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ABSTRACT

WhenasourceendadoptedFASTTCPtoactivelycontrolthesendingwindow,andthelinkend
adoptedactivequeuemanagementalgorithm,ifthenetworkparameterswereimproperlyset,thesystem
canbeunstable.Therelationshipbetweenthestabilityandnetworkparameterswasquantitatively
analyzed.Aimingatthedefectofnetworkinstabilitycausedbyradicalwindowhalvingstrategy,anew
methodbasedonstabilityanalysiswasproposedtomakefulluseofthehistoricalchangeinformation
obtainedbythesource-endandtoimprovethewindowadjustingstrategyofFASTTCPprotocol
accordingtothecongestionstatus.Thus,theparametersoftheactivequeuecontrollerwasmodified
indirectlytoimprovethestabilityofthesystem.Ns-2simulationresultverifiedtheaccuracyofthe
stabilitytheoryanalysisandtheeffectivenessoftheimprovementstrategy.
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1. INTRodUCTIoN

FASTTCP(Koo,Choi,&Lee,2008;Wei,Jin,Lowetal.,2006;Lietal.,2016;Zhang&Chen,
2016)wasanewnetworktransmissioncontrolprotocolproposedbyStevenH.LowofNetworkLab
inCaliforniainstituteoftechnology,whichwasmainlyusedforthenextgenerationhighperformance
networkwithhighspeed,longdelayandlargecapacity.Basedonthebalanceddesignideaofthe
FASTTCP,thestability,throughput,fairnessandfastresponsewerebetterthanTCPReno,HSTCP
andSTCP (Wei, Jin,Lowet al., 2006;Deng,Chen,&Zhang,2004).However, theabovegood
performancewasassumedthatthebottlenecklinkendhadalargeenoughcache,andadoptedtail-drop
queuemanagementalgorithm(DropTail)(Samreen,2018).Therewasnopacketlossinthenetwork
(Koo,Choi,&Lee,2008;Wei,Jin,Lowetal.,2006;Chen&Chen,2016;Zhang&Chen,2016).
However,thepacketqueuecachemanagement(Liu,Zhong,Heetal.,2018)ofintermediatenodes
(suchasrouters)generallyadoptedthestochasticearlydetectionactivequeuemanagementalgorithm
(RandomEarlyDetection,RED)recommendedbyRFC2309.Accordingtotheaveragequeuelength
inthecache,REDalgorithmwillactivelydropsomepacketsatacertainprobability(Huang,Lin,&
Ren,2006;Tan,Zhang,Pengetal.,2006;Zhang,Tan,&Peng,2009).ByanalyzingthecodeofFAST
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TCPprotocol(CUBINLAB,UniversityofMelbourne,Australiahttp://www.cubinlab.ee.unimelb.
edu.au/ns2fasttcp/),likeothernetworktransportprotocols,FASTTCPwillhalvethesizeofsender
windowwhenthesourceendreceivedthreeduplicateacknowledgmentframes(packetloss).When
therewaspacketloss,theaboveFASTTCPprotocolgoodperformance,especiallythestabilityof
thenetworkcouldnotbeguaranteed.ThereasonwasthatFASTTCPprotocolandRenoprotocol
adopteddifferentwindowadjustmentstrategies,sotheREDparametersettingguidedbyTCPReno/
REDstabilityanalysisresultsbasedonlow-speednetworkcannotensurethestabilityofFASTTCP/
REDsysteminhigh-speednetwork(Zhang,Tan,&Peng,2009;Prakash,Tripathi,Paletal.,2018).

Considering the two case that the good performance of FAST TCP and RED active queue
managementalgorithmwasthemostwidelyusedintherouters.ButtherewerefewstudiesonFAST
TCP/REDmodel,soitwasverynecessarytoestablishaFASTTCP/REDnetworkcongestioncontrol
modeltoquantitativelyanalyzetherelationshipbetweenthesystemstabilityofthismodelandthe
REDparametersettingofthecontroller.Accordingtothequantitativeanalysisresultsofreference
(Deng,Chen,&Zhang,2004;Samreen,2018),themainreasonfortheinstabilityofFASTTCP/RED
wasthatthecontrolgainparameterspmaxatthelinkendwassettolarger.SincetheFASTTCPwas
basedonend-to-endcongestioncontrol(Singh&Vidyarthi,2019),whenFASTTCP/REDsystem
wasunstable,thesourcesidecouldnotmodifyREDparametersontheroutersidetomakethesystem
stable.Atthesametime,REDalgorithmwillactivelydiscardsomepacketsaccordingtonetwork
conditions,andiftherewasnocongestionoronlyslightcongestionatthetimeofpacketloss,then
thesendingwindowhalvingstrategyofFASTTCPwouldbetoohastyandradical,andreducethe
stabilityofnetworksystemandlinkutilizationrate(Wang,Gong,&Chen,2008).Thiswasbecause
thewindowhalvingstrategyatthesourceendonlyadoptedthefeed-backinformationofpacketloss
anddidnotmakefulluseofotherfeedbackinformationthatcouldbeobtainedbythesourceside.
Thereforethispaperproposedanimprovedwindowadjustmentstrategy,whenthepacketlosswas
foundbythesourceend,thecongestionstatusofthenetwork(unblocked,lightcongestion,heavy
congestion)shouldbedetectedcooperativelyaccordingtothesourceendinformationofqueueing
delayandpacketlossfrequency,andappropriatewindowadjustmentstrategywasdesignedaccording
tothecongestionstatusofthenetwork.Thisstrategycouldmakefulluseofthehistoricalinformation
thatcouldbeobtainedfromthesourceendandjudgethenetworkrunningstatusmoreaccurately.
When the network was unblocked or slightly congested, a smaller window adjustment strategy
wasadoptedforpacketloss,whichindirectlyreducedtheREDcontrolgainparameterspmax,thus
indirectlyrealizedtoactivelymanagequeueoflinkend,andtoimprovethestabilityofFASTTCP/
REDsystem.Andonlywhenthenetworkwasheavilycongested,FASTTCPadoptedthestrategy
ofhalvingthewindow.

The following details are arranged as follows: In section 2, we quantitatively analyzed the
relationshipbetweenFASTTCP/REDnetworksystemstabilityandREDcontrolgainparameterspmax
inequilibriumpoint.Insection3,weputforwardamethodtomakefulluseofsourceinformation
tojudgenetworkcongestionandadoptreasonablewindowadjustmentstrategyaccordingtonetwork
congestion.Finally,NS-2simulationresultsverifiedtheeffectivenessoftheabovetheoreticalanalysis
resultsandimprovementstrategy.

2. ACTIVe MANAGeMeNT NeTwoRK CoNGeSTIoN 
CoNTRoL ModeL ANd STABILITy ANALySIS

2.1. Active Management Network Congestion Control Model
Assumethatthenetworktopologyadoptsdumbbellstructure.Accordingtoreference(Wei,Jin,Low
etal.,2006;Huang,Lin,&Ren,2006),whenthesourceendadoptedFASTTCPprotocolandthe
linkendadoptedREDactivequeuemanagementalgorithm,thenetworkcongestioncontrolmodel
ofFASTTCP/REDsystemwasdescribedasfollows:
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