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Chapter 1 Introduction to \slt

1.0 Overview

Vislt is a free, open source, platform independent, diged parallel, visualization tool
for visualizing data defined on dwand three-dimensional structured and unstructured
meshes. ¥lIt's distrituted architecture ales it to leverage both the computewer of a
large parallel computer and the graphics acceleration laaedof a local wrkstation.
Vislt's user intedce is often run locally on aiMlows, Linux, or MacOS X desktop
computer while its compute engine component runs in parallel on a remote computer
Vislt's distriluted architecture ales Vislt to visualize simulation data where iasv
generated, eliminating the need tovadhe data to a visualization serwislt can be
controlled by its Graphical User Intade (GUI), through the Python and/da
programmindanguagesor from a customuserinterfacethatyou developyourself.More
information about 81t can be found online &ttp://wwwilinl.gov/visit

Thismanualexplainshow to usetheVislt GUI. Youwill begivenabrief overvien onhow
Vislt works and then you will be stvm how to start and useisft.

2.0 Manual chapters

This manual is braén davn into the follaving chapters:

Chapter title Chapter description

Introduction This chapter

Working with files Describesow to selectandopenfiles
for visualization.

Overview Vislt User’'s Manual 13



Introduction to Vislt

Chapter title Chapter description

Plots Describes the concept of a plot and
how to create them aswell asdetailed
information about all Vislt plots.

Operators Describes the concept of an operator

and how to create them aswell as
information on all Vislt operators.

Saving and Printing

Describes how to save and print
Images.

Visualization windows

Describes how to interact with Vislt's
visualization windows.

Subsetting

Describes the concept of a subset and
tells how to create subsets.

Quantitative Analysis

Describes how to extract quantitative
data from visualizations. This
includes pick and reference lines.

Making it Pretty

Describes how to improve the presen-
tation quality of visualizations using
colors, annotations, lighting and view.

Animation and Keyfram-
ing

Describes how to view time varying
databases as animations.

Interactive Tools

Describes how to interactively slice
plots using Vislt's interactive tools.

Multiple Databases and
Windows

Describes how to use database corre-
| ations and how to visualize databases
using mulitple visualization windows.

Remote Visualization

Describes how to run Vislt's compute
engine on remote computers.

Preferences Describes how to set GUI look and
feel preferences.

Help Describes how to use Vislt's online
help.

Appendix A Describes Vislt's command line
options.

Appendix B Describes how to set up password-

|ess ssh.

14
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Introduction to Vislt

3.0

4.0

Chapter title Chapter description

Appendix C Describes how to install Vislt.

M anual conventions

This manual uses the following conventions:

Element All GUI elements, like windows, menus, and buttons will
use bold helvetica.

Chapters | All referencesto other chapterswill useBold Times.

Documents | All document names will be italicized.

Under standing how Vislt works

Vislt visualizes data by creating one or more plots in a visualization window, also known
asaviswindow. A plotisavisua representation of the data being examined. Examples of
plots include Mesh plots, Contour plots and Pseudocolor plots. Plots take as input one or
more scalar or vector variables, which you can modify, by applying operators before
passing them to a plot. Examples of operatorsinclude arithmetic operations or taking
slicesthrough the mesh. It isalso possibleto restrict the visualization of the data to subsets
of the mesh.

Vislt supports up to 16 visualization windows. Each vis window is independent of the
other viswindows. Vislt uses an active window concept; all changes madein Vislt's Main
Windo w or one of its popup windows apply to the currently active vis window.

Vislt reads its data and performs most of its processing in compute engine processes. A
compute engine is launched on each machine where data to be visualized is located. The
Host Pr ofiles Windo w is used to specify properties about the compute engines for
different machines, such asthe number of processors to use when running the engine. The
status of a compute engine is displayed in the Compute Engines Windo w. The
Compute Engines Windo w can also be used to interrupt pending operations.

Vislt'sarchitecture can be broken down into four main components, though there are some
other less important components. The first component, and the one covered by this
document, isthe GUI. The GUI provides the user interface and menus that let you easily
choose what to visualize. The Viewer displays al of the visuaizationsin its vis windows
and isresponsible for keeping track of Vislt's state and for talking to the rest of Vislt's
components. Both the GUI and the Viewer are meant to run on thelocal client computer so
they can take advantage of the client computer’s fast graphics hardware.

Manual conventions 15



Introduction to Vislt

The next two components can aso be run on the client computer but they are more often
run on aremote, parallel computer or cluster where the data files were generated. The first
such component is the database server, which is responsible for reading the remotefile
system and passing information about the files there to the GUI on the local computer. The
database server also opens afile to determineitslist of variables and other metadata that
are useful in creating visualizations. Finally, the compute engine is the component that
actually reads the data files, processes them, and sends back either images or geometry to
be drawn by the viewer using the local computer’s fast graphics hardware. Figure 1-1
shows connections between Vislt components.

L ocal computer
H Il I = = = Il I I = B /= == =I5 == =N = == =ENNBNBN?:B-
Remote computer

Database server VCL

Y

Parallel Compute Engine

Data
< ' |

Figure 1-1: Vislt's architecture

50 Starting Vislt
You can invoke Vislt from the command line by typing: visit
On the Windows platform, the Vislt installation program adds a Vislt program group to the
Windows Start menu and it adds a Vislt shortcut to the desktop. You can double-click on
the desktop shortcut or use the Vislt option in the Start menu’s Vislt program group to

16 Sarting Vislt
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6.0

launch Vislt. In addition to creating shortcuts, the Vislt installation program createsfile
associationsfor .silo, .visit, and .vses files so double-clicking on files with those extensions

opens them with Vislt.

When you run Vislt at the command line, you can provide various command line options,
which arelisted in Appendix A. Itisbest to have Vislt in your default search path
instead of specifying the absolute path to Vislt when starting it. Having Vislt in your
default search path isn’t important when Vislt isrun locally, but Vislt may not run properly
in distributed mode if the visit command isn’'t in your default search path on all the
machines on which you are running Vislt. When Vislt first launches, it opens two windows
that fill as much of the screen as possible. Figure 1-2 contains the most common window

layout.

