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Abstract

Uninterruptedtransmissionn caseof failure is a major concernin MPLS
basednetworks,and path protectionis an effectivemethodfor this. Ex-
isting appoadestowards path protectioninclude local and global path
protection. However, they provide fixed solutionsand cannotbe adapted
to QoSandresouce constaints for variouskindsof traffic. In this paper
we introducea new appioad, “segment” basedpath protection, which

provideseficient recorery from failure and guaranteesQoS(like end-to-
enddelay jitter) evenafter failure. e developa resouce-eficient algo-
rithm which providesSgment-basegrotectionfor a givenprimary path,
which guaranteesan upperboundon the switch-over time Theprotection
configuation can also adaptto various QoSconstaints, henceavailing

flexibility to the networkadministator. e also presentsimulationresults
which showthat Sggment-basedlgorithmsperformwell in comparisorto

existingschemesn termsof resoucereservatiorandassuanceof QoS.

Keywords: MPLS, Routing,Path protection,QoSawarerouting, Switch-
overtime

1.0Intr oduction

Routingin the Internettodayis focusedprimarily on connectvity, andtypically supportsonly one
classof service,viz. the besteffort class. Multi-protocol label switching (MPLS) [1], on the other
hand,allows flexiblity in routingtraffic alongdifferentroutesbasedon QoSandTraffic Engineering.
In MPLS, pacletsareencapsulatedtingresspointswith labelsthatarethenusedto forward paclets
alonglabelswitchedpaths(LSPs).Label SwitchingRoutergLSRs)alongthe LSP performlabelstack
operationsandforwardthe pacletsalonga pre-determinegbath. This enablesnoresophisticatedea-
turessuchasquality-of-servicg QoS)andtraffic engineeringo beimplemented?2] [3]. An important
componenbf providing QoS, however, is the ability to do so reliably andefficiently. Althoughthe
currentrouting algorithmsare robust, the time they take to recover from a failure canbe significant



(of the orderof several seconds)thuscausingseriousdisruptionin service. This is unacceptablén
certainapplications thatrequirerecovery timesto be on the orderof tensof milliseconds[4]. Any
breakdevn of a network componenimustnot affect the traffic streamto a point that the serviceis
impaired.Hence arobustschemdor fault - tolerancemustbe presento dealefficiently with failures.

Method of path protection([5], [6], [7], [8], [9], [10], [11] and[12]) is a way to provide fault tol-
erancan anetwork. It enablegastemrecovery from failuresthanis possiblewith Layer3 mechanisms
alone. In IP networks for example,in caseof a failure, the sourcerouteron receving failure notifi-
cationidentifiesan alternatepathto the destinatiorusingexisting dynamicrouting algorithms.It can
then sendpaclets over the new route. However the time consumedy this procedures usually of
the orderof secondswhich may be unacceptabléor network applicationgthatinvolve transmission
of multimediaor otherreal-timetraffic. Thus,to minimize Switch over time the schemeof pathpro-
tectionwasintroduced. In path protection,an alternatebackuppathis pre-resered at the time the
primaryLSPitself is establishedThe pacletsareinitially sentontheprimaryLSP In caseof afailure
on the primary LSR, the sourceLSR on recieving the failure notificationre-routeshetraffic overthe
backuppath. This providessignificantimprovementover the Layer 3 mechanismsin which major
time is spentin finding analternatepath.

The InternetDraft [5] lays out a framevork and requirementdor providing protectionservicesin
MPLS networks. Two majorschemegproposedor this, in theliteraturearea) global pathprotection
andb) local pathprotection.
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Figure 1. Existing Path Protection Schemes

In global path protection[6], thereis only one backuppath startingfrom the ingressLSR to the
egressLSR. Soin caseof afailure,theingressLSR is responsibldor switchingover thetraffic to the
alternatebackuppath.

In local path protection([7], [10], [11] and[12]), the ideais to provide protectionfor eachlink or
routerseparately The differencein thesetwo approachess in the speedof recovery afterfailure and
theamountof resourcesisedby the backuppaths.



