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Abstract

Inter-domain path computation, or the ability to
compute end-to-end paths across multiple domains, is
the next step toward wide deployment of a distributed
control plane with support for traffic engineering. A
key enabler to achieve this goal is the introduction of a
Path Computation Element (PCE) in each domain.
There are various ways these elements can collaborate
to compute an end-to-end path, of particular interest to
us in this paper is cooperative path computation, a
scheme where PCEs exchange path information in the
context of a specific end-to-end path computation
instance, often prior to signaling the path. We show
that depending on the information available to each
PCE, cooperation can take one of two forms, which we
call model-based and ad hoc. We demonstrate that
model-based cooperation is essentially a multistage
decision problem, and offer a probabilistic analysis
which we believe is the key to understanding the
problem and developing efficient inter-domain path
computation heuristics. In particular, we argue that
having an estimate of the blocking probability in each
domain can be helpful in determining the path
computation effort needed to find an end-to-end path.

1. Introduction

Distributed control plane technologies such as
Multiprotocol Label Switching (MPLS) and its
generalized version GMPLS [1], [2] are opening the
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door to an array of end-to-end QoS-based services that
were previously hard to provide over the shared
Internet. The global adoption of service delivery using
these technologies assumes that users can be provided
connections with well-defined attributes that will not
change over the service delivery period with changes
in network or user population. Fundamental to this
assumption is the ability to dynamically compute
routes through the network that satisfy administrative,
resource or other types of constraints. Constrained
routing, or path computation, 1is an essential
functionality in MPLS, GMPLS, or any control plane
architecture with end-to-end performance objective.

Following the “distributed intelligence” design
philosophy of IP networks, the MPLS architecture [1]
viewed path computation as a simple extension of the
shortest path first (SPF) algorithm. Almost all MPLS
implementations today run a constrained shortest path
first (CSPF) algorithm that simply accepts or rejects
the network links used in shortest path computation
based on a set of boolean traffic engineering
constraints. This early view of ‘on-board’ path
computation has now been challenged in many ways.

To begin with, path computation requests have
become more complex since the early days of MPLS.
With GMPLS being applicable to a wide variety of
switching technologies such as packet, TDM and
wavelength switching, path computation constraints
are now more complex than simple bandwidth
availability or administrative constraints in packet-
switched networks. For example, path computation in
all-optical networks with end-to-end transparency may
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