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Abstract. Quality of Service(QoS)for real-timetransmissiorcanbe achieed
by resourceesenationin theroutersalongthepath.In recentyears several pro-
tocols and extensionsto them have beendesignedor signalingresourcereser
vationin IP networks. This work reviews variousprotocolsthat exhibit different
signalingconceptsThen,we studytheimpactof controlmessageetransmissions
(CMR) andthe controloptionon the resenation establishmendelay(RED) and
the resenation teardavn delay (RTD). Numericalresultsquantify the resulting
performancegainin differentnetworking scenarios.

1 Introduction

Futurecommunicatiometworkswill guaranteeseamlessjuality of service(QoS)data
transportatiorfrom the sendetto the recever. The network mustprovide sufficient re-
sourcedo forwardthedatain anadequatevay to meetthelossanddelayrequirements
of the traffic. To achieve that goal, massie overprovisioning can be appliedaswell
asintelligent traffic engineeringechniquesOne of themis admissioncontrol (AC):
Whenthenetwork’s capacitydoesnotsuffice to transportll offeredtraffic, AC shelters
the network from overloadby admittingonly a limited numberof resenationrequests.
Thus,QoSfor theflowsin placeis maintainedattheexpenseof blockedflows. In order
to performAC in a network entity, theamountof requestedesourceof eachflow must
beknown beforehandndis usuallydeliveredby aresourceesenationprotocol.

In recentyears,several resourceresenation protocolshave beendesignedfor 1P
networks. In this paperwe would like to give an overview over the most prominent
protocols:RSVRE RSVPrefreshoverheadreductionextensionsaggreyationof RSVP
resenations,Boomerang,YESSIR,BGRR and statelessesenation protocols.These
protocolsdistinguishin syntaxandsemanticeindrevealalsodifferentinformationpass-
ing concepts.

In the past,protocolperformancénasbeenstudiedusingsoftwareimplementations
[1-4]. In [5] thereliability of RSVPwasstudied.In our investigatiorwe focuson the
control messageetransmissiofCMR) optionwhich is suggestedn therefreshover
headreductionextensionsof RSVP[6]. We evaluateits impacton the resenation es-
tablishmentelay(RED) andtheresenationteardavn delay(RTD). We performthese
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siblefor the contentof the paper
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studiesin variousnetworking scenariosand take signalingparadigmsfrom standard
RSVPandotherresenationprotocolsinto account.

This paperis structuredasfollows. In Section2 we presenthe abose mentioned
protocols.Then,we studytheresponséime of resourceesenationprotocolswith spe-
cial respectto the control messageetransmissiofCMR) featurein the RSVP exten-
sions.Numericalresultsillustratetheir behaiior andquantify the performanceain.In
Section4 we summarizehis work.

2 An Overview of Resource Reservation Protocols

Real-timeapplicationdik e voice over IP (VolP) [7] or video conferenceaequiresig-
naling protocolsfor the applicationlayer aswell asfor the network andthe transport
layer.

Applicationsneedto identify andlocatetheir communicatiorpeersandto negotiate
sessiorparametersCodecshave to beagreenandtranslatorsanbeinvolvedin case
of incompatibleend systems Theseand othertasksare performedby standarddike
H.323,the Sessionnitiation Protocol(SIP), andthe Media Gatevay Control Protocol
(MGCP). The Real-timeTransportProtocol (RTP) provides meansfor datasynchro-
nizationto avoid distortedtime linesfor presentationOn the transportlayer we have
theUserDatagranProtocol(UDP) andthe TransmissiorControlProtocol(TCP).They
ensurehatlP pacletsareassociateavith thecorrectportsin theendsystemsandTCP
providesmeango detectandrepairpacletloss.Thenetwork layerforwardsthe datato
their destinationlt consistof the InternetProtocol(IP) andtherouting protocols.

Thelink layeroffers QoSmechanismsisit hasthe control over the overall capac-
ity of alink. Theseresourceslo not only relateto merebandwidthbut alsoto CPU
processingime, buffer space and others.Resourcaesenation canbe performedper
hop on all intermediatdinks betweensenderandrecever. The control messagesre
transportedisingregularIP paclets(network layer) but theirinformationrelatesto the
link layer

This work focuseson signalingfor resourcaesenation. In this sectionwe present
variousexisting protocolsandconcentrat®n theirinformationforwardingparadigm.

