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INTRODUCTION
TO
AVS

CHAPTER ONE

The increasing power of supercomputers and graphics systems has made it
possible for the scientific and engineering communities to gain new insight
into their disciplines. In areas as diverse as fluid dynamics, computer-aided
engineering, molecular modeling, and geophysics, researchers are applying
these powerful systems to analyze and view their data, using real-time
interactive display techniques.

A limiting factor in this growing field has been the existing software tools,
which require specialized programming expertise and great expense, both in
time and in money. The Application Visualization System (AVS) addresses
this problem, allowing researchers to apply the hardware power to their
problems without requiring programming expertise or a great investment of
time.

AVS users can construct their own visualization applications, by combining
software components into executable flow networks. The components, called
modules, implement specific functions in the visualization cycle:

e  Filtering the basic data into a more usable form (more informative,
smaller, etc.)

¢  Mapping the filtered data into either: geometric primitives (triangles,
lines, spheres, etc.) that when combined together produce a three-
dimensional geometry representation of the data; or mapping the data
into pixels (dots of color) that when combined together produce a two-
dimensional picture or image representation of the data.

*  Rendering the 3D geometries or 2D images into pictures on the display
screen.

The flow networks are built from a menu of modules by using a direct-
manipulation, visual programming interface called the AVS Network Editor.
With the Network Editor, the user produces an application by selecting a
group of modules and drawing connections between them. In many cases,
users can construct an entire visualization application, using standard
modules and without resorting to traditional procedural programming.

The user views, organizes, and further processes the output of a network
through one of the AVS subsystems. The Geometry Viewer displays 3D
geometric objects. The Image Viewer displays 2D images. The Graph Viewer
creates XY and contour graphs of data.

Introduction

Introduction to AVS

AVS User's Guide 1-1



Introduction
(continued)

AVS includes a rich set of modules for construction of networks. AVS also
recognizes that it is in the nature of scientific research and visualization to go
beyond the bounds of an application. AVS allows users to create their own
new modules to meet their specific needs and dynamically load them into
AVS networks. Users need not have detailed knowledge of the AVS imple-
mentation or expertise in disciplines outside their areas of interest. Modules
are “‘software building blocks” with well-defined interfaces, written either in
FORTRAN or in C. The overall structuring of the application is handled on
the AVS level; the computational details are handled within modules as
FORTRAN or C procedures.

Modules take typed data as inputs and produce typed data as outputs. The
basic data types in the system are oriented toward scientific data manipula-
tion and graphic display. These types include:

. 1D, 2D, and 3D grids of numbers with scalar values or vectors of byte,
integer, or floating-point values at each grid point. The grids can be
regular (uniform) or nonregular—where the distance between the grid
points is variable (rectilinear). 1t is also possible for the grid to describe
a curved or arbitrarily deformed space (curvilinear), or an arbitrary list
of points in 3D space (scatter data). This type of data is called a field.

e unstructured cell data
e  geometric data
*  images

For more information on this subject, see the "Importing Data into AVS"
chapter.

In addition to input and output data, modules also have parameters that con-
trol the module’s computation. Once the structure of the application has
been established, AVS executes the network, allowing the user to interact
with the application by navigating through the network diagram and
interacting with various modules through their individual parameters. AVS
generates the “control panel” user interface to a module automatically, by
associating parameters with either graphical control panels (buttons, sliders,
etc) or peripheral input devices (dials, spaceball, etc.).

The remainder of this chapter presents an overview of the AVS approach to
the challenge of scientific visualization.

Scientific
Visualization
Techniques

AVS implements two basic strategies for translating numerical data into
color images. In the pixel-based method, data points become pixels, more or
less directly. In the geometry-based method, the numerical data is converted to
descriptions of 3D geometric objects. These are, in turn, turned into color

images by the machine’s low-level graphics software and rendering
hardware. f

These two strategies are described further in the sections that follow.