Vislt Main window Vis window

[oozo
(0| = ) e o

Activewindow  Maintaln limits I~ Replace piots

Figure 1-2: Vislt windows

The Main Window

Vislt's Main Window, shown in Figure 1-3, contains three main areas. the File panel,
Plot Manager, and Notepad area. The File panel islocated at the top of the Main
Window and it allows you to open databases and set the active time step for animations.
The middle area of the Main Window isthe Plot Manager area. The Plot Manager
area contains controlsthat allow you to create and modify plots and operators. The bottom
area of the Main Window isthe Notepad area. The Notepad areaisablank areato
which various Vislt windows can post. Each time a window posts to the Notepad area, a

The Main Window

17
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Controls pulldown

menu

File pulldown

menu

Elle Controls Options Windows Help

Options pulldown
menu

Windows pulldown

Selected files

list \

Active window
selector and >
indicator

ib_\ctive plots —
Ist

Plot and operator

Selected flles

B

-~ 17: vislt0000.ultra

L g8 18: wave' silo database

- wave0000.sllo cycle 0000
- wave0010.sllo cycle 0010

- wave0030.sllo cycle 0030
- wave0040.sllo cycle 0040
- wave0050.sllo cycle 0050
- wave0060.sllo cycle 0060
- wave0070.sllo cycle 0070

ReOpen | Replace | Overlay

Zwave0020.sllo cycle 0020

=

1
1

4 In

<l |

Actlve window
I 1 vl

Actlve plots

IOOZO

BiE

Maintain limits
[~ view [ data

Hide/Show |

I~ Replace plots
[~ Auto update

Delete | Draw |

b |# |18:Pseudocolor - pressure

Selection area —» Plots Operators PlotAtts OpAtts Variables

Notepad area —

Status bar

v Apply operators and selection to all plots

Y

Figure 1-3: Vislt's Main Window

new tab is created in the Notepad and the posted window’s contents are added to the new
tab. Clicking on atab in the notebook displays a posted window so that it can be used.

Help pulldown

Output
indicator

18
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Introduction to Vislt

6.1  Posting a window

Windows that have a Post button can be posted to the Main Windo w’s Notepad area.
Clicking on awindow’s Post button hides the window and adds its controls to a new tab
in the Notepad area. Posting windows allows you to have several windows active at the
same time without cluttering the screen. When awindow is posted, its Post button turns
to an UnPost button that, when clicked, removes the posted window from the Notepad
area and displays the window in its own window. Figure 1-4 shows an example of a
window with a Post button and also shows the same window when it is posted to the
Notepad area.

Unposted window Posted window

=+ fnimation Plots Operators PlotAtts OpAtts Variables
[~ Cache animation for faster playback ¥ Apply operators and selection to all plots
Animation playback Animation ISubset |
% Looping © Play once © Swing
. [~ Cache animation for faster playback
Animation speed
Animation playback
) ) .
EUE % Looping  Play once ¢ Swing
slower faster L
Animation speed
Apply Post Dismiss | ! ! ! .J
I A : slower faster
Apply | Unpost | Dismiss |
Post button Unpost button

Figure 1-4: Animation Window with Post button

6.2 Using themain menu

Vislt's Main Men u contains five menu options that allow you to access many of VisIt's
most useful features. Each menu option displays a submenu when you click it. The options
in the submenus perform an action such as saving an image. Menu options that contain a
name followed by ellipsis open another Vislt window. Some menu options have keyboard
shortcuts that activate windows. The File menu contains options that open Vislt windows
that allow you to open files, manage compute engines and host profiles, save images, and
print images. The Contr ols menu contains options that open Vislt windows that, for the
most part, set the look and feel of Vislt's visualization windows. The colors, annotations,
lighting, and view can be set through some of the options available in the Contr ols menu.
The Options menu contains options that allow you to set the appearance of the GUI,
manage Vislt plugins, and save Vislt's settings to a configuration file. The Windo ws
menu contains controls that manage visualization windows. The Help menu provides
options for viewing online help, Vislt's copyright agreement, and rel ease notes which
describe the major enhancements and fixes in each new version of Vislt. The options for
each menu are shown in Figure 1-5 and will be described in detail later in this manual.

The Main Window 19
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IE3} Vislt 15 <2> (=l [=]mi[x]
Elle Controls Options Windows Help Elle | Controls Options Windows Help Elle Controls | Options Windows Help
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Compute engines ... Ctrl+E Database correlations . . . Ctrl+D :: curvz: Preferences . . .
- 4 eurv
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[d Save window Ctrl+S 2 Keyframing ... Ctri+K 6: globe.s Save Settings
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Save session . . . —— 3 Subset... Ctrl+U L Pl
Exit CtrlaX Spiaco il Al B0 s Active window  Maintainimits I Replace plots
. i — uto update 1 1 - [~ view I" data [” Auto update
(=] = [ [x]
Elle Controls Options | Windows Help Elle Controls Optlons Windows | Help
Selected files - et e EI Selected flles Aot
Wiocalhost | [ clone Copyright . ...
1: curvad.silo Delete Ctrl+Del 2: curvad_colmajor.siio Help... F1
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Active window Maintain limits I™ Replace plots Actlve window Malntaln limits " Replace plots
1 - I~ view [" data I” Auto update 1 - I view " data I~ Auto update

Windows menu Help menu

Figure 1-5: Vislt's main menus

4) Mon 127 M whitlockz

" @ Viswi41 fie Comois Optons windows rielp G Operators plotAtriutes Operstor Abutss Varses
5 V4

o o e A 2 [

o o conour CCEINDKIODIE] - BESE
; UAM»;DJMI;Z‘": ~ ’ri‘ws;oq‘rzm :

A Pseudocolor

“ Surface
 Vector
® volume

Active plots  (_HidelShe

M @f2:Conour - head

@ Apply operators and selection to all plots.

Load balancing:

Tota Status:

Stage Status:

o) (

The Main Menu
and the Plot and
operator menu are
merged in the
MacOS X version
of Vislt because
MacOS X
applications always
have all menusin
the system menu
along the top of the

display.

Figure 1-6: Main Menu and Plot and Operator menu are combined in MacOS X
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6.3  Viewing status messages

Vislt informs the user of its progress asit
creates avisualization. Aswork is
completed, status messages are displayed in
the bottom of the Main Window in the
status bar. In addition to status messages,
Vislt sometimes displays error or warning
messages. These messages are displayed in
the Output Window, shown in Figure 1-7.
To open the Output Window, click the

DIEIIES

ERROR: The MetaData server running on
localhost could not change the current
directory to fthisfdirectory/doesinotfexist.

Post | Dismiss

Al
-
|

OQutput Indicator

Unread message |

it

OQUTFUT | | OUTEUT

Output Indicator in the lower, righthand
corner of the Main Window. When the
Output Window contains an unread
message, the Output Indicator changes
colorsfrom blueto red..

No messages -

Figure 1-7: Output window and output indicator

6.4  Applying settings

When using one of Vislt's control windows, you must click the Apply button for the new
settings to take effect. All control windows have an Apply button in the lower left corner
of the window. By default, new settings are not applied until the Apply button is clicked
becauseit is more efficient to make several changes and then apply them at once. Vislt has
amode called auto update that makes al changesin settings take place immediately. Auto
update is not enabled by default because it can cause plots to be regenerated each time
settings change and for the database sizes for which Vislt is designed, autoupdate may not
always make sense. If you prefer to have new settings apply immediately, you can enable
auto update by clicking on the Auto update check box in the middle of the Main
Window. If auto update is enabled, you do not have to click the Apply button to apply
changes.

iake default | Reset |
Apply *—Pust—|—5mm iss i Apply button
Active window Maintain limits I~ Replace plots
|1 vl [~ view [ data [ Auto update Auto update
Active plots HidefShow | [Delete | [Draw
I

Figure 1-8: Apply button and Autoupdate check box

The Main Window
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7.0

Getting started

Therest of this manual details the ins and outs to using Vislt, but you can also very
quickly visualize your data by opening a database and creating plots. You must first select
databases to visualize. Sample datafiles are usually installed with Vislt in adata directory
in the directory in which Vislt was installed. If you are running Vislt on the Windows
platform, you can double-click on one of the sample Silo data filesto openitin Vislt or
you can run Vislt and open the File Selection Windo w from the Main Windo w’s File
menu. Highlight some files and click the Ok button in the File Selection Windo w. The
Main Windo w’s File panel should now contain some files. To open afile, click onits
entry in the File panel and then click the Open button. If the database was successfully
opened, the Plot and operator menu will be enabled.

