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Combining a flexibl

C mnfrﬂmz‘g a flexdble . Web is the Internet’s killer appli-
data model ane cation because it enables the wide-
ViR ) spread sharing of Enfi:arpuadﬂn, Within
culributed opjects, 1 years, the numerical computing
they support Lhe environment will enhance sharing
y among scientists by adding a new
structure to the Web. Tr will consist of
crattalizations, and @ persistent, active network of numer-
: ; ical data and computational, display,
uder inberfaces and userinterface components dis-
among mall ,;‘._-,jc- wributed across the Interner. As with
: the Web, users and even application
data vources, programs will be largely unaware of
computers, e} physical computers but will instead
A e have access to a worldwide shared nee-
|fl‘fflﬁlr{ff.t‘ f.‘]fr_IlTPU.!lrff-'{’J+ work of ]_DEJ_L‘LI COHTIPONENTS, Lsers
will explore the network through
browsers and add new components to ir. For example, atmospheric
chemists might use a browser o locate a weather simulation data set or
even a running weather model, connect it as inpur o their chemistry
models, then connect a display component to visualize each model’s
computations, Weather-modeling colleagues might then clone thar dis-
play in their own browsers and connect user-interface components to

collaborate on experiments witch the coupled models.

sharing of data,
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\ 5 Sy
Visuallzing Hurricane Charfay.
Using-VisAli's data and display
models, the Integrated Data Viewer
merges. disparate numerical model
output and satellite and radar data
into a depiction of the humicana's
approach toward Elorida, Aveust 13,
2004, Don Mumay, Unidata Program

ﬁnwr. Boulder, CO.




Such an environment will challenge several long-
held assumprions abour the way programmers write
numerical software, including:

= Single machines or fixed partitions across machines.
Mutnerical software runs {and dara resides) ona
single machine or is partitioned across multple
machines in a fixed configuration; the challenge
comes from grid compurting [1, 2] and diserib-
uted object technology [7]:

* Structure and properties of data. The structure and
properties of dam are known ahead of time by
programmers who write software for accessing the
dara; the challenge comes from abseract numeri-
cal dara models [3, 4. 6]; and

* User of software, T'hese uses are known ahead of
time by the programmers writing the software;
the challenge comes from reusable components

[5).

We are developing the Visualizadon for Algorithm
Development, or VisAD, library of Java components
o overcome the limitations these assumprions impose
on numerical visualization, defining four types of Java
COMpONENts:

disk and memory, movement of data across the ner-
work, and partidons of large data components across
processor clusters.

Display. Implements an abstracr display model thar
enables applications to define data depictions descrip-
tively—via mappings from primitive data values to
primitive display values—rather than procedurally.
The display-component API (such as Java3D and
Java2D) hides the graphics library used to render
depictions, as well as whether depictions are rendered
in windows on workstation screens, in browsers, or in
immersive virtual realicy displays.

Computation. Uses code supplied by applications
o compute values for dam components or manipu-
late display components based on the values of other
data components. The computational-component
API hides the programming langnage used for appli-
cation-supplied code,

Ler interface. Includes the familiar screen icons
{(such as buttons and sliders) linking user actions
{such as mouse clicks) ro values of data components
and to library calls.

Merworks of such components span multiple com-
puters via Java Remote Method Invocation (RMI)

