
DataCommunication

Datacommunications(DC)istheprocessofusingcomputingandcommunication

technologiestotransferdatafrom oneplacetoanother,andviceversa.Itenablesthe

movementofelectronicordigitaldatabetweentwoormorenodes,regardlessof

geographicallocation,technologicalmedium ordatacontents.

Componentsofdatacommunication

Datacommunicationisaprocessoftransferringdataelectronicallyfrom oneplaceto

another.Datacanbetransferredbyusingdifferentmedium.Thebasiccomponentsof

datacommunicationsareasfollows:

 Message

 Sender

 Receiver

 Medium/communicationchannel

Encoderanddecoder

Message

Themessageisthedataorinformationtobecommunicated.Itmayconsistoftext,

number,pictures,sound,videooranyacombinationofthese.

Sender

Senderisadevicethatsendsmessage.Themessagecanconsistoftext,numbers,

picturesetc.itisalsocalledsourceortransmitter.Normally,computerisuseassender

ininformationcommunicationsystems.

Receiver

Receiverisadevicethatreceivesmessage.Itisalsocalledsink.Thereceivercanbe



computer,printeroranothercomputerrelateddevice.Thereceivermustbecapableof

acceptingthemessage.

Medium

Medium isthephysicalpaththatconnectssenderandreceiver.Itisusedtotransmit

data.Themedium canbeacopperwire,afiberopticcable,microwavesetc.itisalso

calledcommunicationchannel.

Encoderanddecoder

Theencoderisadevicethatconvertsdigitalsignalsinaform thatcanpassthrougha

transmissionmedium.Thedecoderisadevicethatconvertstheencodedsignalsintodigital

form.Thereceivercanunderstandthedigitalform ofmessage.Senderandreceivercannot

communicatesuccessfullywithoutencoderanddecoder.

Datarepresentation

Therearetwobasicrepresentationtypesfornativedata,namely,analoganddigital.

Examplesofanaloganddigitaldatarepresentations

Asshowninthediagram,

Analogdataiscontinuous&cantakeinfinitesetofvalues.Inthediagram,thedata

takesawidesetofvoltagevalues(v)atdifferentpointsoftime(t).Examplesofanalog

dataareaudiofrom aspeaker,videooutputfrom acameraetc.

Digitaldataisdiscreteandnotcontinuous.It cannottakeaninfinitesetofvaluesandit

onlytakesafinitesetofvalues.Inthediagram above,thedatatakesonlytwovoltage



values(+vand-v)atdifferentpointsoftime(t).ExamplesofdigitaldataincludeText

files(finitesetofcharacters),binaryrepresentation (in0sand1s)ofanydatalikethat

usedincomputerarithmetic,bitmapfileetc,digitallyconvertedaudio,videodata,digital

images,pictures,digitalmovieetc.

DataFlow

Busesandnetworksaredesignedtoallowcommunicationtooccurbetweenindividual

devicesthatareinterconnected.Theflow ofinformation,ordata,betweennodes,can

takeavarietyofforms:

With simplexcommunication,alldata flow is unidirectional:from the designated

transmitter to the designated receiver. BogusBus is an example of simplex

communication,where the transmittersentinformation to the remote monitoring

location,butnoinformationiseversentbacktothewatertank.Ifallwewanttodois

send information one-way,then simplex is justfine.Mostapplications,however,

demandmore:

Withduplexcommunication,theflowofinformationisbi-directionalforeachdevice.

Duplexcanbefurtherdividedintotwosub-categories:



Half-duplexcommunicationmaybelikenedtotwotincansontheendsofasingletaut

string:Eithercanmaybeusedtotransmitorreceive,butnotatthesametime.Full-

duplexcommunicationismorelikeatruetelephone,wheretwopeoplecantalkatthe

same time and hearone anothersimultaneously,the mouthpiece ofone phone

transmittingthetheearpieceoftheother,andviceversa.Full-duplexisoftenfacilitated

throughtheuseoftwoseparatechannelsornetworks,withanindividualsetofwiresfor

eachdirectionofcommunication.Itissometimesaccomplishedbymeansofmultiple-

frequencycarrierwaves,especiallyinradiolinks,whereonefrequencyisreservedfor

eachdirectionofcommunication.

