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Motivation

Information Visualization attempts to visualize a wider
spectrum of data types than Scientific Visualization. The
latter mainly focuses on so-called physical data. In many
cases, the nature of the data implies a certain type of
visualization. However, Information Visualization attempts
to help users form a mental image about data that has no
physical placement. Information has no innate shape and
color, so its visualization has a purely abstract character.
Information Visualization covers areas, such as visual
reasoning, visual data modeling, visual programming,
visual information retrieval and browsing, and spatial
reasoning.
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Data types

File systems, internet connections, network of streets, and
communications systems are examples of connected structures
which can be modeled using a graph of different specializations. The

most common types of graphs are:

Undirected graph: this is a tuple G={V,E} with a set of nodes V={v,,...,v.}
and a set of edges E={(v;,vj)}HA(v;,v)|Lj=1,...,n,; i#]}. Often times, there
are more data elements attached to the edges.

Directed graph: this is again a tuple G={V,E} with V={v,,...,v,} and
E=VxV. Again, additional data can be attached to the edges.

Trees: a tree is a graph without any cycles.

Multigraph: both directed and undirected graphs allow the presence of
multiple edges connecting the same nodes. These graphs are called

multigraphs.
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These data types occur frequently. A simple example is

the directory hierarchy on a hard drive. Typical questions
are:

Where am |?
Where is the file I am looking for?

Other typical applications are:
Organization chart at a hospital
Taxonomy of biological species
Evolutionary trees
Molecular and genetic charts
Phylogenic trees
Biochemical reaction paths
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Besides the type of graph (tree, acyclic directed graph,
arbitrary directed graph, undirected graph, multigraph)

the size of the graph (number of nodes and edges) is a
key point in the visualization.

A user is usually not able to comprehend large graphs
from a single image. The visualization then only shows
the complexity of the graph.

From a certain size on, there are no suitable layout
algorithms anymore simply because there is not enough
space on the screen. Hence, we need to reduce the
complexity first.

WRIGHT STATE Department of Computer Science and Engineering 75



7 Information Visualization

Information Visualization

Graph drawing
The basic problem of graph drawing can be described easily:

Problem: Let a set of nodes and a set of edges be given. Compute
the positions for the nodes and the curves representing the edges.

It is not easily explained what a good layout is. Battista at al. [IEEE
TVCG 6(1): 24~ , G. Di battista, P. Eades, R. Tamassia, and I. G. Tollis, ,,Algorithms
for Drawing Graphs: An Annotated Bibliograph®, Geometry: Theory and Applications,

vol. 4, no. 5, pp. 235-282, 1994] list hundreds of papers devoted to this
Issue. The difficulty is to define properties of the graph and classify
the layouts. A typical property of a graph is being planar. Hence, we
need a fast algorithm which can check that property. For an
undirected graph a complexity of O(n) can be achieved [J. Hopcroft and
R. E. Tarjan, , Efficient Planarity Testing®, J. ACM vol. 21, no. 4, pp. 549-568, 1974].
A possible layout algorithm could be based on a regular grid and use
only integer coordinates for the nodes.
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For the visualization, however, the property of being
planar is not of that much importance. But the
minimization of intersections between the curves
representing the edges is a major goal.

In addition, the layout influences the perception of the
graph.
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Tree drawing

The algorithm of Reingold and Tilford [E. M. Reingold and J. S. Tilford, , Tidier
Drawing of Trees®, IEEE Trans. Software Eng., vol7, no2, pp. 223-228, 1981] generates a
classic tree representation. All nodes of the same level are located at
the same height. The horizontal space is split up according to the
number of leaves of the sub-trees. -

A tree layout for a moderately large graph.

WRIGHT STAf}E Department of Computer Science and Engineering 7.8
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It is also possible to use an H-like pattern: [p. Eades, ,Drawing
Free Trees", Bulletin of the Inst. For the Combinatorics and Its Applications, pp. 10-36,

1992] . ®
& ®

’Tk 0.01

!

H-tree layout.
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Another variant uses a radial pattern. The root of the tree is located at
the center of the image while the nodes are placed on concentric
circles. In addition, the algorithm avoids intersections by choosing
fixed sections for the sub-trees. It is possible to weaken the last

condition to achieve better results [I.Herman, G. Melancon, M. M. De Ruiter,
and M. Delest, ,Latour-A Tree Visualization System®, Proc. Symp. Graph Drawing
GD'99, pp. 392-399, 1999. A more detailed version in: Reports of the Centre for Math.
And Computer Sciens, Report number INS-R9904, available at:

, 1999]

Radial view.