Once you have opened a database, you can use it to create a plot by selecting a plot type
and database variable from the Plots menu. Once aplot is created, the Active plots list
will show that the new plot has been added by displaying a description of the plot drawnin
green text. The color green indicates that the plot isin the new state and has not been
drawn yet. To draw the plot, click the Draw button in the middle of the Main Windo w.
That's all thereisto creating a plot using Vislt. For more detailed information on creating
plots and performing specific actionsin Vislt, refer to the other chapters in this book.
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Chapter 2 Working with databases

1.0

2.0

Overview

In this chapterwe will discuss hw to work with databases inisft. A database can be
either a set of files on disk or a running simulatioou ¥an manage both types of
databases using the samsliwindows. First well learn about thé&-ile Selection
Window which allovs databases to be selected and grouped, tWe’'ll learn hav to
open databases for visualization usingRkHe Panel before learning he to examine
information about a database using e Information Window. Finally, we’'ll learn
how to reopen a file and close a database.

Supported File Types

Vislt can create visualizations from databases that are stored yntypas of underlying

file formats. \islt has a database reader for each supported file format and the database
reader is a plugin that reads the data from the input file and imports itisfttolf\iyour
dataformatis notlistedin Table1, “File formatssupportedy Visit,” on page24thenyou

can first translate your data into a format thistt\tan read (e.g. Silo, VTK, etc.) or you

can create a medatabase reader plugin fois\t. For more information on deloping a
database reader plugin, refer to Y&t Plugin Developers Guideor send an e-mail

inquiry tovisit-help@linl.gw.

21 File extensions

Vislt usedile extensiondo decidewhich databaseeadermplugin shouldbe usedto opena
particularfile format.Eachdatabaseeadeiplugin hasasetof file extensionghatareused
to match a filename to it. When a fdektension matches (case sensitexcept on MS

Windows) that of a certain plugin,i®t attempts to load the file with that plugin. If the
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plugincannotoadthefile thenVislt attemptgo openthefile with the next suitableplugin,
before trying to open the file with the deft database reader plugin. If your files do not
have file extensions then iglt will attempt to use the dadllt database reader plugirowy
can pride the-default_format command line option with the name of the database
readempluginto useif youwantto specifywhich readeiVislt shouldusewhenfirst trying
to openafile. For example,if youwantto loadaPDB/Flashfile, which usuallyhasnofile
extension, you could prade: -default_format PDB on the command line.

—

n

TABLE 1 File formats supported by Vislt

Database | File exten- Description

plugin sion(s)

ANALYZE | img, hdr Rectilineargrid of integervaluescontainingMRI and
fMRI data for human brains.

ANSYS inp ANSYS is a popular commercial suite of multiygh
ics codes. The iglt ANSYS reader reads in the
ASCII version of the ANSYS mesh input file forma

AUXFile aux LLNL ASCII file format containing tayet and beam
diagnostic data for National Ignitioragility (NIF)
lasers.

BOV bov Brick of valuesformatwherethe databaseanbebro-
ken davn into small bricks of ZLIB compressed sca-
lar arrays.

Boxlib2D boxlib2d, Structured AMR format for 2D. Requires a .visit file

boxlib2D to group multiple time states into a single tinseyw
ing database.

Boxlib3D boxlib3d, Structured AMR format for 3D. Requires a .visit file

boxlib3D to group multiple time states into a single tinseyw
ing database.

CGNS cgns CFD General Notation System (CGNS) files contg
platform-independent binary CFD (computational
fluid dynamics) data for both unstructured and struc-
tured grids. Bre more information on CGNS, visit
http://www.cgns.og.

CMAT cmat ASCII output of CMA" Fortran simulation.

Cosmos COSMos Astronomical simulation datased in HDF4 format.

CosmosPP | cosmospp, cos- Astronomical simulation datawad in HDF5 format.

mos++
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Database | File exten- Description

plugin sion(s)

Curwe2D curwe, ultra, ult | ASCII text file containing2 columnsof X,Y pairsthat
describe a cue. Each cure is preceded by a “#”
comment containing the name of treriable.

Dune Dat ASCII file containing point meshes andriables
written by Dune simulation code.

EnSight case Ensight Gold case files.

Enzo boundaryhier- | Stanford Unversity AMR Astroplysics simulation

arcly output saed in HDF4 format.

Exodus eX, e, o, &2, | Sandia National Laboratowyfile format for storing
exll, exii, gen, | simulation data.

EX, E, EXO,
EX2, EXII,
GEN, &odus,
EXODUS,nem-
esis, NEMESIS

FLASH none AMR data stored in HDF5 file format produced by
theFLASH codefrom theUniversityof Chicago.The
-default_format FLASH command line options must
be specified to select this database reader plugin
because the plugin is not associated withfde
extensions.

GDAL adf,asc,bt,ddf, | GDAL is atranslatolibrary for rastergeospatiatiata
dem, ecwgxf, | formats common in the Geographic Information S
jp2, map, mem,| tems (GIS) field. \It's GDAL reader can read the
mpl, mpt n1, formats that GBL itself can read including popular
nat, ntf, pix, GIS formats such as: Arcinfo binary grid and Digit
rsw, sid, vrt, Elevation Map (DEM). IBr a complete list of the file
Xpm formats that &It can access through the 8D

reader plugin, refer to
http://www.gdal.og/formats_list.html.

Note that may of the formats that GBL can read
are actually image file formatsisit reads image file
formats through its Image database reader plugin
unless you tell the GEL plugin to read image files
by setting the
VISIT_READ_IMAGES_WITH_GDAL environ-
ment\ariable.

yS-

Supported File Types
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Database File exten- Description

plugin sion(s)

Image BMP, JPEG. The Image database reader plugin can read in many

JPG, PNG, popular image file formats, allowing you to plot
PNM, PPM, images of experimental data or perform image analy-
SDT, SPR, TIF, | sis. In addition, the Image database reader plugin sup-
TIFF, bmp, ports the creation of image volumes, which are
imgvol, jpeg, comprised of a set of 2D dlice images that can be
jpg, png, pnm, | reassembled into a 3D volume. An image volume file
ppm, sdt, spr, isatext file (ending in .imgvol) that contains the
tif, tiff names of the images to be reassembled into a 3D vol-
ume.

KullLite pdb, mkf Input mesh files for Kull simulation program. Data
files are stored in PDB format.

Lines dat ASCII text format containing X,Y pairsor X,Y,Z tri-
ples.

