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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 shaw that this directly translatesinto an improvement of
the important quality measute attrib utes such as performance, reliability and fault
tolerancein the MPLS-basednetworks.

We usea predefined,alternative Label Switched Path (LSP) in order to restore
traffic (ProtectionSwitching or fastrerouting). A theoretical modelis 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
shaw that our mechanismis able to completely eliminate packet lossand disorder
while reducingthe Full Restoration Time. The potential costin terms of buffer re-
quirements- animportant issueof our proposal- wasalsostudied. We shaw that even
for the worst case buffer requirementsare well within justifiable limits for guaran-
teeingQoSfor high-priority data traffic in protectedLSPs.

The combination of theseimpr ovementshelpsto minimize the effectsof link fail-
ure. This facilitates satisfyingrigor ousQoSrequirements,increasingthe throughput,
rapid releaseof network resourcesand enhancemenbf 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 ProtocolLabel Switching(MPLS)aspart
of the Internetforwardingarchitecturewill contritute significantlyto
traffic engineeringl], [2], [3]. SomecomponentsftheMPLS traffic
engineeringsolutionare: Label SwitchedPaths(LSPs),appropriate
pathdiscovery, traffic assignmento pathsandfastresponséo topol-
ogy changes.

Giventhatnetwork topologiesarenever stableover time, rapidre-
sponseo link failuresand/orcongestiorby meansf reroutingis crit-
ical. Thisis even moreimportantfor high-priority datatraffic that
hasrigorousQuality of Service(QoS)requirementsTo provide cor
rectQosS, it is not suficient to only establishthe protected SR, it is
alsonecessaryo guaranteat for the durationof the session.There
aretwo basicmethodsfor LSP recovery: (1) Reroutingand (2) Fast
rerouting[4]. Theformerworks by establishingan alternatve Label
SwitchedPath or LSP sggmenton-demandafter the occurrenceof a
fault. Fastreroutingusespre-establishedlternatve LSPsor LSPseg-
ments.Fastreroutingfrom a network failure hasbeenrecognizedgsa
key componenpartto provide servicecontinuityto endusers.We fo-
cusonimpraving currentmechanism#or ReliableandFastReiouting
(RFR).

In our previouswork [5], we wereableto significantlyreduceaver-
agedelaydueto pathrestoratiorwhile eliminatingpaclet disorderfor
traffic in MPLS networksfor aprotected_SP. However, we foundthat
for critical services(importanttraffic from premiumcustomerswill
be affectedby paclet loss. As a consequencbkad performanceand
degradatedservicedelivery will be experienced Our presenscheme
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(RFR) proposea novel recorery algorithmwith smallamountsof lo-
cal buffers in eachLSR nodewithin the protectedpathin orderto
eliminatebothpadketlossdueto link/nodefailureandpadet disoder
duringtherestoratiorperiod. This resultsin a significantthroughput
improvementfor the premiumtraffic.

The paperis organizedasfollows: Problemgelatedto fastrerout-
ing, paclet lossand paclet disorderare discussedn section2. Our
proposais explainedin detailin section3 andthe detailedalgorithm
in section4. In section5, we develop a general theoreticaformula-
tion of a failure scenarioin a protected.SP sggmentand derive ex-
pressiondor the time-to-receery (Full RestoratioriTime - [4]) and
buffer requirements.The simulationmethodology resultsand their
evaluationarepresentedn section6. In thefinal sectionwe summa-
rize our conclusionsandoffer suggestionsor futurework.

Il1. FAST REROUTING PERFORMANCE CONSTRAINTS

Fast rerouting or Protection Switching [4] usespre-established
LSPsor LSP sggments.Whenafaultis detectedthe protectedraffic
is switchedover to the alternatve LSP(s). Settingpre-establishedl-
ternatve pathsresultsin afasterswitchorer comparedo establishing
new, alternatve pathson-demand4], [6], [7], [8].

Fastreroutingcanbe accomplishedby protectionmechanismshat
areactivatedlocally or thatareglobalin scope.Local repairusesan
alternatve Label SwitchedPath (LSP) that senes as a bypassfrom
thepointof protectionto thenext LSR nodeor to thedestinationThe
techniquegproposedor local repairsin MPLS networks aresplicing
andstacking[8]. Globalrepairis actvatedon an end-to-endbasis.
Thatis, an alternatve LSP is pre-establishefrom ingressto egress
nodesof the pathto be protected.Our proposalcombinesboththese
techniques.