Distributedprocessing

Distributedprocessingisasetupinwhichmultipleindividualcentralprocessingunits

(CPU)workonthesameprograms,functionsorsystemstoprovidemorecapabilityfor

acomputerorotherdevice.Originally,conventionalmicroprocessorsinvolvedjustone

CPUonachip.Asmicroprocessorengineeringevolved,manufacturersdiscoveredthat

tospeedupprocesses,morethanoneprocessorcouldbecombinedonasingleunit.

Manymodernprocessorsinvolveamulti-coredesign,suchasaquad-coredesign



pioneeredbycompanieslikeIntel,wherefourseparateprocessorsofferextremelyhigh

speedsforprogram executionandlogic.

Distributedprocessingalsocanbeusedasaroughsynonym forparallelprocessing,in

whichprogramsaremadetorunmorequicklywithmultipleprocessors.Withthe

strategyofincludingmorethanoneprocessoronamicroprocessorchip,hardware

usersalsocanstringmultiplecomputerstogethertoimplementparallelprocessingwith

applicationsknownasdistributedprocessingsoftware.

ThedistributedprocessingconceptgoesalongwithMoore’slaw,whichpositsthatthe

numberoftransistorsonanindividualintegratedcircuit(IC)doubleseverytwoyears.

Asthistheoryhaslargelyproven correctoverthelastfourdecades,engineering

strategieslikedistributedprocessingalsohaveaddedtothespeedoflogicaldevices

forsomeamazingadvancesintheabilityofcomputerstoperform functionaltasks.

Physicalstructures

Thephysicallayoutofdevicesonanetwork.Every LAN hasa topology,orthewaythat

thedevicesonanetworkarearrangedandhowtheycommunicatewitheachother.The

waythatthe workstations areconnectedtothenetworkthroughtheactualcablesthat

transmitdata--thephysicalstructureofthenetwork--iscalledthephysicaltopology.

The logicaltopology,incontrast,isthewaythatthesignalsactonthenetworkmedia,or

thewaythatthedatapassesthroughthenetworkfrom onedevicetothenextwithout

regardtothephysicalinterconnectionofthedevices.

Anetwork'slogicaltopologyisnotnecessarilythesameasitsphysicaltopology.For

example, twistedpair Ethernet isalogicalbustopologyinaphysicalstartopology

layout.WhileIBM's TokenRingisalogicalringtopology,itisphysicallysetupinastar

topology.

NetworkCategory



Alocalareanetwork(LAN)isagroupofcomputersandassociateddevicesthatsharea

common communications line or wireless link to a server.Typically,a LAN

encompasses computers and peripherals connected to a serverwithin a distinct

geographicareasuchasanofficeoracommercialestablishment.Computersandother

mobiledevicesuseaLANconnectiontoshareresourcessuchasaprinterornetwork

storage. localareanetworkmayserveasfewastwoorthreeusers(forexample,ina

small-officenetwork)orseveralhundred usersinalargeroffice.LAN networking

comprisescables,switches,routersandothercomponentsthatletusersconnectto

internalservers,websitesandotherLANsvia wideareanetworks.

EthernetandWi-FiarethetwoprimarywaystoenableLANconnections.Ethernetisa

specificationthatenablescomputerstocommunicatewitheachother.Wi-Fiusesradio

wavestoconnectcomputerstotheLAN.OtherLAN technologies,including Token

Ring, FiberDistributedDataInterface and ARCNET, havelostfavorasEthernetandWi-Fi

speedshaveincreased.Theriseofvirtualizationhasfueledthedevelopmentof virtual

LANs,which allowsnetworkadministratorsto logicallygroup networknodesand

partitiontheirnetworkswithouttheneedformajorinfrastructurechanges.