2.1 ResourceReservation Protocol (RSVP)

RSVPhasbeenconcevedby the IETF for the signalingof resenationrequestwithin
an IntegratedServicesnetwork [8, 9]. Both unicastandmulticastapplicationsare sup-
portedanddifferentresenationstyles(e. g. sharedesenations)arepossible.

Connection Establishment. Toinitiate aresenationwith RSVR thesendinghodeissues
a so-calledPATH messagé¢hat establishes PATH state(PS)in the intermediatenhops
onthewayto the desireddestinatiormachineThestateof aflow is theinformationre-
latedto it in arouter Thedestinatiorrouterrespondwith a RESV messagéhatvisits
theintermediateroutersin the reversedirectionusingthe previoushopinformation of
the PS(cf. Figurel). Onthatway, the RESV stategRS) areestablishedThis ensures
thatresourcesrereseredin eachrouterin downstreamdirection. Thefirst passfrom
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Fig. 1. Controlmessagdow in RSVP

thesendeto therecever (PATH msg.)collectsadwertisinginformationthatis delivered
to thereceverto enablethe receiver to make appropriateesenationrequestsThe ac-
tualresenationis madeontheway backto thesende(RESVmsg.).Hence RSVPuses
atwo-passsignalingapproachalsoknown asone-passvith adwertising(OPWA). Ex-
plicit PATHERRandRESVERRmessagemdicateerrors,andTEARDOWN messages
teardown the connectiorandremove the statesn therouters.
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Fig. 2. Theestablishmenbf aresenationusingRSVR

Whena RESVmessagés recevedby arouter, therequiredactionsaretakento set
uptheresenationsfor therespectie dataflow (cf. Figure2). Theadmissiordecisionis
basedon the flow andresenation specifiersif the requessucceedshe classifierand
thescheduleareconfiguredo forwardthe dataflow messages.

Soft Sates. RSVP controlmessageareusuallysentdirectly in IP or UDP datagrams.
This communicatioris unreliablein bothcasesThe controlmessagedo notbelongto
a userdataflow andarenot protectedcby the resenation. In addition,the endsystems
may go down without notifying the network. Thus,a mechanisnis requiredto remove
the unusedstates RSVP usesa soft stateapproachto copewith that: The statesime
out anddisappeaasftera cleanuptime L unlessthey arerefreshedy anotherPATH or
RESV messageTo keepthe connectioralive, every participatingnodesendsperiodi-
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cally PATH andRESV messaget its neighboringhopswith refreshperiod R. RSVP
[8] suggestdo setL to 3 - R. If the sourcestopswithout tearingdown the connection
or in caseof routingchangesthe PATH andRESV stateswill eventuallytime outin all

unusedouters.

2.2 RSVP Refresh Overhead Reduction Extensions

RSVP messagesonsistof differentstandardize@bjectsthat carry flow relatedinfor-
mation.The RSVPrefreshoverheadeductionextensiond6, 10] introduceseveralnew
objectsto RSVPthatreducethe overheaddueto thetransmissiorof refreshmessages.
Apartfrom that,RSVPis enhancedby controlmessageetransmissioflCMR) capabil-
ities.

BUNDLE Messages. RSVPnodessendonePATH andRESV messageer refreshin-
ternval and connection.Since several connectionsare carried on the samelink, their
refreshmessagesanbe handledwithin onesingle BUNDLE messagavherejust the
differentmessagéodiesareassembledT hisyieldsjustareductionof themerecontrol
pacletfrequeng but not a reductionof the controlmessagérequeng. The bandwidth
consumedy controlmessagess negligible andBUNDLE messagebardly reduceit.
Therearealsoasmary operationgequiredby therouterasin normalRSVR

Complexity Reduction by MESSAGE_IDs. PATH andRESV messagearesentperiod-
ically per RSVP connectionandtheir contentrarely changesThe recever of sucha
messagedentifiesthe correspondindlow usingthe traffic descriptorandrefreshesor
updatests state.The introductionof a MESSAGE ID objectalleviatesthis task.If a
control messagés expectedto changethe statein the next router, it is equippedwith
a uniqueMESSAGE_ID number Consecutie control messageshat just refreshthis
stateare equippedwith the sameMESSAGE_ID. The desiredstateis thenidentified
by a hashvalueusingthe MESSAGE_ID andcanbe refreshedvithout processinghe
whole control messageMESSAGE IDs speedup the lookuptime for a flow. Theim-
pactontheflow processingime canbestudiedby comparingheperformancef RSVP
implementations.

