
DataCommunication

ObjectiveofLesson1:

OnCompletionofthislesson,thestudentswillbeableto:

DefineComputerNetworksanditsarchitectureandcomponents.

Explaineffectivenessofdatacommunications.

CategorizedifferenttypesofComputerNetworks

SpecifysomeoftheapplicationofComputerNetworks.

Determinethenetworkcriteria.

Categorizedifferenttypesoftopologiesofnetwork.

INTRODUCTION

Computernetwork and Telecommunication:Computernetwork is a group of

computersthatareconnectedtogethertocommunicateandshareresourcessuch

asfiles,printers,andemail.EachComputeronanetworkiscallednode.Inother

hand,Telecommunication:itincludestelephony,telegraphy,andtelevision,means

communicationatadistance(teleisGreekfor"far").

UsesofComputerNetworks:

Beforestartingtostudythetechnicalissuesofthecomputernetworkindetail,itis

bettertomentionwhypeopleareinterestedincomputernetworksandwhattheycan

beusedfor.Thebenefitsofcomputernetworkrangesbetweenthetraditionalusesat

companiesandforindividualsandtherecentdevelopmentsregardingmobileusers

andhomenetworking.

BusinessApplications

Thecompanieshavemanyandmanydistributedresources(softcopyandhardcopy)

thatshouldbeutilizedinefficientmannerbytheemployeeandcostumersofthese

companiessuchaspublicandprivetbanks.Toeaseuseandkeepthedataup-to-date,

thecompaniesshouldusenetworks(LAN,MAN,WAN).Somecompaniesaccomplish

mostoftheiroperationselectronically.

HomeApplications:
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Therearesomeofpopularusesofthecomputernetworkandinternetforhome

usersareasfollows:

Accesstoremoteinformation(arts,business,cooking,government,health,

history,hobbies,recreation,science,sports,travel,andmanyothers.)

Person-to-personcommunication.

Interactiveentertainment(videoondemand,liveTV,electronicexam)

Electroniccommerce(Homeshopping,e-commerce).

MobileUsers:

Themobiledevicesareoneofthefastest-growingsegmentsofthecomputer

industrysuchas:sensor,embeddedcontrollers,Mobilephones,Personaldigital

assistant(PDAs),Pocketcomputer,Notebook/laptopandother.Thesedevices

canbeusedduringthemovementoftheuserssuchas:vehicles,ambulance

car,walking,Aircraft.Thewirelessnetworkisusedasanaccessmediainthese

usages.

SocialIssues:

Thewidespreadintroductionofnetworkinghasintroducednewsocial,ethical,

andpoliticalproblems.

EffectivenessofDataCommunications:

Datacommunicationsaretheexchangeofdatabetweentwodevicesviasome

form oftransmissionmedium suchasawirecable.Theeffectivenessofadata

communications system depends on fourfundamentalcharacteristics:delivery,

accuracy,timeliness,andjitter.

Delivery:Thesystem mustdeliverdatatothecorrectdestination.Data

mustbereceivedbytheintendeddevice(s)oruser(s).

Accuracy.Thesystem mustdeliverthedataaccurately(withouterrorsor

unnecessarychanging).

Timeliness:Thesystem mustdeliverdatainatimelymanner.Datadeliveredlate
are



useless.
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Jitter:itreferstothevariationinthepacketarrivaltime.Itistheunevendelayin

thedeliveryofaudioorvideopackets.Forexample,letusassumethatvideo

packetsaresentevery30ms.Ifsomeofthepacketsarrivewith30-msdelay

andotherswith40-msdelay,anunevenqualityinthevideoistheresult.

Components:

Adatacommunicationssystem hasfivemaincomponentsandwithoutoneof

them noconnectionisexistingseethefollowingfigure:

Message:Themessageistheinformation(data)tobecommunicated.Popular

formsofinformationincludetext,numbers,pictures,audio,andvideo.These

datacanberepresentedbyusingpopularcodesuchasUNI-CODE,The

AmericanStandardCodeforInformationInterchange(ASCII).