Typically,asuiteofapplicationprogramscanbekeptontheLAN server.Userswho

needanapplicationfrequentlycandownloaditonceandthenrunitfrom theirlocal

device.Userscanorderprintingandotherservicesasneededthroughapplicationsrun

ontheLANserver.AusercansharefileswithothersstoredontheLANserver;readand

writeaccessismaintainedbyanetworkadministrator.ALANservermayalsobeused

asaweb server ifsafeguardsaretakentosecureinternalapplicationsanddatafrom

outsideaccess.

In some situations,a wireless LAN,orWi-Fi,maybe preferable to a wired LAN

connectionbecauseofitsflexibilityandcost.CompaniesareassessingWLANsas

primarymeansofconnectivityasthenumberofsmartphones,tabletsandothermobile



devicesproliferates.

MetropolitanAreaNetwork(MAN)

Ametropolitanareanetwork(MAN)issimilartoalocalareanetwork(LAN)butspans

anentirecityorcampus.MANsareformedbyconnectingmultipleLANs.Thus,MANs

arelargerthanLANsbutsmallerthanwideareanetworks(WAN). 

MANsareextremelyefficientandprovidefastcommunicationviahigh-speedcarriers,

suchasfiberopticcables.AMANisidealformanykindsofnetworkusersbecauseitis

amedium-sizenetwork.MANsareusedtobuildnetworkswithhighdataconnection

speedsforcitiesandtowns.Theworkingmechanism ofaMANissimilartoanInternet

ServiceProvider(ISP),butaMANisnotownedbyasingleorganization.LikeaWAN,a

MANprovidessharednetworkconnectionstoitsusers.AMANmostlyworksonthe

datalinklayer,whichisLayer2oftheOpenSystemsInterconnection(OSI)model. 

DistributedQueueDualBus(DQDB)istheMANstandardspecifiedbytheInstituteOf

ElectricalAndElectronicsEngineers(IEEE)asIEEE802.6.Usingthisstandard,aMAN

extendsupto30-40km,or20-25miles.

WAN(wideareanetwork)

A wide area network (WAN) is a geographically distributed private

telecommunications network thatinterconnectsmultiplelocalareanetworks(LANs).In

anenterprise,aWANmayconsistofconnectionstoacompany'sheadquarters,branch

offices, colocation facilities,cloud servicesand otherfacilities.Typically,a router or

othermultifunctiondeviceisusedtoconnectaLANtoaWAN.EnterpriseWANsallow

userstoshareaccesstoapplications,servicesandothercentrallylocatedresources.

Thiseliminatestheneedtoinstallthesameapplicationserver,firewallorotherresource

in multiple locations,for example.A virtualprivate network (VPN) facilitates

connectivitybetweenWANsites.An IPsecVPN ismorecommonlyusedincontinuously

opensite-to-siteconnections,suchasthosebetweenbranchofficesandheadquarters



locations.An SSLVPN isoftenthepreferredchoiceforenablingremoteaccessfor

individualusersbecausethedatatransmittedfrom usersacrosstheWANisencrypted.

Direct fiberoptic linksarealsousedtoconnectsitesonaWAN – andtheyalmost

alwaysoffergreaterperformance,reliabilityandsecuritythanVPNs,buttheyarecost-

prohibitiveformostenterprisestoprocureandoperate.

TypesofWANconnections

WAN connectionscan includewired and wirelesstechnologies.Wired WAN servicescan

include multiprotocollabelswitching,T1s, Carrier Ethernet and commercialbroadband

internetlinks. WirelessWAN technologiescanincludecellulardatanetworkslike 4G LTE,

aswellaspublic Wi-Fi or satellite networks.

WANs overwired network connections remain the preferred medium formost

enterprises,butwirelessWANtechnologies,basedonthe4G LTE standard,aregaining

traction.

WAN infrastructuremaybeprivatelyownedorleasedasaservicefrom athird-party

serviceprovider,suchasa telecommunicationscarrier,internetserviceprovider,private

IPnetworkoperatororcablecompany.Theserviceitselfmayoperateoveradedicated,

privateconnection--oftenbackedbya service-levelagreement --oroverashared,

publicmedium liketheinternet. HybridWANs employacombinationofprivateand

public network services.