Summary Refresh Extensions. The MESSAGE_IDs do not requireto be sentwith
their relatedcontrol messageA MESSAGE_ID LIST objectmay containonly MES-
SAGE.ID objectsinsteadof the whole control messagehat would only be usedin
the failure case.This reduceslsothe requiredbandwidthfor signaling,however, this
hasno impacton the network utilization sincethe fraction of signalingtraffic is small
anyway. To handlecasesvherethe recever encounter@aninconsistenstateview, the
recever may ordernew PATH or RESV messageby issuinga MESSAGE ID _NACK
thatrefersto the corruptedRSVPconnection.

Control Message Retransmissions (CMR). Last but not least,it is possibleto setan
ACK_DESIREDflag within a MESSAGE_ID objectto indicatethe receiverto senda
MESSAGE ID _ACK to acknavledgethe receiptof a control messagelf the sender
hasnot yet receved the MESSAGE ID_ACK objectafter R, time, it retransmitshe
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respectie controlmessager his makesthe communicatiormorerobustagainstpacket
losswhich is animportantissue,e. g., in wirelessnetworks. To adjustthis mechanism
to potentialnetwork overloadsituations anexponentiabacloff algorithmis introduced
to avoid unnecessargontrolmessage®©ntheonehand,CMR make RSVPimplemen-
tationsmore complex (additionaltimersandcontrol messagesjut on the otherhand,
they make thecommunicatioron alossylink morereliablewhichreducegheresponse
time of thedistributedRSVPprocesses heimpactdepend®nthenetworkingscenario
andwill beinvestigatedn the secondpartof thatwork.

2.3 Aggregation of RSVP Reservations

The above mentionedmodificationsto RSVPtendto reducethe protocoloverheadoer
RSVPcontrolmessagandallow betterperformingimplementationsf theRSVPstate
machine However, they arenotableto solve thefundamentatcalingproblem:Thepro-
cessingcostsin aroutergrow linearly with thenumberof supportedesenationswhich
is feasiblein the accessetwork with only a few QoSflows but notin a corenetwork.
Therefore[11] suggestanaggreyatorat a borderrouterof a network thatsummarizes
mary individual RSVP resenationsinto one aggrejatedresenation. The aggreyated
resenationssharethe samepaththroughthe network andthey aredeaggrgatedat the
egresspoint. This reduceshe numberof resenation statesdrasticallywithin the net-
work andrelievesthe coreroutersfrom processingndividual resenationrequestsThe
numberof end-to-endunnelresenationsrisesquadraticallywith the numberof aggre-
gatorsand deaggregatorsin a network. The sameobjective canbe achiezed by using
theaggreyationcapabilitiesof Multiprotocol Label Switching(MPLS) [12-14].

2.4 Boomerang

TheBoomerangrotocol[15] aimsatreducingsomepartof theoverheadhatis induced
by RSVPR Thereareno PATH andRESVmessages hesendeigeneratea Boomerang
messagehatis forwardedhop by hopto therecever. Along thatpath,the routersthat
understan@oomerangerformaresenationfor aflow. As soonasthemessagarrives
at the recever, the resenation is alreadyin place.The recever doesnot even need
to processthe messageit just bouncesthe messagéackto the senderto notify the
establishmenOptionally, thereturnchannebf a bidirectionalsessiormayberesened
ontheway back.Notethata differentpathmaybetakenfor thatpurposecf. Figure3).