Sender:Thesenderisthedevicethatsendsthedatamessage.Itcanbea

computer,workstation,telephonehandset,videocamera,andsoon.Some

devicescanbesenderonlysuchaskeyboard.

Receiver:Thereceiveristhedevicethatreceivesthemessage.Itcanbea

computer,workstation,telephone handset,television,and so on.Some

devicescanbereceiveronlysuchasprinter.

Transmissionmedium:Thetransmissionmedium isthephysicalpathbywhich

amessagetravelsfrom sendertoreceiver.Someexamplesoftransmission

mediaincludetwisted-pairwire,coaxialcable,fiber-opticcable,andradio

waves.

Protocols:itisastandardizedsetofrulesforformatting,processingand

sendingdata.
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5.DataFlow:

Communicationbetweentwodevicescanbesimplex,half-duplex,orfull-

duplexasshowninthefollowingfigure:

a.Simplex:

Insimplexmode,thecommunicationisunidirectional.Onlyoneofthetwo

devicesonalinkcantransmit;theothercanonlyreceive.Keyboardsand

traditionalmonitorsareexamplesofsimplexdevices.Thesimplexmodecan

usetheentirecapacityofthechanneltosenddatainonedirection.

Half-Duplex:eachstationcanbothtransmitandreceive,butnotatthesame

time.Whenonedeviceissending,theothercanonlyreceive,andvice

versa.Inhalf-duplextransmission,theentirecapacityofachannelistaken

overbywhicheverofthetwodevicesistransmittingatthetime.

Full-Duplex:Inmode,bothstationscantransmitandreceivesimultaneously.In

full-duplexmode,signalsgoinginonedirectionsharethecapacityofthelink

withsignalsgoingintheotherdirection.Thissharingcanoccurintwoways:

eitherthe
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link mustcontain two physicallyseparate transmission paths,one for

sendingandtheotherforreceiving;orthecapacityofthechannelisdivided

betweensignalstravelinginbothdirections.

6.NetworkCriteria

Anetworkmustbeabletomeetacertainnumberofcriteria.Themostimportantof

them areasthefollowing.

Performance: Performance

canbemeasuredinmany

ways, including transit

time and response time.

Transittimeistheamount

of time required for a

message to travelfrom

one device to another.

Responsetimeisthe

elapsedtimebetweenaninquiryandaresponse.Theperformanceofanetwork

dependsonanumberoffactors,includingthenumberofusers,thetypeof

transmission medium,the capabilities ofthe connected hardware,and the

efficiencyofthesoftware.Performanceisoftenevaluatedbytwonetworking

metrics:throughputanddelay..Weoftenneedmorethroughputandlessdelay.

However,thesetwocriteriaareoftencontradictory.Ifwetrytosendmoredatato

thenetwork,wemayincreasethroughputbutweincreasethedelaybecauseof

trafficcongestioninthenetwork.

DataSharing:Oneofthereasonwhyweuseacomputernetworkistosharethedata

betweendifferentsystemsconnectedwitheachotherthroughatransmission

media.

Backup:Acomputernetworkmusthaveacentralserverthatkeepsthebackupofall

thedatathatistobesharedoveranetworksothatincaseofafailureitshouldbe



abletorecoverthedatafaster.
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Softwareandhardwarecompatibility:A computernetworkmustnotlimitallthe

computersinacomputernetworktousesamesoftwareandhardware,insteadit

shouldallowthebettercompatibilitybetweenthedifferentsoftwareandhardware

configuration.

Reliability:thenetworkreliabilityismeasuredbythefrequencyoffailure,thetimeit

takesalinktorecoverfrom afailure,andthenetwork'srobustnessinadisaster.

Security:Networksecurityissuesincludeprotectingdatafrom unauthorizedaccess,

protecting data from damage,and implementing policiesand proceduresfor

recoveryfrom datalosses.