1-2 AVS User’s Guide
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The essence of the pixel-based visualization strategy is simple: take a “raw”’
data value and translate it into a number that represents a color. In AVS, this
translation is accomplished with a table lookup, called a colormap. You can
define, save, and retrieve your own colormaps. AVS includes an interactive
Colormap Editor drawing tool for generating colormaps conveniently and
quickly.

Colormap Lookup

An AVS colormap is usually a 256-row table; each row specifies a 24-bit
“true-color” value (and, optionally, an 8-bit auxiliary field that defines
opacity/transparency), as shown in Figure 1-1. A colormap lookup consists
of using an input value to select a particular row of the table. The color value
in that row is the result of the lookup.

7 0 first color value
e ‘ 1 color value
input value e ‘
(0 .. 255) W e 2 color value
l--"
selects row of ~. r :
colormap table S
~
o 254 color value
~
N\ 255 last color value

Figure 1-1. AVS Colormap Lookup

By default, AVS colormaps accept byte data as input values. Each byte is
considered to be an unsigned integer (0..255) which specifies a particular row
of the table. However, you can also have AVS automatically scale the color-
map to any integer or floating point data range. Where colors are not
desired, a gray-shade colormap can be used.

AVS colormaps are independent of the hardware colormaps used by low-
level graphics software. All AVS colormaps produce 24-bit “true color” out-
put. If necessary, further translation takes place automatically—for instance,
to produce images on a display with only 8 or 12 color planes.

Further Pixel Processing

If multi-dimensional data is converted to pixels, the results must somehow
be reduced to 2D before they can be displayed as an image onscreen. AVS
provides several ways to perform such reductions:
Slicing
A 2D cross-section can be made through a 3D block of pixels (orthogonal
slicer module).

Pixel-
Based
Visualization

Introduction to AVS
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Blending
If a 3D block of pixels is passed though a colormap whose auxiliary field
contains opacity/transparency data, pixels can be blended along the line
of sight. This produces a 2D picture of what appears to be a solid or
semi-transparent object in space (tracer module).

High-Quality Pixel-Based Visualization

In simple pixel-based visualization, each data point corresponds to a single
pixel. When the user “zooms in” on a particular portion of the image, the
magnification is performed by pixel replication. (For instance, a single pixel
value may be used throughout a 6x6 patch in a zoomed image.)

A variety of techniques can be used to improve image quality: high-order
interpolation of data values, antialiasing of pixel values, 3D texture mapping,
etc. In addition, 3D graphics techniques such as lighting, shading, and per-
spective viewing can be used to compute the interpolated pixel values.

Geometry-Based
Visualization

AVS's other strategy for turning numbers into pictures brings all the power
and flexibility of interactive 3D graphics to the visualization arena. The raw
data values (or, more likely, a subset of the values) are mapped into the ver-
tices of geometric objects. The values are used to assign colors to the vertices,
using AVS colormaps. Then, the graphics subsystem creates color images
from the geometric descriptions.

There are many techniques for creating geometric descriptions, or geometries,
from raw data. For instance:

*  Represent each atom of a molecule as a sphere. Assign color and tran-
sparency to the sphere based on the type of atom.

*  Givena set of data that specifies the temperature at many points within
a volume, use all the points at a given temperature to define an isosur-
face (isosurface module).

*  Given a set of data that specifies the wind velocity at many points
within a volume, use arrows to represent the velocity at each point on
an arbitrary plane within the volume (hedgehog module).

U Given wind velocity data as above, construct flow lines to represent the
motion of an object through the field (stream lines module).

The AVS
Subsystems

AVS’s main menu shows its major subsystems:

Image Viewer
The Image Viewer subsystem is a high-level tool for manipulating and
viewing images.

