
Fused Visualization of Complex Information

Spaces

By

Wu Quan

Submitted in fulfillment of the requirements for the degree of

Doctor of Philosophy

University of Technology, Sydney 

July 2006



CERTIFICATE OF AUTHORSHIP/ORIGINALITY

I certify that the work in this thesis has not previously been submitted for a degree 

nor has it been submitted as part of requirements for a degree except as fully 

acknowledged within the text.

I also certify that the thesis has been written by me. Any help that I have received in 

my research work and the preparation of the thesis itself has been acknowledged. In 

addition, I certify that all information sources and literature used are indicated in the 

thesis.

Signature of Candidate

-1 -



‘To fMy ’Wife, yu Liu



Acknowledgements

I would like to express my deep gratitude to my supervisor, Dr. Mao Lin Huang, 

for providing me with academic guidance, inspiration and motivation throughout 

the course of this research work. Without his care, supervision and friendship, I 

would not be able to complete my work. Meanwhile, I am impressed by his 

enthusiasm, persistence and diligence in academic research, which will benefit my 

future career and life.

My thanks also go to A/Prof. Tom Hintz and Prof. Chengqi Zhang, for helping 

me get the opportunity to pursue doctorate at the Faculty of Information 

Technology at the University of Technology, Sydney.

I would also like to appreciate Dr. Quang Vinh Nguyen, Dr. Wu Qiang, A/Prof. 

Xiangjian He and all the other members of Computer Vision Research Group for 

their generous helps and suggestions in my research work.

I would like to express my thanks to the Faculty of Information Technology for 

offering me a Research Scholarship throughout my doctoral program, and for 

providing me with the financial support for attending several conferences.

Last but not least, I am indebted to my wife Yu Liu who accompanies me and 

takes care of my life during my study. Without her care, patience and continuous 

encouragement, I would not be able to finish my study. Great thanks are also due to 

my parents, parents-in-law, my elder sister Wen Quan, brother-in-law Yuanqing 

Liu and my cousin Lan Quan, Xiaohui Zhu, Zhiqiang Zhu for their forever 

affection and constant encouragement.

- in



Contents

Acknowledgements................................................................................................. iii

Contents...................................................................................................................iv

List of Figures....................................................................................................... viii

Terminology........................................................................................................... xii

Abstract..................................................................................................................xiv

Chapter 1 Introduction......................................................................................... 1

1.1 Information Visualization................................................................................ 1

1.1.1 Analytical Information Visualization.................................................... 3

1.1.2 The Past, Present and Future of Information Visualization................... 5

1.2 Background...................................................................................................6

1.2.1 Information Visualization Models......................................................... 7

1.2.1.1 Abstract Graph Metaphor.................................................................7

1.2.1.2 Spatial (Geographic) Metaphor........................................................8

1.2.1.3 Botanic Tree Metaphor.................................................................. 11

1.2.1.4 DriftWeed Metaphor...................................................................... 11

1.2.1.5 Others.............................................................................................13

1.2.2 Geometric Layout Algorithms............................................................. 13

1.2.2.1 Radial Layout Algorithm............................................................... 13

1.2.2.2 Force-Directed Layout Algorithm................................................. 15

1.2.2.3 FIV-Tree Layout Algorithm........................................................... 19

1.2.2.4 Others............................................................................................ 20

1.2.3 Visual Viewing (Navigation) Methods................................................20

1.2.3.1 ID Visual Viewing Methods..........................................................21

1.2.3.2 2D Visual Viewing Methods..........................................................23

1.2.3.3 3D Visual Viewing Methods..........................................................25

1.2.3.4 Multi-D Visual Viewing Methods.................................................26

- iv -



1.2.4 Problems of the Current Solutions......................................................27

1.2.4.1 The Cross Metaphors Navigation Problem...................................27

1.2.4.2 The Convergence Problem in Computational Geometry..............29

1.2.4.3 The Space Utilization Problem in View Navigation.....................30

1.3 Challenges and Research Objectives......................................................... 32

1.4 Contributions of the Thesis....................................................................... 33

1.5 Outline of the Thesis................................................................................. 35

Chapter 2 Fused Visualization........................................................................... 36

2.1 Fused Visualization Concept...................................................................... 36

2.2 Applications of Fused Visualization Concept............................................38

Chapter 3 A Fused Visual Metaphor (Marching-Graph)................................40

3.1 Fusion of Two Visual Metaphors............................................................... 40

3.2 The Framework of Marching-Graph.......................................................... 43

3.3 Technical Detail......................................................................................... 46

3.3.1 Spatial Frame Generation................................................................... 47

3.3.2 Graph Design...................................................................................... 48

3.4 Navigation within (and Cross) Visual Metaphors......................................51

3.4.1 Navigation with Dual-Focuses............................................................51

3.4.2 Marching on the Map......................................................................... 53

3.4.3 Intra-Graph Navigation....................................................................... 53

3.4.4 Inter-Graph Navigation....................................................................... 55

3.5 Summary....................................................................................................55

Chapter 4 A Fused Layout Algorithm (Fast Convergence Layout Algorithm)56

4.1 Fusion of Two Layout Algorithms............................................................ 56

4.2 Technical Detail......................................................................................... 58

4.2.1 Data Abstraction................................................................................. 60

4.2.2 Imposing a Tree Structure.................................................................. 60

4.2.3 Radial Layout of Tree T’.................................................................... 63

4.2.4 The Radial Drawing of Complete G....................................................64

4.2.5 Switching to Force-Directed Drawing.................................................64

- v -



4.3 An Experimental Evaluation.......................................................................66

4.3.1 Time Consumption............................................................................. 69

4.3.2 Average Vertex Position Variance......................................................71

4.3.3 Average Vertex Travel Length............................................................73

4.3.4 Predictability....................................................................................... 75

4.4 Summary.................................................................................................... 77

Chapter 5 A Fused Viewing Technique {21DF Browser)................................ 78

5.1 Fusion of Two Viewing Techniques.......................................................... 78

5.2 The Framework of 2+1D Visualization and Navigation.............................81

5.3 Technical Detail......................................................................................... 82

5.3.1 The Linear Distortion Function...........................................................88

5.3.2 The Input Parameters...........................................................................89

5.3.3 The Menu Calculation.........................................................................90

5.3.4 Locality Information with Item Count.................................................92

5.4 Summary.................................................................................................... 93

Chapter 6 Case Study 1: Visualization of Outbreak Management System.... 95

6.1 Overview.................................................................................................... 95

6.2 Outbreak Management Systems..................................................................97

6.3 The Implementation................................................................................... 99

6.4 Experience..........................................................  101

6.5 Summary...................................................................................................101

Chapter 7 Case Study 2: Navigate Book Catalogs Using 21DF Browser... 107

7.1 Navigation of Online Product Catalogs.....................................................107

7.2 The Framework of 2+ID Visual Bookstore.............................................. 111

7.3 The Implementation of Online Bookstore................................................. 114

7.4 2IDF Browser for Navigating Online Book Catalogs.............................. 115

7.5 Summary...................................................................................................124

Chapter 8 Conclusions and Future Work....................................................... 125

8.1 Conclusions.............................................................................................. 125

- vi -



8.1.1 A Fusion of Two Visual Metaphors................................................125

8.1.2 A Fusion of Two Layout Algorithms..............................................126

8.1.3 A Fusion of Two Visual Viewing Techniques................................127

8.2 Future Work..............................................................................................127

8.2.1 Usability Study Scheme - Marching-Graph.....................................128

8.2.1.1 The Systems to be Compared...................................................... 128

8.2.1.2 Evaluating Criteria...................................................................... 128

8.2.1.3 Experimental Set-Up................................................................... 128

8.2.1.4 Participants.................................................................................. 129

8.2.1.5 Tasks........................................................................................... 129

8.2.1.6 Procedure.................................................................................... 129

8.2.1.7 Questionnaires............................................................................. 130

8.2.1.8 Measurement............................................................................... 130

8.2.1.9 Result...........................................................................................130

8.2.2 Usability Study Scheme - 21DF Browser........................................130

8.2.2.1 The Displays to be Compared..................................................... 130

8.2.2.2 Evaluating Criteria...................................................................... 130

8.2.2.3 Experimental Set-Up................................................................... 131

8.2.2.4 Participants.................................................................................. 131

8.2.2.5 Tasks........................................................................................... 131

8.2.2.6 Procedure.................................................................................... 132

8.2.2.7 Questionnaires............................................................................. 132

8.2.2.8 Measurement............................................................................... 132

8.2.2.9 Result.......................................................................................... 132

Bibliography.... ............................ ...................................................... .......... . 133

- vii -



List of Figures

Figure 1.1 An example of good information visualization application................... 2

Figure 1.2 The pipeline of analytical information visualization...............................3

Figure 1.3 Two examples of graph layouts............................................................... 8

Figure 1.4 An arcs map showing the worldwide Internet traffic...............................9

Figure 1.5 An example of using spatial metaphor to show the crime data............ 10

Figure 1.6 An example of the visualization using botanical tree metaphor........... 11

Figure 1.7 An example of the visualization using DriftWeed metaphor................12

Figure 1.8 An example of a free tree......................................................................13

Figure 1.9 Examples of radial drawing................................................................... 14

Figure 1.10 A graph drawing through a number of iterations of the spring

algorithm................................................................................................ 16

Figure 1.11 Viewing a cluster of particles from a distant object............................... 17

Figure 1.12 The generation of a quad-tree.............................................................. 18

Figure 1.13 An example of HV-tree layout of a binary tree.................................. 20

Figure 1.14 An example of the fisheye menu to show a long linear list................22

Figure 1.15 An example of 2D Hyperbolic Tree Browser..................................... 24

Figure 1.16 An example of 3D Cone Tree visualization........................................25

Figure 1.17 An example of Multi-D visual viewing.............................................. 27

Figure 1.18 An example of using Color-coding technique.................................... 28

Figure 1.19 The inefficient utilization of display space in Hyperbolic Tree

Browser..................................................................................................31

Figure 2.1 The hierarchical structure of fused visualization.................................... 39

- viii -



Figure 3.1 A visualization that separates the spatial visual metaphor and other

analytical visualizations into different windows...................................42

Figure 3.2 The visualization framework of spatially referenced data.....................44

Figure 3.3 A display of Marching Graph with the focus on “Montana” state of

USA....................................................................................................... 47

Figure 3.4 The pipeline of generating Thematic Map.............................................48

Figure 3.5 A graph layout produced by Force-Directed Layout Algorithm in

Marching Graph.....................................................................................49

Figure 3.6 A display of Marching Graph with state “West Virginia” focused........52

Figure 3.7 An example of the change of focus frames........................................... 54

Figure 4.1 Four runs of the initial layouts produced by the same force-directed

algorithm on the same graph..................................................................57

Figure 4.2 Pipeline of fast convergence layout algorithm...................................... 59

Figure 4.3 An example of the radial drawing of graph G rooted at vertex “A”..... 62

Figure 4.4 The final force-directed layout of the same graph after transformed

from its original radial drawing shown in Figure 4.3............................66

Figure 4.5 The final force-directed layouts of four data sets consisting of 24,

65, 129 and 160 vertices generated by our algorithm.............................68

Figure 4.6 The picture (a) defines the VPV. The picture (b) defines the VTL.....72

Figure 4.7 A summary of the experimental results of four data sets...................... 74

Figure 4.8 Ten runs of AVTL using three methods for each of the four data

sets......................................................................................................... 76

Figure 5.1 Navigation is achieved by the combination of ID and 2D viewing

techniques.............................................................................................. 81

Figure 5.2 A Framework of 2+1D Visualization Pipeline......................................82

- IX -



Figure 5.3 An initial display of a product catalog using 21DF Browser with all

children placed on the right side of the root.......................................... 84

Figure 5.4 Three red vertices ‘Beer’, ‘Mineral Water’ and ‘Vegetables'...............85

Figure 5.5 Drag the vertex ‘Vegetables’ to an appropriate viewing position for

displaying a fisheye menu......................................................................86

Figure 5.6 A popup fisheye menu that displays all items of the ‘Vegetables’

sub-category in a distortional list...........................................................87

Figure 5.7 The fisheye menu................................................................................... 89

Figure 6.1 TeCoMed screenshot..............................................................................96

Figure 6.2 Chain of disease transmissions among people and animals at hotels

(or hospitals) in Nevada....................................................................... 103

Figure 6.3 Chain of disease transmissions presented by iconic visualization.......104

Figure 6.4 When flight “F01” is focused, all the other regions by which “F01”

has passed are highlighted as well...................................................... 105

Figure 6.5 Chain of disease transmissions among people and animals at hotels

(or hospitals) in New York. Flight “F01” is involved in this chain.... 106

Figure 7.1 Grocery express - A traditional online product catalog for online e-

commerce............................................................................................ 108

Figure 7.2 A Product Catalog Produced by Flyperbolic Tree Browser.................. 110

Figure 7.3 Amazon.com, Online Shopping for Books........................................... 111

Figure 7.4 The Framework of 2+1D Visual Bookstore..........................................112

Figure 7.5 The layout of the online bookstore window..........................................114

Figure 7.6 An initial display of book catalog using 2IDF Browser with all

children placed on the right side of the root........................................ 118

Figure 7.7 Display more vertices of lower level.................................................... 119

Figure 7.8 Two red vertices ‘Authors' and ‘Noble’...............................................120

- x -



Figure 7.9 Drag the vertex ‘Authors’ to an appropriate viewing position for

displaying a fisheye menu.................................................................... 121

Figure 7.10 A popup fisheye menu that displays all items of the ‘Nobel’ sub

category m a distortional list................................................................ 122

Figure 7.1 1 Using the Alphabetic Index and Item Count to help people target 

the portion that contains the item for which they are looking in 

fisheye menu.........................................................................................123

- xi -



Terminology

Several terms are used throughout this thesis. They are described below:

Analytical Information Visualization: is a visualization that seeks ways to 

support the understanding of analyzed information through the use of appropriate 

visual metaphors, and corresponding geometric layouts and navigation methods.

Visual Metaphor: is a visual representation of a data set by means of visual 

attributes corresponding to a different system that behaves in a similar way and is 

well-known to users.

A Graph G(V} E): is defined as a pair (V, E) consisting of a finite set V of vertices 

and a finite set E of edges , where E = {(u,v)\u,ve V).

A Visualization Method Vm: could be a modeling scheme, a layout algorithm, or a 

viewing technique etc.

A set of Properties P(Vm): is a set of technical features of Vm. These technical 

features could be high interactive speed, high efficiency of space utilization, low 

computational complexity, different physical references and so on.

A Focus Frame V,(G„ Qi): consists of a connected sub-graph G; = (Vi,Ei) of G

and a queue Qi of ‘focus’ vertices. Successive focus frames differ only in a few 

vertices. This sequence of focus frames is the sequence of sub-graphs of G viewed 

by the user.

A Spatial Frame Sf. is an interactive thematic map that consists of a set of spatial 

regions. Thus, we have Sf = (Rj, R2, ... , R„J. There is an independent graph G, can 

be derived from a corresponding spatial region R,.
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A Spatial Region R: is a district in the spatial frame (such as a state of a country 

on the map). We define each spatial region as = (namei,xi,y,,wijil,polygon,,sf‘), in

which the name, is the identifier of the region, x, and y, are coordinators of the top- 

left point of the rectangle that just hounds the polygonal boundary of Rt, w, and h, is 

the width and height of the rectangle respectively, polygon, contains a series of the 

boundary points of the region, SRl is a lower level nested spatial frame that contains 

the sub-regions information of R,.

A Circular Region C(Gi): is a display space that contains the drawing of a graph 

G,. The geometric position of a C(G,) in the visualization depends on the position of 

R, from which the graph G, is derived.

A Historic Trail Ht: consists of a sequence of small circles displayed above the 

spatial frame, which represents the recently exploring history of graphs.

A Drawing D(Gi): is a geometric drawing of graph G,. It consists of a position for 

each vertex v e V and a route for each edge e e Et.

Time Consumption TC: is the running time spent in drawing a graph from its 

initial state to the end state.

Vertex Position Variance VPV: indicates the position change of a vertex from its 

start position to its end position in the drawing.

Vertex Travel Length VTL: is the length of the entire path that a vertex travels 

from its start position to its end position of the layout, which may consists of a 

series of turning points Ps, Pi_, ...Pj i, Pj, ■■■, Pe-

- xiii -



Abstract

With the rapid growth of information analysis and data mining technologies, the 

massive data sets available for access have been merged and refined to manifold 

information, including raw data and all kinds of analytical results. Since data sets 

become increasingly complex, the current visual analytical techniques no longer 

satisfy the needs of exploring and analyzing data.

This situation raises the challenges in the current state of information 

visualization:

1) Due to the complexity of information, sometimes it is unlikely to use a single 

visual metaphor to model the intricate information well in a single visualization.

2) Each existing visualization method has its own limitations in terms of 

satisfying domain specific requirements, when dealing with complex data sets.

The proposed fused visualization methodology attempts to address the above 

issues by combining multiple existing visualization techniques in a single 

visualization. It takes the advantages and reduces the weaknesses of the existing 

methods. We have successfully applied this methodology to each stage of the 

proposed Analytical Information Visualization.

In particular, three fused visualization techniques are developed to improve the 

quality of existing techniques. First, a fused visual metaphor that combines two 

visual metaphors in a single visualization allows users to navigate spatially 

referenced information across two different metaphors. Second, a fused layout 

algorithm that combines two graph drawing methods achieves the fast convergence 

in geometric layout for the force-directed layout algorithm; Third, a fused viewing 

technique that combines ID and 2D distortional visual viewing methods in one 

browser resolves the inefficient space utilization problem.

Moreover, the fused layout algorithm has been evaluated against other existing 

force-directed layout algorithms. Two case studies that apply our techniques to an 

outbreak management system and an online bookstore respectively have been 

delivered.
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Chapter 1 Introduction

As Thomas L. Friedman said in the world is flat [Fri05], all the knowledge 

centers on the planet have been connecting together into a single global network. It 

is now possible for more people than ever to access all kinds of information no 

matter what it is by using computers, email, Skype, google, MSN etc.

Nowadays, the amount of information that can be accessed by people is getting 

explosive in this flattened world. Therefore, our attention on Human-Information 

Interactions needs to be shifted from information access to information sense

making [Chi02]. Since the capabilities of computer graphics and image processing 

are improving significantly, visual representations of abstract information have 

been extensively applied to assist users in analyzing information and understanding 

its structure and intricacies. Visualization has proven indispensable a new 

observational tool, kind of a telescope or a microscope for complex information.

1.1 Information Visualization

Information visualization evolves from scientific visualization in the early 1990s. 

It generally copes with abstract, non-physical data that is lack of built-in visual- 

spatial attributes, such as financial data, file systems, and network data. Therefore, 

the data with which information visualization deals can hardly be mapped into 

visual forms directly.

Card, Mackinlay and Shneiderman proposed a classical definition of information 

visualization as:

the use of computer-supported, interactive visual representations of 

abstract, non-physic ally based data to amplify cognition [CMS99],
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Figure 1.1 An example of good information visualization application, 

(top) Strategic Plan; (bottom) Portfolio Risk Model. (Source from: Brath & 

Peters [BP05], Image copyright 2006 Oculuslnfo Inc.)

Information visualization is a link between the two most powerful information 

processing systems: humans and modem computers. It has been successfully 

applied to a variety of fields including finance, biochemistry, education, anti

terrorism, earth and environmental sciences, transportation, petroleum exploration, 

disease controlling and other disciplines. A good steering of information



Chapter I Introduction 3

visualization can tremendously assist people in gaining insights into information 

more deeply and quickly. Figure 1.1 shows an excellent example of information 

visualization application in business, which provides a graphic display of the 

strategic plan and the portfolio risk model with interactive manipulation for users. It 

gives us a good suggestion of what information visualization should and could 

achieve.

1.1.1 Analytical Information Visualization

Visual display of raw data is not enough to gain the knowledge embedded inside 

information. Therefore, it is necessary to analyze raw data in advance of its 

visualization. A variety of methods and tools have been used for data analysis 

according to the types of data, such as data mining for financial data, parsing for 

software engineering, human analysis for terrorism data or combination of these 

methods. The analytical result essentially provides abstract, or summarized, or 

clipped data of the raw data. Then the analytical results and raw data are input into 

the visualization stage.

