trarsmitter like Modem
Y Trangnitter convertsincoming stream¢ ginbo asignalé s 6

ARECEIVER SIDE

The trangnitted signal 6 si® subject to a number of impaimments
depending upon theedium

Therefore receivedsignal 6 rmaydifferf r om &6 s 6.
Receiverattanpts to estimate original 6 sbéasedon its knowledgeof
themediumand reeiveds i gnal oOr 6
Receivemproducesabit streamg 6 ( t )

Briefly bufferedin the memory

Datais preentedto the uservia an outputdevice like printer, screen

etc.

<<=< =<=< <

© Copyright Virtual University of Pakisté 9
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Y The dataviewed by usermdwill uswelly be anexactcopy of the data
semb O

EXAMPLE -TelephoneSystem

o

Input to the Telephone isree s s an§ e i B totseundfwavean

The soundwavesare convertedby telephoneinto electric signalsof the same
frequency

These signals are trangted w/o anymodification overthetelephondine
Henceg(t) ands(t) areidentical

S(t) will suffersame distortionsothatr(t) will not be the same asty

R(t) is convertel badk to sourd waves with no attempt of correction or
improvement of signal quality

Thusmd i snexad teplica of m

(ol olelNe] o

o

An Actual Diqital Data Communication SystemKey Data
CommunicationTerminolo

From other
sources

Information Source Channel
source bits bits

Source
encode

¥
Digital
input
ml

Digital
output |

m;

t

Loz 7z %
it Freq_ gl
Channel Demulti il Multiple

decode plex ACCESS
7z A despre 7%

A | A J

I k I

Information I Source Channel
sink L bits bits
V) Optional
B Essential To other
destinations

ASessio: communication dialog betweertwork users or applications
Different Types of this session for Info Exchange

ANetwork: interconnected groupf computes ard communication devices
We will look into it in a little bit

A\Node: a networkattated device
Nodecanbeanydevicein the network

© Copyright Virtual University of Pakisté 10
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Summary
AAData Communication
AABrief History of Communication
AAData Communication System
AAKey Data Cormmunication Teminology

Reading Sections
ASectionl.2,fi D aGommunicationendN e t wo r k i ditigndy Bé&totz AE
Forouzan
ASectionsl.1, 1.2,/ D aandComputerCommunicatio 6th Edition by William
Stallings

© Copyright Virtual University of Pakisté 11
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LECTURE #2

KEY DATA COMMUNICATION TERMINOLOGY

AALink : connects adjacat nodes
Wires, Cables, Any thing thatphysically connects wo nodes

APath: end-to-end route within a network
ACircuit: the conduit overwhich data travels

AAPacketizing: dividing messages into fixedength packetsprior to tra nsmission
over a networkdéds communication medi a

AARouting: determining amessagd path fr om sending to receiving nodes

./ The transmission medium may itself be a network, so route needsto
be specified

Network

A ANETWORK is asetof devices(Nodessconne ct ed by Communi cati o

A\Node: Can be a Computer, Printer or any other device capableof sendingor
receiving

Y Thelinks connectingNodesarecalled COMMUNICATION CHANNELS
Networks Why we needthem?

Networks- Why we needthem?
It is often impractical for devices to lkectly connectedor two major reasons:
0 The deuces are very far apat. They are expensie to connet just two devices

with onein Lahoreand otherin Islamabad

o Large set of devices woud need impractical number of connectionse .g.
Telephone Lines in the world and all the computers owned by a single
organization

Solutionto the Problem=Networks

0 Solutionis to connectall devicesto a centralsystemknownasa NETWORK in
which all terminalsor computershere the links.

o Two Main Classifications of the Networks

© Copyright Virtual University of Pakisté 12
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Y LANS
Y WANS

DISTRIBUTED PROCESSING

o0 Insteadof a single large machinebeingresponsiblgfor all aspectof a process,
each separate oputer handles aubset of the task
./ Examplei ProjectGivenasapartof theCourse
.I Examplei Office Work

Advantagesof Distributed Processing

ASecurity

A systenmdesignercanlimit the kind of interactionthata given usercanhavewith
the entiresystem.

