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INTRODUCTION

Recently, a family of massive self-organizing data
networks has emerged. These networks mainly
serve as large-scale distributed query process-
ing systems. We term these networks Querical
Data Networks (ODN). A QDN is a federation of
a dynamic set of peer, autonomous nodes com-
municating through a transient-form intercon-
nection. Data is naturally distributed among the
QDN nodes in extra-fine grain, where a few data
items are dynamically created, collected, and/or
stored at each node. Therefore, the network scales

linearly to the size of the dataset. With a dynamic
dataset, a dynamic and large set of nodes, and a
transient-form communication infrastructure,
QDNs should be considered as the new generation
of distributed database systems with significantly
less constraining assumptions as compared to
their ancestors. Peer-to-peer networks (Daswani,
2003) and sensornetworks (Estrin, 1999, Akyildiz,
2002) are well-known examples of QDN.

QDNs can be categorized as instances of
“complex systems” (Bar-Yam, 1997) and stud-
ied using the complex system theory. Complex
systems are (mostly natural) systems hard (or
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complex) to describe information-theoretically,
and hard to analyze computationally. QDNs share
the same characteristics with complex systems,
and particularly, bear a significant similarity to
a dominating subset of complex systems most
properly modeled as large-scale interconnection
of functionally similar (or peer) entities. The
links in the model represent some kind of sys-
tem-specific entity-to-entity interaction. Social
networks, a network of interacting people, and
cellular networks, a network of interacting cells,
are two instances of such complex systems. With
these systems, complex global system behavior
(e.g., a social revolution in a society, or food di-
gestion in stomach!) is an emergent phenomenon,
emerging from simple local interactions. Various
fields of study, such as sociology, physics, biology,
chemistry, etc., were founded to study different
types of initially simple systems and have been
gradually matured to analyze and describe in-
stances of incrementally more complex systems.
An interdisciplinary field of study, the complex
system theory?, is recently founded based on the
observation that analytical and experimental
concepts, tools, techniques, and models developed
to study an instance of complex system at one
field can be adopted, often almost unchanged,
to study other complex systems in other fields
of study. More importantly, the complex system
theory can be considered as a unifying meta-
theory that explains common characteristics of
complex systems. One can extend application of
the complex system theory to QDNs by:

1. Adopting models and techniques from a
number of impressively similar complex
systems to design and analyze QDNs, as an
instance of engineered complex systems;
and

2. Exporting the findings from the study of
QDNs (which are engineered, hence, more
controllable) to other complex system stud-
ies.

This article is organized in two parts. In the
first part, we provide an overview, where we 1)
define and characterize QDNs as a new family of
data networks with common characteristics and
applications, and 2) review possible database-
like architectures for QDNs as query processing
systems and enumerate the most important QDN
design principles. In the second part of the article,
as the first step toward realizing the vision of
QDNs as complex distributed query-processing
systems, we focus on a specific problem, namely
the problem of effective data location (or search)
for efficient query processing in QDNs. We briefly
explain two parallel approaches, both based on
techniques/models borrowed from the complex
system theory, to address this problem.

BACKGROUND

Here, we enumerate the main componental char-
acteristics and application features of a QDN.

Componental Characteristics

Anetwork is an interconnection of nodes via links,
usually modeled as a graph. Nodes of a QDN are
often massive in number and bear the following
characteristics:

e Peer functionality: All nodes are capable
of performing a restricted but similar set
of tasks in interaction with their peers and
the environment, although they might be
heterogeneous in terms of their physical
resources. For example, joining the network
and forwarding search queries are among
the essential peer tasks of every node in a
peer-to-peer network.

. Autonomy: Aside from the peer tasks men-
tioned above, QDN nodes are autonomous
in their behavior. Nodes are either self-
governing, or governed by out-of-control
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