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Abstract
How to provide quality of service(QoS),hasbeena major issuefor the Internetfor the
pastdecade.Thoughmany proposalshave beenput forwardin theareasof differentiated
andguaranteedservices,nonehave met the needsof usersandoperators.Efforts have
beenstymiedby the complexity of the Internet,its myriad systemsof interconnection,
andby the technologicalheterogeneityof thesesystems.They have alsorun up against
poorgeneralknowledgeof traffic characteristicsthatarelargely unknown. In particular,
recentmonitoringprojectsshowed that Internettraffic exhibited hugevariations,lead-
ing to non-stationarytraffic, andthusmakingdifficult to guaranteea stableQoS.This
paperthenproposesa new measurementbasedarchitecture(MBA) andits relatedmech-
anisms(asthe measurementsignalingprotocol(MSP) for instance,aiming at signaling
to networkcomponentsnetworkinformationin real time) suitedfor copingwith actual
non-stationarytraffic, andwith theactualsplit topologyof theInternetfor whicheachdo-
mainprovidesa particularQoS.Theideaof our measurementbasednetworking(MBN)
approachreliesonarealtimeanalysisof traffic characteristicsandQoSevolution,andon
thedesignof mechanismsableto adapttheir reactionsaccordingly. Thebenefitsof MBN
are illustratedon a casestudy:a new measurementbasedcongestioncontrol (MBCC)
whichaimsatsmoothingtraffic (makingit morestableandstationary)andoptimizingthe
useof networkresources.Somepreliminaryresults,basedonNS-2simulations,show the
perfectsuitabilityof this new mechanismfor improving traffic characteristicsandmulti-
domainQoSin theInternet,giventhecomplexity andvariability of actualtraffic.

Keywords
Traffic characterization,MeasurementBasedNetworking,congestioncontrol,QoS

1. Intr oduction

TheInternetis becomingtheuniversalcommunicationnetworkfor all varietiesof infor-
mation,from the simpletransferof binary computerdatato the transmissionof voice,
videoor interactiveinformationin realtime.Thesenew applicationsrequirenew network
services.Whathasbeena networkofferinga singlebesteffort servicenow hasto evolve



into a multi-servicenetwork.Theresultingquestion,of how to provide QoS,hasbeena
major issuefor the Internetfor the pastdecade.Thoughmany proposalshave beenput
forward,suchasIntServ, Dif fServ, andothers,until now nonehasbeenwidely deployed.

The solutionsthat the Internetcommunityhasoffered in the areasof differentiated
andguaranteedserviceshave not met theneedsof usersandoperators(InternetService
Providers(ISP),carriers,etc.).Efforts have beenstymiedby thecomplexity of theInter-
net,itsmyriadsystemsof interconnection,andby thetechnologicalheterogeneityof these
systems.They have alsorun up againstpoorgeneralknowledgeof traffic characteristics
thatarelargelyunknown,andthatmightdeviatesignificantlyfrom standardsuppositions.
Thus,recentadvancesin Internettraffic monitoringseemto provideimportantmissingin-
formation.In particular, thesestudiesshowedthatInternettraffic is notsmooth,exhibiting
largeoscillationsatall timescales.Traffic variability is responsibleof instabilityissuesof
theInternetQoS,aswell asa seriousdecreaseof Internetperformances[12]. In particu-
lar, it hasbeenshown thatthenew Peer-to-Peer(P2P)applications,usedmostof thetime
to exchangelarge files asmusicor movies, arechangingthe characteristicsof Internet
traffic [9]. New Internettraffic is now characterizedby long rangeoscillationscreating
long rangedependence(LRD) in the traffic. LRD andoscillationsarevery damageable
for thenetworkQoSasthey canprovokecongestion,andprovidevery unstableservices
to users.

This paperthenproposesto usemonitoringtechniquesandto takeadvantage,in real
time,of monitoringresultsfor proposinganew MeasurementBasedArchitecture(MBA)
andits relatedmechanisms(for instanceMSP– MeasurementSignalingProtocol– for ex-
changing/ signalingmeasurementdata)suitedto adaptto frequentchangesin thetraffic.
Thus,section2 startsby analyzingwhatarethecharacteristicsof theInternetthatmakes
QoSso difficult to enforce.Section3 presentsour measurementbasedapproach(called
MBN for MeasurementBasedNetworking)andtherelatedMBA principles(section3.1).
Oneof the key componentof this architectureis MSP (MeasurementSignalingProto-
col) thataimsatsignalingto all concernednetworkcomponentsthetraffic measurements
andcharacteristicsin realtime(section3.2).Examplesof MBN orientedapplicationsare
really wide,but we choseto illustrateit by thedesignof a new measurementbasedcon-
gestioncontrolmechanismfor theInternet,calledMBCC.Thus,section4 presentstraffic
parametersthathave to bemeasuredandthatwill impactMBCC mechanisms.Moreover,
the differentproposedmechanismsof MBCC andMSP have beenevaluatedthanksto
NS-2simulations.Simulationresultsarepresentedin section5. In particular, it is demon-
stratedthatMBCC is ablefirst to betteroptimizeavailablebandwidthcomparedto TCP,
thanksto its very accurateknowledgeof traffic characteristics,andsecondto improve
global traffic regularity even if somepartof this traffic is not transmittedusingMBCC.
Finally, section6 concludesthispaperandpresentssomeplannedevolutionsfor theMBN
approach.

