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Guest Editorial
Network Science

Prithwish Basu, Richard Gibbens, Thomas La Porta, Ching-Yung Lin, Ananthram Swami, and Eiko Yoneki

OVER the past several years there has been increasing
interest in studying the commonalities among multiple

networks such as logistical networks, biological networks,
financial and economic networks, transportation networks,
cognitive networks, social networks, information networks
and communications networks. Several possible cross-network
commonalities have been identified and there is an emerging
line of research that seeks to develop the theoretical under-
pinning to these commonalities. Collectively these efforts are
known as network science. This JSAC special issue seeks to
highlight fundamental advances in network science as well as
its applications to communications networks and techno-social
networks.
A key goal of network science research is to uncover

universal laws that govern certain structural and functional
aspects of multiple genres of networks. A useful side effect
of such universal laws is that it may be possible to borrow key
insights and design principles from different types of networks
and apply them to communications networks problems, e.g.,
concepts from biological networks or social networks can be
applied to communications networking.
Information propagation is one such fundamental prob-

lem in all networks, since the main function of ev-
ery network is “transporting goods”. Therefore, improv-
ing our understanding about the process by which influ-
ence/opinions/rumors/contagion spread in social networks
could help use design better information dissemination pro-
tocols for communication networks.
A recent topic of research in the network science commu-

nity is combined or composite networks – these are two or
more interacting networks that must be characterized jointly
rather than individually. For example, a social network and a
communication network sharing some nodes (corresponding
to users) may be modeled together as a composite network.
This may be useful since the aggregate performance of a
composite network may often depend on how the individual
networks influence each other. Information may travel faster
or slower through composite networks depending on how they
are coupled.
The above vision was captured in the Call for Papers for
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this special issue in the IEEE Journal On Selected Areas In
Communications, and it was published in June 2012. As a
result of this solicitation, we received 62 submissions by the
deadline of August 15, 2012. Papers were selected after two
rigorous rounds of review1. The first round of notifications
were sent out on December 17, 2012 to the authors whose
papers passed the first round of review. Revised versions of
the papers were submitted on January 31, 2013. Finally, after
a second round of review, the Guest Editorial board decided
on March 12, 2013 to accept 16 high quality papers for
publication in this competitive special issue.
Papers appearing in this special issue belong to five broad

themes, which are not necessarily mutually exclusive: (1)
fundamental principles in network science, (2) information
propagation models in networks, (3) bringing insights from
other genres of networks, (4) economic and game theoretic
models, and (5) application of network science principles to
communications networking problems.
The first set of three papers develops algorithms, frame-

works, and analysis techniques that are largely applicable to a
broad class of network genres, while the fourth paper applies
related analytical techniques to a specific problem domain.
In the paper, “Community Detection in Scale-Free Net-

works: Approximation Algorithms for Maximizing Modular-
ity”, community detection is formulated as modularity max-
imization for finding the partition with maximal associated
modularity, a quality function introduced by Newman and
Girvan in 2004. This is known to be an NP-hard problem, for
which many heuristics have been proposed in the last decade.
The proposed algorithm has the rare specificity that it has
a guarantee of quality, in that it finds modularity within a
bounded or logarithmic ratio of the optimal modularity of a
network. It performs well, in terms of speed and maximization
algorithms, compared to other algorithms.
In the paper “A Measurement Framework for Directed

Networks”, the authors propose an integrated sampling and
estimation framework for nodal characteristics in directed
networks. The paper proposes an algorithm which uses only
local knowledge – the set of visited nodes – rather than prior
global knowledge of the (latent) structure of the full network.
The paper “On Set Size Distribution Estimation and the

Characterization of Large Networks via Sampling” studies a
set size distribution estimation problem, where elements are
randomly sampled from a collection of non-overlapping sets
and the original set size distribution must be recovered from

1Papers coauthored by Guest Editors and their mentors were handled
independently by Senior Editors.
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the samples. Such sampling tools for large networks could be
useful in characterizing in-degree distributions in large graphs
and uncovering TCP/IP flow size distributions on the Internet.
The fourth paper, “On Credibility Estimation Tradeoffs in

Assured Social Sensing” studies a topic related to sampling but
purely in the context of social sensing. The authors deal with
the problem of credibility estimation, and propose a method
to derive confidence bounds to quantify the accuracy of
claims coming from the social sensing applications. The paper
formulates the trustworthiness of sources in social sensing
as a maximum likelihood estimation problem and present
sensitivity analysis of trade-offs.
The next set of five papers studies the important topic of the

spreading of information through networks, where information
could take the form of opinions, memes, rumors, influence, or
just plain data without any semantics. These papers develop
and use a plethora of mathematical tools that will be of interest
to the network science community at large. The first two
papers in this set use a recently proposed composite network
framework to study the information diffusion problem.
In the paper “Conjoining Speeds up Information Diffusion

in Overlaying Social-Physical Networks”, the authors develop
a theory of information diffusion in an overlaid social-physical
network. They quantify the size and the critical percolation
threshold of information epidemics in this composite social-
physical network for the SIR model of information diffusion,
and show that while there may be no percolation in the
individual networks, percolation (i.e., information epidemics)
could take place in the composite social-physical network.
In the paper “Competing Memes Propagation on Networks:

A Network Science Perspective”, the authors study the inter-
twined propagation of two competing memes (or data, rumors,
etc.) in a composite network. Within the constraints of this
scenario, they address two key questions: (a) which meme
will prevail? and (b) can one influence the outcome of the
propagations?
The paper “How Agreement and Disagreement Evolve

over Random Dynamic Networks” studies a related topic.
The authors develop a theoretical model based on attrac-
tion, repulsion, and neglect for representing a plethora of
phenomena such as spreading of true and false information
over a communication network, the propagation of faults in
a large-scale control system, or the development of trust and
mistrust in a society. They then establish a series of sufficient
and/or necessary conditions for agreement convergence or
disagreement divergence in dynamic networks.
In the paper “Consensus, Polarization and Clustering of

Opinions in Social Networks”, the authors study the problem
of opinion dynamics in a social group. They analytically study
a model where agents exchange their opinions with their
neighbors and move their opinions closer to each other if
they are like-minded (that is, the distance between opinions
is smaller than a threshold). The main goal of the paper is to
analyze the convergence properties of the opinion dynamics
and explore the underlying characteristics that mark the phase
transition from opinion polarization to consensus.
The paper “On Budgeted Influence Maximization in Social

Networks” studies the budgeted influence maximization (BIM)
problem which is concerned with selecting a set of seed nodes

to disseminate some information that maximizes the total
number of nodes influenced (termed as influence spread) in
social networks at a total cost no more than a given budget.
The authors give a guaranteed approximation algorithm for
this optimization problem.
The next set of two papers brings insights from other genres

of networks, such as neuronal networks and chemical reaction
networks and show how these insights could be effective
in designing networked systems, in general, and also have
specific applications to communications networks problems.
In the paper, “The Wiring Economy Principle for Designing

Inference Networks”, the authors describe the wiring economy
principle and its implications on the design of networked
systems. They study the topology and placement of nodes
in designing networks with optimal wiring cost properties.
The authors restrict themselves to a non-malicious setting.
The main theoretical result is the independence of optimiz-
ing placement and topology. A separation principle between
logical topology design and node placement is demonstrated.
Random networks were shown to present good performance.
The paper “Stability and Sensitivity Analysis of Traffic-

Shaping Algorithms Inspired by Chemical Engineering” an-
alyzes a chemical reactions metaphor for studying traffic
shaping algorithms in communications networks. They show
that the related fluid model, describing the emergent behavior
of the overall system, can be derived from the corresponding
reaction networks automatically. They also describe how to
fine-tune these “chemical algorithms”.
The next set of three papers proposes the use of economic

and game theoretic models to understand characteristics of
networks formed between independent agents who are driven
by self-interest.
In the paper “Strategic Networks: Information Dissemina-

tion and Link Formation Among Self-Interested Agents”, the
authors study a class of network formation games. Here link
formation is unilateral, but links, once created are bidirec-
tional. Link formation incurs a cost and information dissemi-
nation yields a reward. This is analyzed as a non-cooperative
game, and several analytical results on the ensuing equilibria
are established. The paper establishes conditions under which
core-periphery, sparse connectivity or scale-free properties
arise at equilibrium. The strategic behavior of the agents with
respect to information production is also characterized.
In the paper, “Selfish Mules: Social Profit Maximization in

Sparse Sensornets using Rationally-Selfish Human Relays”,
the authors combine aspects of social networks and Lyapunov
optimization techniques to develop a social-economic aware
backpressure routing algorithm. The motivation of the work
is to allow mobile devices carried by humans to assist in
gathering data gathered by static sensors by acting as relays.
The results show that such an algorithm outperforms those
based purely on social-awareness or Lyapunov optimizations,
illustrating the power of combining these techniques.
In the paper “Cooperation Dynamics on Collaborative So-

cial Networks of Heterogeneous Population”, the authors pro-
pose a two-phase Heterogeneous Public Goods Game (HPGG)
model to study the cooperation dynamics in Collaborative
Social Networks. Based on HPGG CSN model, the authors
quantitatively investigate the relationship between cooperation
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rate and individuals heterogeneous behaviors from an evolu-
tionary game perspective.
The final set of two papers apply network science concepts

to specific communications networking problems of interest.
In the paper, “Characterizing Inter-domain Rerouting by

Betweenness Centrality after Disruptive Events”, the authors
adapt the traditional network science metric of betweenness
centrality to Internet ASes. Publicly available BGP data is
used to calculate the value of AS Betweenness Centrality, and
methods are developed to characterize several aspects of net-
work re-routing. These include synchronization of rerouting,
time between reroutes, and most impacted ASes. The authors
then use these methods to characterize four real-word events
that resulted in major disruptions.
The paper, “Integrated Multi-Network Modeling

Environment for Spectrum Management”, develops a
multi-faceted model of cellular network usage that can be
used for applications such as spectrum planning. The model
combines many aspects of social, economic and network
factors. Factors considered in the model include device
ownership, usage patterns of different demographics, mobility
and application demands. The models for these items are
drawn from open source data sets and integrated so that urban
areas can be accurately modeled for their spectrum use.
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