Mili m, mili Popular LLNL engineering format used in Dyna3D,
Nike3D simulation codes. Requires use of the visit -
makemili utility to create a.mili file that can be
opened.

NASTRAN | nas, f06 NASTRAN is apopular commercia finite element
tool. The Vislt NASTRAN reader plugin can import
geometry from NASTRAN bulk datafiles.

NETCDF nc, cdf, elev NetCDF (Network Common Data Form) files are
used to store scientific, array-oriented datain a
machine-independent, binary format. NetCDF files
often contain data from climate observations and
results for climate simulations.

OVER- dat, save Binary Fortran output files containing overlayed cur-

FLOW vilinear meshes.

PATRAN neu PATRAN isapopular commercia finite element

code. The Vislt PATRAN reader reads PATRAN neu-
tral files, which are ASCII format files that contain
unstructured geometry and simulation results.
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Database
plugin

File exten-
sion(s)

Description

PDB/Flash

pdb, r0000

The PDB database plugin is an umbrellareader for
multiple styles of files written in the PDB database
format.

Flash files are read by this plugin. Equation of state
databasesin PDB format can also be read using this
plugin. Finaly, the PDB plugin supports reading
wavel et-compressed data files generated with Pf3D
simulation code.

Pixie

h5

2D and 3D LANL simulation data saved in HDF5 for-
mat.

Plot2D

p2d

Structured data format for simulation data in Plot2D
format.

Plot3D

g, X

Structured data format for ssimulation datain Plot3D
format.

Point3D

3D

ASCI file format containing four columns of num-
bers: X,Y,Z point and a data value.

Arbitrary simulation data stored in HDF5 file format
by Sets and Fields (SAF) library.

samrai

Structured AMR data stored in HDF5 file format.
Requiresa.visit file to group multiple time statesinto
asingle time-varying database.

SAR, sar

Specific Absorption Rate image volume files.

stl

Stereolithographic file format containing triangle
coordinates

Shapefile

dbf, shp

ESRI Shapefiles are commonly used in GIS applica-
tions to store vector data (boundaries, roads, building
footprints, etc.).

Silo

pdb, silo

Popular LLNL file format based on PDB that sup-
ports scalar, vector fields, and materials stored on rec-
tilinear, curvilinear, unstructured, or point meshes.
Data can be split up into multiple domains.

Spheral

sv, spheral

Spheral files contain results of coupled hydrodynami-
cal and gravitational ssmulationsin ASCII form.

TecPlot

plt, tec, tp

ASCII fileformat for the popular TecPlot plotting
package.

Supported File Types
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3.0

Database File exten- Description

plugin sion(s)

Tetrad h5, hdf5 Tetrahedral meshes and variables stored in HDF5 file
format.

TFT dat, tft ASCII output of TFT Fortran simulation.

TimeVar- exl| Same as Exodus

ingExodus

VTK vtk ASCII files containing data from multiple kinds of
objects from Visualization Toolkit (VTK). Fore more
information about VTK, visit http://www.kit-
ware.com.

Vista vista Hierarchical file format based on Silo that stores data
in HDF5 file format.

ViSUS idx, vis Research file format that allows dynamic decomposi-
tion of the file based on available processors and sup-
ports efficient reading of data (and subsets of data)
from thefile.

Wavefron- | obj Alias Wavefront Object file format. Contains 3D

tOBJ models.

Xmdv okc ASCII file containing columns of data.

File Selection Window

The File Selection Window, shown in Figure 2-1, allows you to select files and
simulations by browsing file systems either on your local computer or the remote
computer of your choice. You can open the File Selection Window by choosing the
Select Files option from the Main Window’s File menu. When the window opens, its
current directory is set to the current working directory or adirectory from Vislt's

preferences.
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=™ File selectio
M| Host [localhost =l
1 Path |Iusr!gapps!visit!data j
Filter |*.silo *.visit

[~ Use "current working directory” by default File grouping ISmart vl Remove paths . . |
Directories Files Select Selected files
. (current directory) curvZd.silo - glec curvZd.silo i’
..(go up 1 directory level) |f| curv2d_colmajor.silo Select all || curv2d_colmajor.silo

curv3d.silo curv3d.silo

curvad_colmajor.silo Remove curvad_colmajor.silo

globe.silo Remove all globe.silo

multi_ucd3d.silo multi_ucd3d.silo

noise.silo Group noise.silo

rect2d.silo Refresh rect2d.silo

rect3d.silo = £lres rect3d.silo =

OK | Cancel |

L Il

Figure 2-1: File Selection Window

3.1 Changing hosts

Oneof Vislt's strengthss its ability to operateonfilesthatexist on remotecomputersThe
default host is: “localhost”, which is a name understood by the system to be the name of
yourlocal computerTo accesshefiles onaremotecomputeyyou mustprovide thename

of the remote computer in tliost text field by either typing the name of a remote
computer and pressing the Entey lor by selecting a remote computer from the list of
recentlyvisitedhosts.To accesshelist of recentlyvisitedhosts click onthedown-arrav

at the &r right of theHost text field.

Changing the host will causasit to launch a database serwn the specified computer
SO you can access files there. Note that if you do et éva account on the remote
computeyor if Vislt is not installed there, you will not be able to access files. Also note
that Mslt may prompt you for a passwd to authenticate your access to the remote
computer To set up passwd-less access to remote computers, refer to “Setting Up
Passvord-less ssh” on padi89.

Once a database servis running on the remote compuiés file system appears in the
directoryandfile lists. The hostnamefor eachcomputeryou accesss addedo thelist of
recently visited computers so that you may switch easily to computers youdtantly
accessed. If you installedsit with the praoided netvark configurations then the list of
recently visited computers also contains the hosts from the host profiles, which are
covered later in this document.
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3.2  Changing directories

To select data files, you must often change theedirectory This can be done in tw
ways. The first &y is to enter the entire directory path into Btah text field and press
Enter You can use UNIXM shell symbols, lik the “~ for your home directorpr the
“..I” to go up one directory from your current directoffne directory corentions used
depend on the type of computer being accessedindlavs®) computer gpects
directories to be specified with a diskvdriand a path with back slashes).
C:\temp\data) while a UNIX™™ computer gpects directories with forard slashege.g.
/usr/local/data). Keepthetypeof computerin mind whenenteringa path.After apathhas
been typed into thBath text field, Vislt will attempt to change directories using the
specifiedpath.If Vislt cannotchangeo thespecifieddirectory theOutput Windo w will
appeawith anerrormessagandthePath text field will revertto thelastacceptedalue.
Anotherway to changedirectorieds to doubleclick themouseon ary of theentriesin the
directory list. Note that as you change directories, the contents Bil¢Hest change to
reflectthefilesin thecurrentdirectory You canimmediatelyreturnto ary recentlyvisited
directory by selecting a directory from tRath text field’s pulldovn menu.

