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Abstract. We propose a peer-to-peer system that supports distributed
virtual world applications. For these applications, the connections be-
tween directly neighboring peers are of the utmost importance. To min-
imize wide area network traffic and average latency, peers that belong
to the same subnet, are grouped together, and these groups are inter-
connected via wide area connections. To build up and maintain this
optimized peer-to-peer structure, we developed a set of protocols that
efficiently handle the joining and leaving of peers as well as failure situ-
ations. Peers are aranged in the logical ring structure using a two-step
discovery and join procedure. The first step uses broadcast messages to
discover peers in a local subnet, followed by a local join. If no peer answers
in the local subnet, a remote join is performed. With the implemented
recovery procedures, our peer-to-peer system can survive multi-node fail-
ures in a local subnet as well as the failure of an entire subnet.

1 Introduction

Peer-to-peer networks support a variety of different applications, including file
sharing, telecommunication, multimedia streaming, web caching, distributed col-
laboration, and shared virtual world implementations. Evidently, a good peer-
to-peer infrastructure has to efficiently support the needs of its applications [IJ.
For file sharing applications, e.g., the pre-dominant operation is the retrieval
of a (key, value) pair for a given key. Many peer-to-peer infrastructures, such
as distributed hash tables [2I3/4U5J6], are optimized for exactly this retrieval
operation.

For distributed shared virtual world applications, however, the situation is
different. Typically, the virtual world is divided into separate, neighboring areas
that are distributed among the participating peers. Data exchange mainly takes
place between neighboring areas, because the beings that inhabit the virtual
world can move from one area to a neighboring one.

One example of a shared virtual world is Aqualife, a peer-to-peer application
that simulates a distributed ecosystem. In Aqualife, each participating peer runs
a part of the virtual global aquarium, and hosts fish that interact with each
other, and that can swim from one peer to another. A peer has a preceeding
and a succeeding neighbor that its fish can swim to and from, so that as a result
all peers together form a logical ring. When a new peer joins the community, it
needs to connect to a succeeding and to a preceeding neighbor, but its actual
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position in the ring is irrelevant from the application point of view. Thus, to
minimize network traffic and latency, it is advisable to build the peer ring upon
the topological proximity of the peers.

Topological proximity takes into account not only the geographical distance
between two peers, but also the characteristics of the interconnecting network
including bandwidth, throughput, and latency. Evidently, determining the topo-
logical distance between any two peers is a complex and costly task; what is
even more, it is a metric that varies over time, as the network load and other
parameters change. Also, it is generally not possible to map the surface of the
earth onto a ring while at the same time preserving topological distances.

On the other hand, the single one type of proximity that has the greatest
impact on both network load and latency, is whether or not two peers belong to
the same subnet. Taking that differentiation into account is very beneficial and,
at the same time, feasible with comparably simple and robust procedures.

Our peer-to-peer infrastructure groups peers that belong to the same subnet
together in a chain, and interconnects these local chains to a global ring, see
Figure[Il This approach minimizes the amount of wide area network traffic and
the average latency. In addition, it reduces the number of connections that have
to traverse firewalls and NAT boxes, and that need to be taken special care of.
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Fig. 1. Global ring structure interconnecting local peer chains

We achieve this optimized peer-to-peer structure by a two-step discovery and
join procedure. In the first step, the new peer broadcasts a discovery request
into its subnet. If at least one local peer replies, the new peer initiates a local
join procedure to have itself inserted into the local peer chain.

If no local peer responds to the discovery broadcast, the new peer performs
the second step of the discovery procedure and uses a bootstrap server to be put
in contact with any one peer in the community. The new peer uses the contact
to request a remote join procedure. During this procedure, care is taken not to
place the new peer between two peers that belong to the same subset, so as not
to corrupt the optimal structure shown in Figure [l

The bootstrap server is the only central entity in an otherwise serverless peer-
to-peer infrastructure. It helps new peers to contact the existing community by
maintaining a partial list of known peers in its peer cache. To ensure scalability,
the bootstrap server caches the addresses of a constant number of peers only
and operates completely statelessly on a simple request-response protocol. Its