Themainfactorsthataffecttheperformancef fastreroutingmech-
anismsare: pacletloss,traffic recorery delay(Full RestoratiorTime)
andpaclet disorder Our previouswork [5] hasaddressethelasttwo
mentionedfactors. Up to now, paclet lossdueto nodeor link fail-
urewasconsideredo be ‘inevitable’ [4]. It hasalwaysbeenassumed
thatthe transportlayer would somehw take careof the retransmis-
sionof lost paclets- eventually It is for this reasonwe believe, that
therehasnotbeenary previouswork aimedateliminatingpacletloss.
We have obsered thatthe retransmissiomprocessiueto paclet loss
significantly affects the throughputof TCP traffic dueto the startup
behaior (slow-start)of TCP

Themainmotivation of this work is to shav thatimproving and/or
eliminating the abore-mentionedconstraintswill enhancesignifi-
cantly the throughputof all typesof datatraffic andthe overall per
formanceof the network.

It is importantto notethatthe objectve of the presenipaperis fo-
cusedto provide andguarante€oSfor critical tarffic carriedby pro-
tectedLSPin MPLS network. Notethat,notall LSPsareprotected.

I11. PROPOSED MECHANISM

Theproposednechanisnis basednour previouswork [5]. In Fig.
1, theingressandegressnodesrespectiely areLSROandLSR4. The
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Fig. 1. Simulationscenario
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protectedLSP is formedby the LSR nodes0,1,2,3and 4. If alink
failureis detectedby LSR3- asshawn in thefigure, the pathbackto
theingressLSR will consistof the nodes3,2,1and0 (we call it the
badkwardsLSP Whatwe nameasthealternativeLSPwill beformed
by the LSR nodes0,5,6,7,8and4. As soonasanLSR nodebelong-
ing to the protectedLSP detectsa fault, a switchover is established
andpacletsaresentbackthroughthe newly actvatedbadkward LSP
(Fig. 1). Thefirst paclet thatis sentbackis usedas a fault-detect
notification.

We assumehat the backwardsand alternatve LSPshave already
beenset-up5]. Changingo analternatve pathis theresponsibilityof
theroutingcontrolprocesge.g. LabelDistribution Protocol(LDP)[9]

, extensionof RSVPprotocol[10]) andhencejs notwithin thescope
of our study

In our proposaleachLSR in the protectedpath hasa local buffer
into which a copy of the incomingpaclet is saved while it is being
forwardedalongthe protectedpath. The maximumsizeof this buffer
needsto be abouttwice the numberof pacletsthatcancirculatein a
givenlink of theprotected_SP. Thisis sobecauséhefailurecanoccur
eitheronalink oratanode.If thelink fail , we would potentiallylose
only the pacletsoccupying the link from LSR3to LSR4 (Fig. 1). If
nodeLSR3 fails, paclets on both links to the nodewill have to be
recovered.

A. Behaviorof the Nodethat detectghefailure

Whenafaultis detectedby a LSR, a switchover procedures initi-
atedimmediately(assuminghatthe fault-detection-timés zero)and
all the pacletsin its buffer are drainedand sentbackvia the back-
ward LSP. Any subsequemnpaclet coming-inon the protected_SPis
alsosentback. The switchorer consistsof a simplelabel swapping
operationfrom protected_SP to backwardsLSP. Note thatthis node
hascopiesof packetsthatweredroppedrom thefaulty link/nodeand
hencethereis no padetloss

B. Behaviorof all othernodesonthebadkward LSP

As soonaseachnodeof the backward LSP detectghefirst paclet
comingback(signof fault or problemdownstream)jt forwardsthis
paclet alongthe backward LSPandinvalidatesall datathatis stored
in its buffer. Thenext pacletcomingin from theprotected_SPwill be
taggedandforwardedvia the protected_SP. All subsequenpaclets
thatarrive atthis nodealongthe protectechatharestoredin its buffer
without beingforwarded[5]. This contritutessignificantlyto there-
ductionof the averagepaclet delaybecauset avoidsthe circulation
of pacletsalongtheloop formedby thealreadybroken protected_SP
andthebackvardsLSP,