2. QoSissuesin the Inter net

GuaranteeingQoSmeansproviding therequestedQoSunderall circumstances,including
the mostdifficult ones.Among the mostdifficult circumstances,InternetQoSis highly



sensitive to a wide varietyof disruptions,oftendesignatedasunexpectedtraffic, bethey
inducedby failures,by theByzantinebehaviors of somenetworkelements,or moresim-
ply by thesignificant,thoughnot abnormal,increasein traffic levelsrelatedfor instance
to thelivediffusionof somepopularevent.

Traffic disruptionsmoregenerallyincludeall eventsthatprovokealargechangein net-
work traffic characteristics,andthatcanbadly impacttheQoSprovidedby thenetwork.
In thiscontext, it is importantto beableto developmethodsandmethodologiesfor global
monitoringof thenetwork.Thesemethodsareessentialfor detectingandreactingto “dis-
ruptions”.Theseareconclusionsthathave emergedfrom theFrenchMetropolis� project,
andfrom many otherrecentresearchprojectsacrosstheglobe,thathave shown that In-
ternettraffic is very far from beingregular, andpresentslargevariationsin its throughput
at all scales[11]. Theseprojectshave shown that Internettraffic exhibits characteristics
suchasself-similarity[13], (multi-)fractality [5], andlong-rangedependence[4], which
is to sayin all casesthattraffic canvarysignificantly. Thesephenomenaaredueto several
causesandin particularto congestioncontrol mechanisms,especiallythe onesof TCP
that is the dominantprotocolin the Internet[11]. Thus,thenotionof burstinessin TCP
sourcesplus the LRD explain oscillationsin the global traffic. Moreover, the increase
of capacitiesin the Internetallows usersto transmitlargerandlargerfiles (i.e. elephant
flows) asmusicor movies for instance,it is clear that the scaleof LRD is increasing,
explainingwhy oscillationsof Internettraffic, evenwith a coarseobservationgranularity,
aresohigh [14]. Of course,oscillationsarevery damagingfor theglobaluseof network
resourcesasthecapacityfreedby a flow aftera lossfor examplecannotbe immediately
usedby otherflows: the highertheoscillationsamplitude,the lower theglobal network
performance[12]. Suchhigh amplitudevariationsarenotablydueto the increaseof the
numberof elephantsin the network,andit is clearthat they introduceoscillationswith
higheramplitudesthanmice (shortflows) [2]. Indeed,elephants,becauseof their long
life in thenetwork,have time to reachlargevaluesof thecongestioncontrolwindow, and
thus,any lossevent canprovoke a hugereduction,followedby a hugeincreaseof the
sendingrate.

Of coursesuchsignificantvariationshave a badimpacton the stationaryproperties
of the traffic, what forbids the enforcementof efficient mechanismsfor guaranteeinga
stableQoSduringtime for all users.Thefact thattraffic is notstationaryis a well known
feature,for instanceon a daily basis,wheretraffic averageis differentduringnight and
day, at lunch time comparedto work hours,etc.However, it now appearsthat the huge
variationsof traffic dueto usersbehaviors (exchangeof large movies at high speedfor
instance)inducea finer grainhugevariability in the traffic, we previously calledin this
paper”disruptions” or ”unexpectedtraffic” that lead to non stationarybehaviors. Our
MBN proposalthat is presentedin section3 dealswith providing a new solution for
networkingableto takeinto accountnon-stationarytraffic andhugevariationson a link,
aswell asthe largedifferencesthatappearon the traffic characteristicsfrom onelink to
theotherin thenetwork.

