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Abstract–We presenta reliable, fast and efficient mechanismfor rerouting traf-
fic when there is a link/node failur e or congestionproblem in Multipr otocol Label
Switching (MPLS) networks. This proposalis able to guaranteerigor ous QoS cri-
teria for high-priority data traffic by eliminating packet loss and disorder, and min-
imizing packet delay. We show that this dir ectly translates into an improvement of
the important quality measure attrib utes suchas performance,reliability and fault
tolerancein the MPLS-basednetworks.

We usea predefined,alternative Label Switched Path (LSP) in order to restore
traffic (ProtectionSwitching or fast rerouting). A theoretical model is formulated for
the failur e scenarioin a protectedLSP segmentand we validate it through simula-
tions using the MPLS Network Simulator (MNS). The resultsof further simulations
show that our mechanismis able to completely eliminate packet lossand disorder
while reducing the Full Restoration Time. The potential cost in terms of buffer re-
quirements- an important issueof our proposal- wasalsostudied.Weshow that even
for the worst case,buffer requirementsare well within justifiable limits for guaran-
teeingQoSfor high-priority data traffic in protectedLSPs.

The combination of theseimprovementshelpsto minimize the effectsof link fail-
ure. This facilitatessatisfyingrigor ousQoSrequirements,increasingthethroughput,
rapid releaseof network resourcesand enhancementof the end-to-endperformance
of MPLS networks.

Keywords: Reliable and Fast Rerouting (RFR), MPLS, Label Switched Path
(LSP), QoS, Switchover, Backward LSP, Alternative LSP, Label Switching Router
(LSR).

I . INTRODUCTION

Theintroductionof Multi ProtocolLabelSwitching(MPLS)aspart
of theInternetforwardingarchitecturewill contributesignificantlyto
traffic engineering[1], [2], [3]. Somecomponentsof theMPLStraffic
engineeringsolutionare: Label SwitchedPaths(LSPs),appropriate
pathdiscovery, traffic assignmentto pathsandfastresponseto topol-
ogychanges.

Giventhatnetwork topologiesarenever stableover time, rapidre-
sponseto link failuresand/orcongestionby meansof reroutingis crit-
ical. This is even more importantfor high-priority datatraffic that
hasrigorousQuality of Service(QoS)requirements.To provide cor-
rectQoS,it is not sufficient to only establishtheprotectedLSP, it is
alsonecessaryto guaranteeit for the durationof the session.There
aretwo basicmethodsfor LSPrecovery: (1) Reroutingand(2) Fast
rerouting[4]. The formerworksby establishinganalternative Label
SwitchedPathor LSPsegmenton-demand,after theoccurrenceof a
fault. Fastreroutingusespre-establishedalternativeLSPsor LSPseg-
ments.Fastreroutingfrom anetwork failurehasbeenrecognizedasa
key componentpartto provideservicecontinuityto endusers.Wefo-
cusonimproving currentmechanismsfor ReliableandFastRerouting
(RFR).

In ourpreviouswork [5], wewereableto significantlyreduceaver-
agedelaydueto pathrestorationwhile eliminatingpacketdisorderfor
traffic in MPLSnetworksfor aprotectedLSP. However, wefoundthat
for critical services(importanttraffic from premiumcustomers)will
be affectedby packet loss. As a consequencebadperformanceand
degradatedservicedelivery will beexperienced.Our presentscheme
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(RFR)proposea novel recovery algorithmwith smallamountsof lo-
cal buffers in eachLSR nodewithin the protectedpath in order to
eliminatebothpacket lossdueto link/nodefailureandpacketdisorder
duringtherestorationperiod. This resultsin a significantthroughput
improvementfor thepremiumtraffic.

Thepaperis organizedasfollows: Problemsrelatedto fastrerout-
ing, packet lossandpacket disorderarediscussedin section2. Our
proposalis explainedin detail in section3 andthedetailedalgorithm
in section4. In section5, we developa general,theoreticalformula-
tion of a failure scenarioin a protectedLSP segmentandderive ex-
pressionsfor the time-to-recovery (Full RestorationTime - [4]) and
buffer requirements.The simulationmethodology, resultsand their
evaluationarepresentedin section6. In thefinal section,we summa-
rizeourconclusionsandoffer suggestionsfor futurework.