Data
Repository

Model

NavigateDisplayVisual
Metaphors

Geometric
Layout

Navigational
Views

Model

Analytical
Results

Figure 1.2 The pipeline of analytical information visualization.
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We define an Analytical Information Visualization (AIV) as a visualization that 

seeks ways to support the understanding of analytical information using appropriate 

visual metaphors, corresponding geometric layouts and navigation methods.

Generally, the process of analytical information visualization includes three main 

steps: visual metaphor creation, geometric layout, and visual navigation (as shown 

in Figure 1.2).

1) Visual Metaphors: This is a creative step in information visualization. We 

need to craft a picture of the data, which is more of an art than a science. 

Obviously, for each type of data, we need a specific visual metaphor to 

model it. Therefore, the choice or creation of appropriate visual metaphors 

for different types of data is the first step of the visual encoding stage.

2) Geometric Layouts: After data modeling, we need to develop appropriate 

layout algorithms to position the modeled data onto geometric plane for 

display.

3) Navigational Views: To make the visualization created from the last step 

readable for data manipulation, we then create or choose suitable viewing 

techniques for visual navigation that allows users to browse all parts of the 

visualization freely.

After these three steps, an interactive visual representation of the data is then 

generated allowing users to analyze and understand the complex information.

While data visualization concentrates on the use of computer-supported tools to 

explore large amount of raw data, AIV mainly foucses on the delivery of 

discovered knowledge to human. AIV is used to represent data that has been 

cognitively processed by data mining or other ways of relational connection, and 

integrated into an existing human knowledge structure. Beyond the mere transfer of 

facts, AIV aims to further transfer insights, expectations, perspectives, and 

predictions by using various complementary visualizations.
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1.1.2 The Past, Present and Future of Information Visualization

Although information visualization as a distinctive field of research has only 

fifteen years of history, it has become an extensive, multi-disciplinary research 

field.

Fifteen years ago, a group of scientists and researchers saw a need to expand 

beyond scientific visualization’s traditional focus on 3D scientific data to focus on 

information that was at that time a new data type as the network emerged. A great 

burst of creativity erupted as researchers explored and presented new ideas at the 

first few years, such as worlds within worlds [FB90], tree-maps [JS91], information 

visualizer [CRM91] and Seesoft [ESS92],

Today, information visualization is vigorous and thriving. The IEEE’s 

Information Visualization Symposium has passed its 10th anniversary. Along with 

the IEEE Visualization conference, there are a couple of conferences related to 

information visualization. They are the Information Visualization IV’XX, Graph 

Drawing GD’XX, Eurographics conferences, just mentioned a few. There are also 

several journals involving information visualization, such as Lecture Notes in 

Computer Science, Information Visualization (IVS). The researches in information 

visualization have been becoming increasingly academic. We have proceeded to the 

stage of “we do it better” from the stage of “just do it” [Eri05]. The public has paid 

more and more attention on this topic.

What comes next? What key issues and challenges remain for future research 

should we consider? We list some of them below:

> First, new metaphors (new visualizations): As a new rising research field, 

the stock of information visualization models is still small. While the invention 

of new visualizations model is not easy, there are still a lot of important new 

metaphors waiting to be discovered.

> Second, the visualization of Internet information: Internet has become the 

most important media for people to acquire information. It provides a huge 

information repository networked from a large number of physical locations 

worldwide where you can find any information you want. However, the
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encyclopedic characteristic also makes it overwhelmingly large. Information 

visualization will become an important tool to harness the all-inclusive 

information space.

> Third, collaborative visualizations: The network has made it reality for 

people to deal with the same work at the same time in different places. When 

this work involves visualizations to be shared by the group, the collaborative 

visualizations would be put into agenda.

> Fourth, dynamic spatial cognition: Most of the information embodies 

spatial attributes and this information varies as the change of space and time. 

Thus, much work remains to be done to dynamically display and explore the 

spatial information.

> Fifth, the visualization of real-time information: Nowadays, a lot of real

time information is produced from finance, industry and business. People are 

paying more and more attentions to extract patterns from the real-time stream. 

Therefore, how to visually display the real-time information is becoming a big 

challenge in information visualization.

F Last but not least, evaluation: While the novel information visualizations 

and their corresponding user interfaces are usually fascinating, do they actually 

prove adequate, and efficiency to applications and satisfy the users’ 

requirements? Thus, the evaluation of information visualizations is becoming 

the hot research topic in this field.

In a word, as a thriving research field, there are numerous challenges that need 

us to conquer. What an exciting research journey before us!

1.2 Background

In this section, we introduce some backgrounds of information visualization that 

are relevant to our research.
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1.2.1 Information Visualization Models

Visual metaphor is an abstract model of information visualization that is defined 

as a representation of a data set by means of its visual attributes corresponding to a 

different system (such as a tree or human body) that behaves in a similar way and is 

well-known to users. A modeled data set can be geometrically placed on the screen 

for display, and then can be viewed in a variety of methods. For example, a 

spatially related data set can be drawn and viewed in 2D or 3D.

There are varieties of visual metaphors that are widely used in many applications. 

We briefly introduce some of them below.

1.2.1.1 Abstract Graph Metaphor

Graph metaphors are commonly used to model data structures that can be found 

in many applications, such as the interconnections of electronic components, the 

dependency between software modules, or the hyperlink structure of a website. 

Graph drawing refers to the geometric representation of such an abstract metaphor. 

It uses a vertex-link diagram to represent the abstract data and its relational 

structure. The vertex-link diagram contains several geometric attributes y 

coordinates in 2D and x, y, z in 3D. Graph drawing is the foundation stone of 

information visualization. It can be applied to many fields such as software 

engineering (class hierarchies), database systems (ER-diagrams), project 

management (PERT diagrams), knowledge representation (ISA hierarchies), 

telecommunications (ring covers) and WWW (browsing history).

Graph drawing research can be classified into three branches: discrete 

mathematics, algorithm and human-computer interaction [BET*99]. Discrete 

mathematics concerns the theories of graph topology, graph geometry and graph 

order. The algorithms research focus on graph algorithms, data structures and 

computational geometry. Majority of algorithm researches fall into three categories: 

algorithm based on physical models (e.g. force-directed algorithm), hierarchical 

algorithms (e.g. Sugiyama algorithm) and algorithms based on planarity. Human- 

computer interaction mainly examines the aspects of human perception and
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interaction, including visual languages, graphical user interfaces, and software 

visualization and so on.

A graph can be useful, only if it conveys information effectively. A poor diagram 

can even be confusing and misleading. The typical graph visualization techniques 

are based on a variety of ways of the geometric positioning that is the classical 

graph drawing problem. The aim of quality graph drawing algorithms is to provide 

drawings that satisfy several common aesthetical rules. They are minimizing edge 

crossings, minimizing bends in edges, maximizing edge length uniformity, 

maximizing angular resolution, and maximizing symmetries of graph structures etc. 

Figure 1.3 shows two examples of good graph layouts.

(a) Force-directed graph layout (b) Hierarchical graph layout

Figure 1.3 Two examples of graph layouts.

(Source from: Tom Sawyer Software Inc.)

1.2.1.2 Spatial (Geographic) Metaphor

Spatial metaphor uses a geographic map to model the data that contains spatial 

referencing. It uses the attributes, such as geographic coordinates, addresses, and 

postal codes.

The recent estimates show that over 80 percent of available information today 

contains geospatial referencing [MK01], On the one hand, various fields of
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geographic analysis have access to vast digital data sets; on the other hand, 

numerous conventional data sets also contain either explicit or implicit spatial 

referencing. Therefore, many information visualizations involve geographic 

visualizations (spatial metaphors) as important components that can provide visual 

geospaitial referencing as the essential linkage among diverse forms of data 

involved. Since geographic visualizations map information on geographical 

frameworks that are based on the world maps with which we all are familiar, it is a 

nature and intuitive way to organize geospatial data for visual exploration, analysis, 

and synthesis. Many influential information visualization systems are based on 

them, including SemNet [FPF88], BEAD [Cha92], LyberWorld [HKW94], Starfield 

[AS94], VR-VIBE [BSG*95], and SPIRE [HHH*98]. Figure 1.4 shows a partially 

translucent arcs map illustrating the worldwide Internet traffic. Figure 1.5 is an 

example of using geographic visualization to show the crime data of Boston area.

Figure 1.4 An arcs map showing the worldwide Internet traffic. 

(Source from: Cox, Eick & He [CEH96])



Chapter 1 Introduction 10

Figure 1.5 An example of using spatial metaphor to show the crime data.

(Source from: Lokuge & Ishizaki [LI95])

Geographic visualization is not only an important visual component which 

associates the data involved in information visualization, but also a bridge between 

information visualization and virtual environment. It integrates information 

visualization into the wider, richer context of social and ecological virtual 

environment. The typical applications that have been developed in the recent years 

include assessing the movement of human population to global environmental 

change, predicting the spread of diseases, and detecting instability in the increasing 

traffic flows of cities etc.

Overall, geographic visualization is one of the most popular options in 

information visualization. It can facilitate people to get insight into the structures 

and relationships of complex information spaces through innovative scene 

construction, virtual environments, and collaboration.
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1.2.1.3 Botanic Tree Metaphor

Botanical tree metaphor uses a virtual tree to model the huge hierarchical data 

structures. It contains attributes, such as branches, leaves and fruits.

In general, this technique uses the botanical tree metaphor to present the huge 

hierarchy in 3-dimensional space [KWW01]. This visualization provides a beautiful 

nature reference, which makes easier for human to understand, for visualizing 

hierarchies where information is arranged as branches and leaves on a botanical tree 

(see Figure 1.6).

Figure 1.6 An example of the visualization using botanical tree metaphor. 

(Source from: Kleiberg, Wetering & Wijk [KWW01])

1.2.1.4 DriftWeed Metaphor

DnftWeed metaphor uses dnftweed to model the multivariate data set, and it 

contains attributes, such as glyphs.

It is a visualization that allows users to identify patterns and structures within a 

multivariate data set [RWOO], It use icon plots to produce a visualization, where an
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icon plot refers to a display consisting of multiple icons (glyphs) in which the focus 

is on a shifting perceptual pattern rather than the individual features of each glyph. 

A glyph is a visual icon consisting of one or more visual features whose 

characteristics are controlled by values associated with the represented information 

element. A shift in the value of the data results in a shift of its associated visual 

feature. DriftWeed adopts icon plots to graphically encoding features of 

information elements so that the human eye will naturally notice those features with 

significant characteristics. Figure 1.7 shows an example of the visualization using 

DriftWeed metaphor. It is the output from the analysis of a data set consisting of 

approximately 3200 news documents following the terrorist bombing in Oklahoma 

City.

Figure 1.7 An example of the visualization using DriftWeed metaphor. 

(Source from: Rose & Wong [RW00])
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1.2.1.5 Others

The other well-known visual metaphors include the Sunflower Visual Metaphor 

[Ros99], Information Galaxies, Themescapes [WTP*95], ThemeRiver [HHP*02], 

Data Jewelry Box [IKI01], which adopt sunflower, galaxy, landscape and river, 

jewelry box respectively to visualize information.

1.2.2 Geometric Layout Algorithms

Once the visual metaphors are created, we then need to assign the geometric 

attributes to the model for display. There are many existing layout algorithms for 

implementing the visual metaphor. We describe some of them below.

1.2.2.1 Radial Layout Algorithm

Radial layout algorithm is a good way to draw free trees and the algortihms have 

been sudied in [Ead92, MA88J. Free trees , in contrast to rooted trees, are a kind of 

trees with no special vertex indentified as the root. Free trees are usually used in 

Combinatorial Mathematics, and occur in computing as spanning trees and 

networks. For example, there is no root associated with the minimum spanning tree 

of any graph, so a hierarchical drawing can be misleading. Figurel.8 is an example 

of a free tree.

Figure 1.8 An example of a free tree.
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To draw a free tree by using radial drawing needs two steps:

First, we need to choose a root as the center of the tree T(V,E). We assume that 

the graph-theoretic distance between two vertices u and v is the number of edges 

on the path connecting u and v. The distance is denoted by d(u,v). Then, the 

diameter of T is maxu.v ev d(u,v).We choose a vertex c as the Ts central vertex 

which satisfies that

max d(c, v)
veV

is minimized. The center vertex c can be found in linear time by adopting a simple 

leaf pruning algorithm: If T contains any nonleaves, then remove all the leaves of T 

to form a new tree T’\ the center of T is the same as the center of T’.

Figure 1.9 Examples of radial drawing, (a) A radial drawing with the 

convexity check; (b) A radial drawing without the convexity check.

Second, once the center vertex c has been obtained, it will be placed at the center 

of the display plane. Then, the radial drawing algorithm recursively positions non
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central vertices into concentric circles centered at the vertex c corresponding to the 

parent-children relationships. The ranking of vertice v in terms of d(v,c) is 

illustrated by the concentric circle at which v locates. The space around center c is 

divided into annulus wedges for each sub-tree. The angles of these wedges are 

proportional to the number of leaves of the sub-trees. However, this can lead to 

edge crossings when the angle assigned to an annulus wedge is very large. To avoid 

that, radial drawing can choose to restrict the vertices to a convex subset of the 

wedge. Figurel.9 shows two radial drawings, one of which has the convexity check 

and another does not.

1.2.2.2 Force-Directed Layout Algorithm

Force-directed layout algorithms [Ead84, DH96, FLM94, FR91] are very popular 

algorithms in information visualization due to their flexibility, ease of 

implementation, and the aesthetically pleasant drawings they produce. They often 

give highly symmetric drawings, and tend to distribute vertices evenly. In some 

cases, their output can even behave well in terms of edge-crossing minimization. 

This greatly simplifies the cognition process for users to understand the underlying 

relational structures.

Force-directed algorithms draw graphs by using a physical analogy that views a 

graph as a virtual physical system of bodies, where vertices of the graph are bodies 

of the system. These bodies have forces acting on or between them. A force- 

directed graph can involve forces generated by mechanical springs, electrical 

repulsion and magnetic or gravitational fields etc. Force-directed algorithms always 

seek an equilibrium configuration of forces to reach a locally minimized energy of 

layout. This is usually achieved by using a simple “follow your nose” algorithm 

that smoothly move all vertices from their initial positions to the final positions 

through iterations towards an equilibrium configuration of forces.

Force-directed methods were initially used in the layout of printed circuit boards. 

After Eades first proposed the use of a simple force model called “spring model” 

[Ead84] for graph drawing in 1984, many other force-directed algorithms were 

proposed gradually [CT96, FKV97, FR91, Kam88, Kam89, KK89, FLM95, QEOO,
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KW05]. Here, we introduce the most original representative of the force-directed 

methods — Eades’ spring algorithm.

Earles’ spring algorithm
Eades first introduced the layout method of printed circuit boards into graph 

drawing and got the original spring model that uses a combination of spring and 

gravitational forces. Vertices are particles that repel each other, and edges are 

modeled as springs to represent relationships between vertices. The force on a 

vertex v can be formulized below:

/(v)= 2^/„v+ 2_jguv
ueN(v)

Where fuv is the force exerted on v by the spring between v and uc N(v) which is 

the direct neighbourhood set of v; guv is the gravitational force exerted on v by one 

of the other vertices ue V.

Figure 1.10 A graph drawing through a number of iterations of the spring 

algorithm. (Source from: Quigley [QuiOl])

Figure 1.10 gives an example to show how “follow your nose” process works 

through a number of iterations by using Eades’ spring algorithm: Vertices are
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initially placed at random locations of a geometrical plane (Figure 1.10a). At each 

iteration (animation loop), the force /(v) on each vertex v is computed, and each 

vertex v is moved in the direction of f(v) by a small amount, which does not break 

down the human mental map (Figure 1.10b,c,d,e). The procedure is repeated until a 

minimum is found (Figure l.lOf).

Regardless of the exact nature of the forces simulated in the virtual physical 

system, however, classical force-directed algorithms are too slow to handle large 

graphs. The reason is that all pairs of vertices need to be visited and their mutual 

forces need to be computed at each time step. This causes the inherent N squared 

cost at each iteration, where N is the number of bodies in the system. It is known as 

the N-body problem in physics. To resolve this problem and accelerate the 

convergent speed of force-directed algorithms, the most effective and efficient 

method is to reduce the number of vertices in the force sum. Next, we introduce the 

Bames-Hut algorithm [BH86] that adopts this idea to resolve the N-body problem 

and make the force-directed algorithms much faster.

Barnes-Hut Algorithm
The Bames-Hut algorithm exploits the fact that, if a cluster of particles is a long 

distance away from a given object, the effect of the entire cluster on the object is 

well approximated by a composite mass located at the center of mass of the cluster 

(as illustrated in Figure 1.11). Indeed, hundreds of years ago, Newton modeled the 

earth as a single point mass located at its center of mass in order to calculate the 

attracting force on the falling apple, rather than treating each tiny particle making 

up the earth separately.

Object of interest
• ◄-------

D

D = distance between object and the 
center of mass of the cluster 

A location of center of mass

N
/ • • \

/ • N• • • \
{-------+A • )
\ _ • # • /\ •

\ • • / /

Figure 1.11 Viewing a cluster of particles from a distant object.
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d

Figure 1.12 The generation of a quad-tree, (a) Adaptively divide space up into 

small squares where no square contains more than one particle, d is the 

dimension of one side of the red square and r is the distance of the concerned 

particle to the centroid of the square, (b) A quad-tree generated from (a).

The Bames-Hut algorithm uses divide-and-conquer to find clusters of particles. It 

makes use of a hierarchical quad-tree (2D) or oct-tree (3D) to decompose the space 

containing the particles. Here, we use 2D quad-tree as an example (the oct-tree will 

be analogue). As it is illustrated in Figure 1.12(a), we consider the particles are 

contained within a square in the plane. This square is the root of the quad-tree. This 

large square can be broken into four smaller squares of half the perimeter and a 

quarter the area each; these are the four children of the root. Each child can in turn 

be broken into four sub-squares to get its children, and so on. A square that contains 

exactly one particle becomes a leaf square. All other squares are further subdivided. 

If a square does not contain a particle then it is discarded. This subdivision process 

results in an incomplete tree, where each vertex in the tree has up to four children 

(see Figure 1.12(b)). Leaf vertices in the tree are squares that contain exactly one
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particle. After the quad-tree is built, the force calculation traverses the tree from top 

to down for each particle to accumulate the total force on the particle. Sub-squares 

are explored only if the square’s center of mass is not sufficiently far away from the 

particle to be used as an approximation. A criterion is needed for determining what 

is distant. As illustrated in Figure 1.12(a), we assume that d is the dimension of one 

side of a square and r is the distance of the concerned particle to the centroid of the 

square. The smaller d/r is, the less error in the approximation. Usually, we set a 

threshold for d/r (the recommended value is l/sqrt(3) = 0.57735). We need to walk 

down the quad-tree until d/r is not greater than the threshold. Then we can use the 

approximation on that sub-square.

Using Bames-Hut Algorithm makes the computational magnitude of force- 

directed algorithm drop to 0(n“ log n), where n is the number of vertices in the 

layout. To know the detail of this algorithm please refer to the paper “A 

Hierarchical 0(n log n) force calculation algorithm” which was presented in 

Nature, v. 324, December 1986.

1.2.2.3 HV-Tree Layout Algorithm

HV-tree layout algorithm is a classical representation for binary trees, where 

“HV” stands for horizontal-vertical. HV-tree layout algorithm is designed to draw 

binary tree as a straight-line grid layout in which every vertex u has two features. 

First, the child of u is either horizontally aligned with and to the right of u, or 

vertically aligned with and below u. Second, the bounding rectangles of the sub

trees of u do not intersect.

Figure 1.13 shows an example of an HV-tree layout. It is easy to see that an HV- 

tree layout is planar, straight-line and orthogonal.
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::

Figure 1.13 An example of HV-tree layout of a binary tree.