Thesetwo schemedie at oppositeendsandprovide fixed solutionsto the problemof pathprotection.
However, a whole rangeof solutionsfor path protectionare possiblebetweenthesetwo extremes.
Thegoalis to provide efficient recovery andalsomeetQoSconstraintsvenin caseof failure, while
alsoconservingbandwidthrequiredfor resenation of backuppaths. Thereexists a tradeof between
thesetwo requirements.In this paper we look at a significantly generalapproach:Segment-based
Protection.This methodavails flexibility in providing pathprotection.It offersatwo fold advantage:
first of all it enablesefficient recovery from failure while conservingoackupresource¢ ascompared
to existing schemeg. Secondlyusing Segment-basedProtection,we canalsoensuresatistctionof
variousQoS constraintdor the protectedtraffic streamsafter a failure, like end-to-enddelay jitter
andreliability. Thoughwe usethe context of MPLS networks, the schemecan easily be adaptedo
opticalnetworks[4], or wherever pathprotectionschemeganbeimplemented.

Our simulationresultsshav significantimprovementsn protectiondesign,wherethe satisfiction of
certainQoSconstraintcanbe assuredvhile usinglessemumberof backuppaths.

In the restof the paper we introduceSegment-basedProtectionin Section2, mechanismsequired
for providing path protectionin 2.1, designof segmentbasedalgorithmsfor QoS constraintslike
boundedSwitch over time after failure (Section3), issuesrelatedto formationof backuppathsin 4,
andexperimentresultsrelatedto the new approachin Section5.

2.0 Segment-basedProtection

Theway flexibility is introducedjs to look atthe primary LSP notjustasa sequencef links but also
asa sequencef sggments,with eachsegmentsitself consistingof a sequencef links. The entire
primary pathcanthusbe brokendown into variablesizedsegmentgFigure2). In Segment-baseéro-
tection,theideais to provide protectionfor eachsegmentasa whole, insteadof providing protection
for thewholepathor eachlink separately
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Figure 2. Segment-Based Protection

Eachseggmentconsistsof a SegmentSwitching Router(SSR)anda setof protectedrouters(Figure
2). SSRis reponsiblefor switchingover thetraffic to the backuppathin caseof ary failureamongthe
protectedoutersor links connectingheroutersin the segment.For example,in Segmentl, R, isthe
SegymentSwitchingRouterandit protectsthe routersR2 andR3 andthelinks connectingR;, R, and
R,, R;. We candenotethis sggmentby < R;, Ry, R3 >. Similarly in Sgment2 (< Rs, Ry, R5 >)



, LSR Rj3 protectsroutersR, and R5; andtheinterconnectindinks. Note thatthe SSRcannotprotect
itself butis protectedby theupstreanSSR.In caseR; fails (whichis the SSRof Segment3), its failure
will beprotectedby the SSRR;.

The numberof seggmentsand size of eachsegmentcanvary, thus providing flexibility in protection
design.Seggment-base®rotectionwill resultin fewer backuppaths,andmaystill beableto meetthe
givenrecovery boundsand QoS constraintsasrequiredfor a particulartraffic stream resultingin a
betterprotectionconfiguration.Note that, local pathprotectionandglobal pathprotectionarespecial
case®f sggmentbasedpathprotection.

The main advantageof this approachis that it can be configuredto not only provide efficient re-
covery after failure, but to also ensuresatisfiction of QoS constraintylike end-to-enddelay jitter,
reliability andbandwidthconstraintsjor thetraffic streamsafterafailure,andthusprovide flexibility
to theadministratoto choosébetweerthetradeofs andselecthemostappropriatgrotectionscheme.

Sincelot of possibilitesexist for providing protectionusingSegment-base@rotectionthemainques-
tion thatariseds thathow to corvertthe SLA parametergthe QoSandbandwidthconstraints)nto an
efficientseggmentatiorof theentirepath.Seperatalgorithmsneedo bedevelopedasedn Segement-
basedProtectionfor thedifferentQoSconstraintsin therestof the papemwe investigatehis problem
andshav how thesealgorithmscanbe developed. We presentanalysisanda new algorithmfor pro-
viding segment-basegrotectionconfigurationsvhich satisfythe QoSconstraintof boundedSwitch
overtime andend-to-endlelaywith anaim of consenrative useof backuppath.We look atthe mech-
anismgrequiredfor providing pathprotection.We alsoconsiderissuesconcerningcreationof backup
pathsandthe possibility of sharingthe backupbandwidthamongmultiple LSPs.