Anotherissuewith thecurrentInternetrelatedto theenforcementof mechanismspro-
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viding end-to-endQoSis dueto its topologyandadministrativestructure.It is illustrated
on Figure1. The Internetis generallydefinedasaninterconnectionof networks.That is
of coursetrue,but suchdefinitiondoesnot includeeverything.In fact, the Internetcan
bemoreandmoreconsideredasa globalworldwidenetworkbut split in severaldomains
(alsocalled AS for AutonomousSystems),administratively independentand indepen-
dently designedandmanaged.Eachnetworkof eachAS thendoesprovide userswith
differentservicesandQoSlevels.In sucha context, ensuringend-to-endQoSis apainas
thefinal QoSgot by userswill betheoneof theworstnetworkon thepathfrom source
to destination.In suchframework, enforcingend-to-endQoSwould requireto set-upa
global infrastructureandmanagementprocedureto avoid disparitiesbetweenAS. But
suchhypothesisis unrealisticascarriersandISParecompeting,trying to bemoreattrac-
tive for customersthanothercompetitors.Thus,finding a global agreementbetweenall
carriersandISPdefininghow to handleInternettraffic is impossible.End-to-endQoSis
thena multi-domainissue.

3. MeasurementBasedNetworking Principles

3.1 MeasurementBasedAr chitecture design

Given suchtopologicalstructureof the Internet,in additionof all the issuesrelatedto
currenttraffic asun-stability, non-stationarynature,hugeoscillatingnature,correlation,
dependence,anda hugeversatility of traffic typesduring time, it is easyto understand
that it is impossibleto find a staticsolutionoptimal for all connectionsin the Internet.
ThisstatementleadsusproposingMBN in orderto reactin realtimeandlocally to some
eventsin thenetwork.

Thefirst requirementof MBN is thento beawareof thenetworkandtraffic changes.
It is thennecessaryto measuretraffic andQoSparameterslocally, aswell ason longdis-
tanceswhentheconnectioncrossesseveraldomains.Figure1 depictshow measurement
toolscanbedeployedin theInternetfor thispurpose.Thisfiguremorespecificallydepicts
thecaseof a MBCC connectionfrom a sourceto a destinationcrossingtwo InternetAS,
andall thecoreandedgeroutersrunningMSP, i.e. having measurementcapabilitiesand
signalingto concernednetworkcomponentsthesemeasurementresults.Note that even
if it is impossibleto saythat all links andall routersof the Internetwill be monitored
oneday, wearguethattakinginto accounttheresultsof themeasurementandmonitoring
toolseffectively deployedin the Internetwill beof greatinterestfor improving Internet
networking.MBN is designedthat way: even if on somepointsmeasurementinforma-
tion is not present,thenetworkcontinueto work with goodperformancesandQoS.But
performanceandQoScanbemuchimproved,andevenbecomeoptimal,if measurement
informationis available.

Thus,given the administrative topologyof the Internet,we proposeto usedifferent
measurementtechniques.Then,intra-domainmeasurementsaslossratio,usedandavail-
ablebandwidth,numberof flows, etc. canbe madeusingpassive equipments(as Net-
flow, SNMP basedtools, DAG cards,etc.).This is possibleandcertainlyvery easyas
the domainis administratedandmanagedby a singleentity, andsuchmeasurementor



Figure 1: Networkentitiesneededin the networkto deployMBN: caseof the MBCC
congestioncontrol

at leastmanagementtools might be alreadypresent.In addition,passive measurement
toolsprovide informationon thetraffic with a carrierpointof view � . In fact,only delays
measurementwill bedonein anactiveway, for easinessreasons.

On theotherside,for inter-domainmeasurementsit is impossibleto usepassive tech-
niquesastheotherdomainsarenotmanagedthesameway, andtheir administratorsmay
notusemeasurementtechniques,or notnecessarilythesametechniques.In addition,even
if they areperformingmeasurementson theirdomain,in anopenmarketwhereISPhave
to competewith eachother, they maynot bewilling exchangingsuchmeasurementin-
formation.So,in thatcase,it is requiredto addressa measurementtechniquewith a user
pointof view. Therefore,if youwantto getinformationonotherdomain,thebestsolution
consistsin measuringwhatyou needwith active techniques,i.e. sendingpacketthrough
theotherdomains,andmeasurewhathappensto theseprobepackets.

Then,all thesemeasurementsperformedin real time andsignaledto all concerned
networkcomponents(traffic sourcesfor instance),can give an accurateknowledgeof
networkandtraffic state,andallow themtoperfectlyadapttheirsendingrate(for instance)
to availableresources.Note thatoneimportantaspectof MBN dealswith the designof
a protocolfor signalingmeasurementinformation.Suchprotocolhasnecessarilyto work
in intra-domain,but canalsobeextendedfor inter-domainsignaling.