IR
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In @ cone tree [J. Carriere and R. Kazman, ,Research Report: Interacting with
Huge Hierarchies: Bryond Cone Trees®, Proc. IEEE Conf. Information Visualization '95,

pp. 74-81, 1995], Siblings are located along a circle which,
Including the parent node, results in a cone.

A cone tree. (Courtesy of M. Hemmje, GMD, Germany [59].)

IR
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A tree Map [B. Johnson and B. Schneiderman, ,Tree-Maps: A Space-Filling Approach to the
Visualzation of Hierarchical Information Structures®, Proc. IEEE Visualization '91, pp. 275-282,

1991] assigns a rectangle to each sub-tree which is then sub-divided

further. Using the size of the rectangles, additional information can be
conveyed.

Tree-map: rectangles with color belong to the same level of the
(tree) hierarchy. (Adapted from Johnson and Schneiderman [72]).

TR LT
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The previously discussed methods are predictable, i.e.
they give the exact same results for the same input which
IS an important property in visualization.

This Is no longer true when using simulated annealing or
spring models.
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Layout in the hyperbolic
plane

Even though a radial layout of | 55000 Mg
the tree utilizes the space more| % | s
efficiently compared to classic | /oy
approaches, it still does not | s ;'-;E-j — " A
provide sufficient results. The | . 7 o &
number of nodes grows ==~ I
exponentially per level, while | % =7 e
the circle grows linearly within | . ==o L% @ |
the Euclidian plane. In the i g T~ .i

hyperbolic plane however, the iy . a sl cgmrion s o Kews o, 1933
growth is exponential!
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Figure 2. Ongael tspiration for the hyperaoic browser, Carcle Lioit IV (Heaven and Helll, 1963,
L1994 M.C. Esher/Caordon ArtBaarn-Hollaed, All nigats seserved, Prinzed with permission

ik~ _ o
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Basically, the hyperbolic layout is a radial layout where
the size gets smaller rapidly when approaching the
boundary of the circle. Here, the circular section is
determined based on the number of children without
considering their grand-children in order to be able to lay

out even large trees.
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It is possible to navigate through such a layout by moving the center
of projection. |

13

Figure 3. Cheking av the blackened code brings it into focus at the center

We will see later that we need to avoid a rotation of the origin after
several movements of the center.

WRIGHT STATE Department of Computer Science and Engineering 747
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The layout is arranged in the hyperbolic plane and then mapped onto
a circle within the Euclidian plane. This maps circles onto circles so
that it is possible to leave some space for annotations. An ellipse

formed by the siblings, parent, and middle child can also be used for
annotations.

Figure 8. The segions avalible to noces tar duplaying informaton
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Hyperbolic geometry

Euclid postulated five axioms for his geometry:
There is one line segment that connects two points.
Every line segments can be extended to a infinite straight line.

For every line segment, a circle can be constructed that has the
segment as its radius and one end point as its center.

All orthogonal angles are congruent.

For every straight line and a given point that is located on the
line, there is exactly one infinite straight line that does not
intersect the existing one.
By replacing the last axiom with one allowing that there
are several parallel lines we get the hyperbolic geometry.
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Poincaré model

The model of a hyperbolic plane according to Poincaré
consists of a unit disc C (complex)

P={zeC||z<13 “points’
with the locally dependent metric
,  (dx®+dy”)

S a-xi-y?)
The “straight lines” are circular arcs

orthogonal to the boundary.

Since it is a conform model the angles between the
circular arcs determine the angles of straight lines in the

hyperbolic plane.

ds “distance”

WRIGHT STATE Department of Computer Science and Engineering 7.20



7 Information Visualization

Information Visualization

For the navigation, we need a transformation of the
hyperbolic plane. These can be described by
T,,:€C—>C

0z + P
1+ P6z
with P,0 € C, ‘P‘ <1, ‘6?‘ =1and p as its conjugated point.

L —>

This is a rotation of angle # and a subsequent translatio n
of the origin to P.
When combining two of these transforma tions we get
— 92 I:)1__|_ PZ 0’ — 0162 +_61|;1P2
6,PP,+1 0,PP, +1

21 2 21 2

P!
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Layout

The layout is realized as a recursive procedure with a circular section
as its parameter. The circular section is described by a vertex, the
end point of the line segment cutting the section in half, and the half
the angle.

