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1 Introduction

Research on scalable lookup services offers to tackle a quintessential problem
of distributed systems, the discovery and locating of resources in networked
systems. Specifically, it aims to design a distributed lookup service that allows
clients to contact local lookup representative(s) from anywhere and find any
resource in a reasonable amount of work. Attention to scale and high dynamicity
brings challenges outside the scope of classical routing networks research.

In the past two years, researchers have looked at schemes that support dy-
namic lookup services as a distributed hash table, managing the distribution of
data among a changing set of servers, and allowing clients to contact any par-
ticipating server in the network to find any stored resource by name. There are
two main challenges that large-scale DHTs must overcome: the first is distribut-
ing data in such a way that it remains nearly balanced across the set of active
servers, and such that only small changes are necessary when servers join and
leave. The second is to maintain a network of connection information between
servers so that a lookup for data can be “routed” between servers toward its
intended target, and so that servers may join and leave without requiring hash
information to be propagated through the entire network.

The first issue is addressed in nearly all recent work using Consistent Hashing
[5] and its variations. In this approach, in order to distribute key-value pairs
across a set of participating servers, we treat both the servers and the resources as
points in some metric where there are simple (and efficient) data structures and
algorithms for resolving closest point queries and where the number of neighbors
is small. That is, we associate with both resource and server names a value
taken from the metric and then ensure that a resource resides on a server whose
associated value is close (under the metric) to the resource name. For example,
Chord [15] maps resources and servers to the unit ring [0..1). For a given set
of active servers, a server manages all resources that have names between its
counter-clockwise neighbor’s name and its own name. Routing is then performed
based on a comparison between the values associated with the current server
name and the target resource name, using some routing algorithm for the chosen
metric. This framework captures several recent proposals, including Consistent
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Hashing [5] and Chord [15], CAN [11], Plaxton et al. work [10] and OceanStore
[7], and Viceroy [9].

The second, remaining problem is to construct an efficient connection graph
that routes lookup queries from any starting point to the server closest to the
target. Much is known on this domain [3, 14], including networks of low degree,
small dilation and even congestion, such as Shuffle-Exchange, Butterfly, and
Cube-Connected-Cycle. Deviating from these works, dynamic lookup networks
additionally require the following properties: (i) the network size is unknown
and dynamically changes as processes join and leave it, and (ii) there should
be no central point (or group of processes) that manage the network and hence
suffer unproportional amount of load during joins and leaves. Thus, the problem
we face is to dynamically construct a routing network that accommodates rapid
changes in size and has no central management. In particular, when a server joins
the network, it should be possible for it to become a participant in the routing
network using a reasonable amount of communication with existing members.

We have already postulated that the network topology provides vicinity links
and (efficient) local searching. It is left to determine how to provide long-range
links so as to make all searches efficient. Borrowing from the ideas of Kleinberg [6]
and Barriere et al. [1], we can augment the underlying metric with long range
contacts chosen appropriately so that a localized routing strategy produces short
paths. The inspiration from [6] is that these few long range contacts should not
be uniformly distributed, but have a bias toward closer points. !.

The manner in which long-range link are chosen precisely affects the re-
sulting routing construction. The network construction of [6] emulates a Cube-
Connected-Cycle (with poly-logarithmic diameter). The Viceroy network of [9]
offers a dynamic emulation of the Butterfly network, yielding a network whose
degree is constant yet its dilation is logarithmic. Other lookup networks also
emulate known graphs: Chord [15] emulates a Hypercube (logarithmic degree,
logarithmic dilation), as do Plaxton et al in [10], Tapestry [16] and Pastry [12].
The CAN algorithm of [11] emulates a multi-dimensional torus, whose degree is a
constant d determined as a system parameter, and whose dilation is O(dn(/®).

Resilience is another important facet of a dynamic and scalable resource
location. We envision a two-layer architecture to provide fault tolerance. At
the bottom tear, each process is replicated in a small cluster, using any known
clustering technology. Each cluster then serves as a super node in the second tier,
the routing network. A super node may gracefully join or leave the network, but
not fail. This is achieved by letting a cluster size vary between a low and a
high water mark. When the number of participants in a cluster drops below the
low threshold, it seeks to merge with another cluster, thus virtually leaving the
network. Likewise, when a cluster size grows above the high mark, it splits and
virtually create a new joining node. In order for a full cluster to fail, multiple
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structive algorithm providing a design to a network based directly on this approach.



simultaneous failures must occur, an event that we can rule out with proper
tuning. Further issues of atomicity and fault tolerance are exposed in [8].

The motivation for this work is apparent. In order to share resources and
access services over large, dynamic networks, users require means for locating
them in an efficient manner. The fundamental service that is required is a lookup
directory that maps names to values. The Domain Name System (DNS) is a
known example of such a lookup service, but one that is static and furthermore,
is tailored to the DNS hierarchical namespace and suffers from increased load
and congestion at nodes close to the root of the DNS tree. In contrast, we aim to
build an on-the-fly dynamic lookup service, and pave the way to deployment in
peer-to-peer networks, where the participating servers are particularly dynamic
and no central control or information is maintained. Good solutions may find
application in many peer-to-peer systems like music-sharing applications (e.g.,
Gnutella [4]), file sharing and anonymous publishing systems (e.g., Freenet [2])
and distributed engine that take advantage of CPU sharing (e.g., Seti@home

[13]).

2 Research goals

The research and development of dynamic, scalable lookup networks is inten-
sively going on in academic and industrial groups. At the Hebrew University,
we have recently launched a project called Viceroy to build a dynamic, scalable
lookup service. Bringing algorithmic ideas into practice will require further at-
tention to various components, and surface additional challenges. We list some
of our immediate goals here.

Given the decentralization and scalability of the problem at hand, randomiza-
tion is a natural design choice. However, previous works derive their performance
properties from the goodness of random choices made initially in the construc-
tion. We envision that in a long lived system, the quality of such initial random
choices will necessarily degrade as the system evolves, many processes depart
and so on. Therefore, one of our first goals is to re-balance the network dy-
namically against an adversary that adaptively impacts the randomness in the
system. We need to further devise load shifting mechanisms that will not change
the basic structure of the lookup network, and will be completely localized so
as to preserve the decentralized nature of our approach. Moreover, we look for
solutions that maintain these good measures over long range, and are not based
on good randomization of initial choices made by processes when joining. Thus,
we consider a powerful adversarial situation, where departures and joining are
controlled by a malicious, partially adaptive adversary. This problem is further
intensified by the need to deal with multiple concurrent changes.

Second, in each one of the works cited above, one particular network is em-
ulated. In contrast, we wish to form a generic strategy for dynamic routing
network emulation, that many graph topologies fit.

The next topic that concerns deployment of lookup methods in practice is
adaptation and caching in order to cope with variable access load. In reality,



there may be situations where the load becomes unbalanced due to transient
hot spots. For example, in a music-sharing application, many users might access
Madonna’s recent album shortly after release. To accommodate such situations,
the basic efficient design should be accompanied by a good caching strategy.
A particular challenge is the lack of inherent hierarchy that would naturally
support cache-flushing.

A final issue that deserves our immediate attention is locality of placement.
In practice, it might be preferable to take into consideration proximity and
network connectivity in the decision of how to place servers and interconnect
them. Locality is considered in [12], leading to encouraging results. These ideas
and others need to be explored further for general lookup networks.
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