C. Roleoftaggingin eliminatingdisorer of padets

Whena nodedetectshe paclet it tagged(the last paclet senton-
ward before startingto store incoming paclets) coming along the
bakward LSP, it knows that all dowvnstreampaclets have been
drainedandthat it mustnow sendbackall the storedpaclets. By
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Fig. 2. RFRstatemachinediagram.

doing this, we areableto presere the orderingof paclets. We use
oneof the Expfield bits of the MPLS label stack[11] for the purpose
of taggingandtherebyavoid ary overheads.

EachLSR - alongthe backward LSP- successiely, sendshackits
storedpacletswhenit recevesits taggedpaclet. Notethatthe node
responsiblef removing thetagis the samenode(LSR) which tagged
it. Whenall pacletsreturnto theingressLSR (i.e. the ingressLSR
recevesits taggedpaclet) andhave beenreroutedto the alternative
LSP, therestoratiorperiodterminatesThe pacletsstoredduring this
time in theingressLSR, alongwith all nev incomingpaclets (from
the source)arenow sentvia the alternatve LSP. Note thatat the end
of the whole processglobal orderingof pacletsis presered, hasa
shorterrestoratiorperiodthanHaskins proposal5] andpaclet loss
hasbeeneliminated.

IV. ALGORITHM DESCRIPTION

Fig. 2 presentghe statemachinediagramof the proposedalgo-
rithm (RFR). Thoughthe statemachinediagramby itself is a formal
description,a detailedexplanationof the procesdollows. We intro-
duceanew fieldin thelabelinformationbased-fonardingtable(LIB)
calledstatug(link state).Five link stateidentifiersaredefinedfor pro-
tectedLSP:normal faultdetectalternatedetect storebuffer andsend
buffer.

Oncea failure alongthe protectedLSP is detectedthe protected
LSR that detectsthe fault performsthe switchover procedurgLSR3
in Fig. 1.) This procedureconsistsof a simple label swappingop-
erationfrom protectedLSP to backwardsLSP for all pacletswith a
label correspondingo the protected_SP. Thelink statusof thelabel
information baseforwardingtable (LIB) of this LSR (<inputlabel,
outputinterface> correspondingo this forwarding entry table) is
changedrom NORMAL to FAULT_DETECT (Fig. 2). It thenbe-
ginsto drainall the pacletsstoredin its buffer - i.e sendit backalong
the backward LSP. Any incoming paclets on the protectedLSP are
alsosentback.



Theimmediateupstreanl SR, in this caseLSR2 (Fig. 1) receves
thesereversedpacletsfrom LSR3throughthebackvwardsLSP. When
it detectghefirst paclet comingon thebackward LSP, it changeghe
link statusof theLIB entryof theprotected_SPcorrespondingo this
backwardLSPto ALTERNATIVE _DETECT (Fig. 2). Additionally, it
invalidatesall datain its buffer. The next, immediatepaclet receved
from the protected_SP seeghis entryasALTERNATIVE _DETECT.
This indicatesthat thereis a link problem somevherein the pro-
tectedLSP So, this paclet is taggedasthe lastpaclet from this LSR
(LSR2) andforwardednormally downstreamandthe LIB entry sta-
tusis changedrom ALTERNATIVE _DETECTto STORE BUFFER
(Fig. 2). The subsequenpaclets comingin on the protectedLSP
will be storedin the buffer becauset will find the link statusas
STOREBUFFER.This continuesuntil thetaggedpaclet is receved
throughthe backward LSP.

In orderto detectthe taggedpaclet comingbackon the backward
LSP, the LSR hasto checkif the tagbit of the receved paclet is set
or not If the comparisorresultis falsethe paclet will be forwarded
using the normal swappingoperation. Otherwise,it knows that no
morepacletsareexpectedrom thebackvwardsLSP. Thetagbit in the
label mustbe disabled(setto 0) andthe paclet is sentaccordingto
the label swappingresultasa normal paclet. Moreover, it changes
the statusfrom STORE BUFFERto SEND.BUFFER,andthenwhen
the buffer is empty the statuschangeso FAULT_DETECT (Fig. 2).
Finally, the labelassociateavith the protected_SPis removed. This
processs repeatedat every LSR up to the ingressLSR. Althoughin
this descriptionwe presentedhe exampleof link failure, our algo-
rithm canalsobeusedwithoutrequieringary additionalalgotithmfor
nodefailurerestoration.