3.2 MeasurementSignalingProtocolprinciples

Themeasurementsignalingprotocolis thena key componentof theMBA architecture.
The challengesfor MSP arefirst to be efficient, i.e. to provide traffic informationvery
rapidly, in orderto makenetworkcomponentsreactaccordingto very recentinformation
on networkstate.But MSPmustalsobescalable.This meansthatMSPmustgeneratea
limited amountof traffic, not to impactthe way the networkis working. For scalability
purpose,MSP componentsalso have to storea limited amountof data: their link and

�
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connectiontablehasto beassmallaspossible,with a limited numberof entries,in order
to reducethetimerequiredfor searchingany informationin it.

Figure1 depictsthewayMSPis workingillustratingMSPworkingontheMBCC case
study– thispartjustgivesthemaingeneralprinciplesof MSPtoreachitsobjectives).First
of all, MSPis closelyrelatedto connections,i.e. thesignalingpathhasto bethesameas
theoneof theconsideredconnection.We arethenusingtheprincipleof RSVP[3] with a
first packetthatfindsa pathfrom thesourceto thedestination,andthen,a reversepacket
thatgoesbackto thesource.Thedifferencesarethatthebackpacketthatis a reservation
packetin RSVP is in MSP a signalingpacket,transportingmeasurementinformation.
As well, the signalingpacketsaresendany timesit is required,whereasin RSVPthey
arejust sentonceat theconnectionopening.In fact,MSPonly usestheRSVPprinciple
of beingableto find a pathandto go backalongthis path.It allows MSP to perfectly
identify which aretheconcernednetworkcomponents(routers)on thepath,andto limit
thenumberof sourcesanddestinationsfor themeasurementmessages.

For addressingthe scalabilityissue(that is oneof thereasonswhy IntServthatuses
RSVPis not usedin theInternet),wechose:� To consideronly elephantflows. In fact, mice do not createtroublesin the traffic, and most

of issuesthat appearin the traffic are relatedto the sendingof elephants.ThenMSP routers
just keepinformationon elephantspassingthroughthem.This is a way to limit theamountof
entriesin theconnectiontable,aselephantsjust representaverysmallproportionof theamount
of flows;� To sendmeasurementinformationonly whensomedisruptionsarisein the traffic, in orderto
generatetraffic only whenthenetworkconditionsarechanging

�
. It thenshouldlimit theamount

of signalingtraffic, andprovide to sendersor routersimportantinformationvery rapidly (recall
thatmeasurementareachieved in all routersall alongthepathfrom sourceto destination,and
potentiallyveryclosefrom thesource).

We thenexpectto solve thescalabilityproblemthathasbeenpreviously encountered
in theInternetwhile addressingtheQoSmanagementandenforcementissues.MSPper-
formanceswill beaccuratelyevaluatedin section5.2.

4. MeasurementBasedCongestionControl principles

Giventheoscillatoryandnon-stationarytraffic thatcausessomany issuesfor providing
stableguaranteedQoS,thispaperillustratestheMBN conceptwith theMBCC congestion
control.MBCC goalsdealwith improving traffic characteristicsandnetworkperformance
by smoothingtraffic (to limit oscillatoryandnon-stationarytraffic effects),andoptimiz-
ing the useof availablebandwidth,thanksto the MBA measurementinfrastructureand
MSP. As well, MBCC alsoaimsatproviding morefairnessbetweencompetingflowsand
continuingworkingwith goodperformancesevenif measurementsaremissing.

In previouswork [9] on traffic characteristicsanalysis,theoscillatingnatureof inter-
net traffic hasbeenanalyzed.In particular, it hasbeenshown thatvery high oscillations
on long rangesaredueto TCPthatis notsuitedfor transmittinglargefiles onhigh speed

�
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variationsontraffic characteristics(i.e. traffic withoutdisruption),but thanksto theconceptof reactingonly on
traffic disruption,theperiodcanbevery large,thusinducingaquitelimited signalingtraffic.



networks.Suchoscillationsareacharacteristicof actualcurrenttraffic thatcontainsmore
andmorelong flows (elephants).[9] alsoshowed thatsuchkinds of oscillationsarere-
sponsibleof LRD in the traffic, LRD beingableto characterizethe dependencein the
traffic onbothshortandlong terms.

Therefore,themainobjective is to bring morestability to elephantflows.To increase
elephantflows regularity (i.e. to suppressobservableoscillatingbehaviors at all scales),
thenew TCPFriendlyRateControl (TFRC)congestioncontrolmechanismseemsto be
ableto providea greatcontribution.TFRChasbeendesignedto providea servicesuited
for streamorientedapplicationsrequiringsmooththroughputs.TFRC,then,triesasmuch
as possibleto avoid brutal throughputvariationsthat occur with TCP becauseof loss
recovery. By associatingsucha congestioncontrol mechanismto elephants,i.e. to the
mainpartof the traffic, we have beenexpectingto beableto control traffic oscillations,
andthento increaseglobal QoSandperformanceof the network.Thebenefitsof using
TFRCinsteadof TCPhave beendemonstratedin [6].