./ Forexample: B a n RTaVis
A\Distributed Data bases
No one systemeed toprovide stoage capacityor the entire database

.I For exanple WWW givesuseraccessto pagesstoredanywhereon
Intemet

A\Faster Problem Sobing

Multiple computersworking on a problem can solve a problem fasterthan a
computer working alone

ASecurity through Redundancy
Multiple computers running the same program provide security through

redundancy
If one canputer hardware bréa down then others cove up.

R Collaborat .

Both multiple camputers andnultiple users cannteract for a task

Network Criteria

© Copyright Virtual University of Pakisté 13
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Data communication
etwork criteria

Performance Security

APerformance

Can bemeasured inmany ways includingransit and Response Time

o Depends on a no. of Factors:

Y Number of USERS

Y Typeof TransnissionMedium
Y Hardware

Y Software

Y NetworkCriteria

Y Numberof USERS

./ LargeNumberof concurrentisersslownetwork
.I Designof anetwork

./ PealdlL.oadPeriods

./ NetworkCriteria

Y Type of Transmission Medium

./ Mediumdefinesspeedatwhichdatacantravel
.I FiberOpticCable
./ 100Mbpsand10Mbps
./ Hardware
./ Software
Y Hardware

. Effectspeedandthecapacity of transmission
.I Fasttcomputerwith largestoragecgpacity

./ Software

./ NetworkCriteria

Y Software

© Copyright Virtual University of Pakisté 14
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./ Software processesdata at sender, receiver and
intermediate nodes

. All communicationstepseedsoftware:

./ Moving messagdrom nodeto node
JTransfoming,

.I Processingtthesendeandreceiver
./ ErrorFreeDelivery
Well i ftwarecan he pr
AAReliabili
o0 Depends on a no. of Factors:

Y Frequencyf Failure

Y RecoveryTime of a Networkafter Failure
Y Catastrophe

Y Fire, Earthquakeor Theft

ASecurity
o Unauthorized Access

Y Sensitvedata
Y Protetion at multiple levels:

Y Lower level PasswordanduserlD codes
Y Uppe Level Encryption

0 Viruses
Network Applications
A\Marketing and Sales
o0 Marketing

Y Collect,exchangeandanalyzedatarelatingto the custanersneeds
Y Productevelopnentcycles
o Sales

Y Teleshopping,
Y Onlinereservatio sygems

AAFinancial Services
o Online Banking

o0 Foreign Exchange Transfers
o0 Rates

AAManufacturing

© Copyright Virtual University of Pakisté 15
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o Computer Aided Design
o Computer Assisted Manufacturing
o Network Applications

AAElectronic Messaging

AATeleconferencing

Conferences$o occurw/o participaits at he same place
Chat

Voice Conferencing

Video Conferencing

ACable Television

o o0o0oo

Summary

AAKey Data Cormunication Teminology
ANetworks and why we need the
AADistributedProcessing

ANetwork Criteria

ANetwork Applications

ReadingSections

ASection1.3, i D aGommunicationsndN e t w o r4khiEditigntby BehrouzA.

Forouzan

ASections 1.3, i D a énéd Computer Co mmu n i c6th tEditmm By William

Stallings

© Copyright Virtual University of Pakisté
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LECTURE #3

Communication Tasks
There are @me keytasks thatnust be perfaned in a dat@ommunicaton system
Elementscanbe added deleted or mergedtogether

Transmission Systenutilization Interfecing

Signal Generation Synchronization

[Exchange Manageent Error Detection and Correction
|[Flow Control Addressing

[Routing Recovery

Security Network Managment

= - i zat

Needto make efficient useof Transnissionfacilities that are sharedamonga no.
of communicating devices

For Exanple:

./ Technique like Multiplexing to allow multiple users to share total
capacity of a Tramaission Medium

./ CongestionControl: TX. Systenmshouldnotbeoverwhelmedbytraffic

Alnterfacing
A device must have an Interface with the Transmission Systen/Trangnission
Medium

R Signal .

ElectranagneticSignals travel over Trangnission Medium. Once an interfaceis
establishedSignalgererationis required

Y Propertiesof Signals
.I CapablefbeingpropagatedverTX. Medium
. Interpretableasdataatthe Receiver

AASynchronization
The trarsmission and the reception shoutl be propery synchronized.