I I . FAST REROUTING PERFORMANCE CONSTRAINTS

Fast rerouting or ProtectionSwitching [4] usespre-established
LSPsor LSPsegments.Whena fault is detected,theprotectedtraffic
is switchedover to thealternative LSP(s).Settingpre-establishedal-
ternativepaths,resultsin a fasterswitchovercomparedto establishing
new, alternativepathson-demand[4], [6], [7], [8].

Fastreroutingcanbeaccomplishedby protectionmechanismsthat
areactivatedlocally or thatareglobal in scope.Local repairusesan
alternative Label SwitchedPath (LSP) that servesasa bypassfrom
thepointof protectionto thenext LSRnodeor to thedestination.The
techniquesproposedfor local repairsin MPLS networksaresplicing
andstacking[8]. Global repair is activatedon an end-to-endbasis.
That is, an alternative LSP is pre-establishedfrom ingressto egress
nodesof thepathto beprotected.Our proposalcombinesboththese
techniques.

Themainfactorsthataffecttheperformanceof fastreroutingmech-
anismsare:packet loss,traffic recoverydelay(Full RestorationTime)
andpacket disorder. Ourpreviouswork [5] hasaddressedthelasttwo
mentionedfactors. Up to now, packet lossdueto nodeor link fail-
urewasconsideredto be‘inevitable’ [4]. It hasalwaysbeenassumed
that the transportlayer would somehow take careof the retransmis-
sionof lost packets- eventually. It is for this reason,we believe, that
therehasnotbeenany previouswork aimedateliminatingpacket loss.
We have observed that the retransmissionprocessdueto packet loss
significantlyaffects the throughputof TCP traffic dueto the startup
behavior (slow-start)of TCP.

Themainmotivationof this work is to show thatimproving and/or
eliminating the above-mentionedconstraintswill enhancesignifi-
cantly the throughputof all typesof datatraffic andthe overall per-
formanceof thenetwork.

It is importantto notethat theobjective of thepresentpaperis fo-
cusedto provide andguaranteeQoSfor critical tarffic carriedby pro-
tectedLSPin MPLSnetwork. Notethat,notall LSPsareprotected.

I I I . PROPOSED MECHANISM

Theproposedmechanismis basedonourpreviouswork [5]. In Fig.
1, theingressandegressnodesrespectively areLSR0andLSR4.The
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Fig. 1. Simulationscenario

protectedLSP is formedby the LSR nodes0,1,2,3and4. If a link
failureis detectedby LSR3- asshown in thefigure,thepathbackto
the ingressLSR will consistof the nodes3,2,1and0 (we call it the
backwardsLSP) WhatwenameasthealternativeLSPwill beformed
by theLSR nodes0,5,6,7,8and4. As soonasanLSR nodebelong-
ing to the protectedLSP detectsa fault, a switchover is established
andpacketsaresentbackthroughthenewly activatedbackward LSP
(Fig. 1). The first packet that is sentback is usedasa fault-detect
notification.

We assumethat the backwardsandalternative LSPshave already
beenset-up[5]. Changingto analternativepathis theresponsibilityof
theroutingcontrolprocess(e.g.LabelDistributionProtocol(LDP)[9]
, extensionof RSVPprotocol[10]) andhence,is notwithin thescope
of ourstudy.

In our proposal,eachLSR in theprotectedpathhasa local buffer
into which a copy of the incomingpacket is saved while it is being
forwardedalongtheprotectedpath.Themaximumsizeof this buffer
needsto beabouttwice thenumberof packetsthatcancirculatein a
givenlink of theprotectedLSP. Thisissobecausethefailurecanoccur
eitheronalink or atanode.If thelink fail , wewouldpotentiallylose
only thepacketsoccupying the link from LSR3to LSR4(Fig. 1). If
nodeLSR3 fails, packets on both links to the nodewill have to be
recovered.