However, if TFRC is able to copewith TCP oscillations,it is not able to perfectly
adaptto morebrutal disruptionsin the traffic due to failureson somelinks inducinga
re-balancingof the relatedtraffic, or to legitimateflashcrowd. Themeasurementbased
approachis proposedas a solution to copewith suchdisruptions.As well, we expect
MBCC to beanoptimalsolution,TFRCperforming,in average,a little bit lessefficiently
thanTCP SACK (Selective ACKnowledgement)[6]. However, in order to takeadvan-
tageof all the TFRC benefits,MBCC hasbeendesignedas an extensionof TFRC to
which somecapabilitiesfor usingmeasurementresultscomingfrom monitoringequip-
mentsin thenetworkhave beenadded.Making thischoicealsohelpsto fulfill oneof the
requirementsthatis to continueproviding goodresults(betterthantheonesof thecurrent
Internet)evenif monitoringinformationaremissing,asit hasbeendemonstratedin [6].

Themainprincipleof MBCCthenconsistsin usingtheTFRCalgorithmfor computing
the nominalsendingrateof eachconnection,andto correctit thanksto the knowledge
of the availableandconsumedbandwidthin the network.Then, if somebandwidthis
available,sourcesshouldgeneratemore traffic than the throughputcorrespondingto a
TCPflow withoutcreatingany lossor congestionin thenetwork.Thenetworkcongestion
level shouldbesignificantlydecreasedby having “proactive” sourcesableto adaptin real
time their sendingrateaccordingto availableresources.As well, suchmechanismwill
help to improve fairnessbetweenflows, as the correctionon the sendingratewill not
dependon the RTT value,but on the real bandwidthavailable,equallysharedbetween
competingflows.

As in [6], it is sufficient to useMBCC for elephantsFor a normalperiod(whenmon-
itoring information is correctly received andwhen thereis no congestion,i.e. thereis
someavailablebandwidth),eachelephantflow cangetanadditionalfractionof available
resources.This fractionis computedby dividing thetotalavailablebandwidthby theav-
eragenumberof elephantflows in thenetworkat this time. It makessenseto divide the
availablebandwidthby theaveragenumberof activeflows( � ) crossingthis link, asit has
beendemonstratedthatelephantflow arrivalsnearlyfollow aPoissonprocess[2]. Indeed,
in a Poissonprocess,asmeanequalsvariance,theaveragenumberis significantbecause
theprocessvalueswill never befar from thisaverage.



At last, for a congestedperiod,MBCC sendershave to reducetheir sendingratefor
resolvingcongestion,andthis trying to beasfair aspossible.Thus,MBCC sourcessend
theminimumvaluebetweenthepossibleTFRCthroughputandtheeffective throughput
gotby theflow at this time in thebottleneckof thenetwork(this informationbeinggiven
by monitoringtoolsmetall alongthepath).

So,theequationsof thisalgorithmcanbesummedupasfollows:� For aperiodwithout congestion(���
	 ):�
������� � �
�����������������! #"%$ ;� For acongestedperiod(�'&�(	 ):� ������� �()+*-,�. � �������0/21 ��� �! #"%$�3 ;
Where:� ���4� �! #"%$ is theAvailableBandWidth perflow in thebottlenecklink(s) of thepath.It is com-

putedwith theratio total availablebandwidth5 , this informationis providedby MSProutersmeton the
path;� 1 �4� �! #"%$ is theConsumedBandWidth perflow in thebottlenecklink(s) onthepath,this infor-
mationis providedby MBCC receiver with otherend-to-endinformationsuchasRTT andloss
ratio for instance;

5. Experimental validation of MBN approachapplied to congestion
control

In this sectionwe presentexperimentresultswhich validateMSP andMBCC mecha-
nisms.In particular, section5.2quantifiesoptimalparametervaluesfor MSPandMBCC
in orderto find thegoodtradeoff betweenlow load for signalinginformation,goodre-
sponsetime andaccuratereactionfor MSPandMBCC agents.Basedon theseotpimal
valuessection5.3studiesin detailsMBCC advantages(by consideringspecificstatistical
parametersdetailedin section5.1) for networkstability andresourcesutilization com-
paredto traditionalcongestioncontrolmechanismssuchastheTCP’sones.

