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Abstract  The topological properties of overlay networks are critical for the performance of peer-
to-peer (P2P) systems. Most existing overlay networks are based on static interconnect net-
works, since these networks behave good topological features in static environments. The Moore
bound sets the optimal tradeoff between diameter and degree for these static networks, but the
Moore bound cannot give a good description for existing P2P systems due to their dynamic fea-
tures. In this study, therefore, we first prove new lower bounds of the network diameter and av-
erage query distance in a highly dynamic environment. The routing latency of the existing sys-
tems cannot be better than the new bounds. This is because the existing systems require a fixed
number of peers known a priori, and P2P systems on the other hand, typically are dynamic,
meaning that peers frequently join or leave. In addition, most proposed overlay networks have
their unique maintenance mechanisms specific to the interconnect networks on which they are

based. To solve the issues, we propose the dynamic multi-way Trie tree structure, a universal
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framework based on which any interconnect network can be adopted to construct a P2P system.

The universal framework also consists of a series of optimal schemes for P2P systems. We show

the power of the constructive scheme by applying it to deBruijn and Butterfly graphs to propose

two new P2P systems whose performances can exceed the new bounds. Also, the schemes for

deBruijn and Butterfly graphs can be easily applied to other interconnection networks after minimal

modifications, such as, Hypercube, Kautz, Shuffle-exchange and CCC.
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case 1: Length(x)=Length(y) or (y is a resource and x is

Route(x, y).

not a prefix y)
if (x=2) then return available.
else if Comprefix(x, Successor(x))=~k—1 and Suc-
cessor(x) is less than y in the ring, then Forward
the message to peer Successor(x).
else if Comprefix (x, Predecessor(x)) =4k —1 and
Predecessor(x) is larger than y in the ring, then
Forward the message to peer Predecessor(x).
else Peer x forwards message to its neighbor ¢ (x)
which has the largest value Comprefix (¢’ (x), y)
among all the neighbors.

case 2: Length(x)<Length(y) or (y is a resource and x is
not a prefix y)
if (x contains y) then return available.
else if (Peer x has at least one child) , then Forward
the message to its child ¥ which has the largest value
of Comprefix(z,y).
else Peer x forwards message to its neighbor ¢ (x)
which has the largest value Comprefix (¢’ (x), y)
among all the neighbors.

case 3; Length(x)>Length(y)
if (x has a link to its parent) then Peer x forwards
message to its parent.
else Peer x forwards message to its neighbor ¢ (x)
which has the largest value Comprefix (¢’ (x), y)
among all the neighbors.
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Background

The growing popularity of P2P systems makes them ver-
y likely substrate for future large-scale information architec-
tures, and thus many studies are proposed to construct P2P
systems. Most P2P systems are based on overlay networks.
For example, Chord and Pastry are based on the Hypercube
topology; Viceroy and Ulysses are based on the Butterfly to-
pology; Cyecloid is based on the CCC topology; CAN is based
on the d-dimensional torus topology; Koorde and D2B are
based on the deBruijn topology; Moore and BAKE are based
on the Kautz topology. However, one critical requirement of
these systems is that the number of nodes must be some
given values determined by the node degree and the network

diameter. Hence, the corresponding approaches are often
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impractical when nodes frequently join, leave, and fail.
Therefore, in this paper, we propose the dynamic multi-way
Trie tree structure, a universal {framework based on which
any interconnect network can be adopted to construct a P2P
system.
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