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Preface

The College of Computing and Informatics (CCI) at UNC-Charlotte has three
departments: Computer Science, Software and Information Systems, and
Bioinformatics and Genomics. The Department of Computer Science offers study
in a variety of specialized computing areas such as database design, knowledge
systems, computer graphics, artificial intelligence, computer networks, game
design, visualization, computer vision, and virtual reality. The Department of
Software and Information Systems is primarily focused on the study of
technologies and methodologies for information system architecture, design,
implementation, integration, and management with particular emphasis on system
security. The Department of Bioinformatics and Genomics focuses on the
discovery, development and application of novel computational technologies to
help solve important biological problems.

This volume gives an overview of research done by CCI faculty in the area of
Information & Intelligent Systems. Presented papers focus on recent advances in
four major directions: Complex Systems, Knowledge Management, Knowledge
Discovery, and Visualization. A major reason for producing this book was to
demonstrate a new, important thrust in academic research where college-wide
interdisciplinary efforts are brought to bear on large, general, and important
problems. As shown in the research described here, these efforts need not be
formally organized joint undertakings (through parts could be) but are rather a
convergence of interests around grand themes. Taken together, the sections and
chapters in this book reveal a variety of methods and tools that can be applied to
quite diverse types of data and analysis problems but where each produces
knowledge and features that can be combined, organized, explored, understood,
and used in common ways (for example, through interactive visualization
interfaces).

The first part of the book contains three contributions in the area of Complex
Systems.

e The first chapter is written by J. Studnicki, C. Eichelberger, and J. Fisher and
it presents a novel application of complex, multi-agent simulation methods to
a study of how informed patient choices can influence the distribution of
surgical volume for complex procedures. Their exploratory model suggests
that multi-agent simulation methods can be helpful in understanding the



VI

Preface

complex interactions which are operative within the U.S. healthcare industry.
The authors have focused upon the relationship involved in the performance
of complex surgeries, especially those for which there is a significant
likelihood of an adverse outcome in the form of a post surgical complication,
or even death.

The next chapter, written by W.J. Tolone explores a particular form of
modeling and simulation, called integrated modeling and simulation,
which is well-suited to empower users to make sense of complex systems.
The author demonstrates its potential through the Integrated Modeling
Environment. He also illustrates how the design of the IME recognizes the
implications of sensemaking on integrated modeling and simulation.

In the chapter titled “Towards a General Tool for Studying Threshold
Effects Across Diverse Domains”, the authors present the hypothesis that
by modeling differing complex systems we can use the known causes and
mechanisms in one domain to gain insight into the controlling properties
of similar effects in another domain. To that end, they create a general
Complex Adaptive Systems model so that it can be individually tailored
and mapped to phenomena in various domains. They describe how this
model applies to two domains: cancer/immune response and political
dissent.

The second part of the book contains four contributions in the area of

Knowledge Discovery.

e Web-accessible databases (e.g., book databases from Amazon and Barnes

& Noble) are growing at a phenomenal rate. As a result, it is becoming
increasingly important to be able to effectively search over these
databases. The first chapter in this section studies the problem of
integrating query interfaces of databases, a key step toward providing
uniform access to the databases. It proposes novel hierarchical modeling
of query interfaces, to address limitations of existing modeling solutions.
A novel spatial clustering-based algorithm, to effectively discover
interface models, is presented. It also describes results of extensive
experiments over real-world data sets, to demonstrate the utility of the
proposed solution.

The purpose of the next chapter is to investigate how well an edge based
graph randomization approach can protect node identities and sensitive
links in publishing social networks. The authors quantify both identity
disclosure and link disclosure when adversaries have the vertex degree
background knowledge. Their studies show that edge randomization is a
necessity in addition to node anonymization in order to preserve privacy
in the released graph.

The trird chapter, written by W. Jiang, A. Cohen, and Z.W. Ras, presents a
multi-labeled classification system for polyphonic music retrieval that
estimates multiple timbre information from polyphonic sounds according
to a similarity measure based on both feature vectors and spectrum
envelope. In order to achieve a higher estimation rate, they introduce the
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hierarchical structured classification model under the inspiration of the
human perceptual process. This cascade classification system would first
estimate the higher level decision attribute, which stands for the musical
instrument family. Then, further estimation is done within that specific
family range. Experiments show better performance of cascade system
than the flattened classifiers.

The fourth chapter, written by J. Liu and K. Subramanian, proposes a new
centerline extraction method that employs a Gaussian type probability
model to estimate the boundaries of medical objects. The model is
computed using an integration of the image gradient field. Probabilities
assigned to boundary voxels are then used to compute a more robust
distance field that is less sensitive to noise. Distance field algorithms are
then applied to extract the centerline.

