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Preface

Emergence of Data Science placed knowledge discovery, machine learning, and
data mining in multidimensional data, into the forefront of a wide range of current
research, and application activities in computer science, and many domains far
beyond it.

Discovering patterns, in multidimensional data, using a combination of visual
and analytical machine learning means are an attractive visual analytics opportu-
nity. It allows the injection of the unique human perceptual and cognitive abilities,
directly into the process of discovering multidimensional patterns. While this
opportunity exists, the long-standing problem is that we cannot see the n-D data
with a naked eye. Our cognitive and perceptual abilities are perfected only in the
3-D physical world. We need enhanced visualization tools (“n-D glasses”) to
represent the n-D data in 2-D completely, without loss of information, which is
important for knowledge discovery. While multiple visualization methods for the
n-D data have been developed and successfully used for many tasks, many of them
are non-reversible and lossy. Such methods do not represent the n-D data fully and
do not allow the restoration of the n-D data completely from their 2-D represen-
tation. Respectively, our abilities to discover the n-D data patterns, from such
incomplete 2-D representations, are limited and potentially erroneous. The number
of available approaches, to overcome these limitations, is quite limited itself. The
Parallel Coordinates and the Radial/Star Coordinates, today, are the most powerful
reversible and lossless n-D data visualization methods, while suffer from occlusion.

There is a need to extend the class of reversible and lossless n-D data visual
representations, for the knowledge discovery in the n-D data. A new class of such
representations, called the General Line Coordinate (GLC) and several of their
specifications, are the focus of this book. This book describes the GLCs, and their
advantages, which include analyzing the data of the Challenger disaster, World hunger,
semantic shift in humorous texts, image processing, medical computer-aided diag-
nostics, stock market, and the currency exchange rate predictions. Reversible methods
for visualizing the n-D data have the advantages as cognitive enhancers, of the human
cognitive abilities, to discover the n-D data patterns. This book reviews the state of the
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art in this area, outlines the challenges, and describes the solutions in the framework
of the General Line Coordinates.

This book expands the methods of the visual analytics for the knowledge dis-
covery, by presenting the visual and hybrid methods, which combine the analytical
machine learning and the visual means. New approaches are explored, from both
the theoretical and the experimental viewpoints, using the modeled and real data.
The inspiration, for a new large class of coordinates, is twofold. The first one is the
marvelous success of the Parallel Coordinates, pioneered by Alfred Inselberg. The
second inspiration is the absence of a “silver bullet” visualization, which is perfect
for the pattern discovery, in the all possible n-D datasets. Multiple GLCs can serve
as a collective “silver bullet.” This multiplicity of GLCs increases the chances that
the humans will reveal the hidden n-D patterns in these visualizations.

The topic of this book is related to the prospects of both the super-intelligent
machines and the super-intelligent humans, which can far surpass the current
human intelligence, significantly lifting the human cognitive limitations. This book
is about a technical way for reaching some of the aspects of super-intelligence,
which are beyond the current human cognitive abilities. It is to overcome the
inabilities to analyze a large amount of abstract, numeric, and high-dimensional
data; and to find the complex patterns, in these data, with a naked eye, supported by
the analytical means of machine learning. The new algorithms are presented for the
reversible GLC visual representations of high-dimensional data and knowledge
discovery. The advantages of GLCs are shown, both mathematically and using the
different datasets. These advantages form a basis, for the future studies, in this
super-intelligence area.

This book is organized as follows. Chapter 1 presents the goal, motivation, and
the approach. Chapter 2 introduces the concept of the General Line Coordinates,
which is illustrated with multiple examples. Chapter 3 provides the rigorous
mathematical definitions of the GLC concepts along with the mathematical state-
ments of their properties. A reader, interested only in the applied aspects of GLC,
can skip this chapter. A reader, interested in implementing GLC algorithms, may
find Chap. 3 useful for this. Chapter 4 describes the methods of the simplification of
visual patterns in GLCs for the better human perception.

Chapter 5 presents several GLC case studies, on the real data, which show the
GLC capabilities. Chapter 6 presents the results of the experiments on discovering
the visual features in the GLCs by multiple participants, with the analysis of the
human shape perception capabilities with over hundred dimensions, in these
experiments. Chapter 7 presents the linear GLCs combined with machine learning,
including hybrid, automatic, interactive, and collaborative versions of linear GLC,
with the data classification applications from medicine to finance and image pro-
cessing. Chapter 8 demonstrates the hybrid, visual, and analytical knowledge dis-
covery and the machine learning approach for the investment strategy with GLCs.
Chapter 9 presents a hybrid, visual, and analytical machine learning approach in
text mining, for discovering the incongruity in humor modeling. Chapter 10
describes the capabilities of the GLC visual means to enhance evaluation of
accuracy and errors of machine learning algorithms. Chapter 11 shows an approach,
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to how the GLC visualization benefits the exploration of the multidimensional
Pareto front, in multi-objective optimization tasks. Chapter 12 outlines the vision of
a virtual data scientist and the super-intelligence with visual means. Chapter 13
concludes this book with a comparison and the fusion of methods and the dis-
cussion of the future research. The final note is on the topics, which are outside of
this book. These topics are “goal-free” visualizations that are not related to the
specific knowledge discovery tasks of supervised and unsupervised learning, and
the Pareto optimization in the n-D data. The author’s Web site of this book is
located at http://www.cwu.edu/*borisk/visualKD, where additional information
and updates can be found.

Ellensburg, USA Boris Kovalerchuk
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Abstract

This book combines the advantages of the high-dimensional data visualization and
machine learning for discovering complex n-D data patterns. It vastly expands the
class of reversible lossless 2-D and 3-D visualization methods which preserve the
n-D information for the knowledge discovery. This class of visual representations,
called the General Lines Coordinates (GLCs), is accompanied by a set of algorithms
for n-D data classification, clustering, dimension reduction, and Pareto optimiza-
tion. The mathematical and theoretical analyses and methodology of GLC are
included. The usefulness of this new approach is demonstrated in multiple case
studies. These case studies include the Challenger disaster, the World hunger data,
health monitoring, image processing, the text classification, market prediction for a
currency exchange rate, and computer-aided medical diagnostics. Students,
researchers, and practitioners in the emerging Data Science are the intended read-
ership of this book.
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