(=)

&—S

Fig. 3. A bidirectionalresenation setupby Boomerang.
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If aresenationrequestfails or if a sessionterminatesthe resenation statescan
betorn down with aresenationrequesif sizezero.Only the sendingnodegenerates
signalingmessageshereforethe Boomerangpproachs simplerthanRSVPsincethe
major compleity and processings locatedat the sender The conceptis alsobased
on soft statesand requiresrefreshego keepthe resenation alive. If the Boomerang
messageloesnot returnto the initiating nodewithin a certaintime, it is consideredo
belost,sothatthesendercantake appropriateactions.TheBoomerangrotocolinduces
clearlylessburdenon theroutersthancorventionalRSVPimplementation$3].

2.5 YESSIR - YEt another Sender Session I nternet Reservation

YESSIR[16] is a resenation protocolthatis basedon RTP [7,17]. RTP is usuallya

wrapperfor applicationdataandaddssequenc&umberstime stampsandotheriden-

tifiers. Eachsessions controlledby the Real-timeTransportControl Protocol(RTCP).

Senderandreceverssendperiodicallysendeandreceverreports(SR,RR). SRscon-

tain throughputand other information aboutthe last reportinterval and allow, e. g.,

the derivation of the currentround-triptime in the network. RRsindicatepaclet loss
and delay statisticsamongothers.This is extremely useful for adaptve applications.
YESSIRworkslike RSVPalsoin aunicastanda multicastenvironmentandoffersalso
differentresenationstyles.

YESSIRresenationmessagearepiggybacledatthe endof RTCP SRor RR mes-
sagespossiblyenhancedby additionalY ESSIR-specificlata,carriedin IP paclketswith
routeralert option, i. e. they are interceptedby routersand processedy thosesup-
porting this option. As with Boomerangresenationsaretriggeredby the senderlf a
routeralongthe way is not ableto provide the requestedesourcesthe exact reasons
for the resenationfailure canbe remarled. This helpsthe end systemso eitherdrop
thesessioror to lowertheresenationrequestTheratefor theresenationcanbegiven
explicitly, it may be deducedrom codectypesin the RTP payloador it may alsobe
inferredfrom the sizeof the payloadandthe correspondingime stampsYESSIRalso
relieson the soft stateapproachAs with Boomerangpnly the sendelissuegefreshes
andthe sessiorcanbetorn down with anexplicit RTCP BYE messageUnlike RSVR
theintermediatanodesarenot ableto issueerrormessagedgailuresituationshave to be
recognizedy thereceverandreportedvia RRsto thesender

2.6 Border Gateway Reservation Protocol (BGRP)

BGRP[18] hasheenconcevedfor inter-domainuseandto work in cooperatiorwith the
BorderGatavay Protocol(BGP)for routing. It is usedfor resenationsbetweerborder
routersonly. BGRP addresseshe scalability problemdirectly sinceit is designedo
aggreyateall inter-domainresenationswith thesameautonomousysten(AS) gatavay
asdestinatiorinto a singlefunnelresenation,no matterof their origin.

We explain briefly how signalingwith BGRPworksto setup asinktreeresenation
(cf. Figure4). A PROBE messagés sentfrom a sourceborderrouterto a destination
borderrouterandcollectsthe visited borderrouters.Upon the receptionof a PROBE
messagethe borderrouterscheckfor available resourcesand forward the PROBE
paclettowardsthe destinationThe destinatiorborderrouterterminateghis processit
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Fig. 4. Signalingin BGRP

convertsthe PROBE messagénto a GRAFT messagandinsertsan D thatidentifies
its sink tree. The GRAFT messagedravels back on the collectedpath: The required
resenationstatesareestablishedndmarkedwith thelD, or they areupdatedf they are
alreadyexistent. The PROBE andGRAFT messagesontainonly arelative resenation
offset,thereforethecommunicatiorfor GRAFT messagemustbereliable(e.g. using
TCP).BGRPis a soft stateprotocol, therefore neighboringroutersexchangeexplicit

REFRESHmessageto keeptheresenationalive.

Here,we have alsorecever basedresenationsbut in contrastto RSVR the infor-
mationis not storedperflow but peraggreatewhichis characterizedy the samedes-
tinationAS. Likewith RSVPresenationaggreyation theadvantageof thatapproachs
thestatescalabilityin therouters.In addition,thereis only onesink treeresenationfor
every destinationAS in eachborderrouter Hence,the numberof BGRP resenations
scaledinearly with thenumberof AS.

