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ComputerNetwork(I)

ObjectiveofLesson2:

OnCompletionofthislesson,thestudentswillbeableto:

DefinetheInternetanditsapplications.

Explaininbriefhistoricalglance.

DescribethearchitectureofInternet.

ExplainAccessingtheInternet.

DiscussInternetAdministration.

UnderstandingtheProtocolanditsheretical.

DescribethedesignIssuesforthelayers.

DistinguishbetweenDesignIssuesforthelayers.

TheInternet:

TheInternetistheglobalsystem ofinterconnectedcomputernetworks

thatusetheInternetprotocolsuite(TCP/IP)tolinkdevicesworldwide.

[wikipedia.org]Computersfrom differentmanufacturerswereunableto

communicatewithoneanother.TheAdvancedResearchProjectsAgency

(ARPA)intheDepartmentofDefense(DoD)wasinterestedinfindinga

waytoconnectcomputerssothattheresearcherscouldsharetheir

findings,therebyreducingcostsandeliminatingduplicationofeffort.

InternetHistory

Thereweresomecommunicationnetworks,suchastelegraphand

telephonenetworks,before1960.

Thetheoryofpacketswitchingforburstytrafficwasfirstpresented1961.

In1967,ARPApresenteditsideasforARPANET,asmallnetworkof

connectedcomputers.

Between1971and1983TCP/IPhasbeendevelopedandupgraded.
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MILNET:In1983,ARPANETsplitintotwonetworks:MilitaryNetwork

(MILNET)formilitaryusersandARPANETfornonmilitaryusers.

AnothermilestoneinInternethistorywasthecreationofCSNETin1981.

ComputerScienceNetwork(CSNET)wasanetworksponsoredby

theNationalScienceFoundation(NSF).

NSFNET:WiththesuccessofCSNET,theNSFin1986sponsoredthe

NationalScienceFoundationNetwork(NSFNET),abackbonethat

connected five supercomputercenters located throughoutthe

UnitedStates.

TodaymostenduserswhowantInternetconnectionusetheservices

ofInternetserviceproviders(ISPs).Thereareinternationalservice

providers,nationalserviceproviders,regionalserviceproviders,and

localserviceproviders.Thenextfigureshowsaconceptualviewof

theInternet.

ThefigureshowstheInternetasseveralbackbones,providernetworks,

andcustomernetworks.
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InternationalInternetServiceProviders:Atthetopofthehierarchy

aretheinternationalserviceprovidersthatconnectnations

together.

NationalInternetService Providers:The nationalInternetservice

providers are backbone networks created and maintained by

specializedcompanies.

RegionalInternetServiceProviders:Regionalinternetserviceproviders

orregionalISPsaresmallerISPsthatareconnectedtooneormore

nationalISPs.

LocalInternetService Providers:LocalInternetservice providers

provide directservice to the end users.The localISPscan be

connectedtoregionalISPsordirectlytonationalISPs.

AccessingtheInternet:

TheInternettodayisaninternetworkthatallowsanyusertobecomepart

ofit.Theuser,however,needstobephysicallyconnectedtoanISP.The

physicalconnectionisnormallydonethroughapoint-to-pointWAN.

UsingTelephoneNetworks:Todaymostresidencesandsmallbusinesses

havetelephoneservice,whichmeanstheyareconnectedtoatelephone

network.Since mosttelephone networks have already connected

themselves to the Internet,one option forresidences and small

businesses to connectto the Internetis to change the voice line

betweentheresidenceorbusinessandthetelephonecentertoapoint-

to-pointWAN.Thiscanbedoneintwoways.

Dial-upservice.Thefirstsolutionistoaddtothetelephonelinea

modem thatconvertsdatatovoice.

DSLService:TheDSLservicealsoallowsthelinetobeused

concurrentlyforvoiceanddatacommunication.
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Using CableNetworks:Moreandmoreresidentsoverthelasttwo

decadeshavebegunusingcableTVservicesinsteadofantennasto

receiveTVbroadcasting.Thecablecompanieshavebeenupgrading

theircablenetworksandconnectingtotheInternet.

UsingWirelessNetworks:Wirelessconnectivityhasrecentlybecome

increasinglypopular.A householdorasmallbusinesscanusea

combinationofwirelessandwiredconnectionstoaccesstheInternet.

Withthegrowing wirelessWAN access,ahousehold orasmall

businesscanbeconnectedtotheInternetthroughawirelessWAN.