Graph Viewer

The Graph Viewer subsystem is a tool for creating 2D linear and contour
graphs of data.
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Geometry Viewer

The Geometry Viewer subsystem allows you to view and interact with
geometrically-defined objects. The objects must have been created by
programs or AVS modules that use AVS’s GEOM programming library.
You can transform the objects themselves (move, rotate, scale); you can
change the viewing parameters (e.g. move the eye point, perspective
view, etc.); and you can control the way in which the graphical images
are rendered (lighting and shading, Z-buffering, etc.). Multiple objects,
such as an isosurface and a slice plane, can be combined into a single
scene depicted in a display window.

3D graphics rendering techniques (lighting models, 2D and 3D texture
mapping, automatic removal of hidden surfaces, sphere rendering, etc.)
rely heavily on the underlying capabilities of an individual platform’s
graphics subsystem, both hardware and software. Platforms differ in
their support of these techniques. AVS attempts to use all of the graph-
ics functionality present on a platform.

Network Editor
The Network Editor subsystem is a visual programming interface for
connecting computational modules together into networks to perform
visualization functions. Modules and networks are discussed in the sec-
tions that follow.

Applications

Applications produces another menu of choices. The AVS 3 product
comes with two prepared applications: the AVS 2 Image and Volume
Viewers. These viewers contain sets of pre-constructed networks that
illustrate common image and 3D volume visualization techniques.
When using AVS for the first time, they are useful to familiarize yourself
with the AVS interface and to see networks in action. They are menu-
driven and quite easy to use. Using the sample data in the /usr/avs/data
directory, you can perform significant visualization functions with just a
few clicks of the mouse. Appendicies A and B of this manual describe
how to use them.

Users can add their own applications to this menu (see the "Starting
AVS" chapter).

Each of these subsystems is described in its own chapter later in this manual.
In addition, the AVS Geometry and Graph Viewer Tutorial Guide gives step-by-
step introductions to these two subsystems.

. _ |
The AVS Subsystems

(continued)

The Image Viewer, Geometry Viewer, and Network Editor can also be
driven through a Command Language Interpreter (CLI). You can type CLI
commands in response to a prompt and interactively view the results, you
can create a command script file that executes automatically, and you can
write a module that sends CLI commands to the Image Viewer, Geometry
Viewer, and the Network Editor via the AVS kernel.

The CLI also supports a journaling facility in the Network Editor. With jour-
naling switched on, AVS will record most of your actions in the Network

Command
Language
Interpreter

Introduction to AVS
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(continued)

Editor into an ASCII file than can be edited to produce a automated demons-
tration. This technique was used to produce the illustrative scripts stored in
the Jusr/avs/demof/man_scripts directory, accessible through the Help facility’s
Help Demos button.

See the "Command Language Interpreter” chapter later in this manual.

AVS Modules

The module is the AVS computational unit. Each module accepts data as
input and generates other data as output. To create an AVS application, you
connect a group of modules into a network. The connections represent the
flow of data among the modules. Typically, the data originates in one or
more disk files, but it can also be supplied by an “external” program, run-

ning on the same machine or on another machine in the local network. The

data is typically transformed into one or more images by a collection of
modules, and finally is displayed in a window onscreen. Figure 1-2 shows a
simple network of modules.

this module reads data this module generates
from a disk file its own data

generate eolormapl read volume

this module accepts
two data inputs and colorizer
generates one output

this module creates a
2D ray traced image tracer
of the 3D data

this module disp:%s
w

an image in a wi Image viewer

Figure 1-2. Simple Network of AVS Modules

AVS modules can execute locally on the same host system as the AVS pro-
gram, or modules can execute remotely—on another host of the same (homo-
geneous) or different (heterogeneous) hardware type that runs AVS 3. An
AVS module, compiled, linked, and stored on the remote host, is easily
added to any AVS network. This remote module might be a data read and
transform process, or a simulation that executes most efficiently on a net-
work compute server.

The remainder of this section discusses the characteristics of individual AVS
modules. Networks of modules are discussed in the following section.
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AVS Modules
(continued)

Each AVS module is designed to be a powerful, flexible, easy-to-use process-
ing component. A module is general in its functionality, so that you can use
it in a variety of application contexts. Each module does a substantial
amount of processing, so that networks need contain only small number of
modules to do real, useful work.