Dhata. lmpitmcnts an

absmract darn model that =l eI s et da t g e rpIngsig l=;
defines a schema gram- L L
mar E-UJ‘ ﬂrg1l\i:€.il1“’ (Tiae == {{Izageklemnent, Imageline} -> Bandlj}d
* =}
numerical and rexe val-
ues. 1t also defines asso- e
ciated meradara (such as i LS Sl AL 1A
Llﬂi.n'.'i Cﬂﬂrdi.ﬂ:ltt 5V5- [(ToigwElazant, Isageline) === [Latitwds, Longitude]
wems, sampling geome-
irics and rtopologies,
missing dara indicators, e [l
and error estimates). — LA : -Hﬂﬂ'.lﬂi : Currem maps:
e an and1 > RAGH
The schema grammar A Y| Z
d d £ Elamemt — TY -'”Z offsat | offaar |offset iuda =¥ Axis
il metadata can. {hagel ine M Tyl | Cyl | oyl |Longiuda = X Axis
CXpress  lmages, 3D | atude Lot |Lon |Rad |Rad| Az | Z  ||Tine > Animation
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cally any other numeri- ) |
cal dara. The R |G| B |rce|roesfapha i
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5 2 Aq (=]
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Figure 1, Display mappings | mm& || cgnw || ﬁm i
dialogue panel. 0 ; 2
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diseribuced object 1ech-
nology. They can express
various forms of distrib-
uted compuring (such as
client-server, cluster pro-
cessing, and remote col-
laboration;, as well as
whatever programmers
and users care to define).
[Msplay and compura-
tonal components may
be linked to data compao-
nents, with their actons
(updating dara depictions
or execuring application-
supplied code] niggered
whenever linked dara val-
ues change, A dam com-
ponent may be linked o
multiple display compo-
nents with a different
depiction in each; muld-
ple data components may |

e ——
Vmeka vt ey e
i bat | e

be linked to a common
display component for
visual comparison, [Dis-
play components may be
linked o yet other dis-
play components, creating collaborative nerworks of
displays that synchronize their appearance; any
change by users or applications is reflected in all
linked display components. User-interface compo-
nents may be linked to data components, enabling
uscrs o manipulate dara values. Display components
can also be used as user-interface components,
enabling users to manipulare dara values by redrawing
their depictions. All these connections may be either
local or remote,

Figure 2. The collaborative
Galaxy application, simulaling
the Milky Way galaxy as it
would appear from Earth,

Abstract Data and Display Models
Abstracrion is the key ro reusability. VisAD achieves
abseraction for its dama components through a

schema grammar for expressing data organizations,
and for its display components through expression
of data depictions as mappings from primitive data
vilues to primitive display values. Figure 1 is a
VisAD) user-interface component that enables users
to define display mappings. The top MadhTjpe win-
dow includes an expression in the schema grammar
for a time sequence of 2D Earth images—a dara
component to be displayed. This expression includes
names for primitive numerical and text values,
groupings of values into vectors, and funcrional
dependencies among values. Below thar, the Coordi-
nate System references window shows thar the dam
component includes an invertible transform
berween image coordinates and Earth coordinates.
All the numetical values occurring in data compo-
nents may include associated units and error est-
mates. There are also usually samplings for the

DISPLAY COMPONENTS CAN BE USED AS
USER-INTERFACE COMPONENTS, ENABLING
USERS TO MANIPULATE DATA VALUES BY
—  REDRAWING THEIR DEPICTIONS.——
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FAgore 3. VisBio volume
rendering of a live €. elegans
embryo {imeging performed by
Wiltiam Mahler, Unlversity of
Connecticut Health Center,
Farmington, CT).

domains of any funcrional
dependencies, Unit conver-
sions, coordinate wansforms,
resampling, and propagation
of missing daea and error esti-
mutes are all done implicitly
as necessary in mathematical
and display operatons on
tdara components.

In order o define data

oLl
| ity

le'pil.'tiuns. primitive data

values—in the Map from
window—arc mapped @
primitive display values—in the Map o window. The
Current maps window shows the system’s first guess at
appropriate mappings for the schema in the
Math Tipe window. The user can clear these mappings
and create new ones by alternacely clicking on primi-
tive data value names and display value numes. The
user interface component in Figure 1 defines map-
pings via library calls available to any applicadon.

The data schema grammar enables data compo-
nents 1o be reused for virmually any numerical and text
data. Moreover, the assoctated metadata enables
meaningful comparisons of dara from diverse sources,
including the spatial and remporal alignment in dis-
plays, and is important for increased daw sharing on
the Intemnet. The system includes a set of classes for
interprering data file and server formats as dara com-
ponents, implicidy transterring dat o a memory
cache as needed to execute data-compenent APl calls.
VisAD developers have applied these classes to more
than 20 common numerical data formats.