Note thatin the above protectionscheme protectioncannotbe provided in casethe ingressor the
egressfail. Besideghese any numberof link or nodefailure within a singlesegmentcanbe handled.
Failuresin morethanonesegymentat oncemay not be protected dependingon the backuppathcon-
figuration. For example,in Figure2, if R, and R, fail, no backuppathexists,while failure of R, and
Rg canbehandled.

2.1 Protection Mechanismsin SegmentBasedProtection

To provide protectionagainstfaults, variousmechanismseedto be in placelike detectionof fault,
locatingit, its notificationto the routerresponsibldor switchingthe traffic to the backuppath,and
thenfinally switchingover the traffic to the backuppath. [5] discusseshesemechanisma&ndgives
simpleapproache$o achiese the abore-mentionednechanismsHerewe discussghesemechanisms
in context of the SegmentBasedApproach.

Figure3 shavs a scenaridn which oneof theroutersontheLSP hasfailed. < R;, R; 1, .., Ry, -,
R; 1, R; > isasegmentwhereR; isthe SSRandR;., to R; aretheprotectedouters.RouterR;, has
failedwherei +1 < k < j.
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Figure 3. Mechanisms involved in Path Protection

2.1.1 Detectionand Location of fault

For detection,we assumehe simple mechanisnof a livenesamessag¢g5]. It is a”"Hello” message
which is exchangedbetweentwo neighboringLSRsin the network. Every LSR sendsthe liveness
messag@eriodicallyto its neighboringLSRsandwaits for an acknavledgement.In caseof no re-
sponsewithin certaindurationof time, the LSR infersthatthe particularneighboringink or theLSR
hasfailed.

Locatingthe faultis trivial in this caseasthe immediateupstreanlL SR detectshe faultin this case.
In thegivenexample ,when Ry, fails, LSR Ry detectghefailure.

2.1.2 Notification

If R; isthe LSR whichdetectsor is notifiedof anerrorin the LSPand R, is the sgmentswitchLSR
for the LSP, thenit switcheghetraffic to thebackuppath.If R; is notthe SegmentSwitchingRouter
thenit sendsa notificationmessagéo R;_;.

Notethatmultiple LSPsmay getaffectedby a singlefailure. In this case theabore mentionednech-
anismswill be executedfor eachLSP.

2.2 Creatingthe Backup Paths

Creatingthe backuppathsfor eachsegmentis animportantstepin providing protection. While cre-
atingthe backuppaths,we needto take careof certainconditionsto provide reliable pathprotection,
They are:

1. Eachbackuppathshouldsatisythe setof constraintghatwerespecifiedfor the primary LSP

2. Thebackuppathmustbe node-disjointwith all the nodeson the segmentwhichit is protecting,
otherwisepacletsafter beingtransmittedover the backuppathmay againbe droppedbecause
of failurein the segment.

3. The backuppathsmustnot createloopsin the pathfor the datapaclkets. For this the backup
pathscreatedfor a segmentmustbe node-disjointfrom all the LSRsupstreanof the Segment
SwitchingRouter



3.0QoS Aware Protection Algorithms

In this sectionof thepaperwe discusglesignof Segment-basedlgorithms which provide anefficient
protectionconfiguration,given the QoS constraintswvhile aiming to consere the backupbandwidth
used.QoSconstraintsvhich we considerin this paperare:

1. BoundedSwitchOver Time
2. End-to-enddelay

Switchovertime refersto thetime for which the pacletswill bedroppedovertheprimaryLSPaftera
failure.

End-to-Enddelayrefersto thetransmissiomlelayfrom theingresgo theegress.lt is animportantQoS
constraintespeciallyin multimediaapplicationdik e voice communicationsPath protectionschemes
mustensurethataftera failure, the paclketsdo not violate end-to-endconstraintsafter beingswitched
to abackuppath.

3.1 An algorithm for bounded Switch over time

In this section,we focuson the first QoS constrainti.e. boundedSwitch over time and presenthe
designstratgy for segmentbasedalgorithmsfor QoSconstraints.

For this, we first presentan analysisfor Switch over time and derive a closedform expressionfor
it in termsof network parametersThisis neededor decidingthesizeof sggmentsontheprimarypath
andfor designinghealgorithm. Thenwe discusghe designprinciplesbehindthenen segment-based
algorithmandpresenthe problemstatement.