2.7 Measurement Based Admission Control

The above describedesenation protocolssuffer from a commondisadwantage They
keepa statefor every resenation, eitherfor anindividual or for an aggrejateresena-
tion. Their informationis usedto derive the alreadyresered capacityon thelink and
the AC decisionis basen theremainingcapacity

As an alternatve, measuremenbasedAC (MBAC) gainsthis informationby an
estimationof the currentnetwork load by traffic measurementd.herefore routersdo
not storeary flow relatedinformationandMBAC hasno scalingproblems However,
MBAC might not be a good solutionif strict guaranteesrerequired.To supportthis
architecturethe signalingprotocolsmaybethe sameasin the corventionalcase how-
ever, somespecialpurposeprotocolsfor MBAC have beenalso conceved [19-21].
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MBAC is problematidf flows do notsendcontinuouslysincethisleadsto wrongtraffic
estimations.

2.8 Stateless Reservation Protocols

A specialMBAC approachare statelessesenation protocols.We only describetheir
basicarchitecturefor furtherdetailsthereadeiis referredto [22—-24].

End systemsequipthe pacletsthat belongto resened traffic with a specialprior-
ity tag. Insteadof keepinga recordfor differentresenations,the intermediaterouters
analyzethe paclet streamson eachoutgoinglink. They countthe paclkets with the
resenationtag within a giveninterval andinfer the resenedrate R,..;. For a correct
measurementhis requiresthatthe holderof aresenationsendsalsopaclketswhenthe
applicationis idle, otherwise theresenationis reduced.

A sendercanresene resourcesrom the network by sendingrequestpacletsat a
certainrate to the destination.The newly admittedrate R,,.,, is alsorecordedover
this intenval. The sumof R,.; + R,y iS anupperboundon the resened rateon an
outputportandmaynotexceedthelink capacityRy;,.x. Theintermediatéhopsdropthe
requestpacletsintentionallyif thereis not enoughcapacity(R,cs + Rpew > Riink)
to transportanothefflow. Otherwise thesepacletsareforwarded A new resenationis
only admittedif its requespacketspassall AC testsin theintermediateoutersandthe
destinatiorsignalsthesuccessackto thesourceThisis only thebasicmechanisnthat
doesnotrevealthe manifoldimplementatiorproblems.

3 Performance Evaluation of Control M essage Retransmissions

Retransmissionfor controlmessagefCMR) make thecommunicatiorfor RSVPcon-
trol traffic morerobustagainstpacletloss.Thisis crucialin scenariosvith high paclet
loss,e. g.in wirelessnetworks. CMR leadto fasterreactionof the RSVPprocessem
thedistributedrouters.Thereactiontime of theremoteprocesseaffectstheresenation
establishmentlelay (RED) andthe resenationteardavn delay (RTD). The establish-
mentof aresenationis a prerequisitefor the startof real-timeapplicationsg. g. video
streamingandit is annging for the userif he or shehasto wait. Therefore,a short
RED is importantfor good QoS perceptiornby the user(postdial delay). Unusedand
blocked capacityis not profitable therefore resourceshouldbe releasedrery quickly
aftersessionterminationby theapplicationlayer. ThisrequiresashortRTD. In thissec-
tion, we give a brief descriptionof the optionsunderstudyandillustratetheirinfluence
onRED andRTD.

3.1 Modéd Description

In our investigationwe considera generalsignaling protocol with differentoptions.
We borron mostof the nomenclaturérom RSVPbut we do not limit our experiments
to configurationsin RSVR We negglect the messageprocessingimesin the routers
andfocuson the effect of the meretransmissiortimes and involved timeout values.
The performancaneasurefRED andRTD do not dependon the characteristicef the
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usertraffic but on pacletlossprobability on a link andthe pathlength. The analytical
calculationsarelengthybut straightforward,sowe omit themin this presentation.

Start szlR L gte:r?'?'/ll — (>
— R = (AR,
CIdle D k =k+1
(Stop >—{Ack Arrives<— Timer Expires<
No_r_ R Yes

Fig. 5. A flowchartof theretransmissiomlgorithm.