1.2.2.4 Others

As the basis of information visualization, geometric layout algorithms have been 

examined extensively. In addition to those mentioned above, numerous other 

algorithms have been proposed, such as the Reingold and Tilford algorithm [RT81], 

cone tree [RMC91], orthogonal drawings [Tam87, FK96] and Sugiyama algorithm 

[STT81],

1.2.3 Visual Viewing (Navigation) Methods

Once the layout of metaphor is calculated, we then can use a variety of viewing 

methods to navigate and manipulate data through the visualization. There are many 

existing viewing techniques for data navigation. We describe some of them below 

according to dimension.
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1.2.3.1 ID Visual Viewing Methods

One-dimensional visual viewing methods are typically used for timelines and 

text documents, such as program listings, documents with many lines, and web 

page search results. Many systems use ID visual viewing methods. Typical 

examples include Tilebars [Hea95], Lifestreams [Fre97] and SeeSoft [ESS92] etc.

Rather than compiling statistics and listing them as part of the list or as the 

header (the listing of World Wide Web search results is a typical example), ID 

visual viewing methods usually present more compact contents and more effective 

responses to users’ choices through line length, font size, color or other visual 

attributes. This not only allows the representation of much more information on a 

single screen, but also convenience in comparing elements. Furthermore, if more is 

shown on a screen, the user can usually access that data much faster, either by 

clicking on the desired element or first filtering the view in order to be able to see 

fewer elements in more detail. Fisheye menu is a classical application of ID visual 

viewing method.

Fisheye menu
Fisheye menu is a solution to the problem of displaying menus of different items 

within graphic window of a fixed size. It was introduced by Bederson in 2000 

[BedOO]. Fisheye menu is achieved by applying the “fisheye” distortion technique 

to the one-dimensional (ID) linear menus. Fisheye menus dynamically change the 

size of menu items to provide a focus area around the mouse cursor. In fisheye 

menus, all of the menu items are always displayed in a widget of fixed size. 

However, the items near the mouse cursor are displayed at full size, and items 

further away from the cursor are displayed at a reduced size. In addition, the 

interline spacing between items is also increased in the focus area, and decreased 

further away from the focus area.

The existing menu approaches, such as Pull-Down Menus and Scrolling Arrows, 

have problems in presenting and selecting items from long lists. When scrolling 

down and up the long list by using one of these approaches, users often lose the
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overall view of the complete list. They cannot jump from one portion of the list to 

another. They don’t have the idea where they are in the list and how far from the 

item for which they are looking. In contrast, fisheye menu provides users with an 

Alphabetic Index displayed in the left side of distorted menu lists, allowing users to 

jump from one portion of the list to another by using their alphabetic knowledge. 

This Alphabetic Index also gives users an overall view of the complete long list.

Therefore, in the above manners, fisheye menu provides users with an efficient 

mechanism to select items from long menus in the common graphical user 

interfaces of many applications. Figure 1.14 is an example of the fisheye menu to 

show a long linear list.

Free Me icha nt Business 
Fnee Shop

B
Furniture
Garden 
Gateway 2000 

C Georgia Tech 
D Google Search 
E Guru Net
F HiFi
G
I
M HotJobs 
N Hot Office

W

ICQ Online Communication 
Info Space
Internet Movie Database 
iQVC Shopping 
Land's End 
Lonely Planet 
Lycos
MbBsschusslls Irclituls of Techno togy 
McAtes ,*/iihVirus

Figure 1.14 An example of the fisheye menu to show a long linear list.

(Courtesy of Bederson)
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However, users of ID viewing methods will sometimes want global information 

about the character of the list they are viewing or where a list locates in a hierarchy. 

The common approach to these problems is to provide methods for scrolling 

through long categories until the desired list is reached. This cannot provide context 

well and frustrates users.

1.2.3.2 2D Visual Viewing Methods

Two-dimensional visual viewing methods present information and its associated 

attributes in a 2D geometric plane with X, Y coordinates. 2D viewing methods are 

the most widely used methods to navigate relational data and most graph 

visualization techniques are using this type of representation. There are many 

typical navigation techniques applied to 2D visual viewing methods, including 

focus+context, zooming+filtering, and incremental exploration etc. Focus+context 

approach provides users with a detailed view of the focus area and a global view of 

the overall context at the same time. Typical focus+context techniques include 

Polyfocal Display [KS78], Bifocal Lens [ATS82], Hyperbolic Tree Browser [LR96] 

etc. Zooming+filtering method, such as TreeMaps [JS91], Starfield Display [JS95], 

Piccolo [BGM04], works by reducing the amount of context along one or more 

dimensions in the display. Incremental exploration approaches [Nor96, HEW98] 

display a small piece of the full information space incrementally following users’ 

navigation, which can be used to navigate huge data sets.

2D Hyperbolic tree browser that uses focus+context technique is one of the most 

powerful 2D visual viewing methods.

2D Hyperbolic Tree Browser
Hyperbolic Tree browser was developed by John Lamping and Ramana Rao 

[LR96], It uses a 2D “fisheye'’ distortional focus+context technique with the ability 

of an exponential growth in the number of visual components to support the 

navigation and manipulation of large hierarchies.

The hyperbolic tree browser initially displays a tree with its root placed at the 

center of the drawing. However, the display can be transformed smoothly to bring
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other vertices into focus. In all cases, the amount of space available to a vertex v 

falls off as a continuous function of its distance d(v, c) from the focus vertex c. 

Thus, the context always includes several generations of parents, siblings and 

children, making it easier for the user to explore the hierarchy without getting lost.

Technically, this technique constructs a hierarchical tree in hyperbolic geometry 

and then maps that structure into ordinary Euclidean plane. The algorithm produces 

nice tree visualization inside a disc and it provides users with an effective 

mechanism to navigate around the hierarchy. The capacity of displaying a large 

scale of data is obtained by the distortion of the elements of the tree display 

according to their distance from the focus, while the easy navigation capacity is 

obtained by interactive mechanisms for controlling the target area of focus. As a 

result, it is an excellent technique for visualizing very large hierarchies. There are 

several implementations are available at the Inxight-Xerox web site. Figurel.15 is 

one of the examples.

k

Figure 1.15 An example of 2D Hyperbolic Tree Browser. 

(Source from: Inxight Software Inc.)

Using 2D visual viewing methods can effectively illustrate the features 

(direction, location, size and distance) of data and the relationships between data.
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However, they are not good at displaying long lists of data. In addition, they cannot 

provide displays for gaining an overview of a 3D space, understanding 3D shape.

1.2.3.3 3D Visual Viewing Methods

Three-dimensional visual viewing methods are commonly used to describe 

viewing real world objects such as the human body, buildings, or molecules for the 

purpose of extracting information. This form of visualization should be used when 

viewing the object in 3D or wanting to learn what is inside the object. Examples 

can be seen in [CMS99], However, they are also used for “artificial” or “synthetic” 

worlds that are computer-enhanced worlds, which have the look and feel of a real 

3D world, but do not truly exist in the real world. Figure 1.16 shows an example of 

3D Cone Tree [RMC91] that presents the abstract hierarchical structure.

Figure 1.16 An example of 3D Cone Tree visualization. 

(Source from: Robertson, Mackinlay & Card [RMC91])
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Information viewed in 3D may be studied and examined by users in greater detail 

and may even be manipulated in order to, for example, test hypotheses, simulate an 

event or process, or to obtain situation awareness. The use of 3D visual viewing 

methods can be found in many applications including medical imaging, surgical 

teaching and planning, and social network etc.

While 3D visual viewing methods can provide users a vivid world where users 

are able to navigate up, down, forward or backward once immersed into the given 

environment, the design of 3D visualization and navigating tools is a difficult task. 

In addition, the demand of devices for adopting 3D visualization is high. Occlusion 

is also a problem inhered in 3D representations. Moreover, they usually cannot 

provide precise relationships as 2D representations do.

1.2.3.4 Multi-D Visual Viewing Methods

Multi-dimensional visual viewing methods present information in which the 

attributes of a given entity have more than three attributes. Multi-D visualization is 

often used for stock market statistics, entries of relational databases and almost any 

abstract and statistical information about any phenomenon. Figure 1.17 is an 

example of multi-D visual viewing. A popular method used in Multi-D 

visualization for viewing high dimensional data sets is dimensionality reduction. 

There are several well-known dimensionality reduction techniques, including 

Principal Component Analysis (PCA) [Jol86], Kohonen’s Self Organizing Maps 

(SOM) [Fle99], and Multidimensional Scaling (MDS) [Mea92].

People can understand and get overview of the whole or a part of the multi

dimensional information by using Multi-D visualization. Multi-D visual viewing 

methods can provide zooming, filtering and the like functions for users to find a 

specific item, patterns, relationships, clusters and outliers of the information. Multi- 

D visual viewing methods are based on one, two and three dimensions visual 

viewing methods.
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Figure 1.17 An example of Multi-D visual viewing.
(Source from: Feiner & Beshers [FB90])

1.2.4 Problems of the Current Solutions

The complexity and volume of information today are increasing tremendously as 

the fast growth of Internet and its applications. As a result, the current information 

visualization techniques are no longer adequate to satisfy the requirements of visual 

data retrieval and data manipulations. The main problems include the following 

three that are examined and addressed in this research.

1.2.4.1 The Cross Metaphors Navigation Problem

The traditional geographic visualization only maps information that has the 

spatial attributes onto a specially designed geographic map. They usually use icon 

positioning, color-coding and simple geometric symbols to represent the statistical 

results that are associated with particular geographic regions. For examples, Figure

1.5 is a visualization that uses the histograms to show the crime statistic of Boston
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area; and Figure 1.18 is a color-coding instance that shows the influenza infections 

in Mecklenburg-Vorpommern.
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Figure 1.18 An example of using Color-coding technique.
(Source from: Herzig [HerOl])

Although these techniques are comprehensively showing the geographic 

references to the user, they only present explicit facts onto maps that limit the 

human analysis of implicit information. In most cases, these techniques do not 

concern the representation of logical relationships among the information. 

However, in many applications such as data mining and knowledge discovery, it is 

desirable to show users both the explicit and implicit information (such as the 

logical relationships among the data items). It is also desirable to provide users with 

the navigation mechanism to visually explore the entire visual space across two (or 

more) types of visual metaphors that will greatly enhance the capability for users to 

seek and analyze undiscovered facts existing in the information. Particularly, in 

Figure 1.5, users can see the basic figures and frequencies of the criminal cases. 

However, they cannot find out the common features, such as the similarity of the
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cases, through the navigation of spatial metaphor. Thus, visualizations with a single 

spatial metaphor cannot provide users with highly interactive visualization for 

accessing undiscovered logical relationships among the spatial referenced 

information.

Even though some existing visual data mining methods have tried to combine 

spatial metaphor and other visual models (such as a graph metaphor) together, they 

separate these visual models into several visual containers (such as separate 

windows) for display (see Figure 3.1). Splitting the entire visual information space 

into several pieces of display would limit the correlation between different visual 

metaphors, which will probably cause the following problems: 1) Lack of the 

overall visual context; 2) inconvenience of cross navigation.

Although several techniques have been proposed in the last few years, the cross 

metaphor navigation remains problematic. Therefore, there is a need to develop 

new visualization methods that can contain different visual metaphors. These 

proposed visualization methods can be used to reveal undiscovered knowledge as 

well as discovered facts. In addition, they also provide users with high human-map 

interaction by which people can navigate information across different metaphors 

freely.

1.2.4.2 The Convergence Problem in Computational Geometry

While most of the graph layouts are generated statically, the force-directed 

method is the one of the few methods using animation to gradually generate the 

graph layouts. Therefore, it has been commonly used in the design of graphic user 

interface because the animation could reduce the cognition process. However, as a 

tradeoff of the animated positioning, most of force-directed layout algorithms, 

which define the initial position of vertices either randomly or at the center of the 

display medium, are time-consuming to reach an equilibrium configuration of 

forces. The higher the layout quality demands, the larger the number of iterations in 

animation is. A single iteration involves a visit of all pairs of vertices in the 

displayed graph. The convergence time spent in moving vertices from their initial 

positions to their final positions is considerably long. Generally, the computational



Chapter 1 Introduction 30

complexity of these algorithms is 0(n ), where n is the number of vertices. Even if 

we adopt Bames-Hut Algorithm for the N-body computation, the computational 

magnitude of force-directed algorithm is still as large as 0(n" log n). Usually it 

takes tens of seconds to complete an equilibrium configuration of forces for 

producing a force-directed graph layout. For that reason, the force-directed method 

is usually only adequate to small graphs that include only 30 to 50 vertices. 

However, the scale of graphs is getting larger and larger, reaching hundreds of or 

even millions of vertices nowadays. Moreover, many applications demand fast 

(even real-time) response when users interact with graphs. Thus, the existing force- 

directed algorithms do not satisfy the requirements of these applications.

1.2.4.3 The Space Utilization Problem in View Navigation

With the tremendous increase of the volume of information, the real estate of 

display screen is getting increasingly precious. Although many visualization 

techniques were proposed to deal with the viewing of large data sets, there are not 

many considering the issues of optimizing the use of display space and balancing 

the display areas for placing context and focus during navigation. They usually 

contain a few unused spaces that reduce tremendously the number of vertices and 

edges to be displayed on the screen.

For instance, Figure F 19(a) shows the initial display of a hyperbolic tree in 

which the vertices are evenly distributed in the plane. However, when we navigate 

the hierarchical structure in the Hyperbolic Tree Browser, in many cases the display 

space is not fully used and the distorted tree display can often leave one or more 

empty holes in the display, especially when viewing a sub-tree with a large number 

of children (see Figure F 19(b)). It wastes the display space and reduces the number 

of components (vertices and edges) that can be displayed on the screen. Moreover, 

the distorted tree display can often break the balance of display areas for displaying 

context structure and focus structure.

Therefore, it is necessary to improve the efficiency of space utilization during 

navigation to facilitate users to view large data sets.



Chapter 1 Introduction 31

( a ) Initial display of a hyperbolic tree

( b ) After browsing to a sub-tree from the initial layout shown in (a).

Figure 1.19 The inefficient utilization of display space in Hyperbolic Tree
Browser.
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1.3 Challenges and Research Objectives

At each stage of Analytical Information Visualization, existing solutions are no 

longer adequate to the quality requirements of applications. As information 

becomes increasingly complex, there is demand that requires researchers to 

economically develop the new visualization methods that can reduce the 

weaknesses of current solutions and satisfy the user’s high quality requirements. 

This research is to investigate fused visualization techniques that could take the 

advantages of two (or more) existing visualization techniques and minimize the 

limitations of these techniques. The major problems that seriously affect the quality 

of visualization at each of the three stages of AIV are outlined below:

• At the modeling stage of AIV, there is a cross navigation problem. Most of 

the traditional visualization methods use separate visual containers (e.g. 

windows) to display different visual metaphors for navigating different types of 

data. These separate containers could not provide direct links among visual 

metaphors. Thus, users could not follow explicit links to navigate across visual 

metaphors. This causes serious cognition overhead when users navigate 

complex data across multiple containers.

• At the geometric layout stage of AIV, there is a layout convergence problem 

for force-directed layout algorithms. It seriously affects the real-time 

interaction. Most of the existing force-directed layout algorithms concern only 

about the readability problem. Moreover, they provide a smooth animation to 

gradually draw the layout, which could greatly reduce the user’s cognition 

process. However, the animation usually takes considerable convergence time 

to reach the final geometric position. This feature seriously affects the user’s 

requirements for real-time interactions, when we use the visualization as a 

graphic user interface.

• At the view navigation stage of AIV, there is an inefficient space utilization 

problem, which seriously affects the display quality of large amount of data. 

Many existing viewing techniques do not consider the issues of optimizing the 

use of display space and maintain the balance of display for placing context
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view and focus view during navigation. During navigation, they usually 

generate some unused spaces that tremendously reduce the number of data 

items to be displayed on the screen.

The objective of this research is to investigate fused visualization techniques that 

address all of the above problems, and improve the quality of AIV.

1.4 Contributions of the Thesis

The general contribution of this thesis is the introduction of a new visualization 

concept, Fused Visualization. This concept has been successfully applied to each 

stage of AIV for enhancing the quality of visualizing and navigating complex data 

sets by minimizing the weaknesses of existing techniques. This concept and its 

applications have been tested and evaluated in two case studies.

Specific contributions of the thesis are:

1) A fused visual metaphor called Marching-Graph that combines graph 

metaphors and a spatial metaphor together for visualizing and navigating 

spatially referenced information. This method enables users to navigate 

across different visual metaphors in a single visualization. This will greatly 

facilitate the visual data mining and analyzing process.

2) A fused layout algorithm called fast convergence layout algorithm that 

combines a force-directed algorithm with a radial drawing algorithm to 

achieve the fast convergence of animated positioning of graphs. This 

amended force-directed algorithm can be applied to the interactive interface 

that requires fast response. This fast convergence layout algorithm has been 

evaluated against other force-directed layout algorithms.

3) A fused viewing technique called 2IDF Browser that combines ID and 2D 

visual viewing methods together to address the space utilization problem in 

viewing navigation. This facilitates the viewing and navigation of the e- 

commerce data during the online shopping.
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4) Two practical prototypes have been developed as case studies, including 

visualization of outbreak management system that involves the fast 

convergence layout algorithm and Marching-Graph technique, and online 

bookstore that uses 21DF Browser to navigate the book catalogs.

Some of the research results have been published as research papers in refereed 

conference proceedings

• Quan W., Huang M. L.: Navigating Product Catalogs Using 2+ID Fisheye 

Browser. Proceedings of the 2004 International Conference on Internet 

Computing (IC’04), 2004, Las Vegas, USA, pp. 551-557.

• Huang M. L., Quan W.: 21DF-Browser: A Multiple Fisheye Distortion 

Technique for Visualizing and Navigating Hierarchies with Large Number 

of Leaves. Proceedings of the Eighth International Conference on 

Information Visualization (IV 2004), 2004, London, England, pp. 277-284.

• Huang M. L., Quan W.: Exploring Spatially Referenced Information 

through 2D Marching Graph. Proceedings of the Fifth IASTED 

International Conference on Visualization, Imaging and Image Processing, 

2005, pp. 703-708.

• Quan W., Huang M. L.: Dynamic Visualization of Spatially Referenced 

Information. Lecture Notes in Computer Science, ISVC 2005, LNCS 3804, 

pp. 642-646.
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1.5 Outline of the Thesis

The remainder of the thesis is organized by chapters:

> Chapter 2 introduces the concept of fused visualization and its 

applications at the three stages of Analytical Information 

Visualization.

> Chapter 3 introduces the fused visual metaphor {Marching-Graph).

> Chapter 4 introduces the fused layout algorithm {Fast Convergence 

Layout Algorithm).

> Chapter 5 describes the fused viewing technique {21DF Browser).

> Chapter 6 introduces a practical application of using Marching- 

Graph in outbreak management system.

> Chapter 7 gives a case study of applying 21DF Browser to online 

bookstore.

> Chapter 8 concludes this thesis by giving a summary of the presented 

points, the contributions made, and the future research directions.



Chapter 2 Fused Visualization

In the thesis, we proposed Fused Visualization concept that combines two or 

more matured visualization techniques in a new visualization, which takes the 

advantages and minimize the weaknesses of component visualization techniques. 

The component techniques that are combined together in the new fused 

visualization could complement mutually. The aim of fused visualization is to 

minimize the limitations of existing visualization methods by using their mutual 

complementation.

This fused visualization method allows users to create new information 

visualization without having to “reinvent the wheel.” It could speed up the 

investigation and enhance the quality of information visualization.

2.1 Fused Visualization Concept

Our aim of fused visualization is to take the advantages of two (or more) 

visualization methods and minimize the limitations of each component method 

through their mutual complementation. We now describe the fused visualization 

concept and its definition.