You can include a particular module in any number of AVS applications (net-
works); you can even include the same module more than once in a single
network.

The key to the modular approach to application building is that each module
has a simple, consistent interface, which includes:

*  Asetof data inputs (some optional, some required).

* A set of input parameters that control the way the module processes its
input data or determines which data to use. One of AVS’s most power-
ful features is that you can change parameter values interactively as a
network executes. Input parameters can themselves be made into data
input ports and receive values from other modules.

* A setof data outputs.

Some modules have no input ports at all. Such modules create their own
data, or read data in from a source that is external to the AVS network (e.g. a
disk file).

When you use AVS to create a network, each module’s interface is
represented visually by a module icon (Figure 1-3) and a control panel (Figure
1-4). The module icon is a rectangle, labeled with the module’s name. Each
data input is represented by an input port along the top edge. Each data out-
put is represented by an output port along the bottom edge. Each input
parameter is represented by a control widget (slider, dial, etc.); the controls
are assembled in a separate control panel window.

Figure 1-3. A Module’s Interface: Icon

Data Inputs

A module accepts one or more data sets as input. Each data set must be of a
particular AVS data type: field, colormap, etc. The module doesn’t care where
its input data comes from, only that the data types are correct.

Each data input is represented on the module icon by a color-coded input
port, along the top edge of the icon. The color indicates the type of data that
the port accepts (Table 1-1).

Modules: Ports and
Parameters

Introduction to AVS
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AVS Modules
(continued)

Figure 1-4. A Module’s Interface: Control Panel
Table 1-1. Module Input Ports / AVS Data Types

Port Color Data Type

red geometry

yellow colormap

light blue pixmap

multi-color field

orange unstructured cell data
light purple integer

dark purple floating point

green string

white user defined data

AVS checks data types as you interactively build a network, making sure
that the connection between two modules is valid. When you begin to estab-
lish a module-to-module connection, AVS shows you the valid possibilities.

1-8 AVS User’s Guide
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Input Parameters

A module’s data inputs determine the type of data it processes, while its
input parameters determine how the data is to be processed.

The following examples use the modules shown in Figure 1-2 to illustrate
several types of parameters:

The read volume module brings a 3D block of byte values into a net-
work. Its input parameter specifies the file from which the values are to
be read.

The generate colormap module creates and outputs a colormap that
defines the map used to transform data values into color values. Its
input parameter is implemented as an interactive “colormap editor”,
with which you specify the 256-entry colormap.

The tracer module reduces a 3D block of partially-transparent color
values to a 2D image using a ray tracing algorithm. Its input parame-
ters control the size of the output image, the opacity, the interpolation
method used, and the global perspective.

The image viewer module is the AVS Image Viewer. It displays the
output image. It includes facilities for composing scenes of multiple
images, of saving images to disk, for performing image processing
techniques upon the image output of other modules, and for creating
flipbook animations.

Parameters are the ““control knobs” for a module. By “adjusting the knobs”,
you can control the way in which a module processes its data — change the
angle of a cross-section plane or a rotation, change a coloring scheme, change
the way values are sampled from a large data set, enlarge an image to exam-
ine some detail, etc.

Each of a module’s parameters is represented by an onscreen control widget.
Figures 1-5 through 1-7 present examples of control widgets.

AVS Modules
(continued)
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e  File browsers allow you to specify a file to be read or written.

AVS also provides a set of Data Input modules that will produce each of the
standard parameter data types (integer, floating point, string, etc.) and send
them to other modules’ input parameter ports.

Data Outputs

Data outputs for modules are analogous to data inputs. Each data output is
represented on the module icon by a color-coded output port, along the bot-
tom edge of the icon. The color-coding is the same as for input ports.