InternetAdministration:

ThefollowingfigureshowsthegeneralorganizationofInternetadministration.

ISOC:

TheInternetSociety(ISOC)isaninternational,nonprofitorganization

formedin1992toprovidesupportfortheInternetstandardsprocess.

ISOC accomplishes this through maintaining and supporting other

InternetadministrativebodiessuchasIAB(InternetArchitectureBoard),

IETF



4|Page



eng/azoozalglal ComputerNetworkI ElectricalDepartment,4
th

Level,1
st

Semester

(InternetEngineeringTaskForce),IRTF(InternetResearchTaskForce),

andIANA(InternetAssignedNumbersAuthority).

6.ProtocolsandStandards

Anetworkisacombinationofhardwareandsoftwarethatsendsdatafrom

onelocationtoanother.Thehardwareconsistsofthephysicalequipment

thatcarriessignalsfrom onepointofthenetworktoanother.Thesoftware

consistsofinstructionsetsthatmakepossibletheservicesthatweexpect

from anetwork.Themainideainthiscourseistounderstandsomething

aboutthewidelyusedcomputernetworksoftware.

6.1.Protocols

In computernetworks,communication occurs between entities in

differentsystems.Anentityisanythingcapableofsendingorreceiving

information.However,twoentitiescannotsimplysendbitstreamstoeach

otherand expectto be understood.Forcommunication to occur,the

entitiesmustagreeonaprotocol.Aprotocolisasetofrulesthatgovern

datacommunications.Aprotocoldefineswhatiscommunicated,how is

communicated,and whenitiscommunicated.Thekeyelementsofa

protocolaresyntax,semantics,andtiming.

Syntax:Theterm syntaxreferstothestructureorformatofthedata,

meaningtheorderinwhichtheyarepresented.Forexample,asimple

protocolmightexpectthefirst8bitsofdatatobetheaddressofthe

sender,thesecond8bitstobetheaddressofthereceiver,andthe

restofthestream tobethemessageitself.

Semantics:Thewordsemanticsreferstothemeaningofeachsection

ofbits.Howisaparticularpatterntobeinterpreted,andwhataction

istobe
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takenbasedonthatinterpretation?Forexample,doesanaddress

identifytheroutetobetakenorthefinaldestinationofthemessage?

Timing:Theterm timingreferstotwocharacteristics:whendatashould

besentandhow fasttheycanbesent.Forexample,ifasender

producesdataat100Mbpsbutthereceivercanprocessdataatonly

1Mbps,thetransmissionwilloverloadthereceiverandsomedata

willbelost.

6.2.StandardsandOrganizations:

Standards are essentialin creating and maintaining an open and

competitive marketforequipmentmanufacturers and in guaranteeing

nationalandinternationalinteroperabilityofdataandtelecommunications

technologyandprocesses.Standardsprovideguidelinestomanufacturers,

vendors,governmentagencies,andotherserviceproviderstoensurethe

kind of interconnectivity necessary in today's marketplace and in

internationalcommunications.Networkarchitecturesdefinethestandards

andtechniquesfordesigningandbuildingcommunicationsystemsfor

computersandotherdevices.Inthepast,vendorsdevelopedtheirown

architecturesandrequiredthatothervendorsconform tothisarchitecture

iftheywantedtodevelopcompatiblehardwareandsoftware.Thereforeit

wasnecessaryto make reference modelsorstanders.Standardsare

developed through the cooperation ofstandards creation committees,

forums,andgovernmentregulatoryagencies.

InternationalOrganizationforStandardization(ISO).

InternationalTelecommunicationUnionTelecommunication

StandardsSector(ITEl-T).

AmericanNationalStandardsInstitute(ANSI).

InstituteofElectricalandElectronicsEngineers(IEEE).

ElectronicIndustriesAssociation(EIA).
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ProtocolHierarchies:

Toreducethedesigncomplexity,mostofthenetworksareorganized

asaseriesoflayersorlevels,eachonebuildupononebelow it.The

basicideaofalayeredarchitectureistodividethedesignintosmall

pieces.Eachlayeraddstotheservicesprovidedbythelowerlayersin

suchamannerthatthehighestlayerisprovidedafullsetofservicesto

managecommunicationsandruntheapplications.Thebenefitsofthe

layeredmodelsare:

Tomakethedesignprocesseasybybreakingtasksintoseveral

smallerandmanageabletasks(bydivide-and-conquerapproach).

Ensureindependenceoflayers,sothatimplementationofeachlayer

canbechangedormodifiedwithoutaffectingotherlayers.

