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Abstracd The Internet takes an central role in our

communications infrastructure, the slow convergence of

steeringprotocolsafter a network failure becomesa growing

problem.To assurefastrecoveryfrom bondand nodefailures
in IP networks, we presenta new recovery schemecalled
Multiple Steerng Pattern(MSP). MSP is basedon keeping
additional steering information in the routers, and allows

packet ahead to continue on an alternative output bond
immediately after the detectionof a failure. Our proposed
schemeguaranteegecoveryin all single failure scenarios,
using a single mechanismto handle both bond and node
failures, and without knowing the root causeof the failure.

MSP is strictly connectionlessand assume®nly destination
basedhop-by-hop ahead.It can be implementedwith only

minor changego existing solutions.In this paperwe present
MSP, and analyzeits performancewith respectto scalability,

backuppathlengths andloaddistributionafterafailure.

Keyword®d Internet, Multiple steering patterns (MSP),
Topologies,TravelPraduction,Virtual Path.

I. INTRODUCTION

The Internethas been transformedfrom a special
purposenetworkto anubiquitousplatformfor a wide range of
everydaycommunicationservices.The demandson Internet
reliability and availability have increasedaccordingly. A
disruption of a bond in central parts of a network has the
potential to affect hundreds of thousands of phone
conversationsor TCP connections,with obvious adverse
effects.The ability to recoverfrom failureshasalwaysbeena
central design goal in the Internet. IP networks are
intrinsically robust, since IGP steeringprotocolslike OSPF
are designedto updatethe aheadinformation basedon the
changedopologyafterafailure. This re-convergencassumes
full distribution of the new bond stateto all routersin the
networkdomain.

This networkwide IP re-convergenceis a time
consumingprocess,and a bond or node failure is typically
followed by a period of steering instability. During this
period, packetsmay be droppeddue to invalid routes. This
phenomenorhasbeenstudiedin both IGP and BGP context
and has an adverseeffect on reattime applications.Events
leading to a re-convergencehave been shown to occur
frequently, and are often triggered by external steering
protocols

1.1 Travel Production:

TE is the process of pathtravel across to the
backboneto facilitate efficient useof available bandwidth
betweera pair of routers.Prior to MPLS TE, travelproduction
was performedeither by IP or by ATM, dependingon the
protocol in use betweentwo edge routersin a network.

Though the term "travelproduction™has attained popularity
andis usedmorein the contextof MPLS TE today,traditional
TE in IP networks was performed either by IP or by
ATM.TravelProduction (TE) is an essential aspect of
contemporarynetwork managementOffline TE approaches
aim to optimize network resourcesin a static manner,but
require accurateestimation of travel matricesin order to
produceoptimizednetwork patternfor long-term operation(a
resourceprovisioning period eachtime, typically in the order
of weeksor evenlonger). However, theseapproacheoften
exhibit operational inefficiencies due to frequent and
significanttravel dynamicsin operatimal networks.Take the
publishedtravel tracesdatasetin the GEANT network as an
illustration. The actual maximum bond utilization (MLU)
dynamicsis substantialon a daily basis, varying from less
than40 percentduring off-peaktime to more than 90 percent
in busyhours.As such,usingonesingletravel matrix asinput
for offline computinga static TE configurationis not deemed
asan efficient approachfor resourceoptimizationpurposesn
suchdynamicenvironments.

SP Network

As two pathsexist betweencustomemroutersCE1-A
and CE2-A via the providernetwork.If all bondsbetweerthe
routers of equal cost, the preferred path betweencustomer
routers CEI-A and CE2A would be the one with the
minimum cost (via routersPE1-AS1, P3-AS1, and PE2AS1)
or PATH1 The samewould apply for the customerrouters
CE1-B and CE2-B belongingto CustomerB. If all the bonds
were T3 bonds,for example,in the eventof CE1-A sending
45 Mbps of travel and CE1-B simultaneouslysending 10
Mbps of travel, some packetswill be droppedat PEL-AS1
becausehe preferredpathfor bothcustomerss usingPATH1
The path PATH2will not be utilized for traveladvancing;
therefore,TE canutilize this availablebandwidth.

