
1 Introduction

Peer-to-Peer (P2P) systems are massively distributed
an existing file within a bounded number of hops. Chord
[20], Pastry [19] and Tapestry [23] are examples of the sec-
ond generation of peer-to-peer systems. These systems can
be viewed as providing a scalable, fault-tolerant distributed
hash table (DHT). Any data item based on a unique iden-
tification can be located within a bounded number of hops
using a small per-node routing table. Unstructured P2P sys-
tems are widely used due to their simplicity; but structured
systems can be more efficient. Consequently, these two
models coexist and in some sense complement each other
[3].

All P2P systems are built upon application-level over-
lays, the topology of which is independent of the underly-
ing physical network. In unstructured systems, a new node
randomly chooses some existing nodes of the systems as its
logical neighbors; while in structured ones, a new node will
get an identification by certain hash function and construct
connections with other nodes based on specific rules of the
DHT. As a result, the neighborhood of two nodes on the top
of overlay does not inherently reflect proximity in the phys-
ical network, due to an arbitrary organization or the hash-
based property. A well-routed message path in an overlay
network with a small number of logical hops may lead to a
long delay. The mismatch problem between the overlay and
physical network is a major obstacle in building an effective
large-scale overlay network.

In this paper, we propose a family of Peer-exchange
Routing Optimizing Protocols (PROP) to handle the mis-
match in peer-to-peer systems. It includes two relevant poli-
cies: PROP-G (generic) and PROP-O (optimized). They
both adaptively adjust the connections of the overlay, and
efficiently reduce the average logical link latency of the
whole system. Combining them with other recent mecha-
nisms will further improve their performance. Moreover,
they are adaptive to dynamic changes in the system. PROP-
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G, to the best of our knowledge, is the first scheme that can
be deployed effortlessly on both unstructured and structured
P2P systems, while preserving the logical topology of over-
lay at the same time. PROP-O, on the other hand, is more
efficient, especially in a heterogeneous environment where
nodes have different processing capabilities.

The rest of paper is organized as follows. In Section 2,
we review related work. Section 3 describes the design of
PROP. In Section 4, we evaluate the effectiveness of our
design analytically. The methodology and results of simu-
lation experiments are presented in Section 5. Finally, we
conclude the paper in Section 6.

2 Related Work

The issue of mismatch between physical and logical net-
works in P2P systems has been the focus of intensive re-
search in recent years. A location-aware topology match-
ing (LTM) technique [10] is proposed for unstructured P2P
systems. In LTM, each peer issues a detector in a small re-
gion so that the peers receiving the detector can record the
relevant delay information. Based on the information, a re-
ceiver can detect and cut most of the inefficient and redun-
dant logical links and add closer nodes as its direct neigh-
bors. LTM is a typical method which is only applicable for
Gnutella-like overlay networks where each peer can freely
cut and add connections. Moreover, free modification of
connections, to some extent, impairs the natural feature of
self-organizing overlay where powerful, reliable nodes al-
ways provide more services and inherently have more con-
nections [18]. Other methods for unstructured systems like
[11] and [12] share similar features with LTM and will not
be discussed in detail due to space limitation.

Regarding structured P2P systems, most solutions fall
into three broad categories [8] [15]:Proximity Neighbor
Selection (PNS) [4],Proximity Route Selection (PRS) and
Proximity Identifier Selection (PIS)[13].

However, all of these approaches have a common lim-
itation: protocol-dependence. For example, the entries in
routing table are deterministic in systems like Chord or
CAN, where the PNS scheme cannot be applied directly.
Similarly, PRS also has the requirement that there must be
more than one choice for the next hop. Topologically-aware
CAN, which ensures that nodes which are close in the net-
work topology are close in the node ID space, is only suit-
able for systems like CAN [21], where the similarity of node
IDs means less hops in routing. In short, recent methods
based on DHT cannot be applied to other variants of the
DHT protocols, not to mention other unstructured P2P sys-
tems.

Recently, some researchers focus on the configuration
of AS or ISP level [9] [7] . Although this kind of central
or cluster-like management can improve the efficiency of
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Figure 1. PROP-G, exchange all neighbors

the system, it is more related to the deployment of different
nodes instead of the deployment of end systems. Moreover,
such control is impractical in loosely organized peer-to-peer
systems.

3 Design Description

3.1 PROP-G and PROP-O

In order to satisfy the above requirements, we use “peer-
exchange” as the basic operation of our scheme. Gener-
ally speaking, peer-exchange means a series of exchanges
of some neighbors between two peers, and one exchange
can be viewed as a pair of cut-add operations.

A simple and direct way of peer-exchange, called PROP-
G, is to exchange all neighbors of the two nodes. Figure
1 shows an example of PROP-G, where node 3 and 4 ex-
change their neighbor sets ({1, 6, 7} and {2, 5}). This can
be viewed as exchanging their “position” in the overlay net-
work. Intuitively, the topology of overlay is not affected
by the PROP-G operation. That is why we call it a generic
method, which will be proved in Section 4.

Another way for peer-exchange, called PROP-O, is to se-
lectively choose neighbors for exchange. Figure 2 illustrates
the process: nodes 3 and 4 exchange equal number (m = 2)
of neighbors. Note that exchanged neighbors should never
lie on the path of nodes 3 and 4, which ensures that nodes
3 and 4 will still be connected after the exchange. The pri-
mary reason that we exchange equal number of connections
instead of an arbitrary number is to ensure the degree of
each node remains the same after the exchange, so that the
topology can maintain its essential features. The effective-
ness and characteristics of both PROP-G and PROP-O will
be illustrated by theoretical analysis in Section 4 and vali-
dated by simulations in Section 5.

A traditional way to accomplish topology optimization is
to let each source node select one nearest node in the candi-
date list and establish the connection with it. This “selfish”
method, in our opinion, is beneficial to the source node itself
but is not always beneficial to (or in some case may actually
detracts from) system-wide optimization. Our approach is
to utilize the collaboration of two peers, say u and v, to
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