3.3  Default directory

By default, Mslt looks for files in the current directoffhis is often useful in a UNIX/
ervironment where it is launched from a command line shell in a directory where
database files are &ky to be located. Whenisit is set to look for files in the current
directory the“current w orking director y” check box is set. If all of your databases
arelocatedin acentraldirectorythatrarelychangesit is worthwhileto uncheckthecheck
box,changdirectoriego yourdatadirectory andsave settingssothenext time Vislt runs,
it will look for files in your data directory

3.4  Changing filters

A filter is a pattern that is applied to the files inile list to determine whether or not
they should shw up in the list. This mechanism alle the user toxelude maw files
from the list based on a naming gention, which is useful sinceidlt’s data files often
share some part of their names.

TheFilter text field controls the filter used to display files in the file list. Changing the
filter will often change th&ile list as files are shen or hidden. Thé&ilter text field
accepts standard UNFX C-Shell pattern matching, where, fowenple, a “*” matches
arything, “?” matches ansingle characteand “#” matches ansingle digit. The defult
filter (**”) shows all files in theFile list . Note that you can specify more than one filter
provided you separate them with a space.
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3.5 Managing the selected file list

The File Selection Windo w contains athree text fields along the top that allow you to
change the location of where Vislt looks for files. The contents of directories and the
selected fileslist are shown below those text fields. The left of the window lists the names
of the directories that are subdirectories of the current directory. Thislist is commonly
empty except for two entries that link to the current and parent directories. Thelist in the
middle of the window contains the files that reside in the current directory and match the
supplied filefilter. Thelist on the far right contains the list of selected files. This window
allows you to modify the contents of that list by adding and subtracting files from the list.
When you are satisfied with the contents of the selected filelist, clicking the Ok button
will apply the Selected file list . Otherwise, clicking the Cancel button will undo any
changes made to the Selected file list .

The buttons between thefile list and the selected file list add and remove files from the
selected files list as well as create grouped files. To add files to the Selected files list
you can select multiple files by clicking on afile and holding down the Shift or Control
keys before clicking on another file. After selecting files from the File list , click the
Select button to add the selected filesto the Selected files list . If you want all of the
filesin the Files list moved to the Selected files list , you can click the Select All
button. You can remove files from the Selected files list by first selecting the files that
you want to remove and then clicking the Remove button. To remove al files from the
Selected files list , click the Remove All button.

3.6  Grouping files

Time-varying scientific databases are often organized as a set of files where each file
contains the state of asimulation at a particular instant in time. In order for Vislt to play
animations, it must have know which files are related. The File Selection Windo w
allowsyou to create a“.visit” file, co-located with the database time step files, that groups
all of thefilestogether as atime-varying database. To group files, first select a set of files
from the File list inthe middle of the window and then click the Group button. Thiswill
create afile ending in “.visit” whose name is based on the names of the selected set of
files. Oncethe* .visit” fileiscreated, it appearsin thelist of availablefiles. A “.visit” fileis
created each time the Group button is clicked but its name does not change unless the
names of its constituent files also change. In other words, the “.visit” file can be
overwritten if the Group button isclicked several times. Later when you want to create an
animation, you open the “.visit” file to get the simulation data as it changes over time.

3.7 Virtual databases

A virtual databaseis atime-varying database that Vislt artificialy creates out of smaller,
single time step databases that have related filenames. Virtual databases allow you to
access time-varying data without having to first create a“.visit” file. The filesthat are
grouped into a virtual database are determined by thefilefilter. That is, only files that
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match the filefilter are considered for grouping into virtual databases. You can change the
definition of avirtual database by changing the file filter before you add the virtual
database into your selected fileslist. A virtual database appearsin thefilelist and the
selected fileslist as a set of filenames that are grouped under a single filename that
contains the “*” wildcard character. When you click on any of the filenames in the virtual
database, the entire database is sel ected.

You can tell Vislt to not automatically create virtual databases by selecting the Off option
inthe File grouping menu in the File Selection Window. When automatic file
grouping is turned off, no files are grouped into virtual databases and groups of files that
make up atime-varying database will not be recognized as such without a*“.visit” file. See
Figure 2-2 for the effects of automatic file grouping on filesin the File Selection
Window.

Vislt has two levels of automatic file grouping. The default level is Smart file grouping,
which enables automatic file grouping but has extra rules that prevent certain groups of
filesfrom being grouped into virtual databases. If you find that Smart file grouping does
not provide the virtual databases that you expect, you can back the file grouping mode
down to On or turn it off entirely.

Automatic file

B Host [localhost

1 Path |!usr!gappslvisitfdata

Filter [*.silo *.visit

grouping is off
so none of the

I~ Use "current working directory” by default File grouping - Remove paths . .. / wave sl | (0] fl | es
Directories Files Selected files are groupaj | nto
. (current directory) ﬁad.silo | EEEE: curv2d.silo .
.. {go up 1 directory level) wave.\.;isit || selectan [|curvad jor.silo a Vl rtual
" d.silo
wave0000.silo curvad_colmajor.silo databa%

wave0010.silo .
wave0020.silo A/ Remove all || 9lobe-silo
multi_ucd3d.silo

wave0040.silo Group "()ISB.SII.O
rect2d.silo

wave0050.silo Refresh 1
wave0060.silo =l rect3d.silo =

QK Cancel
I

wave0030.silo

I 2 BB T BN e e e e L L e e e L

B Host [localhost

1 Path |Fusr!gappslvisitfdata

Filter [*.silo *.visit

™ Use "current working directory” by default

File grouping [T~

Automatic file
grouping ison
so al of the

Remove paths . .. / Wa\/eS”O flleS
are grouped into

Directories ||Files Selected files

. (current directory) u'cuau..m.m A EEEE curvad.silo . .
..(go up 1 directory level) wave.wslt . —i|| Selectal ||curved jor.silo a S ngl e Vl rtual
e wave™.silo eilo
wave0000.silo y e
wave0010.silo curvad . silo d&aba%
WaVEOOZO-SiE‘/ Remove all glob.e.s|lo .
wave0030.silo multi_ucd3d.silo
wave0040.silo Group: noise.silo

wave0050.silo Refresh rect2d.silo
0.silo i
0060.sil | rect3d.silo =l

OK Cancel
I

Figure 2-2: Automatic file grouping in the File Selection Window
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3.8 Refreshingthefilelist

Scientific simulations often write out new datafiles as they run. The Refresh button
makes Vislt re-read the current directory to pick up any new files added by arunning
simulation. If the active source is avirtual database whose definition was changed by
refreshing thefilelist, then Vislt will close and reopen the active source so information
about new time states is made available.

3.9 Clearing out recently visited paths

TheFile Selection Window

maintains alist of al of the paths that Sl ol —
you've ever visited and adds those [ Select pathsto remove
paths to the recently visited pathslist, o ——
which can be accessed by clicking on :0camostgiusr;gapps;\f!s!:j y
the down-arrow at the far right of the ccalnostilsrigappsivisitdata
Paths text field. When you click ona
path in the recently visited paths list,
Vislt setsthe database server’s path to
the selected path retrieves the list of
filesin that directory. If you visit
many paths, thelist of recently visited ok | cancel |
paths can become quite long. Click : ,
the File Selection Window'’s

Remove Paths button to activate

the Remove Recent Paths

Window. The Remove Recent Paths window allows you to select paths from the
recently visited paths list and remove them from the list. The Remove Recent Paths
Window isshown in Figure 2-3.