The third part of the book contains five contributions in the area of Knowledge
Management.

In the first chapter, authors incorporate a novel visual analytics framework
to design a human-centered multimedia computing environment. Their
visual analytics framework can allow users to obtain better understanding
of the hypotheses, which means they can further incorporate their personal
preferences to make more suitable hypotheses for achieving personalized
classifier training.

The second chapter, written by R. Gandhi and D.C. Wilson, examines a
multi-strategy approach for improving the quality of geo-entity extraction.
The implemented experimental framework is targeted for web data, and it
provides a comparative evaluation of individual approaches and
parameterizations of their multi-strategy method. Presented results show
that the multi-strategy approach provides a significant benefit in terms of
accuracy, domain independence, and adaptability.

The emerging Monte-Carlo Tree Search (MCTS) paradigm is bringing an
exciting breakthrough in computer Go toward challenging human experts,
especially on smaller Go boards. The third chapter, written by K.-H.
Chen, D. Du, and P. Zhang, gives an overview of both classical and
MCTS approaches to computer Go. MCTS techniques as implemented in
Go Intellect are discussed. Solving capturing problems in Go using MCTS
is presented in detail. A novel approach for tuning program parameters
using genetic algorithms guided by confidence bounds is introduced.

The fourth chapter, written by R. Gandhi and S.-W. Lee, presents ongoing
research on the transformation of informal sources (in the problem space)
into a representation that supports well-defined metrics (in the solution
space) through a combination of knowledge engineering and requirements
engineering techniques. Their research outlines a methodological
approach for metrics development and understanding using the structured
representation of regulatory security requirements in a problem domain
ontology. The metrics derived from the domain ontology create a
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traceable chain of analytical thoughts with software artifacts (e.g.,
requirements, design, and code).

Botnets have historically used centralized architectures for their command
and control systems. While deployment and logical construction of these
systems is simplistic and efficient, a critical weak-point exists in the
central server used to coordinate messages and route traffic. Recently, the
introduction of decentralized architectures with peer-to-peer (P2P) routing
has provided malware authors with increased resilience and location
obfuscation for command distribution points. To date, botnets with these
topologies have been difficult for the defenders to accurately enumerate
and effectively remediate. In the last chapter, written by B. Kang and C.
Nunnery, authors describe the architectures, capabilities, functional
behaviours, and current mitigation efforts for the Nugache, Storm, and
Mayday botnets.

The last part of the book contains four contributions in the area of Visualization.

e In the first chapter of this section authors propose a general framework for

dimension management in high dimensional visualization. They provide
guidelines for the design and development of dimension management
functions in high dimensional visualization systems. Their recent work on
dimension management in high dimensional visualization, namely the
Hierarchical Dimension Management approach, the Value and Relation
display, and the Multivariate Visual Explanation approach, are presented
as examples to illustrate the proposed framework.

The second chapter presents a new concept of knowledge templates for
visualizing multi-field, time-varying 3D air quality data. There are three
main contributions. First, the authors design a set of multi-level
knowledge templates to capture important statistical data properties based
on the distribution features of air quality data. Second, they have
developed a fast template synthesis method to generate suitable templates
according to user intentions. Third, they developed an integrated
visualization system for visually comparing multiple templates and
volume datasets.

Information visualization has seen many applications recently in areas
such as news analysis, network optimization, and financial fraud
detection. There is also an undercurrent of artistic work in this field, that
has inspired some new techniques, but does not quite fit into the data-
driven computer science world nor to the pure art world. Visualization for
communication clearly benefits from design and art influences, though.
The third chapter, written by C. Ziemkiewicz and R. Kosara, attempts to
place Information Visualization in a broader context by applying a
number of formal criteria to information graphics, artistic visualization,
scientific and information visualization, etc. Similar criteria also serve to
differentiate within visualization, to better understand the differences
between types of visualization, such as flow, volume and information
visualization. Ideas from art theory turn out to mesh well with an analysis
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of information loss and other more data-centric criteria to provide
structure to a collection of fields that are clearly related to each other, but
whose relations are poorly understood.

The last chapter of this section develops and applies a geometric model of
the ideal interaction volume for stereoscopic displays used for 3d user
interfaces in multi-scale virtual environments. The authors discuss the
model and the tradeoffs it must address and they use it to quantitatively
analyse several physical display configurations. They present interaction
volume management techniques which they integrate into an example
multi-scale virtual environment that contains global terrain and volumetric
weather data.

We wish to express our thanks to all the authors who contributed the above
sixteen chapters to this book.

July 2009 Z.W. Ras

W. Ribarsky
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