Given a visualization method Vm that has a set of properties P = {pj, p2, pnJ, 

we define a visualization application A as a particular domain application in which 

an appropriate Vm is applied to visualize the domain specific information. Note: Vm 

could be a modeling scheme, a layout algorithm, or a viewing technique etc. P(Vm): 

is a set of technical features of Vm. These technical features could be high 

interactive speed, high efficiency of space utilization, low computational 

complexity, different physical references and so on. We assume that each 

application A is associated with a set of specific quality requirements Rq - {rj, ri_, 

..., rn} that are desired to be satisfied by P(Vml), where Vml is a chosen visualization 

method for the application A. Since Vm could hardly be perfect in terms of domain 

specific applications, its property set P(Vm) are usually unable to satisfy all the
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quality requirements in Rq. The mapping between properties in P and quality 

requirements in Rq can be illustrated below:

P = { Pi . P2 , P3 , P4 , P5 , ■■■ , Pn}

Note that each map /?,•_» r;-indicates that a particular quality requirement r7 of A is 

satisfied by the property pt.

The above mapping is a many-to-many mapping that means that there may be 

more than one property map to a requirement r, of Rq or a property pt may cover 

several requirements. We also define a limitation set as the subset of the 

requirements: L C Rq consists those requirements that could not be mapped (or 

satisfied) by P. For example, in the above diagram, L = {r7, rg, rg , We define 

L to be the limitation set of a Vm when this method is applied to a particular 

application A: Vm —> A.

A Fused Visualization Vf consists of a set of existing visualization methods Vf- { 
Vm , Vm2, Vm\ Vm4, ... , Vm }, where n > 2. Therefore, the property set of Vf is 

merged into P(Vf) = P/U/)2UPjU...UPn This increased property set P(Vf) could 

have more coverage of Rq and reduce the limitation set L when we apply a fused 

visualization method Vf rather than any single existing method Vml to application A. 

The aim of fused visualization is to minimize the size of limitation set L. 

Particularly, by applying fused visualization Vf - {Vj, Vm2, Vm\ Vm4, ... , Vmn } to 

application A, we aim to reduce the limitation set to L(Vf) = L(Vj) D L(V„2 )

r\L(vm3)r]...nL(vmn).

The following diagram illustrates the mapping between a merged property set 

P(Vf) and the quality requirements Rq of a particular application A:
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P(Vf) =Pf U Pj

= {pu , Pa , Pi3 , Pi4 , Pi5 , ••• > Pin} U {Pj] , Pj2 , Pj3 , pj4 , Pj5 . ••• , Pjm]

Briefly, the above diagram shows the combination of only two methods. In 

comparison with the previous example, we see that it has a better coverage of the 

quality requirements than any single method. Thus the limitation set L(Vf ) is 

reduced to L(Vf) = L(Vml ) fl L(VmJ). This achieves the objective of our fused 

visualization.

2.2 Applications of Fused Visualization Concept

As shown in Figure 1.2, the process of Analytical Information Visualization 

includes three stages that are visual metaphors design, geometric layout, and view 

navigation. Visual metaphor is an abstract model of visualization. The commonly 

used visual metaphors include graph metaphor, spatial metaphor (geographic 

visualization), botanical tree metaphor etc. Geometric layout algorithms are the 

basis of information visualization. Techniques include radial drawing algorithm, 

force-directed algorithm, etc. View navigation methods include ID, 2D, 3D and 

multi-dimensional viewing methods, such as fisheye views, hyperbolic tree browser.

In our research, we attempted to apply fused visualization concept to each stage 

of AIV. By merging multiple visual metaphors, layout algorithms, and viewing 

techniques together respectively, we achieved our goal of minimizing the limitation 

set L. The hierarchical structure of fused visualization is illustrated in Figure 2.1.
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Figure 2.1 The hierarchical structure of fused visualization.



Chapter 3 A Fused Visual Metaphor 

(March ing- Graph)

In this chapter, we will give details about our fused visual metaphor (Marching- 

Graph) that fuses the spatial metaphor and the graph metaphor in a single 

visualization. This visualization can provide users with highly interactive map for 

accessing the logical structures of information that has the geographical attributes. 

Instead of presenting known facts onto maps, it provides mechanism for users to 

visually analyze and seek unknown knowledge through high human-map 

interaction by which people can navigate information across different metaphors 

freely.

First, we discuss the motivation of combining the spatial metaphor and the graph 

metaphor in a single visualization. After that, we will introduce the framework, 

technical detail and navigation mechanism of Marching-Graph at length.

3.1 Fusion of Two Visual Metaphors

Many commonly used spatial related information systems, such as Geographic 

Information System (GIS) provides predefined functions to allow the automatic 

generation of graphic maps that can be used for viewing, exploration and 

manipulation of the data sets that contain the spatial attributes. These maps usually 

employed interactive graphic techniques to enable their interactive capacities. We 

call these maps the “spatial frame of references”. Displaying a human familiar 

geometric map as the background, on which spatial related data items are 

positioned, is to amplify the cognition process. In the design of user interfaces, 

while most existing spatial data mining methods consider the use of a spatial 

metaphor (the graphic map) to amplify the cognition process in navigating the 

geographic data, they do not care about the human facts involved in viewing and 

exploring mined data structures (such as a variety of output patterns). In most cases,
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they usually use icon positioning, color-coding and simple geometric symbols to 

visualize the statistical results that associate to particular geographic regions. 

Alternatively, only textual interface is provided for users to exploit the underlying 

patterns. However, in many cases, the output patterns are complex, and sometimes 

are structured with multiple relationships. Much of these data is of multivariate 

nature, featuring from two to hundreds of attributes. Therefore, a simple statistical 

or textual output cannot satisfy needs to unveil the potential patterns any more. 

Because of this, there is an urgent need to find new efficient user interfaces that are 

human-centered.

Visual approaches to exploration of data analysis have arisen in many different 

areas and now been well applied. The database community has coined the phrase 

“visual data mining” to describe their efforts, while the terms “exploratory visual 

analysis” or “exploratory data analysis” are more common within the statistics 

community. During the above visual exploratory process, Graph visualization has 

been used as the vehicle to support the viewing, navigation and manipulation tasks 

through the visual transformations.

Graph visualization uses a graph metaphor to map the extracted patterns into one 

or more graphs, and then uses the graphic rendering techniques to convert graphs 

into the visual structure for display. Graph visualization concentrates on the 

automatic positioning of vertices and edges on the screen. A good layout of graph 

allows users to understand data more easily. Moreover, using an interactive 

graphics will facilitate users to explore the output patterns and discover underlying 

information. Existing applications of visual spatial data mining include [FS04, 

KNP*03, AA99] that combine the information visualization with the thematic maps 

for the exploration of both the geographic locations and the analytical patterns.

However, most visual spatial data mining methods separate the spatial metaphor 

and the graph metaphor into different visual objects (such as windows, widgets) for 

display (see Figure 3.1). This, thereby, limits the correlation between two visual 

metaphors, which will probably cause the following problems:

• Pack of the overall context of visualization: if the entire visualization 

is separated into several pieces, then the visualization will lose its
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completeness. This will greatly reduce the readability and understandability 

of the overall visual structure. The movements of the focus among different 

pieces of visualization will cost users extra cognitive effort.

• Inconvenience of cross navigation: if the entire visualization is split 

into several pieces, then it is inconvenient for users to navigate across 

different visual metaphors that are located in different pieces of 

visualization.

Figure 3.1 A visualization that separates the spatial visual metaphor and other 

analytical visualizations into different windows. (Source from: GeoVISTA 

website http://www.geovista.psu.edu/grants/dg-qg/intro.html)

To solve the problems mentioned above, M. Kreuseler and H. Schumann have 

proposed a new approach called Marching Sphere [KS02] in 2002, which 

integrated the spatial metaphor and the graph metaphor into a single visualization. 

In order to implement the combination of both embodiments of graphs and spatial 

frame of reference, Marching Sphere renders the two-dimensional map into a 

virtual 3D scene. While Marching Sphere is a good solution to combining two
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visual metaphors to visualize complex information, it has the following 

weaknesses: 1) the implementation of 3D graphics is computationally expensive in 

ordinary PCs; 2) it is practically difficult to navigate across 2D and 3D visual 

metaphors.

Therefore, we proposed a new fused visual metaphor, called Marching-Graph 

that replaces 3D spheres with 2D graphs, for the exploration of spatially related 

data. We use fast convergence layout algorithm introduced in chapter 4 to layout 

the large abstract data structure in a 2D geometric space. At a time, we only show 

the detailed layout of one particular graph above a geospatial area of interest to 

present the relational data associated with this area. We allow the graph to “march” 

throughout the whole geospatial map driven by user’s interaction. Moreover, we 

provide a variety of 2D interactive methods (include zooming, filtering, 

highlighting, coloring etc.) allowing users to interactively navigate through the 

information space.

Particularly, the fusion of a spatial metaphor and a graph metaphor can merge the 

property set of spatial metaphor {the physical references} and the property set of 

graph metaphor {precise relationship illustration, highly interactive interface}, and 

get the fused visualization that has all these properties. The use of both 2D visual 

metaphors amplifies the navigation activities across two kinds of metaphors.

3.2 The Framework of Marching-Graph

The Marching Graph consists of two databases, four processes and two types of 

interaction (as shown in Figure 3.2). Our visual interface provides two visual 

metaphors, the graph metaphor and the visual spatial frame, allowing users to 

navigate both the geographic map and the abstract relational structure that relates to 

a particular geographic area that is the current focus on the spatial frame. The 

spatial frame produced in the visualization provides users with not only the graphic 

references to the above graph visualization, but also a new progressive spatial- 

driven navigation method called “marching’’ navigation. It allows users to navigate 

throughout the whole geographic map and view a sequence of relational structures
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(graphs) related to the corresponding focused geographic regions by moving the 

mouse from one sub-area to another progressively.
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Figure 3.2 The visualization framework of spatially referenced data.

We now define these components of our new visualization model:

1) Data sources:
• Spatially related data: contains some spatial references and it could 

be mined data after the data mining process, and usually contains 

complex relational structures.

• Map generator: provides a detailed static geographic map 

corresponding to the spatial references extracted from the spatially related 

data.

2) Visual Data Processing:

• Graph drawing: consists of two steps. First, it extracts the relational 

structures from the spatially related data and models these structures into 

a series of geometric graphs Gy, Gi_ ...Gn. Each graph G, is associated 

with one particular spatial region Rj of the spatial frame Sf. G{ consists of
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a vertex set V, and an edge set where the vertices represent the data 

items and the edges represent the logical relationships among items. 

Second, there is a process of positioning a series of circular regions C(G\), 

C(G2), ... C(Gn) on the geometric plane as well as the processes of locally 

positioning each vertex set Vl and edge set E, in their corresponding 

circular region C(G,j. Finally, these circular regions are drawn into 

geometric planes as a series of drawings D(Gi), D(G2), ..., D(Gn)-

• Graphic design: extracts essential geographic information from the 

static map and filters large amount of irrelevant data to form a 

preliminary thematic map that to be used for spatial frame Sf.

• Graph visualization: uses the visual data process method to assign a 

set of rich graphical attributes, such as shapes, colors, size, thickness, 

brightness, z-coordinator, to the drawings D(Gj), D(G2), D(Gn) 

produced in the Graph Drawing phase. Since the size of a circular region 

C(G,) assigned for displaying graph G, is very limited, data filtering 

technique is adopted in this stage. In order to present a G, with a large 

number of vertices and edges comprehensively, we use a filtering 

technique to dynamically display a sequence of focus sub-graphs. It 

restricts the appearance of less important vertices and edges, by using an 

adjustable threshold to control the number of the visible vertices.

• Spatial frame (Interactive maps): we covert the thematic map 

generated in the Graphic Design phase into an interactive map by using 

some computer graphic techniques, such as some image design 

techniques. We then use the graphical rendering technique to display the 

interactive map on the screen. This interactive map provides users with a 

spatial frame Sf for marching through the whole geographic area.

3) Human Computer Interactions:

• Interaction with graph: enables users to visually explore the relational 

data. Particularly, we allow users to navigate a sequence of focus frames 

F], F2, ... Fk of a given graph G, incrementally by using an exploratory 

concept. The provision of such navigational structures gives users a better
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understanding of the explicit/implicit relationships underlying the 

spatially related data.

• Interaction with spatial map: enables users to march through the 

spatial frame interactively.

4) Cross Communication between metaphors:

Two visual metaphors are communicating between each other continually 

during the navigation. At a particular time, two corresponding focus areas 

are activated in marching graph. These focus regions are mutually 

dependent. Selecting a focus on the map defines the focus of a particular 

data set, and vice versa. On the one hand, the user selects a focused 

region of interest in the spatial frame, and then a corresponding visual 

graph is displayed that shows the relational data that has the reference to 

the sub-region. On the other hand, the user is also allowed to navigate 

from the visual graph back to the spatial frame.

The details of the two types of interactions will be discussed in section 3.4. In 

our implementation so far, we concentrated primarily on the visualization of mined 

data. With regard to the use of visualization to facilitate the preprocessing and 

mining process of data mining, we envision it as a further study.

3.3 Technical Detail

Our 2D Marching-Graph is implemented in Java and it consists of a thematic 

map (the spatial frame) and a series of circular areas above the map. Shown in 

Figure 3.3, at a time only one circular area is fully opened with the green 

background color and the display of a graph layout D(Gi), while other small 

circular areas are displayed with the yellow background color as a historic path of 

navigation (marching) without the display of graph layouts.
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Figure 3.3 A display of Marching Graph with the focus on “Montana” state of
USA.

3.3.1 Spatial Frame Generation

At the beginning, our visualization inputs an ordinary geographic source map 

from the Map Generator (MG), extracts essential geographic information from the 

source map and filters the rest of geographic details to create an abstract map. We 

then use a Hotspot Editor (a free tool) to create an interactive thematic map, which 

is used to form a spatial frame for navigation.

Particularly, we use a Hotspot Editor to define hotspot polygon regions on a 

bitmap that is based on the abstract map, and save the polygonal data to a file. The 

hotspot polygonal data can be used for dynamically generating maps at run time. 

Then we use polygonal data to generate an interactive map. Our system supports 

powerful poly objects generation. A poly object can have different filling styles, 

filling colors and border styles. A poly object is a vector object and has many 

advantages over a raster or bitmap image. It consumes less memory and disk space
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against a raster and bitmap image. In addition, it can be scaled to arbitrary size 

without losing resolution. The Figure 3.4 illustrates the process of generating 

thematic map.

Filtering Editing
Thematic mapAbstract mapGeographic map

Figure 3.4 The pipeline of generating Thematic Map.

3.3.2 Graph Design

We use graph metaphor to visually present the relational information that are 

associated with particular geographic regions displayed on the thematic map of the 

visualization. To generate such a visual metaphor we need to achieve the following 

steps.

1) Graph Abstraction
Extract the implicit/explicit relational structures from the spatially related data. 

The spatially referenced data are very useful which can be used for data analysis in 

many application domains (such as social economy analysis, health monitoring). 

These data could be the outcomes of data mining. In many cases, these data is 

complex and contains relational structures among data items. The modeling of such 

structures is essential for the analysis and process of data. In this practice, we use 

graphs G], G2, ... Gn to model these relational structures.

2) Graph Drawing

To be able to visually represent such relational structures on the screen, we use 

force-directed layout algorithm to draw the abstract graphs Gy, G2,...Gn on a 2D 

geometric space according to the aesthetics rules that ensure the quality of layouts. 

Figure 3.5 shows an example of force-directed layout of graph G, produced by our



Chapter 3 A Fused Visual Metaphor 49

visualization. If the graph G, is large, the fast convergence layout algorithm will be 

used to draw it.

Figure 3.5 A graph layout produced by Force-Directed Layout Algorithm in
Marching Graph.

Each drawing D(Gi) is bounded in a given circular area with the certain size. 

Therefore, the display of large graphs with many vertices and edges may cause 

overlaps, which will greatly reduce the readability. To solve this problem, we adopt 

an exploratory concept [HEW98] to draw a series of subsets of the graph called 

focus frames F], F2, ..., Fn on the geometric plane incrementally. This method is 

used when the number of vertices in the graph excesses a threshold that can be 

adjusted according to the size of available display area (In our implementation, we 

define 30 as the threshold). Suppose that G = (V,E) is a graph, veV is a vertex, 

and d is a nonnegative integer. The distance-d neighborhood Nd(v) of v is the sub

graph of G induced by the set of vertices whose graph-theoretic distance from v is 

at most d. In our implementation we have chosen d-2, and we write Abfv) as N(v)
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and call it the neighborhood of V(ve AT(v)). Given a queue <2 = (v,,v2,...,v5) of 

vertices, and the current focus vertex ve A/, (v), the sub-graph of G induced by the 

union of A0(v) and Q is called a focus frame. The vertices v,,v2,...,vv are the focus 

vertices of the focus frame.

3) Graph Visualization

To display these drawings D(Gj), DiGz), ..., D(Gn) on the screen, we need to 

assign a set of graphical attributes, such as shapes, colors, size, thickness, 

brightness, z-coordinator, to the drawings for improving their visibility .

In order to place the drawing D(G{)in the visualization, two parameters are 

needed: 1) the position of its referred geographic region of the map; 2) the amount 

of display space currently used. The position of the graph is indicated by a 

reference point, which is in the map coordinates system. A graph is positioned by 

translating its local center point (i.e. the center of a polygon) into its reference point 

on the map. In order to associate each graph with its corresponding geographic 

region in the map correctly, we can either position them on the map accordingly 

(i.e. within the area’s borders), or use graphical means such as coloring or 

connecting lines. We choose the connecting lines to link the graph to its 

corresponding geographic region. Therefore, when a focus region on the map is 

selected, the corresponding graph is then popped up above the map with a line 

connecting to the focus region on the map.

With the purpose of solving the problem of mutual overlaps among the displays 

of G], Gz, Gn, at a particular time, we only display one drawing D(Gd above the 

map bounded by a green circular area that corresponds to user’s focus. Then as the 

user moves his focus to other geographic regions, the previous displayed drawing 

D(Gt) is faded out and substituted with a small symbolic graph (a yellow circle) that 

is used as part of the history path of navigation.

In order to both keep track of the movement of users’ interest and prevent 

clutters caused by the displays of many small symbolic circles shown at the same 

time, we limit the number of small symbolic circles displaying on the screen up to
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five. Then, the visualization allows users to march through the whole map, region 

by region, to view a sequence of graphs Gj, Gi_, Gn progressively.

3.4 Navigation within (and Cross) Visual Metaphors

The success of visual data processing and analysis depends very much on the 

ability of supporting a variety of exploration tasks provided by the visualization. 

The visual exploration is the process that users find particular data items through 

the generation or change of a series of navigational views dynamically and 

interactively. In our visualization, there are three types of navigation: 1) Intra

Graph Navigation, 2) Inter-Graph Navigation, 3) Marching on the Map (cross 

metaphors navigation).

3.4.1 Navigation with Dual-Focuses

In our visualization, the abstract relational data is represented by the graph 

metaphor that is located above a spatial region of the spatial metaphor. 

Consequently, during the navigation the user usually maintains two focuses. The 

first focus is on a particular region on the thematic map. The second focus is on a 

particular vertex (data item) of the corresponding graph.

These dual focuses are mutually dependent. The user can march through the map 

by selecting a sequence of highlighted (or focused) regions on the map. For 

example, as shown in Figure 3.3, when a user moves cursor to the state “Montana” 

on an interactive USA map, this selected region is highlighted with a stronger 

border and green background color that is different from other regions. At the same 

time, a detailed graph layout D(G,) pops up above the focus region showing the 

relational information related to “Montana” state. We use a thick line to connect 

between focused region and D(G,). The user now can move the cursor up to the 

graph G, to navigate the relational structure for finding particular data items 

(relations) of interest. If the user wants to view and retrieve relational information 

associated with the state “West Virginia”, he can do so by moving the cursor over 

that region. We can see from Figure 3.6 that the “West Virginia” region is
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highlighted and the previous highlighted “Montana” region is now semi-highlighted 

with the yellow color. The previous graph layout D(GJ is faded away and replaced 

by a small symbolic yellow circle as part of the history path of the navigation. 

While a new graph layout D(Gi+i) is displayed above the “West Virginia” region 

showing the relational information associated with that region. The “marching on 

the map” is achieved through the change of a series of focus regions, Ri, R2, ..., 

Rit Rn with the corresponding change of display of a sequence of associated 

graph layouts, D(Gi), D(G2), D(GJ, D(Gn).