Remove Remove all | Invert selection |

Figure 2-3: Remove Recent Paths Window

3.10 Connectingto arunning simulation

Computer simulations often take weeks or months to complete and it is often necessary to
visualize data from the simulation before it has completed in order to diagnose potential
problems. Newer versions of Vislt come with a simulation interface library that can be
linked into your serial or parallel simulation application in order to provide hooks so Vislt
can plot data from your running simulation. When instrumented with the Vislt simulation
interface library, your simulation can periodically check for incoming Vislt connections.
When Vislt successfully connects to your simulation, all of your ssmulation variables are
avaiable for plotting without having to write plot filesto disk. During the timethat Visltis
connected, your simulation acts as a Vislt compute engine in addition to its regular
responsibilities. You can pause the simulation while using Vislt to interact with the data or
you can choose to have the simulation continue and push new datato Vislt for plotting.
For more information about instrumenting your simulation code with the Vislt ssmulation
library interface, send e-mail to visit-help@lInl.gov.
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Vislt currently treats simulations as though they were ordinary files. When the Vislt
simulation interface library is enabled in your application, it writes a specia file with a
.Sim extension to the .visit/simulations directory in your home directory. Each .simfile
encodes the time and date it was created into the file name so you can distinguish between
multiple simulations that Vislt can potentially open. A .simfile contains information that
Vislt needs in order to connect via sockets to your ssimulation. If you want to connect to a
simulation, you must select the .sim files corrsponding to the simulations to which you
want to connect and add them to the Selected files list (Figure 2-4). Once you've done
that, connecting to a simulation is the same as opening any other disk file.

=™ File selection

M Host |Iocalhost

] Path |Ihomefusernamef.visit!simulations

Filter |".sim

[ Use "current working directory” by default

Directories
. (current directory)
..[{go up 1 directory level)

:001105393850.proto.sim

File grouping ISmart vl Remove paths . . |

Select

Selected files

Selectall

Remove

Remove all

Group

Refresh

CThead_mid.silo -
IMRIhead.silo

bigsil.silo

curv2d.silo

curv2d_colmajor.silo

curv3d.silo

curvdd_colmajor.silo

efp.silo

foot.silo

globe.silo

U |
OK | Cancell

Figure 2-4: Accessing a simulation using the File Selection Window
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Selected files

: curv2d.silo
: curv2d_colmajor.silo
: curv3d.silo
: curv3d_colmajor.silo

globe.silo
: multi_ucd3d.silo
: noise.silo

~ @ IOED. L M=

Open | Replace | Overlay |

I [

41| « |[ = > |

> |

Figure 2-5: File panel with files from a single directory

The File panel, near the top of the
Main Window, displaysthefilesin
the Selected files list and contains
controls for opening files and playing
animations. The File panel always
triesto display the Selected files
list in the most intuitive manner. If all
of the selected files come from the
same directory on the local machine,
the File panel will display the
selected filesin asimplelist like the
one shown in Figure 2-5.
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When the Selected files list

contains files from multiple Selected files =
directories, the File panel displays g‘j::)“n‘::;whmocbidata

thelist as afile tree that displaysthe 1 1: noise.silo

name of the computer where the files o oz:tiresio

arelocated aswell asthe selected files Em";rj:::;fs";;‘:ﬂ‘;:g

and aminimal amount of directory B o reciad.silo

information needed to uniquely - 5:ucd2d.silo

“ §: ucd3d.silo

identify files. Directories are
identified with afolder icon and they
cannot be opened for visualization. .
Fileshave noicons; instead they have = !

anumber next to them that indicates | « | m | » | 1|
their index in the Selected files

list. Thefile number isused in the

Plot list to identify the file used by

the plot. Thefile tree is always represented using the fewest possible number of nodesto
avoid having to click through levels of empty directories. Displaying the Selected files
list in tree form makes it easier to distinguish the directory from which files come. This
view of the Selected files list is shown in Figure 2-6.

| /|
ReQpen | Heplace | Chvernlay |

Figure 2-6: File panel with files from multiple directories

4.1  Openingafile

To open afile, you want to visualize, click onits namein the File panel and then click on
the Open button. You can also open files by double-clicking on thefilein the File panel.
Once afileisopen, the Open button turns into the ReOpen button and the file can be
visualized. If you click on afile that has been opened before, the Open button becomes
the Activate button. Clicking on the Activate button causes the selected file to become
the new open database, from which plots can be created.

When the ReOpen button is clicked, all cached information about the open database is
deleted, the database is queried again for its information, and any plots that use that
database are regenerated using the new information. This allows Vislt to access data that
was added to the database after Vislt first opened it.

Virtual databases, unlike “.visit” files, are expanded in the File panel by default because
the time states are usually known before the database is opened. Since the time states are
known before the database is opened, and you can click on any of them, it is possible to
highlight alater time state of avirtual database and open it at that later time state. Opening
avirtual database at alater time state can be useful if the database has variables that are
introduced later in the time series.
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4.2  Opening afileon aremote computer

Opening afile on aremote computer

Selected fles [l workslike opening afile on your local
& Miocalhost computer because the files from the
-~ 1:ucdsd.silo remote computer have been placed
o 2 wavevisit into the File panel. The only
= Blripuide difference is that when the File
:rect2d.silo . i .
panel contains files from multiple
- S:tire.silo computers, it displaysthelist of files
~ Siuecedislo —  from each computer under a small
Reopen | Replace | e _| computer icon that represents the
. b = i computer where the files are located.
= ! An example of thisisshown in
<1 | « | ®m | » [ 1> | Fgue27.

Figure 2-7: File panel with files from multiple computers

4.3  Opening atime-varying database

A time-varying database (a“.visit” file or virtual database) is opened the same way as a
database with a single time step. A time varying database is created by either grouping
filesinto a“.visit” filein the File Selection Window or by turning on automatic file
grouping so Vislt creates virtual databases, which are databases made up of multiple
single time step databases that have similar filenames. To open a time-varying database,
click on it to highlight it and then click the Open button in the File panel. Double-
clicking the time-varying database also will open it. The one difference between opening a
single time step database and a time-varying database is that if the time-varying database
isalso avirtual database then it can be opened at alater time step without having to first
open it at the first time step.

TheFile panel displaystimevarying
Selected files databases with a green database icon
13: ucd3d.silo next to the name of the database.

W 14: wave®silo database There often is also asmall check box
+ waveo000.silo cycle 0000 next to the database icon that expands

~wave0010.silo cycle 0010 -
- wave0020.silo cycle 0020 to show the database’s time steps.