Scalability:Acomputernetworkshouldbescalablewhichmeansitshouldalways

allowtoaddnewcomputers(ornodes)tothealreadyexistingcomputernetwork.

7.ComputerNetworkArchitecture

Itisadesign in which allcomputersin acomputernetworkareorganized.A

architecturedefineshowthecomputersshouldgetconnectedtogetthemaximum

advantagesofacomputernetworksuchasbetterresponsetime,security,scalability

etc.ThetwomostpopularcomputerarchitecturesareP2P(PeertoPeer)andClient-

Serverarchitecture.

7.1. PeertoPeerArchitecture:Inpeertopeerarchitectureallthecomputersina

networkareconnectedwitheverycomputerinthenetwork.Everycomputerin

thenetworkusesthesameresourcesasothercomputers.Thereisnocentral

computerthatactsasaserverratherallcomputersactsasaserverforthe

datathatisstoredinthem.

AdvantagesofaPeertoPeerArchitecture

Lesscostlyasthereisnocentralserverthathas

totakethebackup.

Incaseofacomputerfailureallothercomputers

inthenetworkarenotaffectedandtheywill

continuetoworkassameasbeforethefailure.
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3.Installationofpeertopeerarchitectureisquiteeasyaseachcomputer

managesitself.DisadvantagesofaPeertoPeerArchitecture

Eachcomputerhastotakethebackupratherthanacentralcomputerandthe

securitymeasuresaretobetakenbyallthecomputersseparately.

ScalabilityisanissueinapeertoPeerArchitectureasconnectingeachcomputer

toeverycomputerisaproblem onaverylargenetwork.

7.2.ClientServerArchitecture

In ClientServerarchitecture a central

computeractsasahubandservesall

therequestsfrom clientcomputers.All

theshareddataisstoredintheserver

computerwhichissharedwiththeclient

computerwhenarequestismadebythe

clientcomputer.

Allthecommunicationtakesplacethroughtheservercomputer,forexampleifa

clientcomputerwantstosharethedatawithotherclientcomputerthenithasto

sendthedatatoserverfirstandthentheserverwillsendthedatatootherclient.

AdvantagesofClientServerArchitecture

Databackupiseasyandcosteffectiveasthereisnoneedtomanagethebackup

oneachcomputer.

Performanceisbetterastheresponsetimeisgreatlyimprovesbecausetheserver

ismorepowerfulcomputerthantheothercomputersinthenetwork.

Securityisbetterasunauthorizedaccessisdeniedbyservercomputerandallthe

datagoesthroughtheserver.
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ScalabilityisnotanissueinthisArchitectureaslargenumberofcomputerscan

beconnectedwithserver.

DisadvantagesofClientServerArchitecture

Incaseofserverfailureentirenetworkisdown.

Servermaintenancecostishighastheserveristhemaincomponentinthis

Architecture.

Costishighastheserverneedsmoreresourcestohandlethatmanyclient

requestsandtobeabletoholdlargeamountofdata.

8.PhysicalStructures

Itisusefultodefinesomephysicalattributesofthenetwork.

8.1.TypeofConnection

Forcommunicationtooccur,twodevicesmustbeconnectedinsomewaytothe

samelinkatthesametime.Therearetwopossibletypesofconnections:point-to-

pointandmultipoint.

8.2. Anode(station)isanynetworkdevicethatcanconnecttothenetworkand

cangenerate,process,ortransfernetworkdata.Everynodehasatleastone

uniquenetworkaddress.
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8.3. Aserver:itsharesresourceswithandrespondstorequestsfrom othernetwork

computers,includingotherservers.Serversprovidecentralizedaccessand

storageforresourcesthatcanincludeapplications,files,printersorother

hardware,andspecializedservicessuchasemail.Aservercanbeoptimized

anddedicatedtoonespecificfunction,oritcanservegeneralneeds.Multiple

serversofvarioustypescanexistonasinglenetwork.