Synchronizationmeans that he receiver must be able to detenine, whento

© Copyright Virtual University of Pakisté 17
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exped a new transmission and when to sendacknowledgeents. In other words
transnitter andreceivershouldhavean agreament on the natureaswell astiming
of the signals

AAExchangeManagement
If the dataneedsto be exchangedin both directionsover a period of time, both

partiesmust cooperate as follows

Y Whetherbothdevicesmusttransnmit simultaneouslyor taketurns
Y Amountof Datato be sentat onetime

Y Fomatf theData

Y Whatto dowhenanError Arises

AErorD ion an rrection
In all comm. Systens, thereis a potential risk for errors and impainents.
Tx. Signalsare distortedto some extentbeforereading their destination. Error
Detection& Correctionneeddo beemployed in Data Processing Systems where a
change in say the contentsaofile cannot be tolerated

low Control
To make surethat sour@ doesnot oveiwhelm destinationby sendingdatafaster
than it can be handled and processed

If TX facility is shaedby two or more devices sourcemustspeify the identity or
the addresof the destinatiorsystemandif Tx. Systemis itself a system, a proper
route must be alloatedthat thedata will t&ke in order to reach theesired
destnation

ARecovery

If a datatransnission is interrupted due to a fault somewherein the system,
recoverytechniquesare needed.The objectie is either to resume activity at the
point of interruptionandto restorethe stae of the systemto what it was prior to
the nterruption

ASecurity

Securityis very importantissuein a Data Conmmunication Systen. The sender
needdo beassuredhat

Y Onlythelntendedreceiverreceiveghe data
Y Datais deliveredunaltered

Introduction to Protocol
In computer Networks, comunication occurs betwedwo entitiesin differentsysems.

o Entity is arything sening and reeiving information
0 SYSTEMis aphysicalobjectcortainingmore than one entities

© Copyright Virtual University of Pakisté 18
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Now, two entities in differert systens cannd just senddataandexpectto be understood.
For communication toccur, hese entitiesnust agree on BROTOCOL

PROTOCOLS
As discussed earligfiProtocol is a setof rulesgoverningc o mmuni cat i ono

o Two computers cannotjust send bit streams to each other and expect to be
understood

o EntitiesmustagreeonaPROTOCOL
./ SameExampleFrenchandGeman
Protocol defines

Y Whatis Communicated?
Y How it is Communicated?
Y Whenit is Communicated?

KEY elementsof aPROTOCOL
ASyntax;

Y Representthe Structureor theformat of the Data
Y Meaningtheorderin which datais presented

For Exanple

.I FirsteightbitstobeSendeaddress
./ NexteighttobeReceve r Address
./ TheRestto beData

ASemantics:

Y Referto the Meaningof eachsectionof bits
Y How is apaticular pattern to beinterpreted?
Y Whatactionshouldbetakenbase&l on interpretation?

For Exanple

./ Doesanaddressdentify therouteto betakenor the final destinatiorof the
message?

R i

Refers to 2characteristics:
Y When data shout be sent?
Y How fastit shouldbe sent?

For Exanple

I If sendeproduceslataat100Mbps

./ ButReceivercanonly processlataat1l Mbps

I TheTX. will overloadreceiver anddatawill belost

© Copyright Virtual University of Pakisté 19
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Protocd Architecture

Insteadof havinga singleModule for perfarming communicationthereis a structuredset
of modules thatmplement communic at i ons functiono

This structure is calleBrotocol Architecture

L e t @lain itebx an eample of Fie transfer gstem.