A. Behaviorof theNodethatdetectsthefailure

Whena fault is detectedby a LSR,a switchover procedureis initi-
atedimmediately(assumingthat thefault-detection-timeis zero)and
all the packets in its buffer aredrainedandsentbackvia the back-
wardLSP. Any subsequentpacket coming-inon theprotectedLSPis
alsosentback. The switchover consistsof a simplelabel swapping
operationfrom protectedLSPto backwardsLSP. Notethat this node
hascopiesof packetsthatweredroppedfrom thefaulty link/nodeand
hencethereis nopacket loss.

B. Behaviorof all othernodeson thebackward LSP

As soonaseachnodeof thebackwardLSPdetectsthefirst packet
comingback(signof fault or problemdownstream),it forwardsthis
packet alongthebackward LSPandinvalidatesall datathat is stored
in its buffer. Thenext packetcomingin from theprotectedLSPwill be
taggedandforwardedvia the protectedLSP. All subsequentpackets
thatarriveat thisnodealongtheprotectedpatharestoredin its buffer
without beingforwarded[5]. This contributessignificantlyto there-
ductionof the averagepacket delaybecauseit avoids thecirculation
of packetsalongtheloopformedby thealreadybrokenprotectedLSP
andthebackwardsLSP.

C. Roleof tagging in eliminatingdisorder of packets

Whena nodedetectsthe packet it tagged(the lastpacket senton-
ward before starting to store incoming packets) coming along the
backward LSP, it knows that all downstreampackets have been
drainedand that it must now sendback all the storedpackets. By
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Fig. 2. RFRstatemachinediagram.

doing this, we areableto preserve the orderingof packets. We use
oneof theExpfield bits of theMPLS labelstack[11] for thepurpose
of taggingandtherebyavoid any overheads.

EachLSR - alongthebackward LSP- successively, sendsbackits
storedpacketswhenit receivesits taggedpacket. Note that thenode
responsibleof removing thetagis thesamenode(LSR)which tagged
it. Whenall packetsreturnto the ingressLSR (i.e. the ingressLSR
receivesits taggedpacket) andhave beenreroutedto the alternative
LSP, therestorationperiodterminates.Thepacketsstoredduringthis
time in the ingressLSR, alongwith all new incomingpackets(from
thesource)arenow sentvia thealternative LSP. Notethatat theend
of the whole process,global orderingof packets is preserved, hasa
shorterrestorationperiodthanHaskin’s proposal[5] andpacket loss
hasbeeneliminated.

IV. ALGORITHM DESCRIPTION

Fig. 2 presentsthe statemachinediagramof the proposedalgo-
rithm (RFR).Thoughthestatemachinediagramby itself is a formal
description,a detailedexplanationof the processfollows. We intro-
duceanew field in thelabelinformationbased-forwardingtable(LIB)
calledstatus(link state).Five link stateidentifiersaredefinedfor pro-
tectedLSP:normal,faultdetect,alternatedetect,storebuffer andsend
buffer.

Oncea failure alongthe protectedLSP is detected,the protected
LSR that detectsthe fault performstheswitchover procedure(LSR3
in Fig. 1.) This procedureconsistsof a simple label swappingop-
erationfrom protectedLSP to backwardsLSPfor all packetswith a
labelcorrespondingto theprotectedLSP. The link statusof thelabel
informationbaseforwarding table(LIB) of this LSR ( 	 input label,
output interface
 correspondingto this forwarding entry table) is
changedfrom NORMAL to FAULT DETECT (Fig. 2). It thenbe-
ginsto drainall thepacketsstoredin its buffer - i.e sendit backalong
the backward LSP. Any incomingpacketson the protectedLSP are
alsosentback.



