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Abstract—In this paper we propose a new routing protocol and
address scheme, Geographically Informed Inter-Domain Routing
(GIR0O). GIRO deparis from previous geographic addressing
proposals in that it uses geographic information to assisf, not
to replace, the provider-based IP address allocation and policy-
based routing. We show that, by incorporating geographic in-
formation into the IP address structure, GIRO can significantly
improve the scalability and performance of the global Internet
routing system. Within the routing policy constraints, geographic
information enables the selection of shortest available routing
paths. We evaluate GIRO’s performance through simulations
using a Rocketfuel-measured Internet topology. Our results show
that, compared to the current practice, GIRO can reduce the
geographic distance for 70% of the existing BGP paths, and
the reduction is more than 40% for about 20% of the paths.
Furthermore, encoding geographic information into IP addresses
also enables GIRO to apply geographical route aggregation, and
a combination of geographic and topological aggregation can lead
to 75% reduction of the current BGP routing table size.

I. INTRODUCTION

The Internet consists of a large number of individually ad-
ministrated networks called autonomous systems (ASes). The
global routing protocol, BGP [18], is a path vector protocol
that propagates routing reachability information among all the
ASes. The route selection decisions are primarily driven by
routing policies which reflect the Internet service providers
{ISPs) economical interest. For example, when multiple routes
exist to reach the same destination network, an ISP typically
prefers a route going through its customers over those go-
ing through other providers. However, because the Internet
topology is densely connected, even after applying the policy
policies, a BGP router is often left with multiple feasible routes
to reach a given destination network. Ideally, if everything
else being equal, a router should choose a path with the
shortest physical distance to optimize the data delivery perfor-
mance. Unfortunately, in today’s routing system, a router has
information regarding the physical location of the destination
or the distances of the altermative routes. In fact, several
previous studies have shown ample evidence that the data
paths used in today’s Internet can be significantly longer than
possible alternative paths as measured by their geographical
distances [19], [23], [20].

In this paper we propose a new routing and addressing
scheme called Geographically Informed Inter-domain Routing
{(GIRQ) that aims to improve routing performance and scal-
ability by adding geographical location information into the
IP address structure. More specifically, GIRO aims to provide
better global routing while still adhering to the policy based
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routing practice in today’s Internet operations. In addition,
including geographic location information in IP addresses
opens the door to route aggregation based on geographic
location. We show that such a route aggregation scheme can
potentially lead to significant routing table size reduction.

To provide quantitative evaluation on the feasibility and
effectiveness of the GIRO design, we first conducted mea-
surement studies to map the existing prefixes in today’s global
routing table to their corresponding geographic locations. Us-
ing an Internet topology model extracted from Rocketfuel [21],
we then converted the existing prefixes to the corresponding
prefixes in a GIRO network. On this topology, we simulated
the routing decisions following today’s BGP policy practice
with the enhancement of geographic location information
and the physical distance information derived from it. Our
evaluation results show that, compared to today’s BGP path
lengths, the GIRO design can reduce the routing path lengths
by more than 40% for about 20% of all the paths. In addition,
we show that embedding geographic location information
in IP addresses enables a new shortesi-path route selection,
which can select shorter routing paths between neighbor ASes
in about 30% of cases compared to today’s early-exit BGP
routing policy. Finally, we show that by applying a combined
geographic and topological aggregation which is enabled by
our new GIRO addressing structure, GIRO can shrink the BGP
table to 25% of its current size.

The rest of the paper is organized as follows. Section TT
describes drawbacks in the current inter-domain routing sys-
tem, presenting prior proposals in the area of incorporating
geographical information in [P addresses, and highlighting the
main differences between the past work and our proposed
design. Section II presents the architecture of GIRO, including
its address content and path selection process. Section IV
describes our evaluation results. We discuss remaining open
issues in GIRO design in section V, and related work in section
V1. Finally, section VII concludes the paper.

II. BACKGROUND AND MOTIVATION
A. Suboptimal Path Selection in Current Inter-domain Routing

BGP is a path vector protocol and routing information is
propagated by the exchange of BGP update messages. A BGP
update message contains information about the destination
prefix and the AS path used to reach that prefix. Route selec-
tion and announcement in BGP are determined by networks’
routing policies, in which the business relationship between
two connected ASes plays a major role. AS relationship can
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