Simplifi ed File Tr ansfer Architecture

Computer X Computer Y
File transfer PR l’]'f_" i “E "_'f_"'i“fri"f’f'ﬂ“‘_“'f' _____ File transfer
application application
Communications PR _'“l“f"ﬂ"l""_"ﬂ"frflﬂt“f E“ﬂ“_" ms > Communications
service module service module

Network access
module

Communications
network

Network access
module

Network interface
logic

Network interfac
logic

In the above exaple File transfer could use three modules

Y Filetrangerapplication
Y Communicatioservicemodule
Y Networkaccessnodule

AAFile transfer application

File Transfer contains all of the logicusiqueto thefile transfer application sud as:
Y Transnitting passwords
Y FileCommands

.I CheckingFile Systenonothermachingf it isready
./ CheckFile SystenmCompatibility
Y Filerecords

AACommunication sewice module
Insteadof allowing File TransferModule to deal with actualtransferof dataand
commandswe can hawe a separaé moduk for this transfer.This module must make
surethatthe receiversystemis readyto receiveandlook into the reliable exchangef
data

A\Network access module

Natureof the exchangebetweensystans is independentf the networkthat connects
them. That allows us to havea 3rd modue that handlesthe detailsof the Network
interfaceand interactswith the network.If Network to be used changesynly Network
accesdModule hasto change

© Copyright Virtual University of Pakisté 20
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Characteristics of a Protocol

Y Director indirect

Y Monolithic or structured

Y Symmetricorasymmetric
Y Standararnonstandard

ADirect

Y Systans sharea pointto point link or
Y Datacanpasswithoutinterveningactiveagent
Y SimpleProtocol

Alndirect

Y Switchednetworksor

Y Inteme worksor interrets

Y Datatransferdependon otherentities
Y ComplexProtocol

AMonolit hic or Structured

Y Communicationgs a complextask

Y To complexfor singleunit

Y Structureddesignbreaksdownprobleminto smaller units
Y Layeredstructure

AASymmetic or Asymmetric

Symmetric
Y Communicatiorbetweerpeerentities

Asymmetric
Y Client/sever

Standard or Nonstandard
Y Nonstandargrotomls built for specific computersandtasks

Summary
ACommunication Tasks
AProtocols
AAProtocol Architecture
AACharactestics of a Pratcol

ReadingSections
ASectionl.4fi D aCommunicationsandN e t w o r 4khiEditiproby BehrouzA.
Forouzan
ASections1.1,2.1 fi D adanéComputer Co mmu n i cth Editionrbp William
Stallings

© Copyright Virtual University of Pakisté 21



CS601Data Communication VU

LECTURE #4

Standards

A Astandard provides a model for development that makes it possibk for a product
to work regardlessof the individual manufacturer|o

Y A greatdeal of coordinationand cooperationis required by the devicesto
communicate

Y A devicepreparedby a specific manufacturemmay not be compatible with the
devices prepared by otheanufacturers
Y Unavailability of standardsreategroblems andputsa halt to productgrowth

I An exampleof nonstandardizegroductssAUTOMOBILES
Why Standardsare Essential?

Standardsirethereforeessentiain:
o Creating and Maintaining an Open and competitive Market for Equipment
Manufacturers
o Guaranteing National and International Interogerability of Data and
Teleconmunications Technology and Equignt

Let us understand this using an EXAMPLE

)

QD2

@

&)

(a) Without standards: 12 different protocols; (a) With standards: 1 protocol;
24 protocol implementations 7 implementations

NOTE
A K sources and L reoadrs leals toK*L protocolsand 2*K*L implementations
A 1f common protocd used K + L implementatons needed

© Copyright Virtual University of Pakisté 22
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Cateqoriesof Data Communication Standards

Standards

Dejure
(By Law)

Defacto
(By Fact)

Proprietary

AADe facto By fact or By Convention)

NonProprietary

Standard not approvel by an organizel body but have been adoptel as standards

through their widespread use

AADe jure (By Law or By Regulation)

Standardshathavebeenlegislated by an officidy recognizedegulationbody

Subdivisionof De FactoStandards

Y PROPRIETARY (Closedstandards)

Standardghat are originally invented by a Comnercial Organiztion
as a basisfor the operationof its productsthey are wholly ownedby
that company. They are also called Closed Standardsbecausethey

close off Communication betwesgstens

Y NON- PROPRIETARY (OpenStandards)

They are originally developedby groupsor committees that have
passedheminto public domains. They are also called Open Standards
becaus¢heyopenCommunicatiorbetween differentystems

Standard Organizations

Standardsrredevelopedmnainly by 3 entities:

Y StandardCreationConmittees

Y Forums
Y RegulatoryAgencies

© Copyright Virtual University of Pakisté
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tandard Creation Committ

Theyare ProceduraBodiesandthey are so slow moving and cannotco-op with the fast
growing communication industry.