V. DERIVATION OF MODEL

Themathematicalormulationof our modelis animportantstepto
validatethe simulationresults. Oncewe do this, we can study the
trade-ofs betweenthe costof usingbuffersin eachLSR within the
protectedpathto the benefitsthat accruefrom enhancinghroughput
andperformancéor high-priority QoStraffic. The sizeof the buffers
requiredboth at theingressnodeandthe intermediatenodesbetween
theingressandthe point of failure canbe estimatedrom the derived
modelandvalidatedby our simulation. The following arethe terms
usedin our derivationwith a brief explanationof eachone:

Vr_isp 1 — Sourcerate(referenceraffic),

Bw _isp : — LSPbandwidth,

P : — Pacletsize,

d : — Distancebetweertwo adjacent.SRs,

Trecovery : — Full restoratiortime,

Ttautt _detect + — Faultdetecttime,

Bingress : — Buffer sizein ingress. SR, and

N : — Numberof LSR thatdetectghefault (i.e. numberof nodes
of thebackwardsLSP excludingtheingressnode),

Accordingto our generalizedhetwork simulationmodel(Fig. 3) af-
terthedetectiorof afailure,thetotaltimerequiredby thenodedetect-
ing the failure to switchover all paclets (including buffered paclets)
andthetimefor thetaggedoacletto returnto theimmediateupstream
nodemustbecalculated This would beequalto thelink delayfor the
first paclet switchedover to reachthe next upstreamLSR alongthe
backward LSP, plustheroundtrip link delayfor thetaggedpaclet to
returnto its node(the nodewhich taggedt).

@

Where, Tt (link delay)is calculatedn our caseasthe sumof the

Tswitch _over = 3 * Tiink
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Ingress a \ Egress

LSR

LSR _/

bl
ul
f

Fig. 3. Modelfor equation.Solidline: Protected SP; Dashedine: BackwardLSP.

BWP_ISP) and propagation(£) delays,assuminghat

bothqueuingandprocessinglelaysarezero.

transmission(

Tiink = Tiran + TPTOP (2)

Therestof the delaysupto the point of restoratiorof traffic along
thealternateL SParethesumof thedelaysfor eachintermediatd. SR
to passbackall of its pacletsto theimmediateupstreanmode. This
time canbebrokendown into two components(1) time takento drain
all pacletsfrom its buffer (2) time taken for the last paclet (the one
thatwastagged) to reachthe next upstrearmode(7%n:). The store
periodis 2 * Ty.: (two-way delayfor thetaggedpaclet). Giventhat
the pacletsthatarestoredin the buffer arrive atthe rate of reference
traffic (Vr_wp) during 2 = Ty, andtherateatwhich the pacletsare
drainedfrom the buffer is equalto thebandwidth(Bw _isp ), we have:

2% T’lznk * VT_lsp
BWJsp

®)

T%nt_buffer_drain_pkt =

andtheintermediate. SR delaytime (Tint),

(4)

Ooncewe KNow Tfoutt_detects Tswitch_over, Tint @NdN we cancalcu-
latethe total restoratiortime startingfrom the time thatthe faultwas
detectedNotethatwe assumel;,,, overall links is thesame(i.e. the
all links operateat the samerate(Bw _is» ) andhasthe samepropaga-
tion delay (d)), the sumdelaysin the intermediateLSRsis equalto

SV (Tont)i = (N = 1) % Tis.

Tint = int_buffer_drain_pkt + Tiink

Trecover'y = Tfault_detect + Tswitch_over + (N - 1) * Tint (5)
We assumethat the time to detect the fault by an LSR -
Tfautt _detect = 0. Thentheabove equatiorbecomes:

Trecovery = Tlink (N +24+2 (N _ 1) :;Tﬁ) (6)

W _lIsp
Finally, for theworst case(i.e. whentheVr_is, = Bw sp)

Trecovery =3*N=x Think (7)
A. Buffer sizerequirmentcalculationfor theingressLSRduring the
restoation period.