Subroutine Modules and Coroutine Modules

There are two types of AVS modules, which differ in the way they fit into
networks. A short explanation follows; for a more complete discussion, see
the AVS Developer’s Guide.

*  Subroutine modules are essentially passive, like subroutines in a stan-
dard program. When you execute a network, each subroutine module
initializes itself (a system process is created). But the module does not
perform any work (the process sleeps) until the AVS Flow Executive
signals it. In addition to ““waking up” the module, the Flow Executive
passes its input data to it. When the module finishes computing, it
passes the output data back to the Flow Executive, then returns to its
dormant state. Execution is synchronous; one module is active at a
time.

¢ Coroutine modules are active, not passive. Rather than being like a sub-
routine, a coroutine is an autonomous, cooperative process that can
continually execute, passing data to the Flow Executive on its own ini-
tiative, instead of doing so only when it is signalled. Coroutine
modules typically implement computational simulations, such as
repeatedly releasing particles to flow through a vector field.

Standard Modules and Module Libraries

The AVS product includes a large number of general-purpose modules. This
means that, often without any programming, you can begin to visualize your
data sets.

The modules can be grouped into module libraries, each of which contains a
set of modules designed to be used together. During an AVS session, you can
switch back and forth among module libraries easily. You can also rearrange
the libraries or create new ones, using an interactive module library editing
facility.

User-Written Modules

One of the most important aspects of the AVS system is its extensibility.
Many installations have already developed computer programs to process
the raw data. AVS makes it easy to turn such user-supplied programs into

AVS Modules
(continued)
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AVS Modules ,
(continued)
AVS modules. Once this is accomplished, the user-written module can be
combined with any other modules—AVS-supplied or user-written—to
implement visualization applications.
AVS Networks

Modules are the computational units in AVS. Networks are used to
configure modules together into a visualization application. To view in a
particular manner, you select the modules that perform the appropriate com-
putations and combine them into a network. You can save the network on
disk, then repeatedly use it to visualize the same data, or any other data set
of the same form. After using AVS for some time, you will most likely main-
tain a group of networks that, collectively, satisfy most of your visualization
needs.

You create networks using the AVS Network Editor subsystem. The mouse-
driven interface allows you to interactively construct network diagrams, like
those illustrated above. To select a module, you drag its icon from a Palette
into a Workspace (Figure 1-8). To make and break connections between
modules, you click-and-drag the mouse.

Network

Editor Module Palette
Menu

* Network
Control
Panel

resizing handle

Workspace

Network Construction Window

Figure 1-8. AVS Network Editor Windows

At any time, you can save a network in a disk file, for later retrieval. Only the .
network structure and the current settings of the input parameters are %
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AVS Networks
(continued)
saved—the data to be visualized is not part of the network, but is loaded
when the network executes.

_ Data Flow in an AVS
Figure 1-9 repeats Figure 1-2. This time, the figure emphasizes the top-to- Network
bottom way data flows through a typical AVS network.

disk-resident
data set(s) generate colormap read volume
colorizer
typical transforms:
data-to-data '
data-to-geometry racer
data-to-pixels
image viewer
display visualization 4

images
Figure 1-9. Data Flow in a Network

The data-flow diagram reflects the scientific visualization process, which
begins with data and ends with onscreen images. Networks that use data
stored on disk begin with a “read data” module. (There are several such
modules, to accommodate the variety of AVS data types.) These modules
allow you to specify the name of a file containing the raw data. By selecting
different files, you can use the same network to visualize different data sets.

The network illustrated above has a simple structure and performs a (rela-
tively) simple task—reading a single data set and constructing a single
image. More complex networks can use multiple data sets, creating indepen-
dent images or composite images. A network can consist of any number of
independent sub-networks. Figure 1-10 illustrates a more sophisticated net-
work.

