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Abstract

Networks are expected to meet a growing volume of requirements igyseew applications such as multimedia streaming
and video conferencing. Two essential requirements are suppQualifty of Service (QoS) and resilience to failures.

In order to satisfy these requirements, a common approach is to usedjaimtdpaths between the source and the destination
nodes, the first serving aspgimary path and the second agestorationpath. Such approach, referred topsgh restoration has
several advantages, the major one being the ability to switch promptly frenpath to another in the event of a failure. A major
issue in this context is how to identify two paths that satisfy the QoS constraiptssed by network applications. Since network
resources, e.g., bandwidth, are allocated along both primary ataiatsn paths, we need to consider also the overall network
performance. Accordingly, in this paper we study the fundamentail@no of finding two disjoint paths that satisfy the QoS
constraints at minimum cost. We present approximation algorithms withapleperformance guarantees for this fundamental
network problem.

Index Terms: Routing, Restoration, Disjoint Paths, Quality of Service

I. INTRODUCTION

Networks are expected to me@uality of Service(QoS) requirements imposed by new applications, such atimadia
streaming and video conferencing. This is facilitated byrext efforts to provide resource reservations and exppeath
routing, e.g.,MultiProtocol Label SwitchingMPLS). On the other hand, physical network infrastructungay be prone to
failures. Therefore, a major challenge in this context isléwelop adequate network mechanisms for establishingections
that satisfy QoS requirements and are also resilient tarisl It has been recognized that, for many practical gsttithe
speed and capacity of links do not allow to provision restorapathsafter the failure. Thus, the restoration paths must be
provisioned in advance, i.ebeforea failure occurs.

This goal can be achieved by provisioning two disjoint Qofhpdetween the source and destination nodes. This approach
is widely used because of its ability to switch promptly frame path to another in the event of a failure. The disjoinh pat
strategy has many additional advantages. First, it allmvsse various protection schemes, such as 1+1 protectionlor 1
protection [1]. With 1+1 protection, traffic is simultanesty transmitted on both paths, which allows instantaneegsvery
from link failures. Alternatively, with 1:1 protection, dffic is transmitted along arimary path, and, upon a failure of one
of its links, the traffic is switched to gestorationpath. Second, the disjoint path strategy requires minireélvark support,
because failure detection and restoration can be implerdeatt the application level of the source. Finally, the digjpath
strategy provides a greater flexibility to application desirs, as they can choose a protection scheme (e.g., 1+1)othht
is most adequate for each particular application.

To facilitate seamless recovery to a restoration path inetrent of a failure, it is necessary to reserve network ressur
(e.g., bandwidth) on both the primary and restoration pafugh resources should be consumed in a networkwide efficien
manner. A common way for modelling the impact of such reseaensumption on each link is by associating “costs” with the
links. Accordingly, a major problem is to find two disjointtha between source and destination nodes that satisfyoeadet
QoS constraints at minimum cost. This problem is the sulgéthis study.

QoS constraints occur naturally in a number of practicdlrgg, involving bandwidth and delay-sensitive applioas, such
as voice over IP, audio and video conferencing, multimettieaming, etc. QoS constraints can be divided ibtdtleneck
constraints, such as bandwidth, asdiditive constraints, such as delay or jitter. Bottleneck QoS cairgs can be efficiently
handled by pruning links that do not satisfy them. The pnwbls then effectively reduced to finding two disjoint paths of
minimum cost; this problem was extensively investigatedhim literature [2]. Accordingly, in this study we focus ondétve
QoS constraints, which are more difficult to handle.

QoS routing has been the subject of several recent studiepraposals (see [3], [4] for comprehensive surveys). Hawnev
the problem of finding two disjoint QoS paths got little atten. Similarly, path restoration and routing over altéenpaths has
also attracted a large body of research (see, e.g., [5], &)kt of the proposed solutions, however, considered ootildneck

1Part of this work was done while A. Sprintson was with the Depant of Electrical Enginnering, Technion.
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