Control Message Retransmissions. We recallbriefly the concepiof CMR andpointout
the influencingparametersThe resenation processof a sendelissuesa control mes-
sageandsetsthe retransmissiotimer. Therecever of this messagés requiredto im-
mediatelyreturnanacknavledgementlif the senderdoesnotreceive anacknavledge-
mentbeforethetimer expires,the controlmessagés retransmittedTheretransmission
timer value Ry, dependson the £ retransmissioninterval: R, = (1 + A)*~! . Ry
for1 < k < R;. Ry, scaledinearly with the rapid retransmissiointerval R¢. An ex-
ponentialbacloff is appliedand A (we use A = 1) governsthe speedat which the
senderlincreaseshetimer value.This avoids unnecessaryetransmissiondueto links
with longtransmissiomelays.Therapidretrylimit R; isanupperboundonthenumber
of controlmessagéransmissionsA flowchartof the algorithmis depictedn Figure5.
Thisconceptreduce®nly theresponsdime of RSVPbutit doesnotyield reliablecom-
munication.Theparameter?; = 1 correspondso signalingwithout CMR. In casethat
noacknavledgementeturnsthesendetriesagainaftertherefreshinterval R. If anode
hasnot receved anupdatemessageafter 3 - R, it facesa soft statetimeoutandsends
a TEARDOWN control messagéo indicatethe endof the sessiorto its neighboring
nodes.

Endpoint versus Common Control. In Boomerangor YESSIR, only the endpoints
(senderrecever)triggercontrolmessagethatarealsoprocesseth theothernodesin
RSVR all participatingrouterscontroltheconnectionj. e.they donotonly forwardthe
control messagewhenthey arrive, they alsocreaterefresh(PATH, RESV) messages
whenthey do not receve themin time. We call the first approacHendpointcontrol”
(EC) andthe secondone “commoncontrol” (CC). With CC andCMR, the ACKs are
createdandreturnedby neighboringhostsand not asunderEC by the receving peer
over mary intermediatéhops.CC seemgo make aresenationmorerobustagainsioss
of controlmessagegspeciallyin combinationwith CMR.
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One-Pass versus Two-Pass. In RSVR OPWA is usedfor establishinga connection
whichis in factatwo-passapproachOnepasss neededor settingup the PATH states
in the routersand one passbackis requiredfor settingup the resenations.The same
holdsfor BGRPs PROBE andGRAFT messagedVith BoomerangndYESSIRthisis
different. Theresenationis donewith thefirst passfrom the sendetto thereceverand
asuccessfusessiorsetupmaybe notifiedto the sourceor not. Thereforethisis atrue
one-pasapproachWith two-passthesignalingtakeson averagetwice aslong aswith
one-passThisis arelatively trivial result. To simplify theanalysiswe concentratenly
ontheone-passpproachAs a consequenceheresultsfor RED in our studymustbe
doubledin caseof RSVPOPWA.

Network Parameters. The effectsof the retransmissiotimersdepenccertainlyon the
networking scenarioWe make the following assumptionsWe setthe paclet transmis-
siondelayperlink to 10 milliseconds.The packet loss probability p; on a singlelink
influencesthe systemaswell asthe numberof links n in the resenation path. There-
fore, we conductstudiesvarying theseparametersif thesegparametersre constant,
we assume pathlengthof n = 10 hopsandalink packetlossprobabilityof p, = 102
which occursin congestedetworks.For n = 10 hops,thisyieldsanend-to-engaclket
lossprobabilityof about10%. Transatlanticoutescanhave morethan20 hopsandthe
overall pacletlossprobabilityis sometimesnorethan25%. We obsenedthesevalues
with the statistictool for UDP traffic in realaudioor realvideo.Especiallyunderthese
circumstanceggesenationsarecrucialfor real-timeapplications.

3.2 Reservation Establishment Delay

We areinterestedn theinfluenceof therefreshinterval R, therapidretry limit R;, and
thecontroloptiononthe RED.