3.2 Analysisfor bounded Switch over time
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Figure 4. Notification Mechanism

ConsiderFigure 4 shaving a situationin which LSR R; hasfailed (LSR R;). R, is the Segment
SwitchingRouterof the segmentto which R; belongs.

We assumehefollowing parameters:

e T, . Periodicityof the Livenessnessageavhich is exchangedetweenhe neighboringLSRs
(for example R, and R5 here)



e OWD(R;, R;) : OneWay Delayis the transmissiordelay for a datapaclet from LSR R; to
reachLSR R;.

e RTT(R;, R;): RoundTrip Timefor theLSRpair(R;, R;). NotethatRTT(R;, R;) = OW D(R;, R;)+
OWD(R;, R;).
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Figure 5. Analysis for Switc h Over Time

Figure5 shavsthe analysisn atiming diagramin which theworstcasescenaridas shovn, wherethe
faultoccursjust afteracknavledgingthe’Hello’ messsageNow, alsonotethatsincethe LSR fails at
time ¢ , thefateof the pacletswhich enterthis sggmentaftert — OW D(R,, Rs) is uncertain.By the
time, they will reachthe LSR Rj, it would alreadyhave gonedown.

TherouterR, will detecttheerroratt + ty.s + OW D(Rs5, Ry).

It will take OW D(R4, R») time for the errornotificationto reachthe SSRR;.

Thus,it canbeseerthatthefromtimet—OW D(R,, R5) totimet+t,.;+OW D(Rs, R,), thepaclets
will bedropped.Thereforethetotaltime for which pacletswill bedroppeds t;.s; + OW D(R5, Ry) +
OW D(R,, Rs) whichis equvalentto t,.s; + RTT (R2, Rs)

For a generalexpression for the sggment< R;, R;;1, ..., R; >, in the worst case(when R; fails),
thepacletswill belostfor timet,.,, + RTT(R;, R;).

If the QoS constraintsspecify the bound on Switch over time to be §, thenfor eachsegment <
R;, R;+1, ..., R; >, thefollowing mustbe satisfied:

RTT(RZ, Rj) + trest < 0 (1)

With this expressionywe now haveamethodto limit thesizeof thesegmentwhile dividing theprimary
LSPinto sggments.



3.3 Problem Statement

We consideragivenprimaryLSP < Ry, ....., R;, ...., R, >. We wantto provide pathprotectionsuch
that:

1. It satisfiegshe boundedSwitchovertime constraint
2. Minimizesthe numberof backuppathsused.
Therearetwo aspectgo this problem:

1. We needto divide the LSP into segmentssuchthatthe boundedSwitch over time constraintis
satisfied.Thisis alsoequvalentto finding the origin of the backuppaths.

2. Findingthe backuppath. This canbe governedby variousheuristicdik e conservinghe useof
bandwidth. The backuppathitself may alsoaffect other QoS constraints.All this needso be
takeninto accountwhile creatingthe backuppaths.Note thatin addition,the backuppathmust
satisfythe constraintgyivenearlierin Section2.2.

Herewe focuson thefirst aspecialongwith the constraintson the backuppathsgivenin Section2.2.

The SggmentSwitchingRoutersaredenotedas S; whichrefersto theith suchSSR.Theith Segment
canthenbedenotedas< §;, S;+1 >. We denotethe backuppathoriginatingatS; by < P, , ..., P, >
havzing m routers.

The problemstatementanbe definedformally as:

GivenanLSP< Ry, ....., R;, ...., R, >, andanupperbounds, identifyk sggments < S;, S;11 >,i =
1,...,k} andbakuppaths{< P, ,..., P, >,i=1,....k}, sud that
e S\ =R,
e S; =R,
o RTT(< S;,Siv1>) + tiest <=9
e Foreah S;,i =1,..., k thereexistsa path< F,,, ..., P, > sud that
—A{Ry, ., R} A{P,,... P .} =0¢.
- P, =5
e {Rj+1,...,R,} whee R; = S; 1y

im
e Lk is minimum.

whee RT'T is theround-triptimeandt,,.; is the periodicity of livenessmessgeswhich is assumedo
besamefor all links.