Figure 3.6 A display of Marching Graph with state “West Virginia” focused.
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3.4.2 Marching on the Map

Our system provides users with a kind of marching effect when users navigate on 

the map. Particularly, we use the small symbolic circles to show the history of 

visited graphs. In addition, the sizes of symbolic graphs are different. The smaller 

the circle is, the earlier the visiting time is. For example, in Figure 3.3, the user’s 

focus region is “Montana”. When the user changes his/her focus region to “West 

Virginia”, the graph associated with “West Virginia” pops up as shown in Figure 

3.6. Meanwhile, the graph layout displayed above the “Montana” is faded out and is 

replaced by a small symbolic circle which has the biggest size among all the 

symbolic circles displayed in the visualization. Therefore, there is a marching effect 

as users go through the whole map. During the “marching” we always maintain a 

Historic Trail (Ht) showing the history of recent visits. This H, consists of a 

sequence of small circles in the display representing the recent history of explored 

graphs. Each recently visited graph is presented by a small yellow symbolic circle 

without the display of detailed layout of graph (see Figure 3.6). In our 

implementation, we only draw up to five small circles. The sizes of these historic 

circles are decreasing progressively when we continuously explore new graphs.

3.4.3 Intra-Graph Navigation

Since the circular display area C(Gj) assigned to a graph G, is limited, it is unable 

to display a large number of vertices (say more than 30 vertices) comprehensively. 

Therefore, we adopt “filtering” technique to provide dynamic display of graphs. In 

a given circular area C(Gt) of display, the user’s view is focused on a small subset 

of the entire graph G,. at any time. The corresponding sub-graph of this subset is 

called a focus frame and is defined by its focus vertices. Specifically, when a user 

moves his/her cursor (or click) on an interest vertex, only a sub-graph G/ of G, 

consists of direct neighborhoods and vertices within two hops away from the focus 

vertex will be displayed. The other vertices that are out of this domain will fade out.
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We use a focus queue Q to maintain the history of visited sub-graphs and allow 

user to track back to previously visited sub-graphs.

Theoretically, we maintain a sequence of focus frames F/, F2, ..., Fn allowing 

users to explore a large Graph G. Each focus frame Fi =(Gi,Qi) consists of a 

connected sub-graph Gt = (V,E,) of G and a queue Q7 of ‘focus’ vertices.

Successive focus frames differ only in a few vertices. This sequence of focus 

frames is the sequence of sub-graphs of G viewed by the user. A user interaction 

changes from one focus frame to the next.

The focus vertices form a first-in-first-out queue with user’s highest interest 

focus. The focus frame is updated smoothly following the changes of the user’s 

interest focus. We allow the user to change focus by selecting another vertex in the 

focus frame, but we do not anticipate the user’s selection. However, we do assume 

that we can always discover the neighborhood of the focus vertex. Figure 3.7 shows 

an example of the change of focus frames from Fi to Fi+j progressively.

Figure 3.7 An example of the change of focus frames. The left frame displays a 

layout of sub-graph Giof G with a focus queue Qi={Pob, Thony, Sue}, and the 

right frame displays the layout of 67+/ with the focus queue Qj+i ={Frank, Pob, 

Thony}.
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3.4.4 Inter-Graph Navigation

We also allow users to navigate across two graph layouts D(GX) and D(G,+i) 

based on the inter-relationships among graphs. The user can move the cursor over 

an existing small symbolic circle (as shown in Figure 3.3) to highlight it with 

different color (“blue” in our system). If the user clicks on this small circle, then it 

will be enlarged with the display of detailed graph layout and the corresponding 

region on the map will be focused simultaneously.

3.5 Summary

In this chapter, we have introduced the fused visual metaphor Marching-Graph 

that combines the spatial metaphor and the graph metaphor in a single visualization. 

In Marching-Graph, we use force-directed layout algorithm to draw the relational 

structure in a 2D geometric space. We allow users to “march” through the whole 

geospatial map, region by region, to find out particular data items of interest 

through the display and navigation of a series of relational structures presented by 

graphs G/, G2,---,Gn. Moreover, we provide three types of navigation mechanisms 

that allow users to freely navigate through the complex information space across 

two visual metaphors.

Marching-Graph is just our initial attempt to produce fused visualization that 

combines different visual metaphors in a single visualization. Rather than 

presenting known facts onto maps, this fused visualization support high interaction 

of the analysts with maps to facilitate analyzing and seeking the unknown 

information across different metaphors. In the following research, we will extend 

Marching-Graph to analyze and explore the time- and space-dependent information.



Chapter 4 A Fused Layout Algorithm 

(Fast Convergence Layout Algorithm)

This chapter introduces the technical detail of our fused layout method fast 

convergence layout algorithm that combines the radial drawing algorithm and 

traditional force-directed algorithm together. Particularly, the fast convergence 

layout algorithm uses the radial drawing algorithm to provide an initial layout for 

the force-directed algorithm and make it converge fast.

The first section of this chapter introduces the motivation of developing this fast 

convergence layout algorithm. Then, we describe the technical details of achieving 

this method. Finally, we evaluate our new fast convergence layout algorithm by 

comparing the outcomes with other traditional methods. The experimental 

evaluation is against three measurements in terms of convergence time: time 

consumption, average vertex position variance, average vertex travel length.

4.1 Fusion of Two Layout Algorithms

Traditional graph drawing algorithms are more concerned with the readability of 

drawings. This can be measured by a set of aesthetics, such as the minimization of 

edge crossings, total edge length and the variance of the lengths of the edges. They 

usually do not consider the convergence time in the production of particular 

layouts. Flowever, in many real world applications when users want to use graph 

visualization to build their interactive user interfaces that involve the changes of 

navigational views during the exploration of data, the convergence time becomes a 

real issue relating to the efficiency (or the speed) of the navigation.

For example, in our Marching Graph [QH05] which was introduced in the last 

chapter, a sequence of graphs Gj, G2, ■■■Gn associated with the corresponding 

geographical regions need to be drawn and displayed incrementally when users 

“marching” through the map (see Figure 3.3 and Figure 3.6). This requires the 

production of layouts D(Gj), D(G2), ••• D(Gn) as quickly as possible, to real-timely
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respond to the users’ interaction. If we use a force-directed algorithm to draw a 

sequence of graphs incrementally, then each time when opening a new graph, the 

convergence time spent in moving vertices of that new graph from their randomly 

generated positions to their final positions is remarkable. This will greatly slow 

down the real-time response during navigation.

( a ) ( b )

Figure 4.1 Four runs of the initial layouts produced by the same force-directed

algorithm on the same graph.
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Moreover, as mentioned by Herman et al [HMMOO], the unpredictability is a 

main feature of force-directed algorithms. Two runs of the same algorithm on the 

same graph may produce very different layouts, especially the initial layouts. For 

example, as shown in Figure 4.1, among the following four initial layouts produced 

by the same force-directed algorithm on the same graph, there are big differences.

Can we still take advantage of the traditional force-directed algorithms and use 

them to the interactive applications by overcoming the above problems? The 

answer is positive. We proposed a fused layout algorithm called fast convergence 

layout algorithm for drawing force-directed graphs. This algorithm is very useful 

for speeding up the interaction time when users are interactively exploring a series 

of graphs Gy, G2, ... Gn by drawing a sequence of corresponding force-directed 

layouts D(Gi), D(G2),-.. D(Gn)- We essentially combine a radial layout algorithm 

and a force-directed layout algorithm to achieve the fast convergence of energy 

minimization.

Particularly, the fusion of a radial layout algonthm and a force-directed layout 

algorithm can merge the property set of radial layout algorithm {symmetrical 

layout, predictability, statically generation, low computational complexity} and the 

property set of force-directed layout algorithm (unpredictability, symmetrical 

layout, high computational complexity, animated generation}, and get the fused 

layout algonthm that has the property set {predictability, animated generation, fast 

convergence, symmetrical layout} which reduces the limitations of both component 

layout algorithms for real-time interactive applications.

4.2 Technical Detail

Given a graph G = {V, E}, we assume G is a connected and tree-like graph which 

contains a backbone tree T’ - {r, V, ’ E’}, where r is the root of T’; F’ = V7; and 

E’qE is a set of tree edges. We assume that there is only a small set of non-tree 

edges E”, where E”= E - E' (or E”+E’ = E). Thus, graph G could be defined as G 

= {T, E”}, where E’ ’ aE is a non-tree edge set. We first extract the backbone tree 

T - fr, V, ’ E’} from G. This can be done through a breadth-first search.
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We then use a radial drawing algorithm to draw the T as the backbone layout of 

graph G. This is because the radial drawing algorithm is straightforward and 

computationally inexpensive. Another reason that we choose the radial drawing 

method to create the initial layout of graphs is this method satisfies the domain 

requirements of our initial application: Marching-Graph. In Marching-Graph, we 

use a series of circular areas to display graphs. Therefore, the pattern of a senes of 

concentric nngs used in radial drawings is very close to the expected final layout of 

graphs in the Marching-Graph application.

Once the backbone layout of G is calculated, we simply draw all edges in E” 

into the layout as a set of straight-lines linking between each pair of start-vertex and 

end-vertex, without changing any vertex positions predefined in the backbone 

layout.

At the final step, we apply a force-directed drawing algorithm to the above layout 

to replace the initial radial drawing of graph G. We aim to smooth the transition 

between two layouts when switching from the radial drawing to the final force- 

directed drawing of G.

After the switching, we could incrementally explore the graph G through the 

change of views by using an on-line animated force-directed graph drawing method 

[HEW98]. The pipeline of this fast convergence layout algorithm is diagramed in 

Figure 4.2. We now discuss these steps one by one.

Add Non-Impose Tree 
Structure tree EdgesAbstractInformation

Repository

Apply fore-directed 

method Interact with
Users

Radial GraphRadial TreeGraph Data

Force-
directed

Layout

Figure 4.2 Pipeline of fast convergence layout algorithm.
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4.2.1 Data Abstraction

At the first step of visualization, we abstraet a graph G from a given spatial 

referenced information repository. The data will be stored in XML files in the 

XGMML-format. XGMML (extensible Graph Markup and Modeling Language) is 

an XML application based GML standard that is commonly used for graph 

description. This modeling language uses tags to describe vertices and edges of a 

graph. The purpose of using XGMML to describe graphs is that it makes possible 

for exchanging graph data between different authoring and browsing tools.

In many cases, the information repository we want to visualize could store mined 

data which may contain complex relational structures and from which we might 

abstract more than one graph. Furthermore, in most cases this information 

repository could be dynamic that means the content of the repository may be 

updated from time to time corresponding to the data mining process. Therefore, the 

use of an online visualization method as a part of the visual data process is more 

appropriate.

4.2.2 Imposing a Tree Structure

We assume the given graph G = (V, E) is connected and has a set of vertices V = 

{vi, V2, vnJ and a set of edges EqVxV. To be able to use an existing radial tree 

drawing algorithm to create the backbone layout of G, we have to extract a tree T’ 

- {r, V, ’ E’J from G. This can be done through a breadth-first search to establish a 

new edge set E' in which each edge <?, is in tree T\

In order to extract tree structures from arbitrary graphs, we use a series of 

adjacent link lists AdjLinkedLists to record each pair of connected vertices in graph 

G. We then choose a vertex v,-e V as the root r. Note that we usually choose a vertex 

v, which has a largest number of direct neighbors as the root. Starting from this root 

vertex, we apply a breadth-first search algorithm to these AdjLinkedLists. After the 

search, we obtain a series of parent-child lists ChildLinkedLists which record the
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parent-child relationships of all vertices in tree FcG where ChildLinkedLists 

cAdjLinkedLists. The above process may be illustrated below:

// a set of vertex which has been visited 

Set visited

// a vertex queue to be visited

LinkedList queue

Algorithm BFSGraph(AdjLinkedList, n ){

//add root vertex to queue 

queue.add(n);

while (queue !empty){

//get 1st vertex from queue

Node m = (Node) queue.removeFirst();

//add m to parent-child list 

ChildLinkedLists.add(m);

//add vertex m to visited set 

visited.add(m);

//get vertex m’s all neighbors from adjacent list 

Iterator iter = AdjLinkedLists.get(m).getNeighbors(); 

while (iter.hasNext()) {

// get the next neighbor vertex ofm 

Node k = (Node)iter.next();

// k hasn ’t been visited 

if ( ’.visited.contains(k)) {

// add k to m ’s parent-child list 

ChildLinkedLists.get(m).add(k);

//add vertex k to queue 

queue.add(k);
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return ChildLinkedLists;

Then the parent-child relationships are recorded in the ChildLinkedLists which is 

the data structure of T\ The vertex neighboring relationships recorded in the 

AdjLinkedLists but not in the ChildLinkedLists are non-tree edges.

For example, Figure 4.3 shows an instance of applying the above algorithm to a 

small graph G rooted at vertex “A”. We can see that after the breadth-first search a 

tree T’ is extracted from the graph G, where edges (Bl, B2), (B5, Cl), (B2, C3), 

(B4, C5), (C7, C8), colored in light blue, are collected in the edge set E” as non

tree edges while the others are collected into E’ as tree edges.

_____ [C7

tree edge 

non-tree edge

Figure 4.3 An example of the radial drawing of graph G rooted at vertex “A”.
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4.2.3 Radial Layout of Tree T’

Once the implicit tree structure has been extracted, we can now apply the 

traditional radial tree drawing method to the tree T’ We place each vertex v,-e V on 

one of the sequential concentric circles Cy, C2, .... Q, centered in the display 

medium, depending on the graph-theoretic distance d(r, vj. The algorithm we used 

for radial drawing is adapted from [BET*99, Ead92] and stated below:

Algorithm DrawSubTree (v, q, oq, 0.2) {

// the point with polar coordinates 

p(v) = poloar(q, (ai + a2)/2); 

s = (a2 - ai)/ w(v); 

a = ap

// the point with polar coordinates 

Iterator itr = v.getChildren(); 

While(itr.hasnext()) {

//get vertex v’s child u

Node u = (Node) itr.next(); 

DrawSubTree(u, p+5, a, a+s*w(u)); 

a = a + s*w(u);

Where v is the root of a sub-tree of T’ that is drawn in the current recursion; r, is 

the radius of circle C, on which the vertex v lies. p(v) is the location of vertex v; cq 

and «2 are the start and end angle respectively, which compose the annulus wedge 

in which the vertices of sub-tree rooted at v locate; w(v) represents the number of 

leaves in the sub-tree rooted at vertex v. The 3 is a constant which denote the
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distance between two consecutive concentric rings We call the procedure 

DrawSubTree(r,0,0,2 Jt) to draw the entire radial tree T on the plane. Figure 4.3 

shows the example of such drawings. This radial drawing of T’ is used as the 

backbone layout of G.

4.2.4 The Radial Drawing of Complete G

Once the backbone layout of G is drawn, we could add edges in E” into the 

layout without changing any vertex positions predefined in the backbone layout. 

For example, in Figure 4.3 we could simply add 5 non-tree edges (Bl, B2), (B5, 

Cl), (B2, C3), (B4, C5) and (C7, C8) to the layout.

As assumed in the beginning, we mainly deal with the tree-like graphs that 

contain only a small number of non-tree edges. Therefore, the addition of several 

non-tree edges will not affect the quality of the layout significantly, in terms of 

aesthetics rules and readability.

4.2.5 Switching to Force-Directed Drawing

While the radial layout algorithm is good for drawing small static graphs in 

Marching-Graph application, it is unsuited for incremental drawing of large (or 

dynamic) graphs. For example, Ka-Ping Yee et al. proposed an animated 

exploration of radial layout graphs [YFD*01], which linearly interpolates the polar 

coordinates of the vertices during the transition of views. As a result, by using their 

technique, the layout changes completely when moving from an old focus vertex to 

a new one during the navigation of a graph. Thus, the broken connection between 

two layouts will significantly increase the cognition overload for the user to 

understand the changes between views.

We therefore hand over the initial radial layout to a force-directed layout, whose 

effectiveness in view transformation through its own animation loops and 

incremental explorations has been demonstrated in our initial experiments 

[HEW98],
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At the final step, we apply a force-directed drawing algorithm to the above layout 

to replace the initial radial drawing. However, simply applying a force-directed 

method to a radial graph drawing could cause a highly disoriented rearrangement. 

Therefore, to avoid this situation, we enforce some constraints for switching to the 

force-directed layout:

1) We use the length of each edge produced in the initial radial drawing as 

the resting length of its spring in the force-directed drawings.

2) Considering the repulsion force between two vertices is the inverse of 

their squared separation. Thus, the major repulsion force exerted on a 

vertex v comes from the other vertices that are close to v. In order to 

prevent the vertices from separating too far due to the repulsion force, 

we make the coefficient of each spring proportion to the total 

descendant amount of next two hops of each of the two vertices 

connected by the spring. With the exception of most outer fringes, we 

apply a constant spring coefficient to keep those vertices of the graph 

from spreading out of the display area.

3) The tree-like graphs usually contain only a small number of non-tree 

edges, in order to minimize the alteration between the final force- 

directed drawing and the radial drawing, we waive the spring forces 

applied on non-tree edges. These non-tree edges without spring forces 

may bring edge crossings. However, this influence can be ignored since 

the number of non-tree edges is small.

By applying these constraints, we can smoothly transform from the radial layout 

to the final force-directed layout of G. These not only facilitate to reduce the 

convergence time to reach the energy minimization in force-directed drawings, but 

also preserve the mental maps of users. We can see from Figure 4.4 that after 

switching from the radial drawing of the example graph shown in Figure 4.3 to the 

force-directed drawing of the same graph, the layout transition is minimized and the 

change made between two layouts is very little.
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Figure 4.4 The final force-directed layout of the same graph after transformed 

from its original radial drawing shown in Figure 4.3.

4.3 An Experimental Evaluation

In this section, we evaluate our new fast convergence layout algorithm by 

comparing the experimental outcomes with other traditional force-directed 

methods, in which the initial positions of vertices are usually defined either 

randomly or at the center of the display medium. We evaluate our method against 

three measurements in terms of convergence time.

These measurements are time consumption, average vertex position variance, 

average vertex travel length. This experimental evaluation was carried out with 

four data sets consisting of 24, 65, 129 and 160 vertices. The final layouts of these 

data sets generated by our algorithm are presented in Figure 4.5.
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(b)
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(c)

Figure 4.5 The final force-directed layouts of four data sets consisting of 24, 

65, 129 and 160 vertices generated by our algorithm.
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In our experiment, each data set is drawn by three force-directed methods.

1) The fast convergence layout algorithm (FC method),

2) The force-directed drawing method that places the initial position of 

vertices randomly (FR method)

3) The force-directed drawing method that places the initial position of 

vertices at the origin (center) of the display coordinates (FO method)

The forces we used in all the force-directed methods are the same. The total force 

exerted on vertex vis:

/(v) — 2/w+ ^PjSuv (2.1)

ueN(v) ueV m^v

where fuv is the force exerted on v by the spring between v and ueN(v) which is 

the direct neighbourhood set of v; guv is the n-body force exerted on v by one of the 

other vertices ue V. We use a quad-tree based implementation of the Bames-Hut 

algorithm [BH86] for this n-body force calculation efficiently.

We use an IBM ThinkPad T30 Laptop (CPU 1.80GHz, Memory 256 MB) to do 

this experiment. The display resolution was configured to 1024 X 768 pixels. All 

the graphs were drawn in a 700 X 700 pixels square region. We use software 

Prefuse [HCL05] as the toolkit to implement these experimental programs.

4.3.1 Time Consumption

Time Consumption Time Consumption or FC is the run-time spent in drawing 

a graph from its initial state to the end state, which is crucial to measure the 

efficiency of force-directed graph drawing. Fast graph drawing is essential for 

exploring through a series of data sets with real-time response. Therefore, our effort 

in this research is trying to layout graph as fast as possible. The proposed FC 

method tries to speed up the convergence of normal force-directed drawing 

methods, which suits the force-directed methods for interactive graph drawings. 