Y 1SO

J InternationdS t a n s0aganizétion

./ VoluntaryOrganization

./ Createlin1947

./ Membersarefrom StandardreationrCommitteesof differentcountries
. Includegepresentativesom 82countries

./ OpenSysteninterconnectiotfOSI)Model

Y ITU-T

./ By 197G a lot of countries were defining standard but there was no
Intemational canpatibility

./ UnitedNationsmadeasapartof theirITU

./ Consultative Committee for Intematioral Telegrgphy and Telephony
(CCITT)

J IN 1993, ITU-TelecomnStandardSector

J ImportantiTU-T Standards

1V SerieqV32,V33,V42,DefineDataTransnissionoverphondines

. X SeriesK.25, 400, 500): Define Transnission over Public Digital
Network

./ ISDN: IntegratedServiceDigital Network

Y The American National Standard Institute (ANSL

./ PrivateNonProfit Cooperatiomotaffiliated with USGovermment

.I Membersincludeprofessionatsocietes,industrialas®ciations,govt.and
regulatorybodies

./ Sulmits proposato ITU-T andis avotingmemberfor USAin ISO

Y The Institute of Electrical and Electroni neers(EEE

./ Largesprofessionaéngineeringocietyin theworld

. Also overseesthe development of Telecommunicatiorand Wireless
International Standards

.I Specialcommittee for LANS out of which emerged Project 802 (802.3,
802.4, 802.5)

AForums

Special Interest Groups with representates from interestedcorporationsthey
facilitate and fastenstandardeation processby working with universities, and
users to tg, evaluate ad standadlize new techologies

© Copyright Virtual University of Pakisté 24
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EachForumConcentraten a specifictechrology andpresent their conclusionsto
the standardodies

Y FrameRelayForum
Y ATM Forum
Y Intemet Scciety & IETF

AARegulatory Agencies
All communicationtechnologyis subjectto regulation ard laws by goverrment
agenciesThe purposeis to protectPublic Interest by requlating Radio, Television
and Cable Comunications.

Y FCC

Before we go into the details of how dataaretransmitted from one deviceto the other, it
is importantto understand:

0 The relationship between communication devices.
o0 How the devices cowrct with eaclother in a Sgem?
o How do they do the exchange of infeaation?

Five Concepts provide the basis

Line Configuration
Topology

Transnission Mode
Categories of networks
Intemetworks

O O OO0 Oo

LINE CONFIGURATION

A L i Gomfigurationrefersto the waytwo or more devicesattachto a Linko
A link is the physical communication paitiat transferslatafrom onedevice to the other.

Link can be though of as a Line drawn betwea two points For communicationto occur,
two devicesmustbe connected t@achotherusinga link.

Line Configurations
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Line
Configuration

Pointto-Point Multipoint

SpatiallyShared Time Shared

AAPoint-to-Point Line Configuration

Dedicatel Link betwea two devices. Entire Capacity of the chanml is resrved
for TX B/w thesetwo devicesMostly point-to-point connectiorusewire/cableto
connect with each other. But Mawave, Satellite Liks can also besed

Data and Control information pas directly betweenentities with no intervening
agent

Y Examples

./ TV RemoteControlandTV ControlSystems
.I Mobile Phongdwhentalking)andBaseStation(Antenna)

o a

Workstation Workstation

-~ =

-

Workstation
— 1

Workstation Workstation

AAMultipoi nt Line Configuration
More than two devices shae the Link that is the capacityof the channel is SHARED
now. With shared gaacity, trere canbe two posibilities in a Multipoint Line Corfig:

Y Spatial Sharing: If severaldevicescansharethe link simultaneausly,
its called Spadtlly shared line corfiguration
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Y Temporal (Time) Sharing: If uses must take turns using the link

then its called Tmporally shared or Tine Shared.ine Configuration
Workstation Workstation

e

Mainframe

Workstation

Summary

A Standards

A StandardOrganizations

A Line Configuration

A\ Categoris of Line Configuration

ReadingSections
ASection1.52.1 7 D aGoamunicationsandN e t w o r 4khiEditigroby Behrouz
A. Forouzan
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LECTURE #5