3.4 Algorithm Design

By earlieranalysis,we shaved that the primary LSP hasto be divided into segmentssuchthat for
eachsegmentthecondition: RTT(R;, R;) + tiesr < 0 is satisfiedwhered is themaximumpermissible
Switch over time. We alsowantto minimize the numberof segments. Note thatlarger the segment
size,fewerthe numberof segmentsrequired.

A simpleway to do this is to segmentthe LSP usinga greedyapproach.Startingfrom the ingress,
identify the largestsuchsegmentwhich satisfiesEqgn. 1. After finding eachsegment,repeatthis pro-

cessfor restof the LSP. Thisway it segmentsthe entirepathinto minimumnumberof segmentssuch
thatthey satisfy Eqn. 1. However, this algorithmfor segmentationdoesnot ensurethe presenceof

backuppathfor eachsggment. This is beacusefor a given sggmentationof the path,it may not be
possibleto find backuppathsoriginatingfrom the SSRsdueto topologyor bandwidthrestrictions.

Therefore,we suggestanotheralgorithm, which takesinto accountthe existenceof a backuppath
while forming eachsegment. This algorithmis a modificationof the greedyapproachin which the
procesof finding the backuppathis combinedwith the procesf segmentingthe primary path. We
follow anadaptve procesof segmentingthe primary LSP in which the segmentsizemay not be the
largestpossibleaccordingto the constraintdut may actuallybe shorter, to accommodaté¢he forma-
tion of alternatepathsfor protectingthatsegment.

Thealgorithmis basedn thefollowing ideas:

To segmenttheentirepath,we startfrom theegressL SR andfind thelargestpossiblesggmenttowards
theingressLSR, which will satisfyEquationl. Let the SSRof this sggmentcorrespondo S;. Then
we try to find a backuppathfrom S;, which will protectthis segment.If we areunableto establisha
backuppath,we shortenthe segmentsizeby onelink andtry to find the backuppathagain.If it is not
possibleto shortenthe segmentfurther, thenit impliesthatit is not possibleto segmentthe LSP with
the given QoSconstraints.If we aresucessfuln finding a backuppath,we continuethis procesgor
segmentingtherestof the pathusingthe sameapproach.

An Example

In Figure6 we shav a simplescenariowith the above algorithmatwork. In Figure6.1. we aregiven
anMPLS network with theRTT for eachlink as10 milliseconds.An LSPhasbeenresernedasshavn.
Now we wantto protectthis LSP suchthatthe maximumpermissibleSwitchovertime is 40 millisec-
onds.We assumehevalueof ¢;.,; to be5 milliseconds.We startwith theegressouterandtry toinden-
tify thelargestpossiblesggmentsatisfyingEquationl. For the possiblesegment< Rs, Ry, Rs5, Rg >,
RTT + ¢ comesoutto be 35 millisecondsandfor thesegment< R,, R3, R4, R5, Rg > , it is equal
to 45 millisecondswhich exceedghebound.ThereforeR; is proposedasthe SSRasshown in Figure
6.11. However, in the givennetwork, no backuppathexistsoriginatingfrom Rs. Therefore we shrink
the sggmentandproposethe possiblesggmentas< Ry, Rs, Rg >. Sincea backuppathis available
from R4, this sggmentis accepted.Figure®6.lll. shovs R, asthe SSRwith the backuppathshown.
Figure6.1V. shavsthefinal protectionconfiguration.
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3.5 Algorithm for Segmentingthe LSP

Thefollowing algorithmformally describeshe approactdescribedabove:

SegmentAlgo(< R;..R, >,0)

{

segment < 1;
last < n;
while(last > 1)do

{

*
S segment

< Rlast;

segment < segment + 1;

first < identify_next_segment(n,last,d);
while(! find_backup_path(first,last, < Psegment,

{

}
if (first = last)

{

first < first+1;

print(“Unableto make backuppath$);
exit(0);

}

last < first;

cees Psegment,, >)and(first! = last))



S* t(—Rl;

segmen

}
identify_next_segment(last, o)
{
first < last,;
while(first >= 1)and(tiest + RTT (R first—1, Riast) <= 9)do
{
first < first —1;
}
return first;
}

Hereidentify_next_segment identifiesthe largestpossiblesggmentsatisfyingEquationl with Ry,
asthelastLSR of this segment. Ry;,5; correpondso the SSRof this newly identifiedsegment. Note
thatin theabove algorithmSsegment = Si_segment+1 Wherek is the numberof segmentsformed. This
is necessarypecauseve are forming the segmentsfrom the egresshenceSSRsare assignedn the
reverseorderin thealgorithm.