Software-definedWAN(SD-WAN)isdesignedtomakehybridWANarchitectureseasier

forenterprisestodeploy,operateandmanage.Usingacombinationof virtualization,

application-levelpoliciesandnetwork overlays,on-siteSD-WANdevices,software

platformsorcustomerpremisesequipment(CPE)perform twofunctions:

TheyaggregatemultiplepublicandprivateWANlinks.

Theyautomaticallyselectthemostoptimalpathfortraffic,basedonreal-time

conditions.



Thelatterfunctionhashistoricallyrequirednetworkmanagerstomanuallyreconfigure

theirnetworksanytimetheywantedtoshapethedirectionoftrafficovermultiple

routes.

Data&Signals

AnalogueSignalsandDigitalData

Ananaloguesignalisonewhichhasavaluethatvariessmoothly.Itiseasiestto

understandthisbylookingatanexample:

Thesoundwavesthatyourmouthproduceswhenyouspeakareanalogue-thewaves

varyinasmoothway.Thesewavescanbeconvertedintoanelectricalsignalbya

microphone.Thiselectricalsignalisalsoanalogue:

Computers (and mostothermodern electronic devices such as cameras,mobile

phones, etc.) are ‘digital’ devices because they process data in the form

of numbers (digits).

Computer softwareisacollectionof numericcodeswhichtellthecomputerwhattodo

 Text thatyoutypeintoacomputerisstoredas numericcodes

 Images inside a computerare stored as numeric values(differentvalues for

differentcolouredpixels)



Everythingstoredandprocessedinsideacomputerisa number(digital).

Computersareunabletoprocessanaloguessignalsbecausetheyaredigitaldevices.

Fordigitaldevicessuchascomputers,toworkwithanaloguedevices,conversionis

required...

AnalogSignal

An analogsignal isacontinuouswavedenotedbyasinewave(picturedbelow)andmay

varyinsignalstrength(amplitude)orfrequency(time).Thesinewave'samplitudevalue

canbeseenasthehigherandlowerpointsofthewave,whilethefrequency(time)value

ismeasuredinthesinewave'sphysicallengthfrom lefttoright.

Therearemanyexamplesofanalogsignalsaroundus.Thesoundfrom ahumanvoice

isanalog,becausesoundwavesarecontinuous,asisourownvision,becausewesee

variousshapesandcolorsinacontinuousmannerduetolightwaves.Evenatypical

kitchenclockhavingitshandsmovingcontinuouslycanberepresentedasananalog

signal.

Analogsignalrepresentedasasinewave



DigitalSignal

A digitalsignal -amustforcomputerprocessing-isdescribedasusingbinary(0sand

1s),andtherefore,cannottakeonanyfractionalvalues.Asillustratedinthegraphic

below,digitalsignalsretainauniform structure,providingaconstantandconsistent

signal.Becauseoftheinherentreliabilityofthedigitalsignal,technologyusingitis

rapidlyreplacingalargepercentageofanalogapplicationsanddevices.Forexample,

thewristwatch,showingthetimeofday,withitsminute,hour,andsweepingsecond

hands,isbeingreplacedbythedigitalwatch,whichoffersthetimeofdayandother

informationusinganumericaldisplay.Atypicaldigitalsignalisrepresentedbelow.Note

theequallydispersed1sand0s.

Digitalsignalwithbinary

PeriodicandNon-PeriodicSignal

Asignalwhichrepeatsitselfafteraspecificintervaloftimeiscalledperiodicsignal.

A signalwhichdoesnotrepeatitselfafteraspecificintervaloftimeiscalled

aperiodicsignal.

Asignalsthatrepeatsitspatternoveraperiodiscalledperiodicsignal, 

Asignalthatdoesnotrepeatsitspatternoveraperiodiscalledaperiodicsignalor

nonperiodic. Continuoustimesignalsaresaidtobeperiodic.Getoverinlimitedtime

calledaperiodicornonperiodic...