There are limits to network complexity, however. Networks are inherently
flat—AVS provides no support for creating hierarchical structures. Net-
works may contain only one kind of “cycle”: a module’s output data can
subsequently be fed back into the immediately previous module as input,
using the upstream data mechanism. The two modules must agree on the data
structure they are communicating with. Upstream data ports and connec-
tions are usually invisible.
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AVS Networks
(continued)

read volume read volume read volume

1 |

read volume

combine scalars ]

[ l

dot surface volume bounds

|
particle advector |

render geometry

display pixmap

Figure 1-10. Complex Network Structure

Network Control ﬁ%

Panel A network’s data-flow diagram does not show one very important aspect of
network execution: the settings of the module’s input parameters. As you
construct a network, the control widgets that represent the parameters (and
allow you to control their values) are automatically assembled in the Network
Control Panel window along the left edge of the screen.

By default, the control widgets are collected into pages, one page for each
module. You can redesign the layout of control widgets, however, to create
simpler and more convenient user interfaces to your networks. This allows
developers of networks to “package” their work so that even the most
sophisticated visualization tasks can be performed easily and reliably by
users. This facility is described in the "Layout Editor" section of the "Net-
work Editor" chapter.

You can also extend the Network Control Panel to include additional physi-
cal input devices: the DIGIT™ dialbox and the Spatial Systems Spaceball™.
Certain types of input parameters can be associated with a dial or the Space-
ball, instead of with an onscreen control widget.

AVS Display

Windows AVS creates its visualization images in display windows on the screen. (There
is also a provision for saving black and white versions of images in
PostScript™ files for printing, storage, or transfer to another site.) Each
display window is an X Window System window. This integration of AVS
with X means that you can move, resize, iconify, and otherwise manipulate /‘kg)
display windows using an X window manager. AVS also provides some /

1-14 AVS User’s Guide Introduction to AVS



window-oriented functions, such as zoom and unzoom for pixel-based win-
dows. You can integrate display windows into the control panels of the visu-
alization networks you build, creating predictable and space-efficient user
interfaces.

. ______ |
AVS Display Windows

(continued)

The following series of figures illustrate using the Network Editor’s visual
programming interface to construct a series of visualization networks.

All of the networks use the same sample dataset, available online with the
AVS 3 release in the file /usr/avs/data/field/hydrogen.fld. hydrogen.fld is a
64x64x64 uniform field, where each data value is a byte quantity from 0 to
255 that represents the probability of an electron occurring around the
nucleus of a hydrogen atom.

Note: This same dataset also exists as a volume-format file in
[usr[avs|data[volume[hydrogen.dat. We use its field representation because it
has more general applicability as an example.

With this single dataset, we illustrate:

*  Three geometry-based visualization techniques. The mapper modules
involved (isosurface, arbitrary slicer, and volume bounds) produce 3D
geometry output representations of the input data. These geometries
are assembled together and viewed through the AVS Geometry Viewer
in its render geometry/display pixmap module form.

¢ Two image-based visualization techniques. The mapper modules
(orthogonal slicer and tracer) produce 2D colorized image output
representations of the input data. These images are assembled together
and viewed through the AVS Image Viewer in its image viewer
module form.

¢  Two graph-based visualization techniques. In these techniques, the
output of the orthogonal slicer and generate histogram modules are
viewed as contour and linear plots with the AVS Graph Viewer in its
graph viewer module form.

There are over 100 visualization modules supplied with AVS. The samples
given below show only the most basic network structures applied to the sim-
plest of input datasets. For more examples of visualization networks:

*  See the AVS Module Reference Manual. Each module has one or more
example networks that show how it is used in conjunction with other
modules.

e  Within AVS, press the Help button at the top of each subsystem’s con-
trol panel. The resulting Help Panel has a Help Demos button. Press-
ing this brings up a selection of demonstration scripts. These scripts
automatically construct illustrative networks, then run the networks
with a variety of parameter settings. When the network completes, it
stays in the Network Editor where you can manipulate the modules’
parameter widgets yourself and watch their effects.