4.0Finding the Backup Paths

Certainissuesare involved in selectingbackuppathsfor eachseggment. First is the conseration
of backupbandwidth,which is possibleby selectingbackuppathswith min hop countand sharing
bandwidthamongthebackuppathsasmuchaspossible Anotherissueconcernsatishictionof various
QoS constraintsafter failure, as backuppath formation may needto take into accountcertainQoS
parameters.We considerthe exampleof the QoS metric end-to-enddelay and presentan analysis
which shavs how backuppathsmayaffect QoS.

4.1 Taking end-to-enddelay into consideration

For the primary LSP, the end-to-enddelayis the sum of the delaysof eachof the individual links.

However, whenwe provide protectionusingalternateroutes we needto make surethatthe new paths
thusformedalsomeetgheend-to-endlelayconstraintsWhile settingup abackuppathfor asegment,
we needto make surethatin casethatparticularsegmentfails, the end-to-enddelaycharacteristicef

the new route from the ingressto the egresswhich includesthis backuppath, meetsthe specified
constraints.

Specifically let T betheend-to-endlelayfrom theingressto the egressoverthe primary path(Figure
7). If the end-to-enddelayfrom the sourceof the backuppath (correspondingdo the i** segment)to

its landingplaceon theprimaryLSPis T;, andthe end-to-endielayof the portionof theprimary LSP
which is protectedby the backuppathis 7;,, thenthe differenceT;, — T;, is the additionalend-to-
enddelayincurredby the pacletsin caseof failure in the ith segment. If w is the upperboundon
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4.2 Function find_backup_path

Herewe discusghefunction find_backup_path in the sggmentbasedalgorithmdescribegreviously.
First of all, constraintsspecifiedin section2.2 mustbe metto avoid improperformation of backup
paths. Without arny additionalconstraintsthe backuppathscan be simply found by graphsearch
methodssuchas DFS or BFS. However, aswe have seen,mary issuesmay govern their formation
like conserationof protectionresource®y sharingof bandwidthandsatisaictionof QoSconstraints.
Otherschemesik e computingmaximally-disjointmultiple pathsfor improvedfaulttolerancenasalso
beenproposedn [13], which canbe usedfor computingbackuppathsefficiently. Anotherpaper{14]
discusseshe approachof minimum interferencerouting, wherethe aimis to find backuppathsthat
do notinterfere“too much” with possiblefuture demanddgor primary LSPs.Anotherapproachwhich
is basedn anew concepiof BackupLoad Distribution Matrix hasbeensuggestedh [15].

For sharingof backuppaths[7] [10] [11], we needto maintainextra informationfor eachlink about
the bandwidthusedby the primary LSPsandthe backuppaths.A simpleapproachs thatwhile cre-
atingthe backuppaths,we canfind a pathsuchthatadditionalamountof bandwidthto beresenedis

minimized. Oneapproachor this is to usethe shortestpathalgorithmwith bandwidthof eachlink

asthe weight of the edge. Sharingof backupbandwidthassumeshatthe portionsof primary LSPs
which sharebandwidthfor their backuppathsdo notfail atthe sametime.

For taking end-to-enddelay alsointo considerationwe canfind the backuppath which minimizes
thetransmissiordelayof pacletsfrom the SSRto the egressLSR. Herethe weightsof the edgeswill
be the link delays. We needto make surethat it satisfiesthe end-to-enddelay constraintspecified
earlier(Equation2). This needsto be donefor every backuppath. Note that this constraintcanbe
specifiedn additionto the boundedswitch overtime constraint.
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Figure 8. Topology used for simulations

5.0Simulation Results

Beforepresentinghe results,we describethe simulationmodel. We considereda topologywith 50
routersand82 edgeqFigure8).