The immediateupstreamLSR, in this caseLSR2(Fig. 1) receives
thesereversedpacketsfrom LSR3throughthebackwardsLSP. When
it detectsthefirst packet comingon thebackwardLSP, it changesthe
link statusof theLIB entryof theprotectedLSPcorrespondingto this
backwardLSPto ALTERNATIVE DETECT(Fig. 2). Additionally, it
invalidatesall datain its buffer. Thenext, immediatepacket received
from theprotectedLSPseesthis entryasALTERNATIVE DETECT.
This indicatesthat there is a link problem somewhere in the pro-
tectedLSP. So,this packet is taggedasthe lastpacket from this LSR
(LSR2) andforwardednormally downstreamandthe LIB entry sta-
tus is changedfrom ALTERNATIVE DETECTto STORE BUFFER
(Fig. 2). The subsequentpackets coming in on the protectedLSP
will be storedin the buffer becauseit will find the link statusas
STORE BUFFER.This continuesuntil the taggedpacket is received
throughthebackwardLSP.

In orderto detectthe taggedpacket comingbackon thebackward
LSP, theLSR hasto checkif the tagbit of the received packet is set
or not. If thecomparisonresultis falsethepacket will be forwarded
using the normal swappingoperation. Otherwise,it knows that no
morepacketsareexpectedfrom thebackwardsLSP. Thetagbit in the
label mustbe disabled(set to 0) andthe packet is sentaccordingto
the label swappingresultasa normalpacket. Moreover, it changes
thestatusfrom STORE BUFFERto SEND BUFFER,andthenwhen
the buffer is empty, the statuschangesto FAULT DETECT(Fig. 2).
Finally, thelabelassociatedwith theprotectedLSPis removed. This
processis repeatedat every LSR up to the ingressLSR. Although in
this descriptionwe presentedthe exampleof link failure, our algo-
rithm canalsobeusedwithoutrequieringany additionalalgotithmfor
nodefailurerestoration.

V. DERIVATION OF MODEL

Themathematicalformulationof our modelis animportantstepto
validatethe simulationresults. Oncewe do this, we can study the
trade-offs betweenthe costof usingbuffers in eachLSR within the
protectedpathto thebenefitsthataccruefrom enhancingthroughput
andperformancefor high-priorityQoStraffic. Thesizeof thebuffers
requiredbothat theingressnodeandtheintermediatenodesbetween
theingressandthepoint of failurecanbeestimatedfrom thederived
modelandvalidatedby our simulation. The following arethe terms
usedin ourderivationwith abrief explanationof eachone:�� � � ��� �

Sourcerate(referencetraffic),��� � � � � �
LSPbandwidth,��� �

Packet size,��� �
Distancebetweentwo adjacentLSRs,��� � �  ! � � "�� �

Full restorationtime,� # $ % � & ' � & � � & � �
Faultdetecttime,�)( * + � � � � � �

Buffer sizein ingressLSR,and,-� �
Numberof LSR thatdetectsthefault (i.e. numberof nodes

of thebackwardsLSPexcludingtheingressnode),
Accordingto ourgeneralizednetwork simulationmodel(Fig.3) af-

ter thedetectionof afailure,thetotal timerequiredby thenodedetect-
ing the failure to switchover all packets(includingbufferedpackets)
andthetimefor thetaggedpacket to returnto theimmediateupstream
nodemustbecalculated.Thiswouldbeequalto thelink delayfor the
first packet switchedover to reachthe next upstreamLSR alongthe
backwardLSP, plustheroundtrip link delayfor thetaggedpacket to
returnto its node(thenodewhich taggedit).. / 0 1 2 3 4 5 6 7 8:9<;>=?. @ 1 A B

(1)

Where,
� � ( * C

(link delay)is calculatedin our caseasthesumof the

Pre-established alternative  LSP

0 N+1NN -12
D

1 .....
X

Egress
LSR

b
u
f
E b

u
f

b
u
f

b
u
f

b
u
f

.....

Tlink
F

N+K...
b
u
f

Tlink

...

