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A peer-to-peer object location system is an evolving set of com-
puters cooperating to store objects. In this brief announcement,
we analyze the stretch in such a system. Stretch is the ratio of the
distance traveled in the system to find a copy of the object to the
direct distance to the closest copy. We give a simple example with
low overall stretch (i.e., the average stretch over all pairs) but high
stretch nearby pairs, and then show, via simulation, that the simple
example is relevant to real networks. More details on this and the
related issue of finding nearby neighbors to build systems for low
stretch are in the accompanying technical report [1].

For the simple example, consider n overlay nodes at the integers
on the number ling, from 1 to n, such that adjacent nodes are sep-
arated by a distance of one. (We assume that n is a power of 2.)
A particular object ID and the routes taken to that 1D through the
overlay create a logical tree on these nodes. Suppose the tree is
“perfect”, meaning that exactly every other node is aleaf, and con-
sider the pair of nodes (2k — 1, 2k), for some k > 0. If 2k isaledf,
then 2k’s distance to its parent 2k — 1 isone, and 2k — 1’sdistance
to its parent (itself) is zero; the average distance from a node to its
parent is % . To simplify the calculation, imagine a hypothetical av-
erage parent located at a distance of % from both nodes, at 2k — %
These are not physical nodes; rather, they the “average” over al
possible choices. Figure 1 shows the resulting tree.

In Tapestry [2], objects are published by placing pointersto them
at each node aong the path from the publisher to the root, and
object location proceeds by checking for pointers along the path
from the query source to the root. The stretch is determined by
where the publish and search path first intersect, or in other words,
the least common ancestor of the publisher and the query source.

We now calculate the average stretch when the publisher and
searcher are at distance one from each other. Half of such pairs of
nearby nodes share the same parent, and so have location stretch of
one, since the request need only travel adistance of oneto reach the
publisher. Half of the remaining pairs share the same grandparent,
for these nodes, the stretch is three (see Figure 1 for an example).
In general, for j < log, n there are 2'°52 ™7 pairs with location
stretch 27 —1. Theaverage stretchisthen L 57082 ™ gles2 n =7 (27 —
1), 0rlog, n— Z;"ff " =, whichislessthan or equal to log n.— 1.
Thus, the average stretch between nearby pairs is O(log n) (and
one pair has stretch n), while the average stretch over al pairsis
O(1). (The O(1) overall average follows because most pairs are
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Figure 1: A perfect base-2 Tapestry tree, with a stretch three
object location query.
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Figure 2: The distribution of stretch for nearby pairs in
Tapestry on a simulated network.

far apart, and the stretch between those pairsis constant.)

Real networks are not lines, and real systems do not produce
the perfect tree described above, but the results are relevant. Our
thought experiment predicts that the number of pairs with a least
common ancestor at level k decreases exponentially in k&, while the
stretch experienced increases exponentially.

Weran Tapestry [2] on asimulated transit stub network and mea-
sured the stretch between nearby pairs. Figure 2 shows the result-
ing histogram. While most pairs have low stretch, some pairs show
very high stretch, matching the predictions of the simple example.
In the simulations, the overall mean stretch for queries between any
two nodes is just 3.01 (less than half of the mean stretch for close
objects), demonstrating that indeed overall measurements can ob-
scure information about the stretch between nearby nodes.

Conclusion A system with low overall object location stretch
may still have high stretch for pairs that are nearby. If objects are
likely to be placed near the nodes looking for them, overall stretch
is probably not the right measure.
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