A simple layout uses the vertex as the location for the parent node
und sub-divides the section according to the number of children.
Better results are usually achieved when using a logarithmic scale
when sub-dividing. The distance to the child is determined by

_ (1-5s)*sin( a)? 1 (1-s%)sin( a)

2s 2s
where a is half of the angle of the child’s circular section and s is the

desired distance between the child and the edge of the circular
section. Good results can be achieved using s=0.12.

d
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Visualization

The visualization of the graph is achieved by drawing the
nodes (if desired with annotations) and the edges as
circles which correspond to hyperbolic line segments.

The computation of the center of a circle for complex
numbers a,b P uses the following formula:

d =Re(a)Im(b)-Re(b)Im(a)

i (a@s pp-ba+fa’)
Ty 0

2
a
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Navigation

The layout of the graph in the hyperbolic plane is not
changed. Only the mapping of the complex unit disc is
manipulated using the previous transformation.

We start with Ty ,. If the user moves the mouse from s to e
and the point p is not supposed to be rotated then we get:
a=T_,(s)
Re((e—a)(1-ae))i
) 1- (ae)’
T = T_p,1 oT,
For a smooth transition it is possible to introduce
Intermediate steps.

b

WRIGHT STATE Department of Computer Science and Engineering 7.24



7 Information Visualization

Information Visualization

Literature

[Lamping, Rao, “The Hyperbolic Browser : A Focus +
Context Technique for Visualizing Large Hierarchies”,
Journal of Visual Languages and Computing 7, 33-55,
1996]

Additional hyperbolic approaches:

[Munzner, “HB: Laying Out Large Directed Graphs in 3D
Hyperbolic Space”, IEEE Visualization '97 Proceedings,
IEEE CS, 1997, 2-10]
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Layout of general directed graphs

For these types of graphs, a suitable layering is identified first which
assigns an integer number to every node. Most methods are based
on extraction of an acyclic sub-graph which contains all nodes. This
way, all nodes receive a number and are ordered in rows from top to
bottom so that all edges of the acyclic graph point downward. This
arrangement is used for minimizing the steps, often only up to the
next level. This problem, however, is NP hard.

A heuristic [W. Tutte, ,How to Draw a Graph®, Proc. London Math. Soc., vol. 3, no.
13, pp. 743-768, 1963] defines an order for the first and last level and
requires that every node is located at the center of gravity of its
neighbor (w.r.t. the graph). This results in a system of linear
equations. A comparison of different heuristics is given by Laguna

and Marti [M. Laguna and R. Marti, ,Heuristics and Meta-Heuristics for 2-Layer
Straight Line Crossing Minimization®, URL: http://www-

bus.colorado.edu/Faculty/Laguna/, 1999].
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Spring-based methods

These methods model nodes and edges as physical
entities connected by springs. This results in an
optimization problem which can only be solved locally
(hence not predictable). In addition, these methods tend

to be slow with a complexity of O(n3) [a. Frick, A. Ludwig, and H.
Mehldau, ,A Fast Adaptive Layout Algorithm for Undirected Graphs®, Proc. Symp.

Graph Drawing GD '93, pp. 389-403, 1994].
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Layout of undirected graphs

For undirected graphs, we usually start with a spanning
tree. This tree is then laid out. The edges can be
assigned weights before computing the spanning tree.
Good algorithms have complexities O(N logN) or O(E
logN) (E: number of edges, N: number of nodes).
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3-D Layout
It is also possible to use 3-D-based layouts. Besides the

cone tree representation, two approaches are shown
here. However, current input devices are not very suitable

for naV|gat|on

Information Cube. (Courtesy of J. Rekimoto, Sony Computer 3D version of a radial algorithm. (Courtesy of S. Benford,
Science Laboratory, Inc., Japan [104].) University of Nottingham, U.K.)
L | o
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Exploration

For large trees, a fish-eye view
can help explore the data.

©

. - . X 2 - Fisheye distortion. (a) Represents the graph without the fisheye.
F'Sheye distortion of a regular grld of the plane. The distortion (b) Uses polar fisheye, whereas (c) uses Cartesian fisheye with a
different layout of the same graph. The green dots on (b) and (c) denote

the focal points of the fisheye distortion. Note the extra edge-crossing

factor is 4.
on (b).

g |

A . . .
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In addition, a windowing technique can be used for
exploring large graphs.

The partially unknown graph G

Exploration of a huge graph. (Adapted from Huang et al. [69].)

WRIGHT STATE Department of Computer Science and Engineering 71
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Clustering

If the graph is too large to display it can be simplified.
Usually, this is done by clustering nodes. Man
differentiates different approaches:

Structural clustering: combine nodes based on the
structure

Content-based clustering: combine semantically
similar nodes

Almost all technigues are based on structural clustering,
since it is easier to implement and the method can be
applied to any graph independently of the application.