An Example

Introduction to AVS
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An Example
(continued)

Mapper Modules:
Geometries

Figure 1-11 is a simple network. In this network, the read field module reads
the /usr/avs/data/field[hydrogen.fld dataset into the network.

Figure 1-11. One-Mapper Geometry Network

arbitrary slicer receives this data as input and creates a 2D slice plane
through the 64x64x64 volume of data.

The slice plane would be a featureless gray plane, except that arbitrary slicer
uses the colormap it receives from the generate colormap module to paint
the numeric values intersected by the 2D slice plane different colors. In the
default colormap, small values map to various shades of blue, mid-range
values to greens, yellows, and oranges; while larger values map to reds.
(The reds and blues appear nearly the same shade of gray in this black and
white representation.) The color image would show the two circular
medium-gray areas as red, indicating a high probability of an electron
occurrence; the peripheral dark gray areas as blue indicating low probability,
while the areas in between have fine distinctions of intermediate colors indi-
cating intermediate probability of an electron.

The mapping between numbers and colors is entirely arbitrary. You control
the mapping with the generate colormap module’s Colormap Editor widget,
as discussed in the "Network Editor" chapter.

arbitrary slicer sends the geometric slice plane to the Geometry Viewer
represented by the render geometry/display pixmap module pair for display
and manipulation. This produces the output window. The user has first
used the Geometry Viewer’s Normalize button to center the slice plane in
the view window, then used the middle mouse button to rotate the slice
plane in space.

Compositing Mapping Techniques

Figure 1-13 shows a slightly more complex network. The network is identi-
cal to the previous one, except that two additional geometry mapper
modules, isosurface and volume bounds, have been added in parallel to the
existing arbitrary slicer module. They receive the same hydrogen dataset as
input from read field.

1-16 AVS User’s Guide
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An Example
(continued)

Figure 1-12, Arbitrary Slice Plane Viewed with the Geometry Viewer

\E.;, S
&

—— K
8

Figure 1-13. Three Geometry Mapper Modules in Parallel

isosurface creates a 3D contour through a volume of data. You supply its
level parameter widget with a numeric value and isosurface produces a
geometric surface that passes through all of the data values in the volume
that equal the level value.
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An Example
(continued)

volume bounds is a utility mapper module that simply creates a geometry
object that is a box around the dataset’s limits or extents in space. It shows
where the data ends, how it is shaped, and permits you to orient yourself in
space. hydrogen.fld is a uniform, cubical field, hence the cubical volume
bounds. Curvilinear data produce much more interesting volume bounds.

All three of the geometries output by the mappers enter the same render
geometry module. Hence, they are composited together into one Geometry
Viewer scene window. The isosurface shows vividly the nature of the distri-
bution of data values throughout the volume of the dataset. One could have
surmised this by moving the arbitrary slicer’'s plane around the volume and
piecing together an impression of the "doughnut and spheres" structure out
of its 2D portrayals, but isosurface captures the structure more graphically.

Figure 1-14. Three Geometry Objects in One View

An isosurface is usually opaque. Here the user has used the Geometry
Viewer’s transparency controls (not present on all platforms) under its Edit
Property button to make the surface semi-transparent, letting the colors of
the arbitrary slicer’s slice plane show through.
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An Example
(continued)

We now construct networks using mapper modules that produce 2D images
to represent data rather than geometries. Figure 1-15 shows a simple imag-
ing techniques network. As with the geometry network, the first module
read field inputs the data to the network.

Figure 1-15. Simple Imaging Technique Network

Figure 1-16. Orthogonal Slice Seen with the Image Viewer

c"% The orthogonal slicer module also produces a 2D slice through a 3D volume.
It differs from arbitrary slicer above in two regards. First, the slice plane

Mapper Modules that
Produce Images

Introduction to AVS
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An Example
(continued)

must be orthogonal to the X, Y, or Z axis instead of arbitrarily placed within
the volume. Second (and more significant) orthogonal slice takes a 3D field
volume of data and outputs another 2D field. arbitrary slicer outputs a
geometry which can have only one destination—the render geometry
module. By outputting another field, orthogonal slicer's output can be sent
to other data filtering and mapper modules for further processing. It is a
flexible data subsetting tool.