Ingress
LSR

Fig. 3. Model for equation.Solid line: ProtectedLSP;Dashedline: BackwardLSP.

transmissionGIHJ K L M N O and propagationP ' � Q delays,assumingthat

bothqueuingandprocessingdelaysarezero..�@ 1 A B�9R.�2 8 S A>TU. V 8 5 V
(2)

Therestof thedelaysupto thepoint of restorationof traffic along
thealternateLSParethesumof thedelaysfor eachintermediateLSR
to passbackall of its packetsto the immediateupstreamnode. This
timecanbebrokendown into two components:(1) timetakento drain
all packetsfrom its buffer (2) time taken for the last packet (the one
that was tagged) to reachthe next upstreamnode(

� � ( * C
). The store

periodis W =��� ( * C (two-way delayfor thetaggedpacket). Giventhat
thepacketsthatarestoredin thebuffer arrive at therateof reference
traffic (

�� � � �
) during W =���� ( * C andtherateat which thepacketsare

drainedfrom thebuffer is equalto thebandwidth(
��� � � �

), wehave:. 1 A 2 X Y Z Z 7 8 [ 8 S 1 A V B 2 9-\ =.�@ 1 A B>=?] ^ @ / V_>` @ / V (3)

andtheintermediateLSRdelaytime (
�( * &

),.�1 A 29R. 1 A 2 X Y Z Z 7 8 [ 8 S 1 A V B 2 TU. @ 1 A B
(4)

Oncewe know
� # $ % � & ' � & � � &

,
� � a ( & � b  ! � �

,
�( * &

andN we cancalcu-
latethetotal restorationtime startingfrom thetime that thefault was
detected.Notethatweassume

� � ( * C
overall links is thesame(i.e. the

all links operateat thesamerate(
� � � � �

) andhasthesamepropaga-
tion delay(d)), the sumdelaysin the intermediateLSRsis equaltocedfg( h gji ��( * & k ( = i ,l�nm k =��( * & .. 8 7 3 5 6 7 8 o>9n. Z S Y @ 2 [ 7 2 7 3 2 Tp. / 0 1 2 3 4 5 6 7 8 T i q �Ur k =.�1 A 2 (5)

We assumethat the time to detect the fault by an LSR -� # $ % � & ' � & � � & 9es
. Thentheabove equationbecomes:t�u v w x y v u z 9 t�{ | } ~j� � TU��TU� i � �R� k���� { � ���� { � �� (6)

Finally, for theworst case(i.e. whenthe
] ^ @ / V 9n_ ` @ / V

)t�u v w x y v u z 9���= � = t { | } ~
(7)

A. Buffer sizerequirementcalculationfor theingressLSRduring the
restorationperiod.

The requiredbuffer sizein the ingressLSR is an importantfactor
for theimplementationof theproposedmechanism.This nodehasto
storepacketssinceit receivesthefirst packet switchedover from the
point-of-failureuntil it receivesits own taggedpacket. Thetimetaken
by theformeris:

.�1 A � 8 3 6 Z 1 8 / 2 V B 2�9 q =?. @ 1 A B (8)
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and the time at which the latter takes placeis � � � � � � � � � (Fig. 4).
Therefore,� � � � � � � � � � � ���n� � � � � � � � �:����� � � � � � � � � � � � � � (9)

The requiredamountof buffer size in the ingressLSR during the
restorationperiodis:  � � � � � � �:�R� � � � � � � � � � � ��¡)¢ £ ¤ � � (10)

andhence,¥�¦ § ¨ © ª « « �n¬ ¡)�® ¦ § ¯ ¡?°²± ® « ³ ¡�´�µ ¶ �U· ¸ ° ± ® « ³¥�¹ ® « ³»º · ¼ (11)

Therequiredamountof buffer sizein eachintermediateLSRsduring
therestorationperiodis:¥�¦ § ½ ª © ¾)ª ¿ ¦ À ½ ª ��¬ ¡?�® ¦ § ¯ ¡°�± ® « ³ (12)

VI . SIMULATIONS AND RESULTS

The simulationtool usedto evaluatethe proposalis an extension
of thenetwork simulator(NS) for MPLS networkscalledMPLS net-
work simulator(MNS) [12], [13]. Theobjective of thesimulationis
to validatethe formulaandto comparethe behavior of the proposed
mechanismwith previousMPLSprotectionmechnism[6].

We presentthe resultsfor a CBR traffic flow with the following
characteristics:packet size = 200 bytes, sourcerate= 400K, burst
time=0 and idle time =0. The simulatedscenariois the oneshown
in Fig. 1.