WRIGHT STATE Department of Computer Science and Engineering 7.32
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The algorithm generates disjoint clusters. The clusters
are then form a new graph by using each cluster as a

node and drawing an edge if there is an edge between
elements of two different clusters.

A structure induced by hierarchical clustering. (Adapted from
Eades and Feng [37].)

i >
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For the clustering, a metric for the nodes is required. This
metric can be structural or content-based. Clusters are
then formed based on the “distance” between nodes
using a pre-defined threshold.

WRIGHT STATE Department of Computer Science and Engineering 7.34
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It is also possible to assign a value of relevance to the
nodes and edges. There are three different approaches:

Ghosting: less relevant nodes and edges are shifted
towards the background

Hiding: less relevant elements are omitted
Grouping: less relevant elements are combined

WRIGHT STATE Department of Computer Science and Engineering 7.35
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Applications

Call graph: graph connections represent that a
method calls another one in a C++ program,

O main
@0 OO0 ®core
Q string

@ containers
Images courtesy of Alexandru Telea O others
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Multidimensional visualization

The treatment of multidimensional data sets is an
Important data visualization issue. Each point in a data
set Is described by an n-dimensional coordinate, where
n>3. Here we assume that each coordinate is an
Independent variable, and that we wish to visualize a
single dependent variable. An application of multi-
dimensional data is financial visualization, where we
might want to visualize return on investment as a function
of interest rate, initial investment, investment period, and
Income, to name just a few possibllities.
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There are two fundamental problems that we must
address when applying multidimensional visualization.
These are the problems of projection and understanding.

The problem of projection is that in using computer
graphics we have two dimensions in which to present our
data. Using 3-D graphics we can give the illusion of three
dimensions.

The problem of understanding is that humans do not
easily comprehend more than three dimensions, or
possibly three dimensions plus time.

WRIGHT STATE Department of Computer Science and Engineering 7.38
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Parallel coordinates

One approach to multidimensional visualization is the use
of parallel coordinates. Instead of plotting points on
orthogonal axes, the I-th dimensional coordinate of each
point is plotted along separate, parallel axes. When using
parallel coordinates, points appear as lines. As a result,
plots of n-dimensional points appear as sequences of line
segments that may intersect or group to form complex fan
patterns. Unfortunately, if the number of points becomes
large, and the data is not strongly correlated, the resulting
plots can become a solid mass of black, and any data
trends are drowned in the visual display.
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Another multivariable technigue is using glyphs. This
technique associates a portion of the glyph with each
variable. Although glyphs cannot generally be designed
for arbitrary n-dimensional data, in may applications we
can create glyphs to convey the information we are
interested in. e
2t gﬁ
RN %@

| | | | | | ' '
-3 2 -1 0 1 2 Image courtesy of mathworks
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Text Visualization

Text is an important attribute in Information Visualization
data sets. The information contained in this data can be
structured into three categories: content, structure, and
metadata. The content describes the information
contained in the text itself. The structure characterizes
how the text is organized. Finally, metadata describes all
types of information related to the text that are not
contained in the text itself.
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Text Visualization (continued)

A different dimension of text visualization concerns the
origin of the data. All types of text-related information can
be already present in the document to visualize, or can
be computed using various text-analysis methods in order
to support a certain task. This process falls within the
data-enrichment step of the visualization pipeline. Text
analysis Is an extremely wide topic, including technigques
that range from neural networks and statistical analysis to
lexical, syntactic, and semantic analysis and natural
language processing.
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Visualizing Program Code

Given the high prominence and complexity of source
code In the software industry, it is natural to consider how
visualization can aid its comprehension. Source code has
several particular properties, including the following:

— Exact: strictly defined grammars with non-ambiguous
semantics

— Large-scale: can have millions of lines of code

— Relational: e.g. dependencies of packages, interfaces of
modules

— Hierarchical: e.g. hierarchies of data structures or classes
— Heavily attributed: many attributes that express their semantics

WRIGHT STATE Department of Computer Science and Engineering 7.4
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|={C & ‘ | : - - Ll Image courtesy of
— Alexandru Telea
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Visualization of C source cddeijsing the SeeSoft tool. Color shows
the code age (red=new, blue=old). The smaller window shows details
for a region in focus in the form of actual source code text.
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Visualizing Software Evolution

Software evolution can be plotted over time. A two-
dimensional layout is used, where the x-axis represents
the time during which the code has changed, and the y-
axis the files in the project. Every file in the code base is
mapped to a horizontal pixel line, partitioned in several
segments. These pixel strips can be stacked in several
orders along the y-axis. In the following image, the order
follows a depth-first traversal of the code base. Hence,
pixel strips close along the y-axis correspond to files
situated at a small distance in terms of their directory
path.
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Visualization of the evolution of the VTK software project.
Yellow dots indicate the file modification events.