A close look reveals that orthogonal slicer has no colormap input port as
arbitrary slicer has. To gain the same effect, the colorizer module is inter-
posed to color the data values according to a colormap. colorizer effectively
changes a field of numeric probability data into a field of color values, which
orthogonal slicer subsets.

The subsequent figure shows the 2D output displayed in the Image Viewer
(image viewer module). The orthogonal slice plane is the middle Z plane of
the volume data.

Combining Imaging Techniques

Figure 1-17 shows a more complex image technique network. The new
mapper module is tracer. It produces a ray-traced image rendering of
volume data. By shooting hypothetical parallel rays of light into the volume,
then coming up with a pixel value that represents how much that ray of light
would have been diminished in brightness and changed in color as it passed
through the volume, it creates an image that appears to be a solid, perhaps
hazy and semi-transparent 3D object in space.

Figure 1-17. Tracing, Gradient Shading, and Slicing Combined

To heighten the three-dimensional impression, the user has added the com-
pute gradient/gradient shade modules to the network that pre-process the
hydrogen volume data. These modules calculate how rapidly data is chang-
ing within the field (compute gradient), and create pseudo-shadows to indi-
cate that change (gradient shade). Darker shadows indicate data changing
more rapidly. When these pseudo-shadows are overlaid upon the tracer
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Figure 1-18. Tracer and Orthogonal Slicer Images in the Image Viewer
image, it creates an even more startling impression of a real, solid object.

The euler transformation module is feeding parameter data to both tracer
and gradient shade. This "parameter-as-data” module allows the user to
orient the tracer module’s volume in space; it acts as a kind of "this is where
the camera is" module. gradient shade also gets the transformation so that
its pseudo-shadow overlays are at the same orientation.

The figure shows the two images as they appear in the Image Viewer. The
user has used the Image Viewer to scale, position, and label the two images.

An Example
(continued)

Figure 1-19 shows a simple network to produce a graph. read field again
reads the hydrogen atom data. orthogonal slicer appears in order to section
out a 2D slice of the 3D field, which it feeds to the Graph Viewer’s (graph
viewer module) center input port. This port is used to make the Graph
Viewer create a contour plot of the data in the 2D slice. The contour plot that
results from this network is shown in the lower left corner of Figure 1-23.
The contour is, again, made from the middle Z plane of the hydrogen data.
The

The next network shows the generate histogram module taking the hydro-
gen data and producing a 1D field that represents the distribution of data
within the dataset. It sends this data to a different graph viewer module to

Producing Graphs

Introduction to AVS
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An Example
(continued)

Figure 1-19. Simple Network to Produce a Graph

plot as Y values against X values, in bar plot format. You could use generate
histogram’s minimum and maximum parameter widgets settings to plot the
distribution of different subsets of the data values, effectively "zooming in"
on different data ranges.

Figure 1-20. Plotting Distribution with Generate Histogram
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An Example

(continued)

Figure 1-21. As a Bar Plot in Graph Viewer
Techniques
The next two figures show a single network performing all of the visualiza- Combined

tion techniques shown so far. The next figure shows the single, multi-
branched network; and the following figure the display windows it produces
together on the screen. Again, all are representations of the single 3D field
dataset hydrogen.fld.
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An Example
(continued)

Graphing Techniques

Geometric Techniques

Imaging Techniques

Figure 1-22. Techniques Combined in a Single Network
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An Example
(continued)

Figure 1-23. Image/Geometry/Graph Viewer Display Windows

AVS also supports curvilinear, floating point vector data as well as the uni-
form scalar byte data represented by hydrogen.fli. The following network
uses modules to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>