To implement TE using IP whereby the
pathsPATH1 and PATH2 are either load balancedor used
equally, we will needto implement IGP featuressuch as
maximum pathswith varianceor changethe cost associated
with the suboptimal path,PATH2 to make it equalto the
currentoptimal path,PATHL1 In an SP environmentthis is

19 | www.ijdcst.com


http://www.ijdcst.com/

IJDCS®Jarissue V-2,1-1,SW10
ISSN2320-7884(0nline) ISSN2321-0257(Print)

often cumbersomedo implementas the numberof routersis
muchlarger. The solutionis a lot morefeasible;PVCscanbe
configuredbetweenroutersPE1-AS1 and PE2AS1 with the
samecost,but this would createa full meshof PVCsbetween
groupsof routers.ImplementingATM for TE, however,has
an inherent problem when a bond or a node goes down.
During bond or node failure usedin conjunctionwith ATM

for TE, messagesire flooded on the network. The Layer 3
topology must be predominantly fully meshedto take
advantageof the Layer 2 TE implementation.Often, this
might prove to be a scalability constraintfor the IGP in use,
dueto issueswith reconvergencat Layer 3.

1.2 Topologies:

The physicaltopology of a network refersto the
configurationof cables,computersand other peripherals.The
logical topology of a network refersto the method usedto
passnformationbetweerworkstations.

Therearetwo basiccategorie®f networktopologies:
1. Physicatopologies

2. Logicaltopologes

The shapeof the cablinglayoutusedto bonddevices
is called the physicaltopology of the network. This refersto
the layout of cabling, the locations of nodes, and the
interconnectias between the nodesand the cabling!¥- The
physical topology of a network is determinedby the
capabilitiesof the networkaccesslevicesandmedia, thdevel
of cortrol or fault tolerancedesired,and the cost associated
with cablingor telecommunicationsircuits.
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The logical topology,in contrast,is the way that the
signalsact on the network media, or the way that the data
passesthrough the network from one device to the next
without regardto the physicalinterconnectiorof the devices.
A network'slogical topologyis not necessarilfthe sameasits
physical topology. For example, the original twisted pair
Ethernetusingrepeatehubswasa logical bustopologywith a
physical star topology layout. Token Ringis a logical ring
topology, but is wired a physicalstar from the Media Access
Unit.

The logical classification of network topologies
generally follows the same classificationsas those in the
physical classificationsof network topologiesbut describes
the path that the datatakes betweennodes being used as

opposedto the adual physical connectionsbetweennodes.
The logical topologiesare generallydeterminedby network
protocols as opposedto being determinedby the physical
layout of cables,wires, and networkdevicesor by the flow of
the electricalsignals,althoughin manycasegshe pathsthatthe
electrical signalstake betweennodesmay closely matchthe
logical flow of data, hencethe conventionof using the
termslogical topologyandsignaltopologyinterchangeably.

1.3 Multiple SteeringPatterns:

The main idea of MSP is to usethe network graph
and the associatecbond weightsto producea small set of
backup network pattern. The bond weights in thesebackup
patternaremanipulatedsothatfor each bondndnodefailure,
andregardles®f whetherit is a bondor nodefailure, thenode
that detectsthe failure can safely forward the incoming
packets towards the destination. MSP assumesthat the
networkusesshortesipathsteeringand destinatiobasedhop
by-hopahead.

MSP solves the last hop problem by strategic
assigmentof bondweightsbetweenhe backuppattern. MSP
hasarangeof attractivefeatures:

A It givesalmostcontinuousahead opacketsn the casef a
failure.

A MSP helpsimprove network availabilitythroughsuppress
ion of there-convergencerocess.

A MSP usesa single mechanismto handle both bond and
nodefailures. Failuresare handledlocally by the detecting
node,andMSP alwaysfinds arouteto thedestination.

A MSP makesno assumptionsvith respecto the root cause
of failure,

A An MSP implementationcan be made without major
modificationsto existinglGP steeringstandards.

. In MSP, all bondsremainin the topology, but in
somepattern,somebondswill notbe selectedy shortespath
steeringmechanismsueto high weights.