Since the convergence procedure of force-directed algorithms is an infinite loop, we
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need to set up a constant as the convergence condition to end up the drawing. Given 

a graph G, which consists of n vertices, the average force AF acting on every vertex 

is calculated by the following formula:

AF (2.2)

We assume that when AF is less than a small force constant, the drawing of 

graphs reaches almost to the final layout. Therefore, we terminate the convergence 

procedure when AF < lE-5f becomes true. We can then use the system clock to 

easily count the consumed time, TC = tj - to, where to is the beginning time of 

drawing and tj is the time at which AF < lE-5f stands.

The total time consumed for a FC run RFc consists of two parts

TC(Rfc ) = TC(Rrd ) + TC(Rfd) (2.3)

Where TC(Rrd) is the time spent on calculating the initial radial drawing and 

TC(Rfd) is that on running the force-directed drawing. Since both the FR and the FO 

methods do not involve radial drawings, the accumulated time for a FR run (or a 

FO run) is equal to TC(Rfd) only.

Because of the unpredictability of the outcomes of force-directed drawing, the 

convergence time of every run varies. Therefore, to accurately evaluate these 

methods in terms of their convergence time, we conduct ten runs R1, R2, ... Rw for 

each method and take the average time as the vector to measure these methods. The 

average TC of each method is thus:

TCaverage (2.4)
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The outcome of comparisons is illustrated in Figure 4.7 (a). We can see that the 

overall performance of our FC method is much better than the other two methods, 

since FC improves significantly in convergence of energy minimization. For 

example, to draw Graph2 with 65 vertices, FC takes only 2.07 seconds. In contrast, 

FR and FO take respectively 8.37 and 7.88 seconds, both of which are as about four 

times long as the time spent by our new method. FC outperforms FR and FO even 

more for drawing large graphs. For drawing Graph4 that consists of 160 vertices, 

FC takes only 4.86 seconds that are less than a quarter of time spent by the other 

two methods.

4.3.2 Average Vertex Position Variance

Average vertex position variance Vertex Position Variance or VPV indicates 

the position change of a vertex between its end position and its start position in the 

drawing. As shown in Figure 4.6(a), a VPV(vi) of vertex v, is defined as the 

geometric distance between the end position Pe(vj) and the start position Ps(v,). So, 

the average value of vertex position variance AVPV of G can be expressed below:

1 n
AVPV (G) = — V |/>e(v,) - P, (V,) I (2.5)

" rti

The bigger the value of AVPV (G) is, the more greatly the metal map of the graph 

G changes. Therefore, to effectively preserve the mental map of layout of G after 

the view transformation, we should minimize the value of AVPV(G).

The comparisons are illustrated in Figure 4.7(b). We can see that all AVPV 

values of four graphs generated by FC method are greatly reduced in comparison 

with the other two methods. For example, the convergence procedure of FC 

produces a low AVPV(Graphl) value of 17.86, in contrast to the other alternatives 

that produce large values of 267.44 and 106.73. The result shows that the FC 

method could preserve the mental map much better, and hence require less 

cognition overload for identifying view changes.
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(a)

(b)

Figure 4.6 The picture (a) defines the VPV that equals to the distance between 

Ps and Pe. The picture (b) defines the VTL that equals to the length of total 

travel path Ps, P2, ... Pe•
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4.3.3 Average Vertex Travel Length

Average vertex travel length Vertex Travel Length or VTL is the length of the 

entire path a vertex traveled from its start position to its convergence position of the 

layout, which may consists of a series of turning points PSt P?, ...Pj-i, Pj, ■■■> Pe, see 

Figure 4.6(b). This measurement is important in measuring the convergence time. A 

vertex travel length VTL is calculated by accumulating each path segment (Pj-i, Pj) 

traveled in each animation loop j, see Figure 4.6(b). Suppose that m iterations 

required for the convergence, the VTL of a vertex v,- is:

Thus, the Average Vertex Travel Length AVTL of G can be calculated by the 

following formula:

A large value of AVTL(G) implies that a particular layout method needs long 

time to reach the convergence when drawing G and the average vertex position 

adjustment of each iteration is great as well.

Figure 4.7(c) shows that the overall AVTL value in our FC method is very small 

in contrast to the other two methods. For example, for the largest of the four graphs, 

the convergence procedure of FC produces a low AVTL(Graph4) value of 158.88. 

In contrast, the other alternatives produce the values of 796.14 and 768.06. This 

result indicates that our FC method could greatly shorten the convergence time in 

drawing force-directed graphs.

m
(2.6)

iAVTL (G) = — Y VTL (v,) (2.7)
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Figure 4.7 A summary of the experimental results of four data sets.
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4.3.4 Predictability

Furthermore, we found that the three measurements are comparatively consistent 

among ten runs of our FC method for each of the four data sets. In contrast, the 

runs of the FR and FO methods vary greatly. For example, we can see from the 

Figure 4.8 that the AVTL curves produced by our FC method for every data set are 

nearly level with only tiny variance. However, the values generated by the other 

two alternatives fluctuate greatly. This implicates that the layouts produced by FC 

method are more predictable and consistent, which can considerably relief the 

cognition overload for users.

(a)
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Figure 4.8 Ten runs of AVTL using three methods for each of the four data

sets.
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4.4 Summary

In this chapter, we have presented our trial to fuse two visualization algorithms 

together to get a better performance method. Particularly, we integrated radial 

drawing algorithm into traditional force-directed algorithm to get a Fast 

Convergence layout method that can produce fast convergent and predictable force- 

directed graph layouts. Now, with Fast convergence layout algorithm, we can take 

advantage of force-directed algorithms and use it to draw a series of graphs G/, G2, 

... Gn in a variety of applications, where real-time responses are required.

To evaluate the FC method, we have carried out an experimental comparison 

between our method and two traditional force-directed drawing methods with four 

data sets consisting of 24, 65, 129 and 160 data items. The outcomes of experiment 

show that a significant improvement has been achieved by using FC method in 

terms of the convergence time spent on energy minimization and preservation of 

mental map.

In the next step, we plan to carry out more formal evaluation experiments to 

investigate the scalability and applicability of the FC method. Moreover, we will 

continuously investigate other alternative methods for speeding up the convergence 

procedures in force-directed graph drawing algorithms. Furthermore, we will 

investigate how to fuse different visualization algorithms together to get a better

one.



Chapter 5 A Fused Viewing Technique 

{2IDF Browser)

There are different kinds of visual viewing techniques. They have their 

respective features and are appropriate to their respective types of data and 

applications. The motivation of combining ID and 2D visual viewing methods 

together will be presented in section one. Then, we describe the framework and 

technical details of our new fused focus+context technique 21DF Browser that is 

used for visualizing and manipulating hierarchies which contain large number of 

leaves. 2IDF Browser uses an ordinary 2D Hyperbolic Tree Browser to display the 

major structure of hierarchies while a ID distortion-based Fisheye Menu is also 

used to assist the display of some sub-hierarchies those contain large number of leaf 

vertices. This significantly solves the problem of inefficient use of the display space 

when a user navigates, just using a Hyperbolic Tree Browser, to a portion of the 

hierarchy containing a large number of leaves.

5.1 Fusion of Two Viewing Techniques

At the view navigation stage of AIV, different visual viewing techniques that can 

be used have different advantages and fit to view different types of information. ID 

visual viewing technique does well in displaying a long list where the items are 

equal in importance, rank or degree and have no dependency on one another. 2D 

visual viewing technique is often used to illustrate precise relationships, whereas 

3D visual viewing technique is typically used to gain a qualitative understanding of 

the information. Therefore, we consider that the visualization of complex 

information spaces may benefit from fusing different visual viewing techniques in a 

single display. Consequently, they can complement each other in presenting the 

information in a single view.

While many focus+context visualization techniques were proposed in the past to 

deal with the viewing of large hierarchies, there are not many considering the issues
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of optimizing the use of display space and balancing the display areas for placing 

context and focus in the visualization design, which we mentioned in section 

1.2.4.3. For example, when we use a hyperbolic tree browser to display a product 

catalog and focus to a particular sub-category vertex “Mineral Water” with 45 leaf 

vertices under, as show in Figure 1.20(b), we can see that there is a big empty hole 

generated in the center that wastes a large portion of the display area. Even if the 

context view is pushed into the corner, there are still many overlaps among the leaf 

vertices. Thus, the labels of some leaf vertices become invisible and the quality of 

the visualization is greatly reduced. Another problem in the visualization shown in 

Figure 1.20(b) is that the context view is pushed into a very small area and the 

whole view becomes unbalanced with the focus view occupying about 80% of the 

display space. This small area can only display nine vertices and such a 

meaningless context view cannot give users an overall view of the complete 

hierarchy they are navigating.

Here, we propose a fused focus+context viewing technique, called 21DF 

Browser for visualizing large hierarchies that contain a large number of leaves. We 

use the combination of a 2D fisheye distortional visualization technique and a ID 

fisheye distortional menu to improve the utilization of display space and to keep the 

balance between two views: the context view and the focus view.

In practice, an ordinary 2D Hyperbolic Tree Browser is used as a backbone of 

the visualization to view the major part of the hierarchy while an additional ID 

distortion-based Fisheye Menu is used to assist the display of sub-hierarchies that 

contain a large number of leaf vertices. By combining fisheye menu with one of the 

2D visualization, we can take advantages of this distortion-based linear menu for 

presenting and selecting particular data items. These advantages are:

• Fisheye menu can fit large number of data items (leaves of the hierarchy) in 

a predefined fixed sub-window by dynamically adjust the font size. It does 

not require extra display space when the number of items grows. This 

promises the 2D visualization can have more display space for a better 

quality display of context.
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• Using the existing 2D visualization techniques to display a great deal of 

leaves of a certain parent vertex will inevitably cause the problem in 

labeling even if it can display all the vertices in the screen at the same time. 

However, it is easy for fisheye menu to display all the leaves in a small 

window as well as label each leaf with dozens of characters of text.

Particularly, the fusion of ID fisheye menu and 2D hyperbolic tree browser can 

merge the property set of ID fisheye menu {high efficiency of space utilization, 

good labeling} and the property set of 2D hyperbolic tree browser {good 

hierarchical outline, symmetrical layout, scalability}, and get the fused layout 

algorithm that has the property set {high efficiency of space utilization, good 

hierarchical outline, symmetrical layout, scalability, good labeling} which reduces 

the limitations of both component viewing techniques for navigating large 

hierarchical data sets.

The fused viewing technique significantly solves the problem of inefficient use 

of the display space when a user navigates through a portion of the hierarchy that 

contains a large number of leaves. Meanwhile, it can increase the number of visual 

components (vertices and edges) appearing on the screen.

This dual focus+context visualization mechanism can be effectively applied to 

many real world situations. For example, in e-commerce application it’s quite 

possible that a product category (or a sub-category) contains a few hundred 

products (data items). There are also many other examples, such as computer file 

systems, library indices, and organization chats. If we use only one of the existing 

2D distortion techniques, such as HT Browser or Bifocal Viewer [ATS82], to 

display such large number of leaves, the quality of the view will be then reduced 

greatly in terms of display resolution and human comprehension.
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5.2 The Framework of 2+1D Visualization and Navigation

The basic idea of our technique is to fuse a two-dimensional visual viewing 

technique and a one-dimensional visual viewing technique into an efficient visual 

structure for navigating hierarchies or sub-hierarchies that contain a large number 

of leaves. Both ID and 2D visualizations use the distortion-based techniques to 

achieve the context + focus viewing. We use a 2D distortional visualization to 

display and navigate the upper level structure of the hierarchy while a ID 

distortional Fisheye Menu is used to assist the display of some lower level sub

hierarchies that contain a large number of leaf vertices.

In our framework, there are two levels of navigations: a 2D interactive 

visualization is responsible for the navigation of the upper (none leaves) level 

structure of the hierarchies, and a ID interactive visualization is in charge of 

displaying and browsing lower (leaves) level structure of the hierarchies (See 

Figure 5.1).

2D Navigation

ID Navigation

Figure 5.1 Navigation is achieved by the combination of ID and 2D viewing

techniques.

The 2+ID visualization pipeline can be viewed as a series of transformations 

from the relational data to its analytical abstraction (graphs), and then to its 

visualization abstraction (a 2D geometrical layout + several ID lists), and finally to
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its navigate-able views (several fisheye distortions). This visualization pipeline can 

be illustrated as a diagram shown in Figure 5.2.

( Relational Data }

DATA
TRANSFORMATION

VISUALIZATION
TRANSFORMATION

Visualization

VISUAL MAPPING 

TRANSFORMATION

Viewing/Navigation

Users

ID Lists

2D Distortional Views ID Distortional Views

Hierarchies (Graphs)

Figure 5.2 A Framework of 2+1D Visualization Pipeline.

5.3 Technical Detail

We implement the hyperbolic tree primarily according to the technique presented 

in [LR96], For the sake of the habit of user browsing hierarchical structure, we lay 

out all vertices in a canonical direction, e.g. to the right in our example (as shown in 

Figure 5.3). Then, when a vertex is brought to the focus, the display is rotated to 

have its children fan out in the right direction. Figure 5.3 shows the initial display
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of a product catalog with the root vertex placed at the center of the applet and the 

children of the root placed on its right side. Moreover, we use different colors as 

landmarks to present different levels of vertices in the hierarchy. Icons in the first 

column of the control panel displayed on the left corner of the applet are used to 

alter attributes of the layout and display, including the increase/decrease of label 

font size, the increase/decrease of edge length, the change of vertex’s color, the 

snap of vertex outline, the display of more/less vertices.

In our implementation, we still use the hyperbolic tree to display leaf vertices, if 

a sub-category has 15 leaves or less. However, if a sub-category has more than 15 

leaves, we then use red color to highlight the sub-category vertex, without further 

defining and displaying the sub-hierarchy in the 2D space, and use a fisheye menu 

to display and navigate the leaf vertices.

For example, in Figure 5.4 we can see that there are three vertices ‘Beer’, 

‘Mineral Water’ and ‘Vegetables’ highlighted with red color, which means that 

they have more than 15 leaves in their sub-trees. When you want to view the 

children items (leaves) of one of these red sub-category vertices, you need to move 

your mouse point over the vertex and drag the vertex to an appropriate viewing 

position (see Figure 5.5). Then, by clicking the left button of you mouse, a fisheye 

menu displaying all items of the ‘Vegetables’ sub-category in a ID distortional 

menu list pops up (see Figure 5.6).
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Figure 5.3 An initial display of a product catalog using 21DF Browser with all 

children placed on the right side of the root.
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Figure 5.4 Three red vertices ‘Beer’, ‘Mineral Water’ and ‘Vegetables’, 
presenting three sub-categories in the product-catalog and each sub-category 

has more than 15 items.
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Figure 5.5 Drag the vertex ‘Vegetables’ to an appropriate viewing position for 

displaying a fisheye menu that will list all items under the ‘Vegetables’ sub

category in a ID distortional manner.
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Figure 5.6 A popup fisheye menu that displays all items of the ‘Vegetables’ 

sub-category in a distortional list.
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5.3.1 The Linear Distortion Function

The popup fisheye menu applies the traditional fisheye distortion technique to 

linear menus (see figure 5.7). According to [Fur81], the fisheye distortion can be 

straightforward defined as a DOl (Degree Of Interest) function,

That consists of three properties:

1. A focal point: V that is the item of current interest to the user in the menu.

2. The distance between focus and item x:

importance in the whole menu.

Considering the construction of linear distortion menus, we treat the menu items 

with the same importance. Therefore, we use a very simple DOI(x |.) function that 

only includes distance from the focus point to the item x, and ignore the level of 

detail. We begin by defining the menu distance d(x, y) = |x-y| between two items, x 

and y, to be the linear distance in the menu list (note that x and y are sequential 

numbers of the item in the menu list). Thus, the linear fisheye distortion function 

can be naturally defined as following:

where d(., x) = D(., x) . That is, DOI(x\.) at any item, x, is merely the

DOI{x |.) = (LOD(x) - D(.,x)) (3.1)

(3.2)

(negative) of its distance from the focal point.
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Figure 5.7 The fisheye menu.

5.3.2 The Input Parameters

There are two important parameters, the Maximum Font Size and the Focus 

Length, which the user can use to adjust the view of fisheye menu through the 

control panel at the left-top comer of the Applet shown in Figures 5.3, 5.4, 5.5 and 

5.6. The following are value ranges of these parameters:

Maximum Font Size = $ max f O — Smax/ — (3.3)

Focus Length = Lfocus (1 ^ Lfocus < 11) (3.4)
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Icons in the second column of the control panel as shown in Figures 5.3, 5.4, 5.5 

and 5.6 are used for adjusting the values of these parameters. These include the 

increase/decrease of the maximum font size and the increase/decrease of the focus 

length.

The graphical menu window and the display of a list of menu items, as shown in 

Figure 5.7, are computed based on the following variables:

• N: the number of the items to be displayed in the menu. This depends on the 

underlying hierarchical structures. Our solution can display up to 1000 items 

under a particular sub-category. The value range for N is (16 < N < 1000).

• Smmf • smallest font size assigned to the menu items to be displayed in

the menu. The menu system dynamically calculate and adjusts the value of this 

variable from lowest to higher towards the best fitness of the display on the menu 

window. The value range for this variable is (1 < Smin f < Sm.M f).

• S f (x): the actual font size assigned to the menu item x to be displayed in 

the menu. Thus, the font size of each item can be calculated by:

5.3.3 The Menu Calculation

^f f (^rnax/ ’ ^min/ ’ lfocus’ DOI(x | .))

(DOI(x\.) + Lhf>0)

= IS„mf + D01{x|.)+Lhf (-Smmf<DOI(x\.) + Lhf <0)

(D0I(x\.) + Lhf<-Smlnf)

(3.5)
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• LS(x,x + 1): the line space between x item x and item x+1. The line space 

between any pair of items can be calculated by:

LS(x,x + l) = f{Sf(x)) =
| S f (x) x 0.5 

j S f (x) x 0.1

(Sf(x)>Smmf) 

(5/U) = Smin/)

Maximum Line Space = LSmax 

Minimum Line Space = LSmjn

(3.6)

(3.7)

(3.8)

• The menu size H,„and Wm : because the clicked sub-category vertex could

appear at any position in the applet, the display space available for the fisheye 

menu is unpredictable. Therefore, the size the window for popup fisheye menu 

needs to be self-adapted depending on the available display space. We first 

calculate a theoretical height H( of the fisheye menu, that is based on user defined

parameters Smax f and Lfocus.

DOI(x\.) + Lhf=\-S min/
Hc (^max / max ) X ^focus ^ X X (Sf (x ) + L5(jc))

DOI(x\.)+Lhf=-\

+ (^m.n / +^min)X(^”^/0cW. _2X(^max/ ~ Smin f ~ ^))

+ 2 x heightborder

(3.9)

where heightborder is a constant. However, this theoretical height Hc may be in 

excess of the Y coordinator of the applet (the bottom of the applet). Therefore, we 

have to define an actual height Ha , the maximum possible height that we can

assign to the menu. This is normally equal to the distance between the center 

point of clicked vertex and the bottom of the applet.

We then determine the height Hm of the fisheye menu by:
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Ha (Hc>Ha)

Hc (Hc<Ha)
(3.10)

Once the actual height Hm of the menu is determined, we then can work out the

factual maximum font size Srmaxy and focus length ^,focus . Then the width Wm of 

the menu can be calculated by:

Wm = m<xx(stringlength(items[N]))xSrmiiX f + widthborde r (3.11)

where the stringlength(x) function returns a integer number of length of the 

character string x and the widthhorder is constant.

5.3.4 Locality Information with Item Count

The main challenge to the focus+context viewing techniques, including linear 

fisheye menus, is the navigation problem. For instance, how could we quickly find 

out and move to a portion of the menu items that contains information we need in a 

large menu context that may contain up to 1000 items? This is a real challenge to 

the fisheye menu. We believe that the design and display of associated information 

of the visible menu items are important. These associated data often provide users 

with meaningful navigational information that is derived from its position in a 

larger context. It is important to stay oriented that makes it easier for users to target 

the portion of the menu that contains the item for which they are looking, i.e., to 

understand where in the global picture this locality fits.

