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Abstract- A key problem in networks that support advance
reservations is the routing and time scheduling of connections
with flexible starting time. In this paper we present a multicost
routing and scheduling algorithm for selecting the path to be
followed by such a connection and the time the data should start
so as to minimize the reception time at the destination, or some
other QoS requirement. The utilization profiles of the network
links, the link propagation delays, and the parameters of the
connection to be scheduled form the inputs to the algorithm. We
initially present a scheme of non-polynomial complexity to
compute a set of so-called non-dominated candidate paths, from
which the optimal path can be found. By appropriately pruning
the set of candidate paths using path pseudo-domination
relationships, we also find multicost routing and scheduling
algorithms of polynomial complexity. We examine the
performance of the algorithms in the special case of an Optical
Burst Switched network. Our results indicate that the proposed
polynomial time algorithms have performance that it is very close
to that of the optimal algorithm.

I. INTRODUCTION

Resource reservation is a way to provide Quality of Service
(QoS) to end users. For example the RSVP protocol [1], used
for Integrated Services (IntServ), is based on resource
reservations as a way to meet specific QoS demands. In
general, we can distinguish two types of network resource
reservations: immediate reservations which are made in a just›
in-time manner, and in advance reservations, which allow the
starting time for the resource usage to be in the future. Thus,
advance reservation requests contain time- as well as resource›
related parameters. Of particular interest to us are the advance
reservation requests that have unspecified (flexible) starting
time and specified or unspecified duration (UTSO or VTUO
respectively). Traditional [2], Multimedia [3], Optical Burst
Switched [4] and Grid [5] networks are a few paradigms in
which advance reservations have been examined.

We propose a multicost algorithm for routing and scheduling
connections with flexible starting time that fall in the category
of UTSO and UTUO advance reservation requests. The
algorithm is based on the time discretization of the capacity
utilization profiles of the links, a data structure introduced in
[6] that can be used to keep track of the capacity reservations.
The proposed multicost algorithm selects the path to be
followed by a connection and the time instant the connection
should start so as to minimize the data reception delay, or some

other performance criterion, which may depend on the QoS
requirements of the user. The algorithm makes its decisions
based on network utilization information available at the source
at the time of its execution and thus falls under the category of
feedback-based algorithms. It is worth noting that the proposed
algorithm is designed to be employed in a distributed
architecture but can be easily extended to function in a
centralized manner.

The proposed algorithm consists of two phases: it first
computes a set of candidate non-dominated paths for the given
source-destination pair. More specifically, we will say, for the
purposes of this paper, that a path P1 dominates another path P2
for a given connection request if the propagation delay ofP1 is
smaller than that of P2, and also path PJ is available for
scheduling the connection (at least) at all time intervals at
which path P2 is available. After the set of non-dominated paths
has been calculated, the routing and time scheduling decision is
made based on the connection’s parameters and QoS
requirements. For example, if the duration of the connection is
known, it is easy to find from the set of non-dominated paths
the path resulting in the minimum reception time of the data at
the destination.

A serious drawback of the algorithm outlined above is that
the number of non-dominated paths may be exponential, and
the algorithm is not guaranteed to finish in polynomial time.
This was expected since even versions of the scheduling
problem simpler than the one considered here are NP-hard. To
obtain polynomial-time algorithms, we define pseudo›
domination relationships between paths. Although the set of
non-pseudo-dominated paths that we obtain is not guaranteed
to contain always the optimum path, our results indicate that if
the pseudo-domination relationship is chosen wisely we can
obtain performance that is very close to that of the optimal
algorithm.

We use simulations to evaluate the performance of the
multicost routing and scheduling algorithms for an OBS
network. We compare it to that of a typical Oijkstra shortest
path algorithm and a Oijkstra shortest path with Collision
Avoidance algorithm. Our results show that the proposed
multicost algorithm and its polynomial-time variations can lead
to significant improvements in the average end-to-end delay
experienced by the bursts. The optimal multicost algorithm
outperforms all other examined algorithms, but requires the
highest number of operations. The polynomial-time heuristic
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