The display mappings enable the reuse of display
components for virtually any form of daa depiction.
The fact the display mappings are a descriprive rather
than a procedural definition of dama depictions
enables display components to also be used as user-
interface components, with users modifying data val-
ues by redrawing dara depictions. That is, procedures
are difficulr 1o invert, whereas descriptions apply just
as well in boch the data-to-depiction and the depic-
tian-to-data directions.

Drevelopers can extend the Java classes implement-
ing dara components in order to define their own
coordinate systems, sampling topologies, and interpo-
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lation algorichms. With Java pladform independence,
these mathematical algorithms can be transferred
with data components among various machines; in
this way, algorithms can function as dam content.
Developers can extend classes implementing display
components in order to define their own rendering

:dguriﬂlms ar even to use a different gmphics library,

Yisualization and Analysis

For new users, the VisAD library is a challenge due
to its high level of abstracrion, Their first step is usu-
ally ro visualize their daw in the VisAD SpreadShees,
which provides access to much of the library via a
GUL The user-interface component in Figure 1 is
part of that GUI, helping users learn abourt the dara
schema grammar and the display mappings. They
can experiment with data files and sets of display
mappings, then see the resulting visualizations. The
SpreadSheer GUI consists mainly of a rectangular
array of cells (display-component windows), each
possibly conraining depictions of multiple dara
components. hese components are generated by
reading from files or servers or by simple formulas
applied to dara components in other cells.

When users are ready to program the library, the
easiest way to start is by writing Python scripts. A
script can be simple, as in the single line
plotiload|“filename”} ), which loads and dis-
plays a dama file. VisAD supports Python via the
Jython implementation, providing access 1o Java
abjects from Python, and means the entire VisAD
library is accessible from Python. Support is also avail-
able for mathemarical operations on dar components



THE VISAD LIBRARY IS BEING USED TO WRITE
TRADITIONAL VISUALIZATION APPLICATIONS THAT
ASSUME SPECIFIC DATA STRUCTURES AND
DEPICTIONS. | HESE APPLICATIONS TYPICALLY
REQUIRE A FEW HUNDRED TO A FEW

THOUSAND LINES OF JAVA. N

via Python infix expressions and for specialized dis-
plays (such as histograms, scatter plots, contour plots,
and image animations) without requiring users
understand the system’s display mappings. Python
scripts can invoke the plot function to depict dam
components using a SpreadSheet cell, allowing users
o control display mappings via the user-interface
component, as in Figure 1.

Collaborative Simulation

The VisAD library is being used to write traditional
visualization applications that assume specific data
structures and depictions. These applications eypi-
cally require a few hundred to a few thousand lines
of Java. The library distribution includes approxi-
mately 12 such applications as examples for new
Lisers,

The Galaxy application (its GUI 15 in Figure 2) is
fairly typical, enabling teams of ascronomers o col-
laborate on experiments with physicist Robert Ben-
jamin’s simulation of the Milky Way galaxy and see
how its H-alpha emission sky map and spectra would
look from Earth. Simulation parameters are defined
by a set of simple real-number data components users
adjust via the slider components shown on the left
side of Figure 2. The simulation code—written in
Forran encapsulated in a computadonal compo-
nent—produces data components linked ta display
components generating other windows in Figure 2.
The upper-center window in the figure shows an iso-
surface of simulated warm gas density; the lower-cen-
ter window shows the H-alpha sky map as seen from
Earth. The red point and green line in the upper-cen-
ter window depicr a vector from Earth to some point
outside the Milly Way galaxy, Users drag the red
point to manipulate the vector; changes to the vector
trigger a second computational component w pro-
duce density and spectra along the vector, as in the
upper- and lower-right windows.

A user who begins running the first copy of the
Galaxy application has all dara, compurational, dis-
play, and user-interface components. However, other
users who begin running collaborative copies of the
Galaxy application generate only new display and
user-interface components linked via RMI to che dara
and compurational components in the first copy of
the applicanion.