Therequiredbuffer sizein the ingressLSR is animportantfactor
for theimplementatiorof the proposednechanismThis nodehasto
storepacletssinceit recevesthefirst paclet switchedover from the
point-of-failureuntil it recevesits own taggedoaclet. Thetime taken
by theformeris:

(8)

Ting_rcv_first_pkt =N *Tjing
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Fig. 4. Graphicalrepresentationf timesfor ingresshuffer calculation

and the time at which the latter takes placeis Trecovery (Fig. 4).
Therefore,

T%ng_store_pkt = Trecovery - Ting_rcv_first_pkt (9)

The requiredamountof buffer size in the ingressLSR during the
restoratiomperiodis:

Bingress = lLing_store_pkt * VT_lsp (10)
andhence,
N-1 s
Bingress = 2 % Think * VT_lsp * (()ﬁ + 1) (11)
BW_]sp

Therequiredamountof buffer sizein eachintermediatd SRsduring
therestoratiorperiodis:

Bintermediate =2% Tlink * VT_lsp (12)

VI. SIMULATIONSAND RESULTS

The simulationtool usedto evaluatethe proposalis an extension
of the network simulator(NS) for MPLS networks calledMPLS net-
work simulator(MNS) [12], [13]. The objectie of the simulationis
to validatethe formulaandto comparethe behaior of the proposed
mechanisnwith previousMPLS protectionmechnisn{6].

We presentthe resultsfor a CBR traffic flow with the following
characteristics:paclet size = 200 bytes, sourcerate= 400K, burst
time=0andidle time =0. The simulatedscenariois the one shavn
in Fig. 1.

The simplenetwork topologywith a protectedandalternatve LSP
is used.We extendthe simplenetwork topologyfor differentnumber
of intermediate_SRsin the protected_SP In this way, we vary the
locationof the nodethatdetectsa fault - therebyvarying the size of
the protected_SPwithin whichreroutingtakesplace.

Partsof theMNS sourcecodeweremodifiedto simulatebothmech-
anisms(oursandHaskins [6]) andthe modified simulatorwasvali-
datedwith previously publishedresultsfor Haskins method[14], [5].
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Fig. 6. Ingresshuffer size for Vt_Isp=400kand Pktsize=200bytedor different LSP
bandwidthsaandnumberf LSR (N).

Theresultshasednthederivedformulafor theproposednodelare
plottedwith thecorrespondingimulationresults for Full Restoration
Time (Fig. 5) andfor thebuffer sizeneededttheingresd SR (Fig. 6).
Thesefiguresshav thattheanalyticalresultsarealmostidenticalwith
the simulationresultsvalidatingour analyticalexpressiorof the pro-
posedmechanism{RFR).Obsenre thatin bothcaseq Figs.5 and 6)
for the By i, = 1Mb therestoratiortime andtheingresd.SR buffer
requiremenincreaseslueto thefactthatthetransmissiospeedf the
pacletsis low comparedo 5Mb, 10Mb andaborve. Thetimerequired
to reachtheingressLSR dependsn the time speed.Therestoration
time basicalydepend®n the transmissiorspeedandthe save applies
for thebuffer requirementsittheingressLSR.

Theplotsin Fig. 7aand7b correspondo the comparisorbetween
Haskins schemeand RFR for the derived modelandthe simulation
respectiely for overall restoratiorperiod. 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.Our proposednechanisnsignificantly
improvesthe Full RestorationTime. A reductionof 24.6%,27.9%,
29.8%, 31.7% and 33% for the 3rd, 4th, 5th, 6th and 7th node of
the LSR that detectsthe fault on the protectedLSP respectrely are
achieved. Notethatthe above percentagealuescorrespondo a LSP
bandwidthof 1Mbps. Theimprovementsaregreaterasthe bandwidth
increasess.

