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Abstract

In an open shortest path first (OSPF) based best effort network, when a packet experiences congestion, the routing sub-
system cannot send it through an alternate path. Thus, it fails to provide desired quality of service (QoS) during conges-
tion. In order to provide QoS we have reported three different load sensitive routing (LSR) protocols in [A. Sahoo, An
OSPF based load-sensitive QoS routing algorithm using alternate paths, in: IEEE International Conference on Computer
Communication Networks, October 2002; A. Tiwari, A. Sahoo, Providing QoS support in OSPF based best effort network,
in: IEEE International Conference on Networks, November 2005; A. Tiwari, A. Sahoo, A local coefficient based load sen-
sitive routing protocol for providing QoS, in: IEEE International Conference on Parallel and Distributed Systems, July
2006]. The LSR protocol forwards packets through alternate paths in case of congestion. The number of alternate paths
at any node depends on the value of operating parameter or coefficient used for alternate path calculation. Though the
basic protocol in these cases was the same, the methods of choosing operating parameter were different. We referred to
these three methods as LSR [A. Sahoo, An OSPF based load-sensitive QoS routing algorithm using alternate paths, in:
IEEE International Conference on Computer Communication Networks, October 2002], E-LSR [A. Tiwari, A. Sahoo,
Providing QoS support in OSPF based best effort network, in: IEEE International Conference on Networks, November
2005] and L-LSR [A. Tiwari, A. Sahoo, A local coefficient based load sensitive routing protocol for providing QoS, in:
IEEE International Conference on Parallel and Distributed Systems, July 2006] coefficient methods. In this paper, we pres-
ent the LSR protocol along with the three coefficient calculation methods pointing out the reason for going from one
method to the next. The main strength of our LSR protocol is that it provides loop free alternate paths in the event of
congestion and can interwork with routers running vanilla OSPF protocol. We show through simulation that the LSR pro-
tocol based on any of the three different coefficient calculation methods performs much better than OSPF and that out of
the three methods proposed by us, L-LSR performs the best.
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1. Introduction

There has been an upsurge in real time applications like Voice over IP, video streaming on the Internet.
These applications require quality of service (QoS) to perform satisfactorily. But the current Internet is built
on best effort infrastructure. Hence there is need for providing QoS on top of best effort network. Usually it is
relatively easy to provide QoS to real time application when the application starts. But it is quite difficult to
repair the QoS when QoS deteriorates in the middle of running of the application. For example, there are few
mechanisms available to provide QoS to VOIP calls when a request for call arrives. Cisco VOIP gateways have
Call Admission Control mechanisms in place to admit calls with an accepted level of QoS at the time of call
arrival [4]. But when a VOIP call is already connected and the two parties are in conversation, if the QoS of the
call deteriorates, then mid call routing should be used to reroute the call in a different path to repair the QoS.
This should happen transparently without affecting the call. But there is no satisfactory method for providing
mid call routing to VOIP or video applications. One effective way would be to provide mid call routing sup-
port at the routing layer.

Typically, routing sub-system uses shortest path algorithm [5] like OSPF to route packets. But the rout-
ing decision, in this case, is solely based on the destination address of the packets. Hence, packets for a
particular destination follow the same path, even though there may be better alternate paths available.
Thus, QoS demand of the packets are not considered while routing the packets. If routing protocol can
provide support for routing packets along alternate paths, then real time applications like VOIP can per-
form satisfactorily when the shortest path gets congested. Obviously, this can be exploited for mid call
routing.

But routing the packets through better alternate paths is not as straight forward as it may look. One of the
challenges is to make the alternate path loop free. If the alternate path protocol is not loop free, then a sep-
arate loop detection mechanism has to be put in place. This approach may not be attractive to implementors,
since that would mean changing the packet forwarding engine.

In this study, we propose a routing protocol that uses alternate paths to provide QoS along OSPF paths.
The network is assumed to be running a link state routing protocol like Open Shortest Path First (OSPF)
[6]. Given an OSPF path from a source node to a destination node, the protocol tries to find alternate paths
for nodes along the OSPF path. When a node experiences congestion on an outgoing link, it sends conges-
tion notification to all its neighbors except the one connected to it over the congested link. The congestion
notification is not flooded, rather it is restricted to only one hop neighbor of the congested node. This node
as well as the neighboring nodes then forward packets through alternate paths. The alternate paths are cho-
sen in such a way that the packets do not end up in a loop. Once congestion is over, then the nodes
involved in alternate path routing revert back to OSPF routing. Thus, the protocol proposed is very simple,
yet is quite effective in providing QoS. But the performance of the protocol depends on being able to find
alternate paths for nodes. However, a node cannot arbitrarily choose any neighbor as alternate next hop,
rather it has to do so such that the alternate path does not form a loop. The loop free property makes the
implementation of the protocol simple, because it does not require a separate loop detection mechanism in
the packet forwarding engine. The loop free property of this routing protocol is achieved by adhering to
some packet forwarding properties of OSPF protocol, which is loop free. More the alternate paths the bet-
ter will be the performance of the protocol. The number of alternate paths depends on how the parameter
(or coefficient) for finding alternate path is fixed. We present three different methods of finding the param-
eter. While the basic protocol remains the same the number of alternate paths and the distribution of alter-
nate paths among the nodes change based on the method used. We refer to the protocol as LSR protocol,
but choice of alternate path during congestion will change depending on how the operating parameter or
coefficient is chosen. Accordingly, we refer to the coefficients as LSR coefficient [1], Efficient LSR
(E-LSR coefficient) [2] and Local LSR (L-LSR coefficient) [3]. Note that the operating parameter or coef-
ficient is only calculated one time after OSPF has converged. The same coefficient is used until the topology
of the network changes (say due to a link failure), at which time the coefficients are recalculated. Thus, the
overhead of calculation of coefficients is quite minimal. In this paper, we discuss how the different coeffi-
cients are calculated and present the performance of the protocol when run with different coefficients and
compare them with OSPF.
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