Image courtesy of Alexandru Telea
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Similarly authorship can be visualized. In the following
Image, files have been sorted along the y-axis in
decreasing order of activity. Each file version is colored to
show the ID of the author who committed that version to
the repository, i.e., who was responsible for the
respective file changes. This color mapping lets us
quickly discover who were the most active authors.
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& 120 | l

Visualization of author contributions in the VTK software

pI’OjeCt. Image courtesy of Alexandru Telea
TR . o
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VTK Pipeline (Sidebar)

Algorithm Algorithm Algorithm

oy

Demand-driven
Extensible, component design
Shallow copy of data

[Tl [ &

WRIGHT STATE Department of Computer Science and Engineering 7.50
UNIVERSITY




7 Information Visualization

Data Structures
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vtkDataObject
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vtkDirectedGraph
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vtk Table
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Creating a vtkTable

coll
coll
coll
coll
coll
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vtkGraph and Subclasses

Points VertexData

Adjacency Lists n n
0.0
011

Vertex ID | Edge ID

O
TR LT
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Creating a Tree

g->AddVertex();

g->AddChild(root);

ui=am _ o
WRIGHT STATE Department of Computer Science and Engineering 57
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vtkArray and Subclasses

Concepts Concepts Concepts

PARAFAC (Rank R)

I —
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PARAFAC = PARAIlel FACtor analysis for multi-way arrays
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Database Access In VTK

vikSQLQuery

vtkSQLQuery

p | vtkSQLDatabase
vtkSQLQuery

vtkSQLQuery

WRIGHT STATE
UNIVERSITY

Department of Computer Science and Engineering

7-59



7 Information Visualization

Creating a Database Connection

vtkSQLDatabase *db = vtkSQLDatabase::.CreateFromURL(
“mysql://username@dbserver.domain.com/databasename”);
bool openStatus = db->Open(“mypassword”);

OR

vtkMySQLDatabase *db = vtkMySQLDatabase::New();
db->SetUserName(“username”);
db->SetHostName(“dbserver.domain.com?);
db->SetDataBaseName(“databasename?);
db->Open(“‘password”);

WRIGHT STAf}E Department of Computer Science and Engineering
UNIVERSITY
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Querying a Database
vtkSQLQuery *query = db->GetQuerylnstance();

query->SetQuery(“SELECT name FROM employees WHERE salary >
1000007);

Bool status = query->Execute();

while (query->NextRow())
{

cout << query->DataValue(0).ToString() << “ is making too much money,
hire a new PhD."

guery->Delete();

WRIGHT smﬁfg Department of Computer Science and Engineering 7.61
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Reading Results the Easy Way

vtkRowQueryToTable *tableReader =
vtkRowQueryToTable::New();

vtkSQLQuery *query = db->GetQuerylnstance();

query->SetQuery("SELECT name, salary, age FROM employees?);
tableReader->SetQuery(query);

tableReader->Update();

tableReader->Delete();
query->Delete();

T 11 _ : :
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Available Database Drivers
SQLite

Public domain - ships with VTK
PostgreSQL

Depends on libpg (part of the Postgres distribution)
MySQL

Depends on libmysqiclient (part of the MySQL distribution)
ODBC

Depends on having ODBC libraries installed
Unix (incl. Mac): iODBC, unixodbc
Windows: MS ODBC
Also requires vendor-specific driver for your particular database
Add your own! It's simple.

Subclass vtkSQLDatabase, vtkSQLQuery and implement abstract
methods

Add optional support to CreateFromURL()
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Python Database Example

M Visualization Toolkit - Win320penGL #1

Bupbles

WRIGHT STA’—}E Department of Computer Science and Engineering
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Table and Tree Readers

Creates a vtkTable from delimited text files, including CSV.

Creates a vtkTable from files in the ISl bibliographic citation format.
Reference:

Creates a vtkTable from files in the RIS bibliographic citation format.
Reference:

Creates a vtkTable from text files with fixed-width fields.

Creates a vtkTree using the structure of any XML file.

XML elements, text, and attributes are mapped to vertex attributes in the
output graph.
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Graph Readers and Sources

Creates a graph containing a random collection of vertices and edges.
Creates a vtkGraph from a pair of SQL vertex and edge queries.

