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1. ABSTRACT
The role of network structure has grown in significance

over the past ten years in the field of information retrieval,
stimulated to a great extent by the importance of link anal-
ysis in the development of Web search techniques [4]. This
body of work has focused primarily on the network that is
most clearly visible on the Web: the network of hyperlinks
connecting documents to documents. But the Web has al-
ways contained a second network, less explicit but equally
important, and this is the social network on its users, with
latent person-to-person links encoding a variety of relation-
ships including friendship, information exchange, and influ-
ence. Developments over the past few years — including
the emergence of social networking systems and rich social
media, as well as the availability of large-scale e-mail and
instant messenging datasets — have highlighted the crucial
role played by on-line social networks, and at the same time
have made them much easier to uncover and analyze. There
is now a considerable opportunity to exploit the information
content inherent in these networks, and this prospect raises
a number of interesting research challenges
Within this context, we focus on some recent efforts to

formalize the problem of searching a social network. The
goal is to capture the issues underlying a variety of related
scenarios: a member of a social networking system such as
MySpace seeks a piece of information that may be held by
a friend of a friend [27, 28]; an employee in a large company
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searches his or her network of colleagues for expertise in
a particular subject [9]; a node in a decentralized peer-to-
peer file-sharing system queries for a file that is likely to
be a small number of hops away [2, 6, 16, 17]; or a user
in a distributed IR or federated search setting traverses a
network of distributed resources connected by links that may
not just be informational but also economic or contractual
[3, 5, 7, 8, 13, 18, 21]. In their most basic forms, these
scenarios have some essential features in common: a node
in a network, without global knowledge, must find a short
path to a desired “target” node (or to one of several possible
target nodes).
To frame the underlying problem, we go back to one of

the most well-known pieces of empirical social network anal-
ysis — Stanley Milgram’s research into the small-world phe-
nomenon, also known as the “six degrees of separation” [19,
24, 25]. The form of Milgram’s experiments, in which ran-
domly chosen starters had to forward a letter to a designated
target individual, established not just that short chains con-
necting far-flung pairs of people are abundant in large social
networks, but also that the individuals in these networks,
operating with purely local information about their own
friends and acquaintances, are able to actually find these
chains [10]. The Milgram experiments thus constituted per-
haps the earliest indication that large-scale social networks
are structured to support this type of decentralized search.
Within a family of random-graph models proposed by Watts
and Strogatz [26], we have shown that the ability of a net-
work to support this type of decentralized search depends in
subtle ways on how its “long-range” connections are corre-
lated with the underlying spatial or organizational structure
in which it is embedded [10, 11]. Recent studies using data
on communication within organizations [1] and the friend-
ships within large on-line communities [15] have established
the striking fact that real social networks closely match some
of the structural features predicted by these mathematical
models.
If one looks further at the on-line settings that provide

the initial motivation for these issues, there is clearly inter-
est from many directions in their long-term economic im-
plications — essentially, the consequences that follow from
viewing distributed information retrieval applications, peer-
to-peer systems, or social-networking sites as providing mar-
ketplaces for information and services. How does the prob-
lem of decentralized search in a network change when the
participants are not simply agents following a fixed algo-
rithm, but strategic actors who make decisions in their own
self-interest, and may demand compensation for taking part
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in a protocol? Such considerations bring us into the realm
of algorithmic game theory, an active area of current re-
search that uses game-theoretic notions to quantify the per-
formance of systems in which the participants follow their
own self-interest [20, 23]. In a simple model for decentral-
ized search in the presence of incentives, we find that per-
formance depends crucially on both the rarity of the infor-
mation and the richness of the network topology [12] — if
the network is too structurally impoverished, an enormous
investment may be required to produce a path from a query
to an answer.
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