5.1 Simulation principles

Thesenew congestioncontrol(MBCC) andsignaling(MSP)mechanismshave beenim-
plementedandevaluatedusingNS-2.It hasthenbeenneededto developa setof toolsfor
monitoringavailableandconsumedbandwidthin thesimulatednetworkandto exchange
themeasurementresultsbetweenroutersandtraffic sources.
Simulation topology
Thetopologyusedis describedonfigure2. In thesesimulations,wehave createdseveral
bottlenecklinks to simulateamulti-domaintopology.Elephantflows,usingeitherMBCC
or TCPSACK, andcrosstraffic usingTCPNew Renoaretransmittedin orderto make
themcompetein bottlenecks.Thegoalis thento studytheimpactof smoothMBCCflows
on Internettraffic.

Thesecorelinks (the onesof AS 1 andAS 3) representthe most “congested”links
on the consideredpath,i.e. the onesthatwill mainly influencetheMBCC sendingrate.
This differenceshouldinduceimportantcongestionperiodswhereadaptabilityskills of
MBCC canbeanalyzed,andits performancelevel comparedwith otherscongestioncon-
trol mechanismsespeciallytheonesof TCPSACK [7]. Everysimulationis basedon real



traffic tracescollectedon theRenater� network.Thesetracesarereplayedin NS-2with a
specialmethodologydetailedin [10] whosegoalis tomakesimulationrealistic,i.e. replay
in simulationstraffic samplessuchasreproducingall characteristicsof realtraffic.

In simulation,shortandlongflows aredifferentiated.Mice donot induceany transfer
problemin the network.Then they will be transmittedusing TCP and more precisely
TCPNew Renothat is themostfrequentversionof TCPin theInternet.At theopposite,
elephantflows createin the networklong rangeoscillationswhich inducecongestions.
Thus,simulationscomparethe casein which elephantsare transmittedusing our new
MBCC congestioncontrol mechanism,andthe onein which they aretransmittedusing
TCPSACK � .

Figure 2: Networktopologyusedin NS-2simulations

Analysisparameters
For evaluatingMBCC,severalparametershave beenevaluatedin simulations:� signalingtraffic impactby computingthe percentagebetweenaveragethroughputneededfor

signalingtraffic andglobalaveragethroughputon thenetwork;� throughputevolution by traffic type(TCPor MBCC) to studythetraffic variability: computing
of averagethroughput(A), standarddeviation( 6 ) andstabilitycoefficient(SC �87 9 );� lossprocessevolutionin orderto evaluateMBCC adaptationcapabilitiescomparedto TCP;� traffic oscillationrangeby computingtheHurstfactor

�
.
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TCPSACK servesastheTCPreferenceasit is thebestperformingversionof TCP. Thus,wedid not consider

othersTCP’s versionssuchasTCPVegasgiventhat [8] alreadydemonstratedTCPVegaswaslessperforming
thanTFRC.�
Hurst factor, notedH, is a quantificationof traffic LRD andrepresentsalsoa goodevaluationof traffic oscil-

lation ranges.To computeit we usea waveletbasedanalysisof thetraffic detailedin [1]. Note that the useof
LRD for quantifyingtraffic oscillationhasalreadybeenvalidatedin [9].



5.2 Evaluation of MSP optimal configuration

Severalsimulationshave beenachieved,eachsimulationconsistingof two differentsce-
narios:in scenario1, elephantflows(traffic from nodeA to nodeF) aretransmittedusing
MBCC while in scenario2, elephantsaretransmittedusingTCPSACK. In thesetwo sce-
narios,thecrosstraffic (trafficsfrom nodesB to C andD to E),whichis anormalInternet
traffic consistingof bothmiceandelephants,is sentusingTCP, andmorepreciselyTCP
New Reno.

Eachsimulationlasts300seconds.100elephantsand2000micehave beenreplayed.
Oneof the main goalsof theseexperimentswasto studythe impactof MSP signaling
traffic on networkcongestionandMBCC behaviors. Thus,we try to find out the best
valuesfor thedifferentMSPparameters:� Firstparameteris relatedto themeasurementsystemgranularity. In fact instantaneousthrough-