Creates a vtkGraph from files in DIMACS format.
Reference:

Creates a vtkGraph from files in Chaco format.
Reference:

Creates a vtkGraph from files in Tulip format.
Reference:

Creates a graph containing a random collection of geo-located vertices and
edges.
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http://www.dis.uniroma1.it/~challenge9/format.shtml
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7 Information Visualization

vikTableToTree — Part |

math physiCS
c physics s
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a4

- physics
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7 Information Visualization

vtkTableToTree — Part I

=3
Author Topic
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7 Information Visualization

vtkTableToGraph — Part |
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vtkTableToGraph — Part

7 Information Visualization

Name | Company

Foo

ar
Foo
Bar
Bar
Foo

Name

Company

—

[Tl [ &
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7 Information Visualization

vtkTableToGraph — Part lll

d
Author Topic
= Article o
C physics - - n
math - #
physics ——
TR _ o
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7 Information Visualization

Table to Graph Example

M Visualization Toolkit - Win320penGL #1

Bupbles

WRIGHT STA’—}E Department of Computer Science and Engineering
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7 Information Visualization

Graph/Tree Layout Strategies

vitkDatabase

vtkQuery

vtkTableToGraph

vtkGraphLayout

Rest of Pipeline

/

Layout Strategy
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7 Information Visualization

Graph Layout Strategies Example

M Visualization Toolkit - Win320penGL #1

Bupbles

WRIGHT STA’—}E Department of Computer Science and Engineering
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7 Information Visualization

Layout Strategies in VTK

VTK provides a multitude of different
layout strategies already. And you
can still expand this list by adding
your own layout algorithm.

| vtkAssignCoordinatesLayoutStrategy

| vtkAttribute Clustering2 DLayoutStrategy |

vtk CircularLayoutStrategy |

‘ vtkClustering2 DLayoutStrategy |

| vtkGommunity2DLayoutStrategy |

vtkGonelLayoutStrategy |

| vikCosmicTreeLayoutSirategy |

vtkObjectBase |<—{ vtkObject P—{ vtkGraphLayoutStrategy
_—

vtkFast2DLayoutStrategy |

\

|VthorGeD\rededLaycutStrategy |

| vtkPassThroughlLayoutStrategy ‘

vikRandomLayoutStrategy |

vtkSimple2DLayoutStrategy |

vtkSimple3D CirclesStrategy |

vtkSpanT reeLayoutStrategy |

vtkTreeLayoutStrategy

vtkTreeOrbitLayoutStrategy ‘

WRIGHT STATE Department of Computer Science and Engineering
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7 Information Visualization

Qt Adapters

Inherits from QAbstractltemModel, Qt’'s generic item model for views

Provides common infrastructure for converting QModellndex to VTK ids.

vtkTree

Inherits from vtkQtAbstractModelAdapter vtkQtTreeVie

Adapts underlying vtkTable instance to a Qt model vtkQtTreeAdapter

Q

Inherits from vtkQtAbstractModelAdapter

Adapts underlying vtkTree instance to a Qt model m ion

Display a QAbstractitemModel

vitkSelectionLink

Puts QTableView, QTreeView into VTK view/representation framework using the model
adapter classes

Supports selection linking with other VTK views.

WRIGHT STATE Department of Computer Science and Engineering 776
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7 Information Visualization

Qt Adapters C++ Example

EasyView

vikenimationCe
vtkerraylterator
ytkAssemblyhode
vikByESwap

| vtkCallection

v

id library vertex id
= viobjecBase Comman [
- viInfor mationfey Common 1
viInformationDataCbiect... Comman 2
 vikinformationDoublekey  Common 3
VHInformationDoUblevect... Commen 4
 vikinformationidTypeKey  Comman s
vinformationinformatan... Commen s
. vikinformationinformation... Commen 7
d library vertex id
wikPassInpurType&lgor itirn Filtering 58
wikAssignAtirioute Graphics 550
wikProgrammableFilter Graphics 560
wikassignCoordinates Infovis 61
wikPassThrough Infavis s62
«|vikabstractarray yikDataArray
VHabstractTransform » |- |vikstringarray
Vi moebaMinimizer wHVar antarTay

3 enl

| yikCollectionlterator
Gl

[T+)

VikBalloonWidgsr?
WikBordeliager:

vikActor VikAbstraciWidger

tkCollection
vikolumeMabyer R

yikobjech, @, vikCEETIEE

VikDataset Algoritm B L ke

-
VikThieadedimageAlgorihm, /

-
VikpolyDataRigorithr

VIKEnSightReacier
vikpolyDaiasource,

viKimageMtiplenputFiirer
vikimagespaticlFilter

IR
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7 Information Visualization