First, we studythe configurationEC without CMR aswe find it in YESSIR.In Fig-
ure 6 the meanof the RED (E[RED]) is shown for a fixed pathlength(n = 10). For
smalllink loss probabilities,the differencefor various R is negligible. E[RED] rises
with increasingloss ratesand the differencebetweenvariousvaluesfor R becomes
visible. For high paclet loss probabilities(p; = 1072) the refreshinterval R domi-
natesRED almostlinearly sinceR is severalordersof magnituddargerthanthe paclet
transmissiordelay

We setp; = 10~2 andobsere the resenationfor differentpathlengths.Figure7
shavsthatthe RED growslinearly with the pathlength.At first sightthis seemgo bea
consequencef thesummatiorof link transmissiotimesbut thisis notthecasebecause
the sizeof aroundtrip timeis in the orderof hundredmilliseconds.This phenomenon
is ratherdueto thefactthatalongerrouteexhibits a largerend-to-endossprobability.
Becauseof the high loss probabilities,the influenceof the retransmissioriimer R is
linear. In thefollowing studieswe setR to 30 seconds.

The CMR optionhasbeenstandardized6] to reducethe signalingdelayfor RSVP
in lossynetworks.Theretransmissiomterval R influencedheretransmissiotimesat
mostlinearly andwe setit to 0.5 secondsFigure8 shavsthat CMR greatlyreducethe
responséime of the systemwhenwe comparethis alternative with Figure6. For p; =
10—3 E[RED]is still negligible. CMR reducetheinfluenceof therefreshinterval R and
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Fig. 6. Theimpactof R on E[RED] (n = 10, Fig.7. The impactof R on E[RED] (p; =
EC,noCMR). 1072, EC,noCMR).

yield shorterRED. Evena singleretransmissioiiR; = 2) reduces£[RED] from about
3 t0 0.5 seconddor p; = 10~2. For large lossratesthe effect of the rapid retry limit
R; canbewell obsened.In Figure9 (p; = 10~2) we obsene that E[RED] increases
like in Figure7 aboutlinearly with the length of the resenation path. However, the
absolutedelay for CMR (R; = 3) is lessthan 10% comparedto the resultwithout
CMR. Therefore CMR is evenmoreimportantfor long pathssincethe absolutesaved
delayis larger In thefollowing experimentswe setR,; = 3.
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Fig. 8. Theimpactof R; onE[RED] (n = 10, Fig.9. Theimpactof R; on E[RED] (p; =
R = 30s, EC,CMR). 10-2, R = 30s, EC,CMR).

So far, we have considerednly EC: Whena control messages lost on the way
from senderto recever, the next oneis triggeredagainat the initial node.With CC,
the nodesare more active: The last node,that hasreceived aninitial PATH or RESV
controlmessagegienerates refreshmessageby itself by latestafter R time, i. e.the
remainingdistanceto the recever is shorterthanwith EC. However, Figure 10 showvs
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Fig. 11. Theimpactof the controland CMR
option on E[RED] (p; = 1072, R = 30s,
R; = 3).

that this hasno impact: Without CMR, CC is hardly betterthan EC. In contrastthe
effect of CMR is evident: With CMR, E[RED] staysvery small while without CMR,
E[RED] risesnotably In caseof CC we have fewer losseshetweenCMR peers(link
lossprobabilities)thanfor EC (end-to-endossprobabilities). Therefore we canseea
differencefor high lossratesalso betweenEC and CC with CMR. In caseof CMR,
E[RED] staysbelowv onesecondcf. Figure11) which meanghat mostof the delayis
producedby thelink transmissiordelay(¢; = 10 milliseconds)andthatthe delaydue
to therefreshinterval R is minimized.

3.3 Reservation Teardown Delay

Resered but unusedresourcescan not be allocatedto other connectionauntil their
resenationis torn down. The resourcesrenot profitablefor thattime, soit is impor-
tantto keeptheRTD small. TheRTD increasef aTEARDOWN messagés lostonthe
way from thesendeto recever. Dueto thesoftstateconceptanintermediataodetears
down theresenationwhenits cleanuptimer expiresafter L time. If only theendpoints
control the sessionall nodestime out after L sincethe terminatingendpointrefrains
from sendingrefreshmessagedf theresenationis underCcC (like in RSVP),thesec-
ondrouteris not refreshedby the senderbut it keepson generatingefreshmessages
autonomouslyn periodicintervals. Whenit timesout after L time, its TEARDOWN
messageanbe lostaswell. This leadsin the worstcaseto a maximumRTD of n - L
for aresenationlengthof n links.
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Fig.12. Theimpactof L andthe control Fig.13. Theimpactof L andthe control
optionon E[RTD] (n = 10, R = 30s, no optiononE[RTD] (p; = 102, R = 30s,
CMR). noCMR).