1.4Virtual Path:

The Virtual Router schemecanbe brokendowninto
two componentsthe virtual router server,and numbervirtual
routerclients. The virtual router serveris an applicationor set
of applicationsrunningon a physicalserverthat have access
to bond layer travel. The virtual router client is a program
createdby usersof a VR schemeln a typical sessiona user
will usea VR clientto connecto the servervia a TCP socket,
andadecisionis madeaboutwhat packetghe serverwill send
to the client. The user may then run a network application,
such as FTP, whose travel can be seenby the server. The
server, on capturing travel, will based on the simulated
topologydecidewhetheror not a particularclient canseethe
packet.If this is the caseit is advancedo the clientwho can
then manipulatethe packet(e.g. decrementthe TTL field).
The client may then sendthe packetbackto the serverwith
instructionsto sendit out of a particular interface on the
network,thuspotentiallypaththe packetWith its relationshp
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with the serverthe VR clienthas fullcapabilityto manipulate
androutetravelflows from userspace.

The virtual routerhassuccessfullypeenusedto teach
students basic functionality of routers. Students had to
implementvirtual router clientstha make path decisions,use
the ARP protocolto communicatewith other routerand route
actualweb travel from their desktopcomputersHoweverthe
scalability of the virtual router (up to several hundred
simulated routers) makes it attractive as a researb tool.
Currently there are efforts under way to investigate the
behaviourof path protocols using the virtual router as an
experimentaplatform.

Per VRF:
Virtual Routing Table
Virtual Forwarding Table

/

Thevirtual routeris aneffort to developa platformto
facilitate researchand teachingof network path. It allows to
setup a virtual topology of routersand networkbondsand to
run user spaceprogramson the simulatedhardware.Unlike
existing network simulatorssuchas ns2, the schemeoperates
with real IP packetsin real time. This makesit possiblefor
studentsor researcherso generatetravel with real, standard
clients and servers and evaluate performance over the
simulatedtopologyln virtually all modernoperatingschemes,
path is implementedwithin kernel space.Providing a good
kernel debugging environment and assuming a basic
knowledge of kernel level developmentmay be restrictive
requirementdor a projectfocusedon path. The virtual router
project provides full accessto actual network travel, but
bypassesthe trouble of having to work within the kernel.
Some experimentssuch (e.g. path protocols such as RIP)
requiremore thana single router. The virtual router makesit
possibleto simulatelarge numberof routerson one physical
hostandenforceavirtual networktopologybetweerthem.

Il. SYSTEM OUTLINE :

A salient novelty is that the optimization of the
MT-IGP bond weightsdoesnot rely on the availability of
the travel matrix a priori, which plaguesexistingoffline TE
solutions due to the typical inaccuracyof travel matrix
estimationsinstead,our offline bondweight optimizationis
only basedon the characteristicof the network itself, i.e.
thephysicaltopology.

Figure: AMPLEScheme overview

The computed MT-IGP bond weights are
configuredin individual routersand the correspondingGP
paths within each VRT are populatedin their local path
information bases(MT-RIBs). While OLWO focuseson
static pathconfiguratiorin a long timescale(e.g. weekly or
monthly), the ATC componentprovides complementary
functionality to enableshorttimescale(e.g. hourly) control
in responseo the behaviourof travel that cannotbe usually
anticipated. Agreviouslymentionedthe ultimate objective
of OLWO is to provision offline maximum intradomain
path diversity in the path plane, allowing the ATC
componento adjustat shorttimescalethe travel assignment
acrossndividual VRTsin theadvancinglane.

Theinputfor ATC includes:
1) DiverseMT-IGP pathsaccordingo the bondweights
computecby OLWO, and
2) Monitorednetworkandtravel datasuchasincoming
travelvolumeandbondutilizations.

At each shorttime interval, ATC computes new
travel splitting ratio acrossindividual VRTSs for re-assigning
travel in an optimal way to the diverse|GP pathsbetween
eachS-D pair. This functionality is handlel by a centralized
TE managerwho has complete knowledge of the network
topology and periodically gathersthe up-to-date monitored
travel conditionsof the operatingnetwork. The TE manager
function can be realized as a dedicated server, but for
robustnessand resilience it can be implementedin a
distributedreplicatedmannerfor avoiding the existenceof a
single point of failure. In the next sectionwe presentthe
detailed design of individual componentsin the AMPLE
scheme.

lll. EXISTING SYSTEM

In existig schemeconsistsof two complementary
components:offline bond weight optimization that takes as
input the physical network topology and tries to produce
maximum path diversity across multiple virtual path
topologiesfor long term operationthrough the optimized
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