Views

vtkDataRepresentation
vtkSelectionLink vtkDataObject

vtkQtChartView vtkQtltemView vtkRenderView

QltemView vtkRenderWindow

vtkQtTreeView vtkGraphLayoutView
vtkTreeMapView
vtkGeoView

vtkQtTableView
vtkQtListView
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Views Tour

7 Information Visualization

pYanning| bridge

PIBCERINgl e nee) « prodiict height,
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pointer,
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password
yendor Problem

speEch
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algorithm’

percentage | computer
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supercomputing
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165:90/45.103
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161.74.92

172.16,114.172,16

19241175172,

192,168,

192.168.1.20

193.135.174.8,

198:3198.70

199195.74.90

198.3.98

6252
131,84

128209,

152
192 Internet: 20;

204

20471

204.71.177

2092748180

625269

209.67.19.

20820523857,

20821376
208.13424]1

209.67

208.134

206

205,181

7 207:124

207.201.105

207.77.90

207.77.90.77,

207225 207.51.123
207:25.7]

—

206,157,193 2072515710

206.79179.

205.181.112

206.175174.85

206,662402

205.184.111.4

206.129.166.101

cienc

title year release_date num_ratings  average_rating
18 Wheels of Justice™ (2000} 2000 | 211814438400000 |14 4.8
"24: Conspiracy” (2005) 2005 | 208657814400000 8 4.4
29 Minutes & Counting” {2004) 2004 | 208657314400000 |0 a
"2gether: The Series™ (2000) 2000 |211833100800000 |17 5.5
"30 Days 'Til 'm Famous™ (2008) 2006 | 208657814400000 |0 o
"30 by 30: Kid Flicks™ (2001) 2001 | 208657314400000 |0 a
"411, The" (2005) 2005 | 212006552000000 |0 o
"70's House, The” (2005) 2005 | 211987324800000 |12 3.5
"8th & Ocean™ (2006) 2006 |212008452800000 |89 45
"A.T.M.: A toda M." (2005) 2005 | 211989139200000 |0 o
"AULS.A." (2003) 2003 |211911120000000 |0 o
"AMC Project, The” (2003) 2003 | 208657814400000 |0 0
"AXN Action TV" {2000) 2000 | 208557814400000 |0 o
“Aardvark” (2000) 2000 | 211815129500000 |0 o
“Abby" (2003) 2003 | 211908614400000 |0 a
~J




Views Python

7 Information Visualization

Example

Hybrid Rendering

Parailel

widgets Infovis

Filtering Graphics

Imaging

VikimplicHFunctionTolmagestencl
VIKFIIEOUTPUIWindow
ViKGe nencelip
VikimplicBoolean

VIKkPIECEW e N ionAIGorithm vikRecursiveSBhe reDirectionEncoder,
VikForceDirettediayoutsiategy.
vikinvigiProducer - IR, 4
H Be vikGraphHie rarchicalBundiie
VIKMutiBloc kDataset VollimeREndiering
iovie \lkPolyDatcolniPlacey
Filtering oV VikSiide Widget
vikGeneric AdaptorCell ] = :
VIkHyperOcireeCursor, VikCaptionWidger
VikViewporf, Widgets
VikGridTransiorm -
VIKCUbeAxesActor  Hybrid

vikaffine Re presentation2D.
vikimageToPolyDataFilter,

vikKaNode
VIKExtractGeometry,
Graphics  vikExtractAnaysOverTime.
viksubPixelPosftionEdgels

vikAciorCollection.  Rendering
vikQuadricLODActor =

VIKAbstractPropPicker 0 Parallel
vikimageViewer2. = - vikDiscreteMarchingCubes
vikGeometryFilter
vikContourGrid
viklextProperty
VIKPNGReader vikSimpleElevationFilter
VvikMFIXReader vikAppendComposite Dataleaves
vikMemoryLimitimage Datastisamer.

vikimagespatialFiiier

vikDirectory

Vvikieénsor
VIKCOne
vikDatasetAlgonthm

vikUnstructurecksridToPoly Datariiter
ViKIreeA igorithm
vikline
vikineuadratic Hexahedron
vikDataObject
vikRectilinearGrnd

vikPointData
vikPointlocator

filtering

vikCaptionActior2D

vikArcPlofter
vikTransformioGrid

Hybrid

vikScalkarBarActor Renq“ering
vikPolyDataMapperZD
vikCamera
vikLight
vikQuaternioninterpolator
vikMINCImageReader

vikPolyDataReader

,.\

vikimage Euclideanbistance
vikGenericOutlineFiiter
vikUnstructuredGridvelumeRayintegrator
vikOpenGLPIojecte diefrahedraMapper

vikslice AndDic elayoutstrategy.
VikXMiTreeReader

Imaging
. VikAssignCoordinates
: VolumeRendering .