8.4. A clientisanetworkcomputerthatutilizestheresourcesofothernetwork

computers,includingotherclients.Theclientcomputerhasitsownprocessor,

memory,andstorage,andcanmaintainsomeofitsownresourcesandperform

itsowntasksandprocessing.Anytypeofcomputeronanetworkcanfunction

asaclientofanothercomputerfrom timetotime.

8.5. Broadcasting:itisatransmissionmethodinwhichdatagoesfrom asource

nodetoallothernodesonanetwork.Eachonereceivesthedataandactsonit.

8.6. Multicasttransmission:itisatransmissionmethodinwhichdataissentfrom

aclientorservertospecificnodesthataredefinedasmembersofamulticast

group.Networknodesnotinthegroupignorethedata.

9.Topology

Itspecifiesthelayoutofthenetworksanditcanbephysicalorlogicaltopology.

Therearefivebasictopologiespossible:mesh,star,bus,ringandhybrid.
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9.1. BusTopology:Bustopologyisanetworktypeinwhicheverycomputerand

networkdeviceisconnectedtosinglecable.Whenithasexactlytwoendpoints,

thenitiscalledLinearBustopology.

Advantagesofbustopology

1.Easyinstallation,eachcableneedsto beconnectedwith backbonecable.

LesscablesrequiredthanMeshandstartopology

Disadvantagesofbustopology

Difficultlyinfaultdetection.

Notscalableasthereisalimitofhowmanynodesyoucanconnectwith
backbone

cable.

9.2. StarTopology:Inastartopology,eachdevicehasadedicatedpoint-to-point

linkonlytoacentralcontroller,usuallycalledahub(nousual).Thedevicesare

notdirectlylinkedtooneanotherasaresultstartopologydoesnotallowdirect

trafficbetween
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devices.Thecontrolleractsasanexchange:Ifonedevicewantstosenddata

toanother,itsendsthedatatothecontroller,whichthenrelaysthedatatothe

otherconnecteddeviceasshowninthefollowingFigure:

AdvantagesofStartopology

LessexpensivebecauseeachdeviceonlyneedoneI/Oportandneedstobe

connectedwithhubwithonelink.

Easiertoinstall.

Lessamountofcablesrequiredbecauseeachdeviceneedstobeconnectedwith

thehubonly.

Robust,ifonelinkfails,otherlinkswillworkjustfine.

Easyfaultdetectionbecausethelinkcanbeeasilyidentified.

DisadvantagesofStartopology

Ifhubgoesdowneverythinggoesdown,noneofthedevicescanworkwithouthub.

Hubrequiresmoreresourcesandregularmaintenancebecauseitisthecentral

system ofstartopology.

9.3. RingTopology:Inthistopology,eachdevicehasadedicatedpoint-to-point

connectionwithonlythetwodevicesoneithersideofit.Asignalispassed

along thering in onedirection,from deviceto device,untilitreachesits

destination.Eachdeviceintheringincorporatesarepeater.Whenadevice

receivesasignalintendedforanotherdevice,itsrepeaterregeneratesthebits

andpassesthem alongasshowninthefollowingfigure:
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AdvantagesofRingTopology

Easytoinstall.

Managingiseasierastoaddorremoveadevicefrom thetopologyonlytwo

linksarerequiredtobechanged.

DisadvantagesofRingTopology

Alinkfailurecanfailtheentirenetworkasthesignalwillnottravelforwarddue

tofailure.

Datatrafficissues,sinceallthedataiscirculatinginaring.

9.4. MeshTopology:Inmeshtopologyeachdeviceisconnectedtoeveryother

deviceonthenetworkthrougha

dedicated point-to-point
link. When we say

dedicatedit
means

that th
e

linkonlycarriesdatafor th
e

two connecte
d

devices

only.Let’ssaywehaven

devicesinthenetworktheneachdevicemustbeconnectedwith(n-1)devices

ofthenetwork.Numberoflinksinameshtopologyofndeviceswouldbe
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(−1)

2

AdvantagesofMeshtopology

Nodatatrafficissuesasthereisadedicatedlinkbetweentwodeviceswhich

meansthelinkisonlyavailableforthosetwodevices.