To achieve this, we provide two types of the position information, the Alphabetic 

Index and the Item Count. We use the same alphabetic index mechanism as used in 

the ordinary fisheye menu proposed by Bederson [BedOO]. This allows users to use
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their alphabetic knowledge jumping to the portion of the menu where they expect 

the item to be.

In addition to the use of alphabetic index, we also display a sequential item 

numbers associated with index letters that indicate the numerical ordering of these 

items in the long list. These numbers also gives you the size information about the 

context (see Figure 5.6). A certain number associated with a particular item 

indicates the ordering information of that item in the entire list. For example, in the 

left side of the menu as shown in Figure 5.7, the string ‘Cl3’ means that the first 

item starting with the letter ‘C’ which is ‘Cabbage’ is the 13th item in the whole 

menu list. Then, you can easily work out the position of the focus item 

‘Cauliflower’ which is equal to 13+3=16. In the same way, we can even quickly 

work out the number of items starting with the letter ‘C’. For the same example, we 

can use two strings ‘C13’ and ‘D34’ to easily calculate the number of items starting 

with ‘C’, which is equal to 34-13=21. For the linear lists, the ordering information 

gives you further accurate perception of the list, not only the actual positions of 

these items, but also the overall figure of the menu list you currently navigate.

5.4 Summary

We have presented a fused visual viewing technique—21DF Browser that 

combines ID visual viewing technique and 2D visual viewing technique in a single 

visualization, for visualizing and navigating hierarchies that contain large number 

of leaves. The visualization uses hyperbolic browser to present the upper level 

structure of the hierarchies, fisheye menus to list the large number of leaf vertices. 

The integration of ID visual viewing method and 2D visual viewing method has 

successfully solved the problems caused by single 2D focus+context visualization 

which does not optimize the use of display space and balance the display areas for 

placing context and focus.

We plan to continue the investigation of combination of the Listings and Outlines 

viewing techniques to visualize and navigate large hierarchical data sets more 

effectively. On the one hand, using Outlines techniques presents the whole structure
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clearly; On the other hand, using Listings techniques displays detailed content 

information.

Furthermore, we will seek other effective fusions of different visual viewing 

techniques.



Chapter 6 Case Study 1: Visualization of 

Outbreak Management System

The analysis of human health data sets is one of the top priority research topic in 

Australia and other countries in the world. To extract unknown patterns underlying 

the huge amount of health data, the discovery of efficient analytical methods is 

crucial. Even if some of them have been visually presented, the traditional 

numerical and statistical methods offer only limited capacities in analyzing the 

health data.

In this chapter, we describe a case study of applying our Marching-Graph 

method as an efficient visual approach to analyze and explore the spatially related 

human health data. Rather than visually presenting statistical results, Marching- 

Graph supports the high interaction of the analysts with a dynamic visualization to 

facilitate analyzing and seeking the unknown information across different 

metaphors.

6.1 Overview

Everyday, a huge amount of medical data that describes the diseases of patients 

is collected. Much of the acquired data is spatially related. By virtue of their spatial 

cognitive abilities, humans are able to navigate through geographic space as well as 

meaningfully communicate spatially related information represented with the 

corresponding geographic map. Therefore, geospatial referencing can provide a 

fundamental mechanism for organizing and integrating this spatially related 

information.

In order to make use of these data and prevent the outbreak of unexpected 

diseases like SARS and bird flu, effective analysis of these data is necessary. The 

current dominant approaches in analyzing spatially related data usually adopt 

quantitative statistical methods, rule induction, artificial neural networks modeling, 

genetic programming methods to find patterns and relationships in data, and then
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use information visualization approaches like color-coding and geometric 

symbolism to visually present these uncovered patterns or statistical results with the 

map. Figure 6.1 shows a screenshot from the TeCoMed visualization system [FS04] 

that uses the icon technique to present the number of incidents of different diseases 

over time on the map. More examples can be found in [FS04, Kou03, KNP*03, 

AA99]. While interactive maps are normally adopted in current applications, the 

uncovered patterns or statistical results are presented statically without interactive 

functions. Moreover, results obtained by using these deductive and statistically 

based approaches usually describe overall region trends, generalized region 

differences.

Figure 6.1 TeCoMed screenshot.

(Source from: Fuchs, Schumann [FS04])

However, as Huber says:” We see more when we interact with the picture - 

especially if it reacts instantaneously -than if we merely watch” [Hub83], the need
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for more flexible and interactive data analysis tools is therefore crucial. If analysts 

are able to change their perspective of the data through selection and transformation, 

then meaningful relationships amongst data are more likely to be revealed. 

Interactive analysis tools allow to discovering overall trends in health data sets 

while also affording an opportunity to discover smaller hidden patterns that can 

often be just as important within an application. Visualizing the correlations and 

associations among health data objects can quickly reveal patterns and trends 

implicit in the data, thus increasing the chances of making discoveries out of the 

information encoded in the data set.

In this chapter, we introduce the application of a fused visualization of health 

information by using Marching-Graph that provides an environment for fast, 

interactive exploration of data coming from outbreak management systems. The 

general power of Marching-Graph lies in the possibilities for the human visual 

pattern recognition ability to identify “often unsuspected kinds of structure”. 

Analysts can use it to find the vulnerability of regions to a certain disease, predict 

and prevent disease outbreak and the like. First, we briefly introduce the outbreak 

management system.

6.2 Outbreak Management Systems

Since the SARS broke out, to capture and manage information associated with 

the investigation and containment of a disease outbreak or public health emergency 

becomes one of the focuses of public health research. Response all over the world 

demonstrates the strong needs to have outbreak management systems with the 

ability to trace people possibly exposed to a person ill with a communicable 

disease, trace exposures to a disease vector including physical locale, or follow 

theoretical paths of conveyance via specific plane flights. These outbreak 

management systems can be used to manage complex relationships, tracks linkages 

and provide public health officials with the ability to know who to investigate, 

manage and either prophylaxis or treat.
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The Outbreak Management System (OMS) developed by CDC1 is one of the 

typical systems that can be used to efficiently track the contact trace. OMS is a 

functional component of the Public Health Information Network (PHIN) that is 

CDC’s vision for advancing fully capable and interoperable information systems in 

the many organizations that participate in public health. OMS includes relational 

capabilities and processing functions that support contact tracing, specimen 

accessioning and the ability to link epidemiological clinical and laboratory data. In 

addition, it supports a variety of data forms corresponding to known diseases, 

syndromes and non-disease events. It also provides pre-developed reporting and 

analysis to assist a variety of users.

Due to the main aim of outbreak management systems is to support the needs of 

investigation, monitoring, management, analysis, and reporting of outbreak and 

other health events or act of bio-terrorism, they should aid in the collection and 

analysis of data to support identifying and containing the health event. Therefore, a 

major need in an outbreak management is to establish and maintain data linkages, 

such as person to person contacts, animal contact, person to place, or environmental 

exposures. Generally, there are two main kinds of data involved in outbreak 

management systems. They are Entity data and Action data respectively. Entity 

data includes entities that are any beings or objects involved in a health event. 

Entities may be further classified as a person, organization, location, animal, object, 

conveyance, event, or other organism. Action data is those that describe the 

activities, such as contact, travel, treatment and test, which happen on or between 

entities. For example, a travel action data can provide the information that indicates 

the entities involved in an event traveled to a location or multiple locations, and 

conveyance data describes the vehicle in which the travel occurred. Action data 

actually provides the linkages or relationships between entities. Complex relational 

structures consist of these Entity data and Action data.

While a variety of reports, views, statistics diagrams and charts are provided as

The Centers for Disease Control and Prevention (CDC) is one of the 13 major operating 

components of the Department of Health and Human Services (HHS) in USA.
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their analysis tools in outbreak management systems, an interactively graphic tool 

that presents the complex relational structures as well as maps is untouched yet. In 

the following section, we elaborate our Marching-Graph being used in outbreak 

management systems for dynamic visualization of complex relational structures 

with spatial reference frame.

6.3 The Implementation

In this study, we concentrate only on the discussion of interactively visualizing 

the data of outbreak management systems, rather than the other components of the 

process.

The visualization process consists of two visual metaphors (spatial metaphor and 

graph metaphor) and five steps (graph generation, geometrical layout, data 

filtering, graphic display and navigation).

> Spatial metaphor: According to the spatial information included in the 

outbreak management data, we extract essential geographic information from 
correspondingly existing map and filter large amount of irrelevant data to form 
a preliminary thematic map that will be used for spatial frame. This spatial 
frame will be visually presented through spatial metaphor.

> Graph generation: is the process of extracting relational structures from the 

outbreak management data. These relational structures will be visually 

presented through graph metaphor.

> Geometrical layout: is a graph drawing process that was introduced in 

Chapter 3.

> Data filtering: is a process to restrict the appearance of less important nodes 

and edges, by adopting an adjustable threshold to control the number of the 

visible nodes. The size of a circular region C(Gj) assigned for displaying graph
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Gi is very limited. If G, contains a large number of vertices, we use an 

exploratory concept [HEW98] to dynamically display a sequence of focus sub

graphs to present G, comprehensively.

> Graphic display: is a process to assign a set of rich graphical attributes, 

such as shapes, colors, size, thickness, brightness, z-coordinator, icon styles, to 

the drawings (See chapter 3 for a full definition).

Particularly, the graphical attributes are mapped to the outbreak management 

entity data as follows in our implementation (see Figure 6.2):

• Vertex Shape: represents the types of entity data. For instance, we use 

rectangle to stand for infected and infectious people, oval to stand for 

hotel, triangle to stand for hospital, circle to stand for flight and 

diamond to stand for animals and so on. Since there are many different 

types of entities in the outbreak management, we alternatively provide 

iconic visualization to represent these entities (see Figure 6.3). The 

iconic symbolization can greatly improve analysts’ perception of 

entities because of its relation to the real objects.

• Vertex Color: are used to distinguish the roles within the same type of 

entities. For example, the white rectangle is used to stand for the health 

care worker, while the light gray rectangle is used to stand for the 

people who are not health care workers. Especially, the rectangle with 

magenta background stands for the first suspect case.

• Vertex Size: are used to represent the extent impacted by a certain 

entity. Larger the vertex is, greater the impact of this entity is.

> Navigation: a series of interactions allowing users to “march” through the 

spatial map by changing the focus region and the display of its corresponding 

graph (See chapter 3 for a full definition).

Since we provide the communication between the spatial frame and graphs, 

when analysts navigate a graph and focus on a certain entity, all the other 

regions in which this entity is involved will be highlighted. For example, when



Chapter 6 Visualization of Outbreak Management System 101

the user navigates the chain of transmission among people and animals in 

Nevada (see Figure 6.2) and puts the focus on the flight “F01”, then the vertex 

“F01" moves to the center of the graph and is highlighted with red color. 

Meanwhile, the other two regions Georgia and New York by which flight 

“F01" has passed are highlighted with green color (see Figure 6.4). Then, the 

user can follow this indication to move his/her attention to the state of New 

York and to see how flight “F01" brings impact to this area (see Figure 6.5). 

This mechanism significantly facilitates analysts to follow the chain of 

transmission across different regions in the spatial frame.

6.4 Experience

Suppose that, there is a suspect and probable ill person “P01” reported in 

Nevada. In order to prevent the disease from spreading, the analyst needs to grasp 

the possible transmission by “P01”. By using Marching-Graph, the analyst puts his 

focus on the state of Nevada, and pops up the corresponding graph (see Figure 6.2). 

S/he can see that “P01” is highlighted with magenta. “P05” and “P06” contacted 

with “POr. “P01” has visited hotel “HT1” from which “P02”, “P03” and “P04” 

were infected. “P08”, “P09”, “P10” and “PI 1” were infected, because they took the 

same flight “F01” with “P01”. Then, these objects that were infected by “P01” 

continued to transmit to other objects in the same region. In addition, suspect cases 

are linked primanly to areas with ongoing transmission. If there are some cases 

reported from New York, the analyst could clearly find that the flight “F01” has 

transmitted the disease to this area when s/he investigates the popup graph related 

to New York (see Figure 6.5).

6.5 Summary

The international spread of disease underscores the need for strong global public 

health systems. Outbreak management systems are these kinds of systems of 

surveillance for global infectious diseases. We applied Marching-Graph in these 

outbreak management systems, facilitating analysts to track the transmission chain,
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to find the possible transmission way, to predict and prevent the spread of disease. 

Marching-Graph achieves that by using graph metaphors that show some logical 

relationships, discovered by some data mining techniques. Then the user would be 

able to see not only the spatially related data, but also the logical relationships of 

different levels. Furthermore, we plan to integrate the temporal attribute into our 

system.
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Figure 6.2 Chain of disease transmissions among people and animals at hotels

(or hospitals) in Nevada.
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Figure 6.3 Chain of disease transmissions presented by iconic visualization.
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Figure 6.4 When flight “F01” is focused, all the other regions by which “F01”

has passed are highlighted as well.
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Figure 6.5 Chain of disease transmissions among people and animals at hotels 

(or hospitals) in New York. Flight “F01” is involved in this chain.



Chapter 7 Case Study 2: Navigate Book 

Catalogs Using 21DF Browser

Due to the fast growth of Internet and its applications, more and more people are 

being involved in the Internet Commerce (or e-commerce) in which buyers and 

sellers trade electronically. However, in the current state of e-commerce, most of 

the researchers’ attentions are focusing on the application of existing IT 

technologies in the design of e-commerce systems. In the user interface design, they 

normally just apply the textual-dialogue model or existing visualization methods. 

They have paid less concern about the efficiency of navigation scheme for product 

retrieval. In this chapter, we describe the use of our fused viewing technique 21DF 

Browser for navigating online product catalogs. This fused focus+context 

mechanism could effectively address the problem of displaying a large number of 

leaves under a particular parent vertex in product catalogs.

7.1 Navigation of Online Product Catalogs

Over the past few years, e-commerce on the Internet has emerged as a dramatic 

new mode of business [Bak98]. The core of an electronic merchant’s content is the 

online product catalog, which typically includes such information as product 

descriptions, prices, availability, and other details. It provides sellers with a content 

management system that stores, indexes, aggregates, normalizes, and distributes 

product information. It also provides potential buyers with an interactive interface 

that offers a multimedia representation of the product information as well as 

classification and navigation services.

Many research works have been done for both aspects of online product catalogs. 

For content management, a number of commercial products have been developed, 

such as Interwoven, Poet Software and Vignette [NeuOO], and are used by many e- 

commerce web sites. For catalog interfaces, various methods supporting product
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search and navigation have been developed [Sto99J. These product information 

navigation methods are sometimes referred to as shopping metaphors. The usability 

of several product selection mechanisms was studied in [Sto99, CK00]. In addition, 

the impact of different shopping metaphors on the effectiveness of online stores in 

terms of click-through and conversion rates was analyzed in [LP00, LPS*01],

GROCERY
—.................................. 1
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Departments

Fruit St Veg
Delicatessen
Meat & Poultry
Bakery
Groceries 1
Groceries 2
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Frozen
Baby Needs
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Lollies, snacks 
Cigarettes 
Pet products 
Household

® Search by Product

wm 'ZF'4'x*
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Product Pi ice OTY &
D/farmers Farmers Best 11t $2.00 ed ESI

D/farmers Farmers Best 2lt $3.66 ed Egg

D/farmers MilkF/cream 11t $1.65 ed Egg

D/farmers Milk Lite White 11t $2.00 m Egg

D/farmers Milk Shape 11t $2.00 ed Egg

D/farmers Milk Skim 11t $2.00 ED Egg

Dairy Farmers Buttermilk 600ml $1 85 ED Egg

Daily Farmers Milk Full Cream 2lt $2 69 ED Egg

Dairy Farmers Milk Full Cream 3lt $4.55 CD Egg

Dairy Farmers Milk Full Cream 300ml $0 77 ED m
Dairy Farmers Milk Full Cream 600ml $1.23 CD Egg;

Dairy Farmers Milk Lite White 2lt $3.66 ed ESI

Figure 7.1 Grocery express - A traditional online product catalog for online e- 

conimerce that provides buyers with a series of textual lists placed in separate 

pages for navigation. (Source from: www.groceryexpress.com.au visited by 

10/02/2004)

While these product catalogs can effectively assist the sellers/buyers in 

managing, searching and accessing product information through the World Wide 

Web, they usually do not provide a 2D graphic user interface that gives buyers a 

sense of information “space”. Typical online product catalogs are comprised of a 

series of textual product list pages and separate Web pages that provide information 

about one or more on sale products (see Figure 7.1). As a result, shoppers normally
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need to browse multiple product pages in order to accumulate information about 

one or more products of interest when s/he is exploring a large product hierarchy. 

The buyer has to click through many pages to move down/up the product hierarchy 

to find appropriate products s/he needs. The scenario always happens that a buyer 

develops a cramp in her/his hand and although s/he still has a few more pages of 

items to look at, s/he decides to just buy one of the items s/he has already written 

down. Her/His mood at the ending of her/his shopping experience could be 

described as somewhat frustrated. Thus, the entire structure of the product 

hierarchy is split into many small pieces and it is very difficult for buyers to 

perceive the overall structure of the product hierarchy by reading these textual lists. 

In fact, the efficiency of this navigation mechanism in terms of click-through and 

human cognition is lower.

We can see from above, an online product catalog interface that facilitates 

efficient navigation of the product information space can help increase traffic to the 

site. It was reported that navigation problems are the second most cited reason for 

not shopping online (after security concerns) [MMS98], Online catalog interfaces 

should allow rational buyers a high level of analyzability by providing the ability to 

easily navigate through the product information space and locate information of 

interest. In recent years, some techniques of information visualization have been 

introduced into this area [HZ02, LLW01]. These techniques attempted to provide 

users with a friendly 2D interaction space that could give users an overall view of 

product hierarchies for the navigation of product catalogs and reduce the cognition 

overhead for understanding the structure. A typical example of such techniques is 

Hyperbolic Tree Browser developed by Inxight Co. and Xerox PARC (see Figure 

7.2).

While these techniques effectively deal with catalogs of moderately large size, 

they usually do not consider the issue of displaying large number of items under a 

particular parent vertex for many real online product catalogs such as grocery and 

books.
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Figure 7.2 A Product Catalog Produced by Hyperbolic Tree Browser 

developed by Inxight Co. and Xerox PARC.

(Source from: Inxight Software Inc.)

This chapter, we describes using our multi-level focus+context technique 2IDF 

Browser to replace the traditional text-based interface (see Figure 7.3) for 

navigating online book catalogs. The dual focus+context visualization mechanism 

in 21DF Browser can effectively address the problem of display large number of 

items under a particular parent vertex in book catalogs.
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Figure 7.3 Amazon.com, Online Shopping for Books.

(Source from: www.amazon.com visited by 15/03/2006)

7.2 The Framework of 2+1D Visual Bookstore

The Visual Book Store consists of several components. These components and 

the relationships among them can be illustrated in Figure 7.4; Details are explained 

below:

• Visual Browser:

An interactively visual presentation that automatically displays a sequence of 

the subsets of book catalogs following the buyers’ orientation. The data of 

bookstore undergoes a series of transformations from its analytical abstraction 

(graphs) to its visualization abstraction (a 2D geometrical layout + several ID 

lists), and then to its navigate-able views (several fisheye distortions), which 

are finally presented to the buyers. In our framework, there are two levels of 

navigation: a 2D hyperbolic browser is responsible for the navigation of the 

upper (none leaves) level structure of the hierarchies, and ID fisheye menus
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are in charge of displaying and browsing large number of lower (leaves) level 

items of the hierarchies.

Visual BookstoreDatabase Buyers

Book Catalog 
Data

Transformation

Navigate
Book

Catalog

Book IDs

Choose
QuantityBook

Selection
Book
Data

Retrieval Remove
Items

Checkout

Modify
Stock Fill in

Delivery
DetailsOnline

Payment

1D Lists2D Layouts

2D Distortional Views1 D Distortional Views

Hierarchies (Graphs)

Purchase
Confirmation

Shopping
Virtual

Book
Detail

Display

Bookstore
Database

Visualization

Visual Browser

Viewing/Navigation

Figure 7.4 The Framework of 2+1D Visual Bookstore.