Parallel
u

Y 1kAppPIoX man
VikHierarchh DataExiractievel
vikiasKFie ids

vikMPIContoller

IR
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7 Information Visualization

Linked Selection

Bl e 3
‘ vtkDataRepresentation vtkDataRepresentation ‘

vtkSelectionLink ‘
&

N

o =

B
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7 Information Visualization

Selection Python Example

)
-

0
46 4590 24
0 U e O

14

" E'ZI
a9 56
L=

BAB

vtkSelectionLink vtkSelectionSource
vtkSelections

ui=am _ o
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7 Information Visualization

biue

yellow: color,

green

environment

frqin
pollution car,
transportation elephant

cgf

horse ) Docé
airpLane animal
bi&d

Charles

dgg

» —r document
MR L]
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7 Information Visualization

Geographic visualization

Current features (in VTK now)
3D vtkGeoView
Multi-resolution texture and geometry

Display placemarks with relationships (i.e. a geolocated graph)
Deep integration with other VTK views
Takes vtkDataObject input
Linked selection with other views
Easily embedded into larger applications
Developing features
vtkGeoView2D
Multi-texturing overlay images with blending
More input sources
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7 Information Visualization

3D GeoView Python Example

vtkGeoView vtkGeoRandomGraphSource
vtkGraphLayoutView.

ui=am . o
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7 Information Visualization

GeoView Python Examples

vtkGeoView2D

. o : ;
N@tional Unionifor the‘&l Independence o ¢

’ nak:Separatists
IERNInkathEaiEieedom: Party)

o4

vtkSNL/Examples/Python/Infovis/gtd _geovis_2d.py
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7 Information Visualization

Projections

vtkGeoView2D

S -ty
e ACERERI —_—— — o O
. =
G -
s
.4"‘.

[\/’ !! . ‘I ‘ . —
e = v T T
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7 Information Visualization
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7 Information Visualization

Boost Graph Library (BGL) Adapter

-
vtkPipeline Any BGL Algorithm vtkPipeline

I _ , ,
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7 Information Visualization

BGL Python Examples
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7 Information Visualization

BGL Python Examples
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7 Information Visualization

BGL Python Examples

119500063

/;&zse
711220151
42979042 22250 90460261 "§Blsao
T o 6813‘”{ 115 3354\
901475 0 94,6395
Np 741302 s 9{ k
& .Y i 134740999 783 85 106 54:43 68 ‘Q 3

(i

é 4
2zs0aey 67&567 R 7 765{:23 W 67"”%

‘»*. ‘
48"
m2 ‘[!-224 ’4 10567’013 132.801224 \42678567 \
16042 o

533854, A e
16/042552% 4 134, n\

811;729’14 S e e I '27032,,..1"""{ 45, }méso
946

] 04 81072914} 4{ l‘
11572/486 : 1S09F50 s 57 32 2P5174

J’

64899781 =t z{ \
* sr;‘94‘:::323‘9;‘8 75.5;;257 59;7:?’?;(48&\~ Iﬁ\s{‘ws 8%;0;378 L]
32 188526 B / 7& # \ A@L&i% 3 17266

9759

f )
a92§5174 J
45589085 3433 7129013

, 83 50
28086112

WRIGHT STATE Department of Computer Science and Engineering 792
UNIVERSITY



Parallel Boost Graph Library (PBGL.) veuazaon
Adapter

vtkPipeline Any PBGL Algorithm vtkPipeline

TS 1 ) : )
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Para”el Graph AnaIySIS - PBG I.Llnxonmaxicr_ Visublization

vtkPBGLGraphSQLReader vtkPBGLBreadthFirstSearch Parallel Render

vtkPBGLGraphSQLReader vtkPBGLBreadthFirstSearch Parallel Render

Database

vtkPBGLGraphSQLReader vtkPBGLBreadthFirstSearch Parallel Render

[T T e
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7 Information Visualization

PBGL Examples

i >N

R
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7 Information Visualization

PBGL Examples

Mar3ging DIrecior:

ui=am _ o
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Multi-Threaded Graph Library (MJ.GL)suaizor
Adapter

vtkPipeline Any MTGL Algorithm vtkPipeline

I _ , ,
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MTGL Python Examples (Work {Remaion visaizaon
progress)
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7 Information Visualization

Contingency Statistics Example

Demonstrates a conditional probability calculation p(port | protocol).
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