Meshtopologyisreliableandrobustasfailureofonelinkdoesn’taffectother

linksandthecommunicationbetweenotherdevicesonthenetwork.

Meshtopologyissecurebecausethereisapointtopointlinkthus

unauthorizedaccessisnotpossible.

Faultdetectioniseasy.

DisadvantagesofMeshtopology

Amountofwiresrequiredtoconnectedeachsystem istediousandheadache.

Sinceeachdeviceneedstobeconnectedwithotherdevices,numberofI/O

portsrequiredmustbehuge.

Scalabilityissuesbecauseadevicecannotbeconnectedwithlargenumberof

deviceswithadedicatedpointtopointlink.

9.5.Hybridtopology

Acombinationoftwoormoretopologyisknownashybridtopology.Forexamplea

combinationofstarandmeshtopologyisknownashybridtopology.
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AdvantagesofHybridtopology

1.Wecanchoosethetopologybasedontherequirementforexample,scalabilityis
our

concern then we can use star topology instead of bus technology.

Scalableaswecanfurtherconnectothercomputernetworkswiththeexisting

networkswithdifferenttopologies.

DisadvantagesofHybridtopology

Faultdetectionisdifficult.

Installationisdifficult.

Designiscomplexsomaintenanceishighthusexpensive.

10.NetworkCategories:

Networkscanbecategorizedaccordingtosizeintothreetypes:

Localareanetwork(LAN):itisusuallyprivatelyownedandlinksthedevicesina

singleoffice,buildingorcampusofuptofew kilometersinsize.LANsare

distinguishedfrom otherkindsofnetworksbythreecategories:theirsize,

transmission technologyand topology.LANs are restricted in size,which

means thattheirworst-case transmission time is bounded and known in

advance.Hencethisismorereliableas
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comparedtoMAN andWAN.Italsosimplifiesnetworkmanagement.LAN

typically used transmission technology consisting of single cable or

internetworkingdevicetowhichallmachinesareconnected.EarlyLANshad

dataratesinthe4to16megabitspersecond(Mbps)range.Today,however,

speedsarenormally100or1000Mbps.ThemostcommonLANtopologiesare

bus,ringandstar.WirelessLANsarethenewestevolutioninLANtechnology.

Metropolitan area network (MAN):itis

designedtoextendovertheentirecity.It

maybeasinglenetworkasacableTV

network or it may be means of

connecting a numberofLANs into a

largernetworksothatresourcesmaybe

sharedasshowninthe

nextfigure.Forexample,acompanycanuseaMANtoconnecttheLANsinall
its
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officesinacity.MANiswhollyownedandoperatedbyaprivatecompanyor

maybeaserviceprovidedbyapubliccompany.

Wideareanetwork(WAN):WAN provideslong-distancetransmissionofdata,

voice,imageandinformationoverlargegeographicalareasthatmaycomprise

acountry,continentoreventhewholeworld.IncontrasttoLANs,WANsmay

utilizepublic,leasedorprivatecommunicationdevices,usuallyincombinations,

andcanthereforespananunlimitednumberofmilesasshowninthefollowing

figure.

11.Mediaaccess:

Intelecommunicationsystems,transmissionmediacanbedividedintotwo

broadcategories:

Guidedmedia:includetwisted-paircable,coaxialcable,andfiber-opticcable.A

signaltravelingalonganyofthesemediaisdirectedandcontainedbythe

physicallinkssuchasTP,Coaxcableandopticalfiber.

Unguided media:it is free space.It is often referred to as wireless

communication.Thesignalsarenormallybroadcastthroughfreespace

suchasradiowavesandlaserwaves.

. بيبحلا انروتكدل ريدقتلا و ركشلا يناعم لكب مدقتا ..

يفوصلا خدلا
ةميظعلا هدوهج ىلع .
حوضو لكب تامولعملا لا صيا ىلع هصرحو ميلعتلا يف
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