L L

PTTETYSITTMMMMMMMN | Thisisshownin Figure 2-8. Whena
- wave0040.silo cycle 0040 x| time- varying database is open, the
ReOpen | Replace | Overlay | animation controls are activated so

any time step in the database can be
— 0030 used. Note that the animation controls
41 | « | | B » | 1I» | aeonlyactivewhenvisudizinga
time-varying database or when Vislt
Figure 2-8: File panel with open time-varying database isin keyframe animation mode.
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4.4  Setting the activetime step

Time-varyingdatabasearecomposedaf oneor moretime stepswhich containdatato be
visualized. The aote time step is the time step within a timerying database thaidht
uses to generate plots. Thige panel contains a group of animation controls belthe
Selected files list that allav you to set the aate time step used for visualization. The
Animation slider and theAnimation text field shav the actve time step. @ set the
active time step, you can drag tA@imation slider and release it when you get to the
desired time step, or you can type iryale number into th&nimation text field. If
youtypein acycle numberthatis notin thedatabaseheactve time stepwill besetto the
time stepwith theclosestcycle numberto the cycle thatwasspecified Anothermethodof
setting the acte time step is to double click gate number under the database in the
Selected file list.

45  Playing animations

TheFile panel contains a set &/CR buttons that allav you to put \&slt into an

animation mode that plays your visualization using all of the time steps in the database.
TheVCR buttons are only actie when you h& a time arying database. The leftmost
VCR hutton maves the animation back one frame. The V@iRdn second from the left
plays the animation in verse. The middle VCRufton stops the animation. The VCR
button second from the right plays the animation. The VG#oh farthest to the right
adwances the animation by one frame. As the animation progressésjithation

Slider and theAnimation Text Field are updated to reflect the aetitime step.

4.6  Reopening adatabase

Sometimes it is useful to gim visualizing simulation data before the simulation has
finished writing out data files for all time steps. When you open a databarsét iand

create plots and lateramt to visualize ne time steps that va been generated since you
first openedhedatabaseyou canreopenthedatabaséo force Vislt to getthe datafor the

new time steps.To reopema database;lick theReOpen buttonin theFile panel. When

Vislt reopens a database, it clears the geometry for all plots that used that database and
cached information about the database is erased so that vetieredpens the database,
plots are rgenerated using the wealata files.

4.7  Replacing a database

If you have created a plot with one database aadtvo see what it looks Ekusing data
from another database, you can replace the database uskitetpanel’'s Replace
button. To replace a database, first select\a database by clicking on a file in thge
panel’s Selected files list andthenclick theReplace button.Thiswill make Vislt try
to replacethedatabaseasedin the plotswith the new databasdf thereplaceoperationis
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5.0

asuccess, the plots are regenerated using the new database and they are displayed in the
visualization window.

4.8 Overlaying a database

Overlaying adatabaseis away to duplicate every plot in the plot list using a new database.
To overlay plots, select a new database from the Selected files list in the File Panel
and then click the Overlay button. This copies each plot in the Active plot list and
replaces the database with the specified database. If the operation succeeds, the plots are
generated and displayed in the visualization window. It isimportant to remember that each
time the Overlay button is clicked, the number of plotsin the plot list doubles.

File I nfor mation Window

ThisFile Information Window, shown in Figure 2-9, displays information about the
currently open file. The File Information Window is opened by choosing the Files
information option from the Main Window’s File menu. The window displays the
names and properties of the open file's meshes, scalar variables, vector variables, and
materials. The window updates each time the active file changes such as when switching
between plotsin the Active plot list or opening a new file using the controls in the File
panel.

=-» File information -

File = localhost:fusrigappsfvisit/data/globe.silo j

Database: fusrigappsfvisitidata/globe.silo
File format: Silo_1.0
Num Time States: 1
tdetaData is HOT repopulated on state changes
The temporal extents are not set.
Cycles: 0
teshes:
Name = mesh1
Number of blocks =1
Block origin =0
Cell origin = 0 {origin within one block of the cells).
Title for domain hierarchy is domains
Title for individual piece in domain hierarchy is domain
Mumber of groups =0
Title for group hierarchy is blocks
Title for individual piece in group hierarchy is block
tesh type is Unstructured Mesh.

| Snatial Dimensinn =3 | _ILI
4 .3

Post | Dismiss |

Figure 2-9: File Information Window
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6.0 Advanced file options

The Main Window’s File menu

; . Bl
contains an Advanced file [Elle Controls Options Windows  Help
options menu that allows you to &= selectille . .. Ctri+F -
reopen and close databases that Advanced flle optlons 8 Reopenfile »
have been previously opened. The Refresh file list ctri+R mlm
Advanced file options menuis File information ... Ctrl+l
shownin Figure 2-10. Compute engines ... Ctrl+E
Simulations . . . Ctri+Shift+S

[ Save window Ctrl+S
61 CIOS‘ ng a database Set Save options ... Ctrl+0

=1 save movie. ..
Vislt allows you to close adatabase Export database ... =
that has been previously openedby | & print window B
selecting a database from thelist of Set Print options . .. — |
databases in the Close file menu, Restore session . .. J I |
which isan option in the Save session . . . A—
Advanced file options menu. = gk \uto update
Only databasesthat are not used by
any p| ots can be closed. If you Figure 2-10: Advanced file options menu

attempt to close a database that is
being used by at least one plot, Vislt will issue an error message. The Close file menuis
disabled if there are no open databases.
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Chapter 3 Plots

1.0 Overview

This chapter explains the concept of a plot and goes into detail about each of Vislt's
different plot types.

2.0 Plots

A plot isaviewable object, created from a database, that can be displayed in a
visualization window. Vislt provides several standard plot typesthat allow you to visualize
datain different ways. The standard plots perform basic visualization operations like
contouring, pseudocoloring as well as more sophisticated operations like volume
rendering. All of Vislt's plots are plugins so you can add new plot types by writing your
own plot plugins. Seethe Vislt Plugin Devel oper’s Guide for more details on creating new
plot plugins or send an e-mail inquiry to visit-help@lInl.gov.

21  Managing plots

To visualize your data, you will iteratively create and modify many plots until you achieve
the end result. Since plots may be created and deleted many times, Vislt provides controls
inits Main Window to handle these functions. The Active plots area, shownin
Figure 3-1, contains the controls for managing plots.

The most prominent feature of the Active plots area, the Plot list, containsalist of the
plots that are in the active visualization window. The entriesin the plot list contain the
index of thefile used for the plot followed by the plot name and variable. Plot list entries
change col ors depending on the state of the plot. When plotsareinitially created, their plot
list entries are green indicating that they are new and have not been submitted to the
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compute engine for processing. When aplot is being created on the compute engine, its
plot list entry is yellow. When a plot has finished generating on the compute engine, its

plot list entry turns black to indicate that the plot is done. If the compute engine cannot

generate a plot, the plot’s plot list entry turns red to indicate an error with the plot.

The Plot list displays more then just the names of the visualization window’s plots. The
Plot list also allows you to set the active plots, that is, those plots that can be modified.
Highlighted plot entries are active.

The Plot and Operator menu, animportant part of the Active plots area, containsthe
options that create new plots and open plot attribute windows.