However, Figure 12 shows that the control option hasno impacton E[RTD]. The
influenceof L dominatesE[RTD] for high link loss probabilitiesby a linear law. The
samephenomenortanbe obsenedin Figure13. Here, it is visible that CC is clearly
worsethanEC. But thevalue L for the expirationtimer hasstill greaterimpact.In the
following, wesetL = 3 - R.

1 5
7EC,3=2 7EC,Fﬁ=2
0.8} --- CC,R=2 4if --- CC,R=2
T . EC,R=4 G EC,R=4
£ 06 .- CC,R=4 SE3 CC,R=4
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o i)
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0 -4 -3 2 0 e Ll R RS
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Fig. 14. Theimpactof theCMR parame-  Fig. 15. Theimpactof the CMR parame-
ter R; andthe controloptionon E[RTD] ter R, andthe controloptionon E[RTD]
(n =10, R = 30s, L = 3, CMR). (p = 1072, R = 30s, L = 3, CMR).

Weinvestigateheinfluenceof the CMR andits parametersn E[RTD]. With CMR,
upto R; TEARDOWN messagearesentrepeatedlyntil anacknavledgementeturns.
A comparisonof Figure 14 and Figure 12 shows that this reducesE[RTD] notably
EspeciallyCC profits from CMR: Their E[RTD] is now shorterthanfor EC. A rapid
retry limit of R; = 2 alreadysuflicesto keepE[RTD] small,however EC with R; = 4
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exhibits anexcellentperformanceswell. Figure 15 shovsthata singleretransmission
reducesE[RTD] for EC to 25% comparedo without CMR (cf. Figure 13). But this
combinationperformsstill quite poorlyin contrasto the otherconfigurations.

34 Concluding Remarks

If pacletlossratesarehigh, CMR area powerful methodto reducethe responsdime
in sigaling.CC is analternatie to EC to improve the sessiorstability in thatcaseIn
our investigationsCMR turnedout to be more effective than CC to reduceE[RED]
andE[RTD]. Thecombinationof bothtechniquess possiblg6] andleadsto optimum
results.However, both extensionsincreasethe software compleity of existing RSVP
solutionswhich mayhave dravbacksthatarenotrespectedn this study

4 Summary

In this paper we gave an overview of severalresourceresenation protocols.We pre-
sentedheir basicoperationswith focuson theirinformationpassingconcepts.

We explainedRSVPandvariousextensionghatreducethe numberof refreshmes-
sagesmake it morerobustagainsipacketlossesandmorescalabldor the usein transit
networks. Apart from RSVR light-weight protocolsas Boomerangand YESSIRwere
presentedBGRPis intendedor resenationaggreyationbetweerautonomousystems.
All theseapproacheslerive the possibletraffic intensity and the remainingcapacity
from the storedflow information.Measuremenbasedadmissiorcontrol (MBAC) sub-
stituteghis by anestimatiorof thecurrentnetwork load.We alsopresentedheprinciple
of statelessesenationprotocolswhichis aspecialMBAC approach.

In RSVP every nodesupportinga resenation is actively involvedin keepingthe
resenationalive (commoncontrol). Thisis unlike in Boomerangr YESSIR(endpoint
control) whereonly senderandrecever trigger refreshmessageskecently an option
for RSVP control messageetransmissio{CMR) was createdto make RSVP more
responsiein networking scenariowith high pacletlossprobabilities.

We investigatedheseprotocolconceptshatarebasicfeaturedor generakignaling
protocols.They have aninfluenceontheresenationestablishmendelay(RED) andon
the resenationteardavn delay (RTD). Their impactdependsoth on the paclet loss
probability of a singlelink aswell ason the numberof hopsin the resenation path.
For smalllossprobabilities(< 10~3), hawever, their effectis negligible. In networking
scenariowith high lossprobabilitieslik e wirelessnetworks, the performancegain by
CMR is considerablavhereaghe alternatie endpointor commoncontrol playsonly a
mauginalrole.
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