BoththeAnalogandDigitalcanbeperiodicoraperiodic.butindatacommunication

periodicanalogsigalsandaperiodicdigitalsignalsareused.

bitrate



In digital telecommunication,thebitrateisthenumberof bitsthatpassagivenpoint

inatelecommunicationnetworkinagivenamountoftime,usuallyasecond.Thus,a

bitrateisusuallymeasuredinsomemultipleofbitspersecond-forexample,

kilobits,orthousandsofbitspersecond(Kbps).

BitLength:-TheBitLengthisthedistanceofoneBitoccupiesonthetransmission

medium.

Digitalsignalasacompositeanalogsignal

Asingle-frequencysinewaveisnotusefulindatacommunications;weneedtosend
acompositesignal,asignalmadeofmanysimplesinewaves.

transmissionofdigitalsignals

Therearetwodifferentapproachesforthetransmissionofdigitalsignals:baseband
transmissionandbroadbandtransmission.

Basebandtransmission

Basebandtransmission meanssendingadigitalsignaloverachannelwithoutchanging
thedigitalsignaltoananalogsignal.



                             

                          

Basebandtransmissionrequireslowpasschannelfortransmission.Alowpasschannel

isachannelwhosebandwidthstartsfrom zero.

BroadbandTransmission

Broadbandtransmissionmeanssendingadigitalsignaloverachannelafterchanging

thedigitalsignaltoanalogsignal i.e. itrequiresmodulation.

Broadbandtransmissioncanusebandpasschannel.Abandpasschannelisachannel

whosebandwidthdoesnotstartfrom zero.Abandpasschannelismoreavailablethan

alowpasschannel.



                          

Iftheavailablechannelisbandpass,wecannotsendthedigitalsignaldirectlytothe
channel,itmustbeconvertedtoananalogform beforetransmission.

Attenuation

Attenuationisageneralterm thatreferstoanyreductioninthestrengthofa signal.

Attenuation occurs with any type ofsignal,whether digital or analog.Sometimes

called loss,attenuationisanaturalconsequenceofsignaltransmissionoverlong

distances.Theextentofattenuationisusuallyexpressedinunitscalleddecibels(dBs).

IfPs isthesignalpoweratthetransmittingend(source)ofacommunicationscircuit

andPdisthesignalpoweratthereceivingend(destination),thenPs >Pd.Thepower

attenuationApindecibelsisgivenbytheformula:

Ap =10log10(Ps/Pd)

Attenuationcanalsobeexpressedintermsof voltage.IfAv isthevoltageattenuationin

decibels,Vs isthesourcesignalvoltage,andVd isthedestinationsignalvoltage,then:

Av =20log10(Vs/Vd)

Inconventionalandfiberopticcables,attenuationisspecifiedintermsofthenumberof

decibelsperfoot,1,000feet,kilometer,ormile.Thelesstheattenuationperunit

distance,themoreefficientthecable.Whenitisnecessarytotransmitsignalsoverlong

distancesviacable,oneormore repeaterscanbeinsertedalongthelengthofthecable.

Therepeatersboostthesignalstrengthtoovercomeattenuation.Thisgreatlyincreases

themaximum attainablerangeofcommunication.

Distortion isthealterationoftheoriginalshape(orothercharacteristic)ofsomething.

In communications and electronics it means the alteration of the waveform of an



information-bearing signal,such as an audio signal representing sound ora video

signal representing images,in an electronic device or communication channel.

Distortionisusuallyunwanted,andsoengineersstrivetoeliminateorminimizeit.In

some situations, however, distortion may be desirable. For example, in FM

broadcasting and noisereduction systemslikethe Dolbysystem,anaudio signalis

deliberatelydistortedinwaysthatemphasizeaspectsofthesignalthataresubject

to electricalnoise,thenitissymmetrically"undistorted"afterpassingthroughanoisy

communicationchannel,reducingthenoiseinthesignal.Distortionisalsousedas

a musicaleffect,particularlywithelectricguitars