Exploiting Reusable Components

The VisAD library is being used to support applica-
tions (more sophisticated than the Galaxy applica-
tion) that do not assume specific data scructures and
depictions. They are continuing projects requiring
years of development. The SpreadSheet—the first
such application—deals with any dam strucrure,
accesses data from remote servers, and 15 fully col-
laborarive; the user-interface component in Figure 1
enables users 1o generate any depiction. Mulaple
users might link their SpreadSheets together, and
actions initiated by any individual user are seen iden-
tically in the GUIs of all. :

The Unidara Program Center, part of the Univer-
sity Corporatien for Atmoespheric Research in Boulder,
CO, is using VisAD to develop the Integrated Dara
Viewer (IDV) as part of a Nadonal Science Founda-
tion-supporred mission to supply Earth science dara
and access software to LS. universities. The IDV
-El'.I.'J.IJ].{:S LUSErs O erWEL‘ Iemore Servers El.nd Cﬂl‘.l'.lhil.'lﬁ'
their data in a common spatial-temporal frame of ref-
erence. Due to the diversity of environmental-ohserv-
ing instruments and simulatons, Earth science data
involves a variety of structures and properties sup-
ported by the IDV. In addidon to being ahle to access
standard Earth data servers, the IDV provides a Web-
browsing user-interface component that recognizes
links 1o numerical dam files. Clicking on the links
downloads the files into the spatial-temporal visualiza-
tion window rather than into the browser window,
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The Laboratary for Optical and Compurational
Inscrumentation ac the University of Wisconsin-
Madison uses VisAD 1w develop the VisBio system
for visualizing and analyzing large multidimensional
microscopy data sers. Figure 3 shows a VisBio volume
rendering of a 3D microscopy image of a live embryo
of C elegans (a species of nematode worm). In addi-
tion to various forms of image displays, the system
defines custom cursors users drag o measure dis-
tances in images and movements in ome sequences. A
number of dara schemas are appropriate for a variery
ol microscopy data sets, depending on whether they
include depch (3D vs. 2D}, tme sequencing, multi-
ple specra, and muldiple optical lifetimes. With up to
six independent variables, microscopy dar sets can be
quite |arge. Thus VisBio emplovs progressive refine-
ment rendering (low resolution while the scene is
changing, high resolution when change stops) and
complex memory management.

The Australian Bureau of Meteoralogy is using
VisAD to develop the Australian Integrated Forecast
System (AIFS) 2 system, consisting of a number of
modules supporting forecaster tasks. Most of these
rasks require overlays of dara with diverse strucrures
and properties. They also require user manipulaton
of dara by dmgging their depictions. Meanwhile, the
U.S, National Center for Armospheric Research in
Boulder, CO, is using VisAD ro develop its Visual
MEteorology Tool (VMET) system for visual meteo-
rology. Like the IDV and AIFS, VMET must display
data with diverse structures and properties and pri-
duce a variety of data depicrions.

VisADD's reusable components are also being used
for experiments with visualizadon techniques. VisAD
developers have extended classes implementng dara
components o support large dara companents parti-
tioned across processor clusters. They've extended
classes implementing display components to exploit
parallel processing for visualizing these partitioned
dara components. And they've also extended classes
implementing display components to depict data in
the ImmersaDesk virtual reality system, as well as for
progressive refinement rendering. The VisAD library
has proven iself a useful tool for visualization research
because it enables experiments ar any level via class
extensions. [t also provides the necessary infrastructure
programmers need to write practical applications that
generate cvaluations of new techniques by real users.

The VisAD library, including source code, docu-
mentation, and application examples, is freely avail-
able from www.ssec.wisc.edu/-billh/visad.heml. Ugo
Taddei of the Institute of Geography at the Univer-
sity of Jena in Germany has contributed 2 fine online
general turorial to go along with the specialized turto-

o4
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rials on the sire. Approximarely 15 programmers
from a half dozen institurions have contributed code
1o the library. The much larger community of pro-
g[‘ﬂlnﬂlffﬁ Whu Lise tht’ ]ibfﬂl:r’ arc SuFP[}I’tEd. |:|:]-’ an
acrive mni]ing list used for online discussion and col-
laboration. @
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