put is computedastheaverageon ashortperiod( : ). Thisparameterhasastrongimpactasthe
coarserthegranularity, thesmootherthetraffic appears.As aconsequence, thisgranularityhasa
strongimpacton theMSPtraffic generated.Severalperiods: from 0.2 to 5 secondshavebeen
tested;� Secondparameteris relatedto thedisruptiondetectionthresholdonmonitoredlinks, i.e.whatis
theminimumvariationbetweentwo consecutivemeasurementsfor which we canconsiderthat
the networkconditionshave changedandthenneedto be signaledto traffic sourcesto adapt
to thesenew conditions?This thresholdis expressedin termsof percentageof the total link
capacity;� Finally, theTimeOut ( ;=< ) valuescorrespondto theperiodicbehavior of MSPin casewhereno
disruptionarisesin orderto beableto takeinto accountslow evolutionsof traffic throughput.As
we alreadysaid,it is uselessto considersmallvaluesfor ;=< asonly slow evolution trendsare
concernedby this mechanism.In any case,it canbe muchlarger than : . We thenempirically
selected( : , ;>< ) couplesrespectingthisprinciples:thecouplesarethen:( :?�(	A@ BDC and ;=<E�BDC ) or ( :F�G	�@#HIC and ;=<F�KJLC ) or ( :F�NMOC and ;=<F�KHIC ) or ( :F�KBIC and ;=<F�GPQC ) or
( :R�(HDC and ;=<E�?M!	LC ).
We then run several simulations using several traces to find out the optimal

( S
TIULVXWLY[Z-\D]-^`_badc , e4f�ULTIgDf�WDhiY[Z-\D]-^`_jaOc ) pair. Resultsaredepictedon Figure3 representing
thetotal cumulative numberof losses,theoverheadtraffic dueto MSP(in percentageof
thetotal traffic) andthestabilitycoefficient.
Optimal parametersinference
First,we aregoingto infer theoptimalperiodvalue.Oneof themaingoalsof MBCC is
to optimizethe bestnetworkresourcesutilization by generatingaslesslossesaspossi-
ble.Thus,it is mandatoryto takeinto accountthiscriterionfor theoptimalpair ( S
TIULVXWLY ,e4f�ULTIgDfkWDhXY ) selection.In figure 3(a), only resultswith SlTIULVXWLYKmonIg are acceptable�
(whatever the thresholdvalue): hiWLgDgDTIgqpsrut0tvm cwZyxzxy{yx}|�~[�[�I�[~[�� . Anothermain goal of
MBCC is to transferdatawith a smooththroughputto avoid oscillatingbehaviors which
induceabadnetworkresourceutilization.Thus,in figure3(c),only resultswith S
TDULViWLY��
nIg areacceptable(whatever thethresholdvalue): ���s� MBCC �=�����s� TCPSACK � . Con-
sideringresultsaboutsignalingtraffic impact,all resultsarequitegood,andtheratio of
MSPtraffic is ratherlow (lessthan1 % in theworstcaseif S
TDULVXWLY'�����#��g ). This then

�
For �=�%�d�-�!�j�'��� losslevelsbetweenMBCC andTCPSACK aretoo close.



(a)Networkcongestion (b) Overheadof signalingtraffic / total traffic

(c) Traffic stability

Figure 3: Studiedparametersevolution relatedto MSPworkingvalues

doesnot addany requirement.Thus,by crosscheckingthe threeprecedentparameters
(congestion,stabilityandsignalingtraffic), only resultsgot with a S
TDULVXWLY���nIg meetall
thechoice’s criteria.

In a secondtime we aregoing to infer theoptimal thresholdvalue.In this case,only
experimentsbasedon traffic stabilitycanbringinformationto chooseaspecificthreshold
value.For thetwo othersparameters(signalingandlosses),resultsarereally tooclosefor
giving ussomeusableinformation.Thus,wetakeinto accountthethresholdwhereSCis
maximum,this is thecasefor e4fkULTDgIf�WDhiY+�8nD� .

To conclude,the optimal valuespair is ( S
TDULViWLY[Z�\I]�^�_badc4� nDg , e4fkULTDgDfkWDhiY[Z�\I]�^�_badc��nI� ). They will be usedin the next sectionto quantify MBCC advantagescomparedto
TCPSACK.



5.3 MBCC contribution to global traffic regularity in a multi-domain
configuration

Thissecondexperimentaimsat comparingtheimpactof MBCC andTCPSACK onnet-
work performance,traffic regularity andresourceoptimization.Thus,this sectionshould
highlight MBCC capabilitiesto improve traffic regularity for MBCC flows, andshould
alsoshow how MBCC canimprove traffic profile in termof stability for flows which do
not useMBCC but thatarecompetingwith othersMBCC flows in Internetbottlenecks.
For that, thetopologyusedis thesameasin thepreviousexperiment(cf. figure2). Sce-
nariosarethesameexceptthat thenumberof flows is increased(by a factorof 10) and
simulationslast 1800s in order to introducelongerelephanttransfers,as it is the case
in the real Internet.This experimentcanalsohelp to evaluatethescalabilityof thepro-
posedmechanismsgiventhatnumberof elephantflows is increasedin animportantway.
Moreover, MSP routersareconfiguredwith the optimal valuespair definedpreviously
( S
TIULVXWLY
��nIg , e4f�ULTIgDf�WDhiY���nI� ), andparametersevaluatedin simulationsarethesame
asin theprevioussection.Theresultsaredetailedin thenext paragraphandtable1.