Eachlayercanbeanalyzedandtestedindependentlyofallotherlayers.

Asetoflayersandprotocolsisknownasnetworkarchitecture.Thebasic

elementsofalayeredmodelareservices,protocolsandinterfaces.A

serviceisasetofactionsthatalayerofferstoanother(higher)layer.

Protocolisasetofrulesthatalayerusestoexchangeinformationwitha

peerentity.Theserulesconcernboththecontentsandtheorderofthe

messagesused.Alistofprotocolsusedbyacertainsystem,oneprotocol

perlayer,iscalledprotocolstack.Betweenthelayersserviceinterfacesare

defined.Themessagesfrom onelayertoanotheraresentthroughthose

interfaces.Itdefineswhichprimitivesoperationsandservicesthelower

layerofferstotheupperlayeradjacenttoit.

Nowconsideramoretechnicalexample:howtoprovide

communicationtothetoplayeroftheseven-layernetworkasshownin

thefollowingfigure:
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DesignIssuesforthelayers:

Therearesomeofthekeydesignissuesthatshouldbeconsideredduring

thelayerdesigningandsomeofthem are:

Addressingissue:duetomanysendersandreceiversareinthenetwork

sothatthereshouldbemechanism toidentifysendersandreceivers.

Therearefourtypesofaddresses:physicaladdress,logicaladdress,

portaddress,andspecificaddress.

ConnectionControl:therearetwotypesofconnection:connectionless

andconnection-oriented.Therearesomefeaturesforeachtype.

Errorcontrol:itisanimportantissuebecausephysicalcommunication

circuitsarenotperfect.Manyerror-detectinganderror-correcting

codesareknown,butbothendsoftheconnectionmustagreeon

whichoneisbeingused.Inaddition,thereceivermusthavesome

way oftelling the senderwhich messages have been correctly

receivedandwhichhavenot.
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Segmentationandreassembling:thesegmentationisperformedatthe

senderanditmeansdividingthemessageintoseveralsegmentsthat

canbesentviaonepathorseveralpaths.Whilethereassemblingis

performedatthereceiversite.Itmeanscollectionofthesegmentsof

same message with consideration ofthe sequences ofthese

segments.Therearemanyreasonsforsegmentationandsomeof

them are:

Thecommunicationsnetworkmayonlyacceptblocksofdataup

toacertainsize.

ErrorcontrolmaybemoreefficientwithasmallerPDUsize.

Moreequitableaccesstosharedtransmissionfacilities,with

shorterdelay.

Allocatingsmallerbuffersatthereceiversite.

Flow control:sometimes the receiving processing is slowerthan

sendingprocessingandasaresultthereceiverwilldiscardmany

packets.Thereforetheflowcontrolisnecessary.Theflowcontrolisa

functionperformedbyareceivingentitytolimittheamountorrateof

datathatissentbyatransmittingentity.

Routing issue:When there are multiple paths between source and

destination,aroutemustbechosen.Theselectionoftheappropriate

pathdependsonsomefactors.

Accessmedia(multiplexing):asweknowthereareservalsendersthat

canusethesamechannelthenthereisnecessarytomechanism that

isusedtomanagehowtoaccesstothesharedchannel.

Connection-OrientedandConnectionlessServices

Layerscanoffertwodifferenttypesofservicetothelayersabovethem:

connection-orientedandconnectionless.
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Connection-Oriented:

Intheconnection-orientednetworkservice,theserviceuserfirstestablishes

connection,usestheconnection,andthenreleasestheconnection

justlikethestepsofsettingupcallfrom onetelephonetoanother.

Theservicecanbeperformedovertwoways:firstly,withoutvirtual

circuitsinwhichseveralpacketsaresentthroughdifferentpaths

suchasTCPoverInternet.Itisusefulifthenetworkmostlikelytobe

congestedhoweveritrequiresflow control.Itisnotusefulforreal-

timeapplications(why?).Secondly,withvirtualcircuitsinwhichall

thesentpacketsaresentandroutedthroughonepathbetweenthe

senderandreceiver.Thistypeofconnectionisusefulforreal-time

applications.

Connectionless:

Inthistypeoftheconnection,thereisnoconnectionestablished.

Thereisnoneedforsynchronizationbetweenthesenderandreceiver.

Eachmessageisdividedintoseveralpacketsandeachpacketissent

separately.

Thereisnoneedforflowcontrol,congestioncontrol,andqualityof

service.
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