Thesimplenetwork topologywith a protectedandalternative LSP
is used.We extendthesimplenetwork topologyfor differentnumber
of intermediateLSRsin the protectedLSP. In this way, we vary the
locationof the nodethatdetectsa fault - therebyvarying the sizeof
theprotectedLSPwithin whichreroutingtakesplace.

Partsof theMNSsourcecodeweremodifiedto simulatebothmech-
anisms(oursandHaskin’s [6]) andthe modifiedsimulatorwasvali-
datedwith previouslypublishedresultsfor Haskin’smethod[14], [5].
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Theresultsbasedonthederivedformulafor theproposedmodelare
plottedwith thecorrespondingsimulationresults,for Full Restoration
Time(Fig.5)andfor thebuffersizeneededattheingressLSR(Fig.6).
Thesefiguresshow thattheanalyticalresultsarealmostidenticalwith
thesimulationresultsvalidatingour analyticalexpressionof thepro-
posedmechanism(RFR).Observe that in bothcases( Figs.5 and 6)
for the Ê�Ë Ì Í Î��lÏ ÐjÑ therestorationtimeandtheingressLSRbuffer
requirementincreasesdueto thefactthatthetransmissionspeedof the
packetsis low comparedto 5Mb, 10Mbandabove. Thetimerequired
to reachthe ingressLSR dependsin the time speed.Therestoration
time basicalydependson thetransmissionspeedandthesave applies
for thebuffer requirementsat theingressLSR.

Theplots in Fig. 7aand7b correspondto thecomparisonbetween
Haskin’s schemeandRFR for the derived modelandthe simulation
respectively for overall restorationperiod. We useFig. 7b resultsfor
comparisonof the overall restorationperiod for both proposalsfor
differentpointsof failureandfor differentbandwidths.Time is com-
putedfrom the instantwhenthe fault is detecteduntil the protected
LSPis completelyeliminated.Ourproposedmechanismsignificantly
improves the Full RestorationTime. A reductionof 24.6%,27.9%,
29.8%, 31.7%and 33% for the 3rd, 4th, 5th, 6th and 7th nodeof
the LSR that detectsthe fault on the protectedLSP respectively are
achieved. Notethattheabove percentagevaluescorrespondto a LSP
bandwidthof 1Mbps.Theimprovementsaregreaterasthebandwidth
increasess.

In Fig. 8 wepresenttheresultconcerningto theingressnodebuffer
requirementvarying the Ê Ë Ì Í Î , distance(d) and N. Resultsshow
thatfor evena long-distanceLSPtheamountof buffer requiredat the
ingressnodeis reasonablecomparedto the benefitsprovided by the
RFRmechanism.In Fig.9 wemaintainthe ÒÓ Ì Í Î andthedistance(d)
constant,andvary the Ê�Ë Ì Í Î andN. In this case,aswe increasetheÊ Ë Ì Í Î the effect of N in the requiredingressbuffer spacebecomes
negligible. Notethatin bothcaseswemaintainthepacketsize(P)con-
stant.So,onecanobservethebuffer space(memory)requirementsfor

0 2 4 6 8

a) Using the  formula  (derived model).Ô0.0

0.1

0.2

0.3

T
im

e_
re

co
ve

ry
 (

se
c)

 

Õ Proposal 1Mbps
Ö
Proposal 5Mbps
Proposal 10Mbps

Proposal 100Mbps 

Haskin 1Mbps
Haskin 5Mbps
Haskin 10Mbps
×
Haskin 100Mbps 
×

0 2 4 6 8

b) Using the  simulator.

0.0

0.1

0.2

0.3
Haskin_(1Mb)
Haskin_(5Mb)
×
Haskin_(10Mb)
Proposal_(1Mb)
Proposal_(5Mb)
Ö
Proposal_(10Mb)

Fig. 7. Restorationdelayfor 200bytespacket sizefor differentLSPbandwidth,X-axis is
numberof LSRthatdetectsthefault (N).