TOPOLOGY
i T hTepologyis the geametric representatiorof the relationshipof the links ard the
linking devices(Nodes)inaNet wor k 0
Or
A T o p pdefmegthe physica or the Logical Agreenentoflin k s i n a Net wor ko

Topologyof a Networkis suggestiveof how a network is laid out. It refersto the specific

configurationand structureof the connectionsetweerthe Links andthe Nodes.Two or
moredevicesconnecto a Link andtwo ormore Links forma Topology

Cateqgoriesof TOPOLOGY

Topology

Mesh Star Tree Bus Ring

.I Answer:Relativestatusof thedevicedo belinked.
Two relationshipsarepossiblein a network
Y PEER-TO-PEER: Devicessharethe link equally

Y PRIMARY -SECONDARY: One device controls traffic and the others must
transmit through it
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MESH TOPOLOGY

o0 Every device hadedicat@l apoint-to-point link to every other device
o Dedicatel: Means tht the link carries treffic only between these two devices

Links to connecimddevices
0 Ea&ﬁ%evi@emusthave n I/O Ports

Example Mesh Topology
In figure above, we have 5 Noddserefore:

./ No.of Links=5(5-1)/2=10
./ No.of /O Ports=5-1=4

L Thisi allywith i . { Nod

.I e.g.for6nodes=15Links
./ 7Nodes=21inks

AAAdvantages of Mesh Topology

Useof Dedicatedinks guaranteeshat eachcormectioncancarryits own load.
This eliminates TrafficProblems as in case of Shared Link

Mesh Topology isrobust If ore link fails, it doesnot effectotherlinks
Security& Privacydueto dedicatedinks

Pointi to i Point links makeFault Identification easy

<<=< <

AADisadvantages of MesiTopology

Y Amountof Cabling
.I Makesingtall ation & Reconfiguratiordifficult
.I Sheebulkof wiring canbegreatethantheavailablespace

Y Numberof I/O PortsRequired
./ Hardwareequiredo connectacHink canbeprohibitivelyexpensive
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+ Therefore.Mesh logyhaslimit

Star Topology

Eachdevicehasa dedicatecpoint-to-point link to a centralcontroller ( Hub)
Devicesarenot directly connectedo eachother

Controller (Hub) acts asn exchage

If ore device wants to serd datato the other, it sendsthe data to the controller,
whichthenrelaysit to the othercomecteddevice

(ol elNeolNe]

AAAdvantages of Star Topology

Y LessCabling

Y LessExpensivethan Meshas eachdevice needsonly one link andone 1./0
Port

Y Eag to Instal and Reconfigure

Y Robust,if alink fails, only thatlink fails

Y EasyFaultDetection

AADisadvantagesof Star Topology

Y AlthoughCablingrequiredis far lessthanMesh
Y Still eachnode must be connectedo a Hub , so Cablingis still much more
than sone other Topologies
TreeTopology

0 A variation of Sta Topology
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0 Nodesin a Tree arelinked to a centralhub that controlsthe traffic to and from
network

o Differenceb/w star and treeis not all the devicesplug directly into the cental
HUB

0 Majority connectgo secondarjhubtha is connectd to centra hub

AACENTRAL HUB in Tree Topology

Y

Y
Y
Y

CentralHubin aTreeis anACTIVE HUB

ACTIVE HUB contairs arepeater

Repeateis a hardwaredevicethat regenerateghe receivedbit patternbefore
sendirg them out.