• Bookstore Database:

A relational database used to store book information, including all data fields 

and attributes associated with a particular book that is available for sale in the 

online shop.
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• Book Detail Display:

A web page generated on the server side by a scripting language (we use a PHP 

script in our implementation). It retrieves the appropriate book entries from the 

database table in corresponding to the mouse-click on a particular leaf vertex or 

menu item in the 2IDF Browser. It then displays the attributes of the selected 

books on the page. Each book displayed has an associated “Add” button and an 

associated “Quantity” text field. The “Quantity” field allows buyers to fill in 

the number of books they want to purchase, while the “Add” allows buyers to 

add selected book to the virtual shopping cart.

• Virtual Shopping Cart:

The core element of the shopping-cart model of e-commerce that could be 

written in one of the server-side scripts, such as PHP, ASP or JSP. This 

shopping cart is responsible for controlling the buyer’s selection of books and 

the checkout operation. It shows how many books are already chosen and the 

total value of the chosen books in the cart so far.

• Purchase Confirmation:

This component displays a purchase form asking buyers to fill in their delivery 

details (including name, address, suburb, state, country and email address). All 

these fields must be completed for the order to go ahead. The user completes 

the transaction by clicking on a button labeled “Purchase”. The details of the 

order are sent via email to the email address given on the form. It then retrieves 

the book database, recalculate the book stock and modify the in-stock field of 

those relevant book entries.

• Online Payments:

Many existing online payment systems are available, and implementation for 

each one is different. In this framework, we use a dummy function that can be 

replaced with an interface to the chosen online payment system.
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7.3 The Implementation of Online Bookstore

In this implementation, we are designing an online bookstore for University Co

operative Bookshop Limited of University of Technology, Sydney. We use visual 

one-page catalog interactive interface for online book catalogs. It facilitates 

navigation of the book hierarchy and analysis of individual books. First, it presents 

the entire catalog of offered books in a single web page. This compact display 

makes it easy to navigate through the book space and compare different books.

The layout of browser window (main page) is divided into three frames, the Left 

Hand Frame, the Top Right Hand Frame and the Bottom Right Hand Frame, as 

shown in Figure 7.5.

UTS Online
University Co-operative Bookshop Limited

Please choose suhcategoiies from below 21DF Biowsei ami select hooks 
fiom the to|> ihjlit hand fiame.

AF

B Kaufman

‘ L u Kenyon 
■ s n Kesey 
^W?4 Kingsolver

Lists

Best Editors'

ABOUT US

The Company

The Co-op Bookshop was established by students in 1968 at the Univetsity of 
Sydney and has grown to become the largest provider of educational, 
professional and lifelong learning resources in Australia With over 40 branches 
across Australia, numerous additional services and close to one million 
members, the Co-op is more than just a bookshop

The Co-op's 'not foi piofit'status

The Co-op is proud to be registered under the MSW Co-operatives Act 1992 fthe 
Act), which means

. Profits are returned to our members through discounts and services 

. Every active member otthe Co-op is a shareholder and is eligible to vote 
at general meetings and, subject to the Act and the rules of the Co-op,

YOUR SHOPPING CART

There is no item in the cart

Figure 7.5 The layout of the online bookstore window.

The Left Hand Frame displays the 2IDF Browser that shows a category 

hierarchy of books available in the shop.

The Top Right Hand Frame displays a web page generated on the server side by 

a PHP script. It retrieves the appropriate book entries from the MySQL book tables
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and then displays selected attributes of the books. Each book displayed has an 

“Add" button that is used to add the selected book to the buyer’s virtual shopping 

cart, which is displayed in the Bottom Right Hand Frame.

The Virtual Shopping Cart shows the buyer how many books are already chosen 

and the total value of their selections so far. Buyers can empty the shopping cart 

(i.e. clear all selections made so far) by clicking on a “Clear” button. Buyers can 

also complete their shopping session by clicking on a button labeled “Checkout”. 

When the Checkout button is clicked, the system checks that the buyer actually has 

books in the shopping cart. If so, it executes a PHP script whose results are shown 

in the Top Right Hand Frame. Finally, it is the Checkout component to deal with 

the remainder purchase transaction.

7.4 21DF Browser for Navigating Online Book Catalogs

2IDF Browser is used to present the book catalogs rather than the book details. 

Since the book catalogs always contain some sub-catalogs that have a lot of 

branches or items, 2 IDF Browser provides a multi-dimensional interactive interface 

that allows buyers to visually navigate and manipulate such kind of hierarchies. The 

2D hyperbolic tree is used to display the main structure of the hierarchy, which 

makes users obtain the overall structure of book catalogs. While ID fisheye menus 

are used for presenting the content of the sub-catalogs that contain a large number 

of branches. Both ID and 2D visualizations use a distortion-based technique to 

achieve the context + focus viewing that can take advantage of geometric space 

efficiently. 2IDF Browser presents the book catalogs visually within one page. 

Thus, it only requires a low rate of click-through and drag operations for the 

navigation and allows users to explore the entire hierarchy quickly by moving 

around the sub-hierarchies. Moreover, it makes navigators see directly the parent- 

child relationships in the book catalogs by using graphic interface. The above 

features of 2IDF Browser make it a readable, understandable and comprehensive 

interface for presenting online book catalogs. It can reduce the users’ cognition
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overhead for understanding the structure and make them shop online easily and 

enjoy ably.

Figure 7.6 is the initial display of the book catalog with the root vertex “UTS Co

op1' placed at the center of the plane and the children of the root fanned out in its 

right side. Different colors are used to clearly distinguish the different levels of 

vertices in the hierarchy. If you want to display more vertices of lower level, you 

can click the seventh icon in the first column of the control panel displayed on the 

left comer of the browser. Figure 7.7 shows the display that makes more vertices of 

second level visible after the seventh icon is clicked once. The other icons that are 

used to alter the attributes of layout and display in the first column include the 

increase of label font size, decrease of label font size, increase of edge length, 

decrease of edge length, change of vertex’s color, toggling vertex outline, and 

display of less vertices.

In our implementation, we use the hyperbolic tree to navigate the main structure 

of book catalog. However, you will find that some sub-category vertices are 

highlighted with red color, which means that there are no less than 15 leaf items 

under this sub-category. We do not display the children of this kind of sub

categories in the hyperbolic tree, but use fisheye menus to display and navigate the 

leaf items. For example, in Figure 7.8, we can see that there are two vertices 

‘Authors’, ‘Nobel’ highlighted with red color. When you want to view the children 

items of vertex “Authors”, you need to move your mouse point over the vertex and 

drag vertex “Authors” to an appropriate viewing position, and then click the left 

button to popup a fisheye menu displaying all items of the ‘Authors’ sub-category 

(shown in Figure 7.9). If you click on the item “Liberty”, then the detail of 

computer book “Programming C#: Building .NET Applications with C#” that is 

written by author Liberty, Jesse will be displayed in the Top Right Hand Frame.

Fisheye menu can be used to display all kinds of lists, including book, author, 

country, year and the forth. For example, if you are looking for the books written by 

the 1991 Nobel award winner. Then you can go down through the path “UTS Co

op”, “Great Lists”, “Award Winners” to get to the sub-category “Nobel”, which 

lists all the winners by year from 1901 to 2005. From popup fisheye menu of
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“Noble”, you then move to 1991 and click it (see Figure 7.10). All the books that 

written by 1991 Nobel winner Nadine Gordimer of South Africa, including “July's 

People”, “Six Feet of the Country”, “Telling Tales” etc., are displayed in the Top 

Right Hand Frame.

In Fisheye menu, we use the Alphabetic Index and the Item Count to help people 

target the portion that contains the item for which they are looking. If you would 

like to buy Russian literature, you need to find the “Foreign Language” sub

category that is under the path of “UTS Co-op”/ “Fiction”/ “Literature”. After you 

popup the fisheye menu of “Foreign Language”, you can use your alphabetic 

knowledge to move the cursor directly to “R29” that is in the left side of the menu. 

Then, “Romanian” that is the first item starting with the letter ‘R’ enters into focus. 

“Russian” is just under it (see Figure 7.11). Therefore, you can quickly position the 

item for which you are looking in the long list. The sequential number 29 

associated with index letter “R” indicates that “Romanian” is the 29th item in the 

whole menu.

From Figure 7.9, 7.10, 7.11, we can observe that 21DF Browser can save more 

space for displaying the context information when fisheye menu is used to view the 

long list children of sub-categories.
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Figure 7.6 An initial display of book catalog using 21DF Browser with all 

children placed on the right side of the root.
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7.5 Summary

Regardless of the specific business model (e.g., online retailers or marketplaces), 

an online shopper must somehow navigate through a product catalog to find the 

product s/he wants before actually purchasing or bidding for a product. Therefore, 

online product catalog interface that facilitates potential buyers to navigate products 

efficiently is essential for e-commerce. When you design an online product catalog 

interface, you should consider the following questions: How easy is it for shoppers 

to find what they are looking for? Is the catalog designed with an easy-to-use user 

interface that visitors can easily navigate and understand? How many clicks does it 

take to get to a specific product?

We used our 21DF Browser for viewing online book catalogs. It provides users 

with a multi-dimensional interactive space allowing buyers to visually navigate and 

manipulate the book hierarchies that contain large number of leaves. It presents the 

book catalogs visually within one page. The overall structure of book hierarchies 

can be retained when users search for particular books. This navigation mechanism 

only requires a low rate of click-through and drag operations for the navigation, as 

the navigational structure of the book category was presented within one page. The 

parent-child relationships in the book hierarchies were presented by graphic 

interface that the navigator can see directly. All these make people shopping online 

easily and enjoyably.

However, this is just a beginning and there are a lot of research works in the 

future. We are interested in investigating other visualization methods that could be 

more appropriate to be applied in the fields of e-commerce.



Chapter 8 Conclusions and Future Work

We have presented the concept and all the details of our fused visualization and 

illustrated two case studies that apply this method to two real situations. In this 

chapter, we will summarize the major research outcomes and the thesis 

contributions made to the theme of information visualization. We will also discuss 

the directions of future work and the ongoing usability studies.

8.1 Conclusions

A good steering of visualization can tremendously assist people in gaining 

insights into information more deeply and quickly. In the last fifteen years, 

information visualization has been successfully applied to a wide variety of fields 

including finance, biochemistry, anti-terrorism, transportation, disease controlling 

and so on.

However, when the complexity of information has been increasing tremendously, 

the existing information visualization techniques are no longer adequate to deal 

with the representation and comprehension of today’s manifold data sets. In this 

thesis, we proposed the fused method that attempts to handle the data complexity 

by combining multiple existing visualization techniques in a single visualization. 

We endeavor to take the advantages and reduce the weaknesses of existing 

techniques by using the fused method. Particularly, we have achieved fused 

visualization at the different stages of Analytical Information Visualization.

8.1.1 A Fusion of Two Visual Metaphors

In chapter 3, we proposed a fused visualization model called Marching-Graph 

that combines the spatial metaphor and the graph metaphor in a single visualization. 

Rather than presenting known facts onto maps, this fused visualization support high 

interaction of the analysts with maps to facilitate analyzing and seeking the 

undiscovered information across different metaphors. Users can dig into a series of
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relational structures presented by graphs G], Ci2,...,Gn to find out underlying 

patterns when they march through the whole geospatial map. Moreover, we provide 

three types of navigation mechanisms that allow users to freely navigate through 

the complex information space across two visual metaphors. Marching-Graph can 

be widely used to the knowledge discovery of spatially related data.

8.1.2 A Fusion of Two Layout Algorithms

In chapter 4, we proposed a fusion of two layout algorithms to address the 

computational geometry problem of force-directed algorithms. Particularly, we 

integrated radial drawing algorithm into traditional force-directed algorithm to get a 

Fast convergence layout algorithm that can produce fast convergence and 

predictable force-directed graph layouts. Using radial drawing algorithm can 

quickly produce an initial layout in which the vertices are evenly distributed. This 

evenly distributed layout features comparatively balanced local forces. After that, 

imposing force-directed algorithm on this initial layout can reach equilibrium 

configuration of forces with much less iterations, benefiting from the feature of the 

initial layout. Therefore, fusing these two visualization algorithms together gets a 

better performance method than using a force-directed algorithm individually.

The outcomes of experimental evaluation shows that our new fast convergence 

layout algorithm improves significantly in terms of the convergence time and 

predictability against the other traditional force-directed methods in which the 

initial positions of vertices are defined either randomly or at the center of the 

display medium. With the fast convergence layout algorithm, we can take the 

advantages of force-directed algorithm and use it to draw a series of graphs Gy, G2, 

... G„ with very quick response.
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8.1.3 A Fusion of Two Visual Viewing Techniques

In chapter 5, we have presented a new visual viewing method—21DF Browser 

that combines ID visual viewing method and 2D visual viewing method in a single 

visualization. The combination of ID visual viewing method and 2D visual viewing 

method can successfully solved the problems caused by a single 2D focus + context 

visualization which usually does not optimize the use of display space and balance 

the display areas for placing context and focus.

2IDF Browser takes advantage of both the Listings and the Outlines techniques 

to more effectively visualize and navigate large hierarchical data sets that contain 

large number of leaves. In 21DF Browser, the whole structure is presented clearly 

by using the Outlines technique, while the Listings technique is used to display 

detailed content information.

Particularly, the fused visualization uses hyperbolic browser to present the upper 

level structure of the hierarchies, and fisheye menus to list the large number of leaf 

vertices. Fisheye menu can fit large number of data items in a predefined fixed sub

window by dynamically adjust the font size. This promises the 2D hyperbolic 

browser can have more display space for a better quality display of context. 

Moreover, it is easy for fisheye menu to display all the items in a small window as 

well as label each item with dozens of characters of text.

8.2 Future Work

In order to fuse different visual metaphors, geometric layout algorithms, and 

visual viewing techniques successfully, a key effort should be dedicated to examine 

the strengths and weaknesses of a variety of metaphors, layout algorithms, and 

viewing techniques. Sequentially, we can investigate the ways to make use of their 

respective advantages and minimize their limitations through their mutual 

complementation. Therefore, our following research work is to evaluate different 

kinds of visualization techniques and find out their advantages and disadvantages.
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The visual components that constitute the fused visualization have been proven 

quality and widely used in a variety of applications. Therefore, we do not need to 

evaluate these components any more. It will save us a lot of time and energy. 

However, whether the fused visualization as an integral is effective and quality for 

users to explore and analyze complex information has not yet been proven through 

extensive use. We will perform some usability tests to evaluate our fused 

visualizations in the following research. The tests will compare our fused 

visualizations with the other methods against the efficiency of space utilization, the 

smoothness of navigation, the minimization of cognitive cost and other human 

perception aspects. The initial schemes of the usability studies are described below.

8.2.1 Usability Study Scheme - Marching-Graph

8.2.1.1 The Systems to be Compared

This study evaluates the following two systems:

1) Marching-Graph

2) Geospatial system with map and relational structure displayed at separated 

windows

8.2.1.2 Evaluating Criteria

> Cost of cognition: this indicates how easily a user can recognize a pattern 

associated with a certain geographic region.

> Ease of navigation: this is used to show how fast and effectively a user 

navigates through and across the different metaphors.

> Preference of Users: this is the user chosen preference of the two systems.

8.2.1.3 Experimental Set-Up

Two systems are written in Java. Both are run on a Pentium laptop computer 

with 256MB of memory and 1024 X 768 display resolution. Subjects interact with 

the computer using an external mouse. The keyboard is not used.
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8.2.1.4 Participants

P Non-expert participants: selected from computer science and engineering 

students at our university (from first year to graduate level). Participants 

have varied levels of experience with computer. They are not or slightly 

familiar with information visualization and human computer interface.

> Expert participants: selected from research students and teachers who are 

familiar with either information visualization or human computer interface.

8.2.1.5 Tasks

We define the following tasks against the above evaluating criteria.

> Find out the relationships: given an item and a geographic region, 

participants are asked to find out the parent and children of this given item in 

the specified region.

> Find out the similarities: given two geographic regions, participants need to 

find out the similarities of the relational structures associated with these two 

regions.

y Find out the regions: given an item, participants are expected to find out all 

the regions with which the relational structures that contain this item 

associated.

8.2.1.6 Procedure

> All the widows of these systems have size of 800 X 600 pixels.

> Participants review instructions that explain the systems and tasks, and are 

trained by given examples.

P Two spatially related data sets are used in this evaluation.

x The two systems are assigned to participants randomly.

P For each system, a data set is randomly selected on each task.

P After the experiment is finished, participants fill out a post-trial 

questionnaire and give comments on the systems and experiment.
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8.2.1.7 Questionnaires

> Which system do you think is the easiest or hardest one to be used to find 

out the underlying patterns among the spatially related data?

> Which system do you think is the best or worst to understand the spatially 

related data?

> Which system do you prefer to use for navigating spatially related data?

8.2.1.8 Measurement

For each trial, the computer records the subject’s response and start and end 

times. Total time and accuracy will be computed after the experiment. Subjects 

interact with the computer using an external mouse. The keyboard is not used.

8.2.1.9 Result

The result will be analyzed using classic statistical techniques, such as analysis 

of variance (ANOVA) [FF00] and Bonferroni test [Hoc88J. These techniques are 

common ways to compare more than two means without increasing the probability 

of reaching the wrong conclusion.

8.2.2 Usability Study Scheme - 21DF Browser

8.2.2.1 The Displays to be Compared

This study evaluates the following three types of displays:

1) 2IDF Browser

2) Hyperbolic Tree Browser

3) Normal web page lists

8.2.2.2 Evaluating Criteria

> Efficiency of space utilization: this indicates how efficiently a display uses 

the space to present the same hierarchy.
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> Cost of cognition: this indicates how easily a user can find a particular item 

in the whole hierarchy.

> Ease of understanding: this is used to show how well a user grasps the 

hierarchical structure.

> Preference of Users: this is the user chosen preference of the three displays.

8.2.2.3 Experimental Set-Up

2IDF Browser and Hyperbolic Tree Browser are written in Java and Normal web 

page list is designed by HTML and PHP. All these are run on a Pentium laptop 

computer with 256MB of memory and 1024 X 768 display resolution. Subjects 

interact with the computer using an external mouse. The keyboard is not used.

8.2.2.4 Participants

> Non-expert participants: selected from computer science and engineering 

students at our university (from first year to graduate level). Participants 

have varied levels of experience with computer. They are not or slightly 

familiar with information visualization and human computer interface.

> Expert participants: selected from research students and teachers who are 

familiar with either information visualization or human computer interface.

8.2.2.5 Tasks

We define the following tasks against the above evaluating criteria.

> Position a given item: participants need to find out the given item in the 

whole hierarchy.

> Find out the path: given an item, participants need to find out the path from 

the root to this given item.

> Calculate the number of children: given a sub-category, participants are 

expected to calculate the number of children under it.

> Find out the level: given an item, participants need to indicate at which level 

the item locates.
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5.2.2.6 Procedure

> The layout of browser window adopts the three frames structure introduced 

in section 5.3. All the displays to be evaluated are contained in the Left Hand 

Frame.

> All the displays have size of 600 X 600 pixels.

> Participants review instructions that explain the displays and tasks, and are 

trained by given examples.

> Six hierarchical data sets are used in this evaluation.

> The three displays are assigned to participants randomly.

> For each display, two hierarchical data are randomly selected on each task.

> After the experiment is finished, participants fill out a post-trial 

questionnaire and give comments on the displays and experiment.

8.2.2.7 Questionnaires

> Which display do you think utilizes the space most or least efficiently?

> Which display do you think is the easiest or hardest one to be used to find 

out a particular item in the whole hierarchy?

> Which display do you think is the best or worst to understand the hierarchy?

> Which display do you prefer to use for navigating hierarchy?

8.2.2.8 Measurement

For each trial, the computer records the subject’s response and start and end 

times. Total time and accuracy will be computed after the experiment. Post-trial 

questionnaire will be analyzed.

5.2.2.9 Result

The result will also be analyzed using classic statistical techniques, such as 

analysis of variance (ANOVA) [FF00] and Bonferroni test [Hoc88].
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