0 20 40 60 80 100

Label switched path bandwidth (Mbps)

0

500

1000

1500

B
uf

fe
r-

si
ze

 (
K

bi
t)

 

d=300Km

d=100Km

lsr_1

lsr_3

lsr_5

lsr_7 

lsr_1

lsr_3

lsr_5

lsr_7 

Fig. 8. Requiredbuffer spacefor ingressLSR when ØÙ Ú Û Ü�ÝRÞ)ß Ú Û Ü (worst case)
andPkt size=200bytesfor d=300Kmandd=100Kmvaryingthe Þ?ß Ú Û Ü andN.

theimplementationof our proposalfor differentconditions.We have
plottedthebuffer needsfor theingressnodesinceit hasto storepack-
etsfor the longestperiod(waiting for all downstreamnodesto drain
theirpackets).Apart from thesize- which is notverysignificanteven
for theworstcase,themostinterestingaspectis thelinearbehavior of
our model- relating à�á â ã ä , åæ â ã ä , P, d andN. Thiswouldallow to
estimateeasilypredictthe buffer requirementsfor given bandwidths
andQoSconstraints.

For the throughputcomparisonfor TCP traffic under RFR and
Haskin’s mechanismwe setupa FTPsessionover a TCPconnection
with packet size= 1000bytes.Fig. 10 comparesthebehavior of RFR
andHaskinscheme.

In Fig. 10athedifferencein thesequencenumberof TCPsegment
received by the egressLSR is seenclearly for the samesimulation
time. Fig. 10b shows a moredetailedview of the sequencenumber
during the restorationperiod. Additionally, in Fig. 10b onecanob-
serve the perturbationcausedby disorderof packets. Note that the
time of link failure is 1.51 sec. Fig. 10 confirmsthat the proposed
mechanismavoidspacket lossanddisordering.This benefit(advan-
tage)is dueto theuseof thebuffer, thatavoidsthelossof packetsand
thereforethepenaltydueto retransmission.

VI I . CONCLUSIONS AND FUTURE WORK

This paperpresentsa mechanismto perform Reliable and Fast
Rerouting(RFR)of traffic in MultiprotocolLabelSwitching(MPLS)
networks. Our methodeliminatespacket loss and packet disorder
while improving theaveragedelaytimeduringtherestorationperiod.
This is achieved at a minimal costfor additionalbuffer space(mem-
ory) thatis faroutweighedby thebenefits.
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Fig. 9. Comparisonbetweenformula and simulation resultsfor ingressbuffer with
Vt lsp=400kandPkt size=200bytesfor differentN andBw lsp.
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Fig. 10. Behavior of TCPtraffic for MSSof 1000byte,X-axis is Time(sec).

Ourproposalhasthefollowing advantagesfor theprotectedLSP:
1. Avoidspacket lossanddisorder.
2. Improvestheaveragelatency (averagepacket delay).
3. Improvesend-to-endperformance(overall performance).
4. HasashorterrestorationperiodthanHaskin’sproposal(i.e. Fast

network resourcesrelease).

Theproposedmechanismcanbeusedfor quality of service(QoS)
provision. Oncea given LSR detectscongestionor a situationthat
leadsto a ServiceLevel Agreement(SLA) or QoSagreementbeing
violated,it maystarta reliableandfastreroute(RFR)of a protected
LSPthatsharesthelink.

TheRFRdueto its advantagesturnsthelink/nodefailureproblem
into an equivalent problemof avoiding congestionin the protected
LSP with the differencethat for link congestionwe have moretime
to manoeuvrethe reroutingof packetsto alternative path. To extend
ourmechanismto thecongestionavoidanceproblemoneonlyneedsto
guaranteethattheLSRbeawareof it - justasin thecaseof alink fault.
If this conditionis satisfied,we candivert theflow to thealternative
pathaviodingacongestionsituation.

Finally, thecriteriafor selectingalternativeLSPsfor QoSprovision
andthepotentialintermediatenode(s)capableof ”shortcutrerouting”
from thepoint of failure to thepre-establishedalternative pathis left
for furtherstudy.
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