The aim of theseexperimentsis to evaluatethe resourcerelatedadvantagesof the Segment-based
protection.We generateandomLSP requestgo the network with specifiedbandwidthrequirements
(betweer0 to 70 units, uniformly distributed)andboundon switch over time which varieswith the
experiment.An LSPrequesis generatedy specifyinganingressLSR andthe egressLSR, amount
of bandwidthto be resened along with the QoS constraintdike boundedswitch over time in case
of failure. The primary LSPis setupusingDjiktra’s shortespathalgorithmbetweenhe ingressand
the egresswith link delayasthe costof the edge. All the edgeswhich don't satisfythe bandwidth
requirementor the primarypatharenotincludedwhile searchingor theshortespath.

Bandwidthfor eachlink is assignedetween3000and 10000units (with uniform distribution). The
delayof eachlink wassetto 8 to 12 milliseconds.

For providing protectionto the LSPrequestsywe implementthe sgmentbasedalgorithmfor bounded
switch overtime. For creatingthe backuppaths,we alsoconsidersharingof protectionresourcess
describeckarlier

5.1 ProtectionResourceresewation with Local, Global and SegmentBasedProtection Schemes

In Figure9 we seethe effect on protectionresourcesisedby the variousprotectionschemeglocal,
globalandsegmentbasedpathprotection).For ssgmentbasedPath protectionwe consider3 different
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variationswith differentboundsin switch over time. For local pathprotection,the averagevalue of

theboundon switchovertimeis 12 millisecondsandfor globalpathprotectionthe averagevalueis 70
milliseconds. Segment-basérotectionis effective in usingthe protectionresourcesandvarieswith

the switch over time bound. The resultsalsoindicatepresencef a tradeof betweenthe protection
resourcesindthe QoSconstraints Usingthis approachpnecandecideuponaneffective strateyy for

pathprotection.

5.2 Resourcceresewration with variation of bound on Switch over time

In Figure 10 we comparethe resenation of backupresourcegfor providing pathprotection)with the
resourcesisedby the primary LSPs. Segment-basedProtectionadjuststhe protectionconfiguration
accordingthe boundon switch overtime. For smallboundson switch overtime, protectionresources
usedamountto almosttwice the primary resourcesAs the boundon switch over time increasesywe
areableto accommodatéarger segmentsandhence, amountof backupresourcesisedfall belowv the
primary pathresources.

5.3 Rejection Rate vs Bound on Switch over time

Using Segment-basegrotection(Figure11), we canadmitmoreLSP requestshanlocal pathprotec-
tion (herewe generatel 50 LSP requests) SomeLSP requestdave to berejecteddueto insufficient
bandwidthavailability.

5.4 Comparisonof protectionresouicesreserved with the primary path resources

In Figure12 we alsoseethe effect of sharingon the amountof protectionresourcesesened. Here
we generatencreasinghumberof LSPrequestandnotetheamountof backupresourcesindprimary
resourcesesened. Whenthe numberof LSPsis less,the amountof backupresourcesisedis more
thantheprimaryresourcesAs numberof LSPsincreasetheprotectionresourcesequiredfor thelater
LSPrequestsareableto utilize the alreadyresered backupresourceandfalls belonv the amountof
resourcesisedup by theprimaryLSP.
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In this paper we investigateda newv approachfor pathprotection,Segment-basegrotection,which
viewstheprimaryLSPasasequencef segmentsandprovidesprotectionfor eachsegmentseperately
The choiceof choosingthe numberandsize of thesesegmentsavails flexibility. The challengeis to
comeup with a pathsegmentationschemewhich assurefficient recosery time aswell assatisac-
tion of certainQoS constraintsgven in caseof a failure, while also using the protectionresources
efficiently. We developeda resource-dicient algorithmfor segmentingthe path, which providesa
protectionconfiguratiorfor ensuringooundson the switchovertime in caseof failure. We alsoinves-
tigatedtheissueof creatingthe backuppathsandhow differentconstraintdik e resourceoptimization

andotherQoSconstraintgfor exampleend-to-endlelay)canaffecttheir creation.Theseggment-based

boundedswitchovertime algorithmprovesto beefficientin comparisorio existing schemesasshavn

by theexperimentakesults.

Usingthedesignstrateyy presentedh this paperalgorithmscanalsobe developedfor otherimportant
QoSconstraintsuchasjitter andnetwork reliability. Multi QoSconstrainsatisfictionalgorithmscan

alsobedevelopedusingthis approach.
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