In Fig. 8 we presentheresultconcerningo theingressnodebuffer
requirementvarying the Bw _,, distance(d) and N. Resultsshav
thatfor evenalong-distancé. SPtheamountof buffer requiredatthe
ingressnodeis reasonableomparedo the benefitsprovided by the
RFRmechanismin Fig. 9 we maintainthe Vr_i, andthedistance(d)
constantandvary the By s, andN. In this case aswe increasehe
Bw _isp the effect of N in the requiredingressbuffer spacebecomes
nagligible. Notethatin bothcasesve maintainthepacletsize(P) con-
stant.So,onecanobsere thebuffer spacgmemory)requirementgor
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Fig. 7. Restoratiordelayfor 200bytegpaclet sizefor differentLSP bandwidth X-axisis
numberof LSR thatdetectghefault (N).
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Fig. 8. Requiredbuffer spacefor ingressLSRwhenVt_lsp = Bw_lsp (worstcase)
andPktsize=200bytefor d=300Kmandd=100Kmvaryingthe Bw _lsp andN.

theimplementatiorof our proposafor differentconditions.We have

plottedthebuffer needdor theingressnodesinceit hasto storepack-
etsfor thelongestperiod(waiting for all dovnstrearmodesto drain

their paclets). Apartfrom thesize- whichis notvery significanteven

for theworstcasethe mostinterestingaspects thelinearbehaior of

ourmodel- relating Bw _tsp, V7 _isp, P, d andN. Thiswould allow to

estimateeasily predictthe buffer requirementgor given bandwidths
andQoSconstraints.

For the throughputcomparisonfor TCP traffic under RFR and
Haskins mechanisnwe setupa FTP sessiorover a TCP connection
with paclet size= 1000bytes.Fig. 10 compareshe behaior of RFR
andHaskinscheme.

In Fig. 10athedifferencein the sequenc@umberof TCP segment
receved by the egressLSR is seenclearly for the samesimulation
time. Fig. 10b shavs a more detailedview of the sequenceaumber
during the restorationperiod. Additionally, in Fig. 10b one canob-
sene the perturbationcausedby disorderof paclets. Note that the
time of link failureis 1.51 sec. Fig. 10 confirmsthat the proposed
mechanisnavoids paclet lossanddisordering. This benefit(adwan-
tage)is dueto theuseof the buffer, thatavoidsthelossof pacletsand
thereforethe penaltydueto retransmission.

VIl. CONCLUSIONS AND FUTURE WORK

This paperpresentsa mechanismto perform Reliable and Fast
Rerouting(RFR) of traffic in Multiprotocol Label Switching(MPLS)
networks. Our methodeliminatespaclet loss and paclet disorder
while improving the averagedelaytime duringthe restoratiorperiod.
This is achieved at a minimal costfor additionalbuffer space(mem-
ory) thatis far outweighedy the benefits.
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Fig. 10. Behavior of TCPtraffic for MSSof 1000byte X-axisis Time(sec).

Our proposahasthefollowing adwantagedgor the protected_SP:

1. Avoidspacletlossanddisorder

2. Improvestheaverageateny (averagepaclet delay).

3. Improvesend-to-encberformanceoverall performance).

4. HasashorterestoratiorperiodthanHaskins proposali.e. Fast
network resourceselease).

The proposednechanisntanbe usedfor quality of service(QoS)
provision. Oncea given LSR detectscongestionor a situationthat
leadsto a ServicelLevel Agreement(SLA) or QoS agreemenbeing
violated,it may starta reliableandfastreroute(RFR) of a protected
LSPthatshareghelink.

The RFR dueto its adwantagegurnsthe link/nodefailure problem
into an equialent problemof avoiding congestionin the protected
LSP with the differencethatfor link congestionve have moretime
to manoeuvrehe reroutingof pacletsto alternatve path. To extend
ourmechanisnto thecongestioravoidanceproblemoneonly needgo
guarante¢hattheLSRbeawareof it - justasin thecaseof alink fault.
If this conditionis satisfied we candivert the flow to the alternatve
pathavioding a congestiorsituation.

Finally, thecriteriafor selectingalternatve LSPsfor QoSprovision
andthepotentialintermediatenode(s)capableof "shortcutrerouting”
from the point of failure to the pre-establishedlternatve pathis left
for furtherstudy
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