Repeatestrengthend X. And increaseshe distancea signal cantravel

AASecondary HUB in Tree Topology

Y
Y

Seconday Hub in a Tree may be Activeor Pasive HUB
Passie Hub simply provides physicd connectim betwea attache devices

AAAdvantages of Tree Topology

Y

Y

Becauseof SecondaryHub, More devicescan be attachedto a Central Hub
andthereforeincreasehe distancea signalcantravel
Enables Differentated Services. Allows to prioritize communication e.g.
computers attached to one secondauly can be given priority over others
Therefore TIME SENSITIVE data will not have to wait for acces to the
network
Restof theadvantagearealmostthe sane asSTAR

./ Example Tree Topology: Cable TV

CABLE TV

I Main cable from main office is divided into many
branchesand eachbranch is divided into smaller branches
ard so on

I Hubsare 1s2d when chle is divided

BUSTOPOLOGY

© Copyrigh Virtual University of Pakistar 31



CS601Data Communication VU

o DropLinesandTaps
o0 Drop Lineisthe connectiom betwe& deviceandthe main cable(Backbone)
Y Tapis aconnectorthat;
Splicesinto themain cable or
Puncturs the sheathig of a cabk to create connectionwith the
metallic cre

Y Signaldegradesasit travels,thereforethereis alimit on:
./ Thenumberof TapsaBuscansupporiand
.I ThedistancebetweerthoseTaps

Aldvantagesof BUSTOPOLOGY

Y Easytoingall
./ Backbore can be laid on the mog efficient path ard then reg of the
nodes can be connectd using Drop Lines
Y LesscablingthanMesh, Staror Tree
Y Difference b/w Sta Cabling ard Bus Cabling

AADisadvantages of BUS Topology

Y Difficult Reconfiguration
./ Difficul t to add new devices
./ addinghewdevicesnayrequiremodificationofbackbone

Y No Faultlsolation
./ A fault or breakin backonecandisable communicationevenon the sane
side of the problem
./ Damaged area reflects signals back in the direction of origin creating
Noise in both directions
Summary

A Topology
A\ Categorie of Topologies
Reading Sections
A Sectin 2.2 i DaGommunicatios ard N e t w o r 4khiEditproby BehrouzA.
Forouzan
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LECTURE #6

Ring Topology

Ring Topology Diagram

Eachdevicehaspoint-to-point dedicate link with only two devices on eithe side

0 A signalis passedn thering in onedirection from deviceto deviceuntil it reachests
destnation

Eachdevicehasa repeaterincorporated

0 When a devicereceves a signal destinedfor anotherdevice, it regenerateshe bits
ard pasthem along

(0]

o

Aldvantagesof Ring Topology

Y Eag to Instal and Reconfigure
./ Only two connectios to be moved to addor deletea device

Y SIMPLEFaultlsolation
.I Generallyasignalis circulaing atall timesin aring.
./ If one device doesnot receivea signal within a specifiedperiod, it can
isste an alamm to tell netwok operato aboutthe problemandits location

ADisadvantageof Ring Topology

Y Unidirectional Traffic
./ A bre& inaring l.e. adisabla station candisable the entire network

Y Can be solvel by using:
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./ DualRingor
.I A switch capabg of closing off theBreak

A4ybrid Topologies
Hybrid Topologies
Star

0 Severaltopologiescombinedin a Iargertopdlogy

./ Example: Onedeparimentof a businessnay havedecidedto usea Bus
while otherhasa Ring
0 The two carbe connected via a Ceal Controler in Star Topology

TRANSMISSION MODE

A T r a nsnmVosle is usedto define the direction of the signal flow betweenthe
linked

deviceso

Transnission Modes

Simplex Half-Duplex Full-Duplex

ASIMPLEX MODE

Direction
of data

- Mainframe Monitor
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o Communication is Unidirectional
o0 Only one ofthe two stations camansmit
o Othercanonly receive

./ Examples:KEYBOARDS (OnlyInput), Monitors(Only Output)

A4alf i Duplex Mode

Each statiorran both transit and receive bt not at the smne time
0 When onre device is sendirg the other can only receive ard vice versa
0 Letsunderstad the concep by usirng an example

o

./ OreLaneRoa withtwo directionatraffic
[ Whencarsaretravelingin onediredion, carsgoingthe otherway must wait

o Full Chanml capecity is allocatedto whateverertity that is trangnitting at a specific
time

./ WalkieTalkies

AEull Duplex (Duplex)

Both stations cantransnit andreceive simultaneously

Two way streetwith traffic flowing in bothdirectionsat the same time
Signalstraveling in either direcion sharethe capacityof thelink
Thesharingcantakeplacein two ways:

O O OO
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