
DHT Overlay Schemes for Scalable p-Range Resource Discovery

Liping Chen ∗

Department of Computer Science
Univ of Illinois at Urbana Champaign

lchen2@uiuc.edu
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1. Introduction

The information service is a critical component of
a Grid infrastructure for resource discovery. Although
P2P computing paradigm could address some of the
scalability issues that plagued Grid resource discov-
ery, most existing Distributed Hash Table (DHT) based
P2P overlays have difficulty in treating attribute range
queries that are common in resource discovery lookups
due to the inherent randomness of hash functions.

Recently, there have been various attempts to solve
the range search problem over DHT networks [1, 2,
3, 5]. Central to all of these is a mapping scheme
which maps the tree-structured logical index space to
some DHT-based physical node space. In this paper,
we propose a general framework to put all these un-
der the same umbrella based on how mapping of the
tree-structured index that identifies a physical node re-
sponsible of a particular range is done through replica-
tion . We identify three schemes which should cover the
spectrum of all meaningful replication schemes: the tree
replication scheme (TRS) replicates the entire tree; the
path caching scheme (PCS) replicates paths from root
to leaves; and the node replication scheme (NRS) repli-
cates individual logical nodes.

Instead of proposing a new tree structure or a new
DHT overlay, we focus on investigating the properties
of these three general mapping schemes, usable with
different tree structures and DHT overlays. We analyt-
ically and experimentally compare and contrast these
three schemes in the context of p-range queries (point-
in-range queries, which are common in Grid resource
discovery), in terms of lookup cost, update cost, and redi-
rection workload per peer.

∗ This work was mainly done during the first author’s internship
with NEC Labs America.

2. Index Replication Schemes

The logical space are usually tree-structures to sup-
port efficient range searches such as B-tree for 1-D data
and k-d tree, R-tree, etc. for multidimensional data.
These differ in the ways they split the space for ef-
ficient access and the ways of maintaining the corre-
sponding data structure. The physical space is a DHT
overlay. In the rest of this section, we present three pro-
tocols for mapping tree-structured logical data onto a
physical space. These three schemes differ in the gran-
ularity with which they use replication.
Tree Replication Scheme TRS replicates the search
hierarchy in its entirety. In this respect, it is similar
to the scheme use in RST [2]. Unfortunately, a sim-
ple analysis shows that to achieve load scalability, the
number of directory replicas should be O(N), where N
is the total number of nodes in the network.
Path Caching Scheme Most prefix-based range
search structures (such as P-grid [1] or [3]) are based
on PCS, which construct a single logical tree and per-
form replication at the physical level. Each physi-
cal node has only a carefully selected partial view (the
path from the root) of the logical tree.
The Node Replication Scheme NRS replicates each
internal node explicitly. Thus, unlike the PCS, replica-
tion is done at the logical level itself: for each node the
number of logical replicas is proportional to the num-
ber of its leaf descendants. Hence each time a node
splits, we create one more replica for each one of the
nodes along the path from the node to the root.

In TRS, lookup cost is O(logN). For PCS, [1]
shows that their randomization scheme can ensure that
the expected number of hops along the logical path
needed is bounded by log(N). Thus the search cost
is O(log2N). In general, for both PCS and NRS, in a
height-balanced tree, the search cost is O(log2N). In a
non-height-balanced tree, the worst case search cost is
min{O(h× logN), O(N)}, where O(N) is the cost of a
simple broadcast and h is the height of the tree.

In TRS, each update requires min{O(KlogN), O(N)}
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Figure 1. Avg Lookup cost as N increases

messages to update replicas. For PCS and NRS, if the
height does not need to be balanced, update cost is
O(logN) for PCS and O(log2N) for NRS. If the height
needs to be balanced, many times a simple broad-
cast might do better. In PCS, the update cost is O(N)
messages. In NRS, in addition to the O(log2N) repli-
cation cost, the overall cost is O(log2N + N).

In TRS, the directory lookup load is shared equally
among the K replicas, while the DHT redirection load
is shared equally among the N peers. In PCS, since
the peers are symmetric to each other both in terms of
directory-lookup as well as re-direction behavior, both
workloads are balanced. NRS is designed for explicit
balancing of the load in the system. Each node main-
tains information about only four other nodes: two of
its parent’s replicas, left child and right child. Both the
replica selection in the update phase and upward tra-
versal in lookup phase are randomized to achieve bal-
anced workload.

3. Evaluation of the Three Schemes

In this section, we evaluate and compare the three
mapping schemes using simulation. We used a k-d tree,
which does not force height-balancing, as the logical
space and Chord [4] as the physical space.
Lookups: Figure 1 shows the average hop counts for
the three schemes as the number of brokers increases.
TRS is clearly the best. PCS performs better than NRS
as internal index nodes are cached at the leaves. How-
ever, all three schemes show good lookup scalability.
Updates: Figure 2 shows the average update cost in
terms of messages exchanged as the number of bro-
kers increases. TRS shows a linear update cost. PCS
provides the best update performance since change ef-
fects are only local. The update cost of NRS is slightly
higher as the update requires replication of the nodes
along the path to the root.
Workload: A good workload scalability would require
that as the network (brokers and user queries) grows,
the workload on each of the brokers stays stable. Fig-
ure 3 shows the average workload on each broker (the
number of messages) as the network grows. All three
schemes show good scalability.
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Figure 2. Avg update cost as N increases
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Figure 3. Avg workload as N increases

4. Conclusion

We have presented a general framework that maps
tree-structured logical search space for range index-
ing onto a DHT-based physical node space, with aim
of answering range queries, based on three replication
schemes. As shown by analysis as well as experiments,
these three schemes have different performance charac-
teristics in query cost, update cost, and workload dis-
tribution. In general, the TRS scheme may not be ap-
plicable to update-heavy environments, like Grid re-
source brokerage services. PCS and NRS are both scal-
able and present comparable performance under differ-
ent resource brokerage scenarios.
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