First, traffic throughputwascomputed.Table1 shows resultvaluesfor scenarios1
and2. This experimentthenexhibited thatMBCC performsbetterthanTCPSACK, as
throughputandresourceusagearehigher, andthe traffic is alsomuchsmoother. More-
over, it seemsthatanotherinterestinginformationdealswith crosstraffic in bottlenecks
1 and2 whenthereis MBCC elephanttraffic in the network (scenario1). We cansee
that in the casewhereTCP SACK is usedfor transmittingelephantsfrom A to F (sce-
nario 2), crosstraffic averagethroughputis lower and exhibits more variability than
whenMBCC is usedin the network (cf. for instance���s� TCPNew RenoScenario2 �¢¡���s� TCPNew RenoScenario1 � ).

Table1 Traffic variabilyanalysis

Thisresultis confirmedwith thelossprocessanalysis.Indeed,figure4 depictsamore
importantlosslevel in thenetworkwhenusingTCPSACK (cf. curvesof scenario2 on
figures4(a) and4(b)) thanwhenusingMBCC (cf. curvesof scenario1 on figures4(a)
and4(b)) andthis for bothelephantandglobalcrosstraffic. Indeed,traffic variability in
scenario2 is moreimportant,thencongestionoccurredmoreeasilyin the networkand
thelossnumberis higher.

Finally, thelastline of table1 showsthatMBCC impactsin averypositivewaytraffic
LRD. In fact, thanksto MBCC, the LRD is much reducedin the elephanttraffic (cf.
scenario1 where £¤�¥���#¦�n ) comparedto thereferenceTCPSACK traffic whereLRD is
very high ( £§�8���#¨�� in scenario2). Consequently, therearelessoscillations(cf. related
stability coefficient valuesof table1). Moreover, theanalysisof crosstraffic LRD shows



(a) Elephanttraffic (b) Crosstraffic

Figure 4: Congestionlevel estimation

thatglobaltraffic whenelephantsaretransmittedusingMBCC (cf. £v�¥���#©Lª in scenario
1) is lessdependenton long rangesthanusingTCP SACK (cf. £«�§��� ¬A­ in scenario
2), this featureinducingmorestability on traffic profile andthenlesscongestionin the
network.

6. Conclusionand futur ework

In thispaper, weproposedanew approachandthennew mechanismsfor improving Inter-
netQoSwith theultimategoalto beableto enforcea stableQoS.As a consequence,this
paperproposesa new measurementbasedarchitectureandrelatedsignalingmechanisms
allowing the deploymentin the networkof a new congestioncontrol mechanismcalled
MBCC. Its principle is to adaptto the hugevariationsof traffic whendisruptionsarise.
Themainstrengthof MBCC dealswith usingmonitoringandmeasurementtoolswhich
startto bewidely deployedandthatshouldbegeneralizedin a shortfuture.Theprinciple
of MBCC consistsin usingin realtimetheinformationontraffic characteristicevolutions
that monitoringtools canprovide, in order to perfectlyadaptthe reactionto the actual
networkandtraffic conditions.In fact,MBCC changestheclassicalprincipleof conges-
tion control:even if theconnectionkeepsanend-to-endprinciple,a hopby hopcontrol
of this connectionis added,wherehopsaremadebetweentwo networkequipmentsthat
aremonitored.Giventhecurrentissueswith Internettraffic, MBCC hasbeendesignedfor
beingableto smoothtraffic (whatis a majorrequirementfor beingableto providestable
andguaranteedservices),limit thenumberof losses,optimizethe useof resources,and
provide fairness.TheexperimentresultsprovedthatMBCC reachesits objectives.These
benefitsin termsof traffic regularity or losslevel, will bedirectly felt by usersasa QoS
improvement.



As a final conclusion,it is clearthattheresultsgot with MBCC demonstratetheben-
efits of our measurementbasednetworkingapproachappliedto congestioncontrol. In
this paperwe have shown with MBA, MSPandMBCC mechanismsthatMBN is a right
approachfor addressingtheissueof improving multi-domainend-to-endQoS.But wedo
believe thatMBN canbea universalsolutionfor managingtheInternetandits traffic. In
particular, MBN hasbeendesignedin orderto beableto provide a suitedsolutionthat
canadaptto any kindsof networks,any traffic natureandconditions,etc. In particular,
MBN shouldhave applicationsin many domainsastraffic management,traffic engineer-
ing, securitymanagementor QoSoptimization.
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