Actve _—%

window

Plot list

Plot/Operator
menu

—>

Active window Maintain limits I~ Replace plots

|1 vl [~ view [ data [ Auto update
Active plots HidefShowJ‘ Delete J.\ Draw g Draw plots

b |@a:Pseudocolor - d
4:Mesh - curvmesh2d

Figure 3-1: Active plots area

211 Creatingaplot

1 & Boundary

®
Curve

Histogram

A Label
BH Mesh

. Pseudocolor
3 scatter

< Streamline
P subset

4~ Surface

&' Tensor

Truecolor
. Vector

&% Volume

Plots Operators PlotAtts OpAtts Varlables

* Hectlon to all plots

L

P Filled Boundary »

3

3
3
3
3
3
L
3
L
3
3
3

mesh_quallty »

p
speed

Figure 3-2: Plot menu

Plots Operators PlotAtts OpAftts Variables

—Delete plots

~—Hide plots

To use any of Vislt's capabilities, you must
know how to create a plot. First, make sure
you have opened a database. To open a
database, double-click on the database name
in the Selected files list. After opening a
database, use the Plots menu to create a plot.
To activate the Plots menu, click on the
Plots option inthe Plots and Operators
menu shown in Figure 3-2.

Selecting the Plots menu pops up alist of
Vislt plot types. Plots for which the open
database has no data are disabled. If aplot
type is enabled, pulling the mouse toward the
right while holding down the left button shows
which variables can be plotted. Release the
mouse button when the mouse cursor is over
the variable that you want to plot, and a new
plot list entry will appear inthe Plot list. The
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new plot list entry will be colored greenin the plot list until Vislt istold to draw when you
click the Draw button. The Plots menu is disabled until a database is open.

212 Deletingaplot

Vislt deletes all the selected plots when you click the Delete button. If the Plot list has
keyboard focus, you can also delete a plot using the Deletekey.

213 Selecting aplot

Since Vislt will only let you modify active plots, you must be able to select plots. To select
aplot, click onitsentry in the Plot list. Multiple plots can be selected by holding down
the Ctrl key and clicking plot entries one at atime. Alternatively, groups of plot entries can
be selected by clicking on a plot entry and then clicking another plot entry while holding
down the Shiftkey.

214 Drawingaplot

When you add a plot to the plot list, it won't be drawn until you click the Draw button.
Once you do, the new plot’s plot list entry switches from green to yellow in the Plot list
to indicate that its results are pending and the compute engine starts generating the plot.
Clicking the Draw button causes all new plots to be drawn.

215 Hidingaplot

When you are visualizing your data, you will often have many different plotsin the same
visualization window. Sometimes you might want to temporarily hide plots from view to
more easily view the other plotsin the window. To hide the selected plots, click the
Hide/Show button in the Active plots area. When aplot ishidden, itsplot list entry is
gray and contains the word “hidden” to indicate that the plot is hidden. To show a hidden
plot, select the hidden plot and click the Hide/Show button again. Note that plots must
exist for the Hide/Show button to be enabled.

216  Setting plot attributes

Each plot type hasits own plot attributes window used to set attributes for that plot type.
Plot attributes windows are activated by double-clicking aplot entry in the Plot list. You

Plots
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can also open a plot attribute window by selecting a plot type from the PlotAtts (Plot

Attributes) menu shown in Figure 3-3.

 Apply operator &/ Boundary ...
| () Contour...

[ curve...

Histogram. ..

A Label...

BH Mesh...

5 scatter. ..
% Streamline ...

P subset...

44~ Surface...

J» Tensor...
Truecolor . . .
" Vector...

&% Volume...

Plots Operators | PlotAtts OpAtts Variables

P Filled Boundary . ...

« Pseudocolor...

Figure 3-3: Plot attributes menu

217 Changing plot variables

When examining a plot, you might want to
look at another variable. For example, you
might want to switch from looking at density
to pressure. Vislt allows the plot variable to be
changed without having to delete and recreate
the plot. To change the plot variable, first
make sure the plot is active, then select a new
variable from the avail able variable namesin
the Variable menu (Figure 3-4). The
Variable menu contains only the variables
from the database that are compatible with the
plot.

Plots Operators PlotAtts OpAftts | Variables

¥ Apply operators and selection to

Figure 3-4: Variable menu

ascii

3.0 Standard Plot Types
Vislt comes with sixteen standard plots. Boundary, Contour, Curve, FilledBoundary,
Histogram, Label, Mesh, Pseudocolor, Scatter, Streamline, Subset, Surface, Tensor,
Truecolor, Vector, and Volume. This section explains each plot in detail.
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3.1 Boundary and FilledBoundary Plots

The Boundary plot and FilledBoundary plot are discussed together because of their

similarity. Both plots concentrate on the boundaries between materials but each plot shows

the boundary in a different way. The Boundary plot, shown in Figure 3-5, displays the
surface or lines that separate materials, while the FilledBoundary plot (see Figure 3-6)

shows the entire set of materials, each using a different color. Both plots perform material

interface reconstruction on materials that have mixed cells, resulting in the material

boundaries used in the plots.

Figure 3-5: Boundary plot and its plot attributes window

Flled Boundary
Var:mat1

Figure 3-6: FilledBoundary plot and its plot attributes
window

Boundary plot attributes BIEIES

Line style —— ~| Line width

~Boundary colors

¢ Color table Default

 single

& Multiple | y—— g,

-1

Boundaries -3

4

Opactty  —— 009,

Polint size (pixels) |2

I~ Scale point size by variable default  ~

Point Type | Point B

¥ Legend
[~ Wireframe

Geometry smoothing & None  Fast  High

Make default Reset
Apply Post Dismiss
I I

FilledBoundary plot attributes [=1[o0[x]

Line style SN -] Line width -

—FllledBoundary colors

¢ Color table Default

 Single

o [

Boundaries

p=city ———— 1oy

Point size (pixels) |2

I~ Scale point size by variable default -

Point Type | Point j

¥ Legend

I~ Wireframe

[~ Draw internal surfaces

[~ Clean zones only -- mixed color: _I
Geometry smoothing  None ¢« Fast ¢ High

Make default Reset

Apply Post Dismiss

Boundary and FilledBoundary plots
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3.1.1 Changingcolors

The main portion of the Boundary plot attributes window and FilledBoundary
plot attributes window, aso known asthe Boundary colors area, is devoted to
setting material boundary colors. The Boundary colors area contains alist of material
names with an associated material color. Boundary plot and FilledBoundary plot colors
can be assigned three different ways, thefirst of which usesacolor table. A color tableisa
named palette of colors that you can customize to suite your needs. When the Boundary
plot or FilledBoundary plot use a color table to color subsets, they selects colorsthat are
evenly spaced through the color table based on the number of subsets. For example, if you
have three materials and you are coloring them using the “xray” color table, three colors
are picked out of the color table so your material boundaries are colored black, gray, and
white. To color a Boundary plot or FilledBoundary plot with a color table, click on the
Color table radio button and choose a color table from the Color table menu to
right of the Color table radio button.

If you want all subsets to be the same color, click the Single radio button at the top of the
Boundary plot attributes window and select a new color from the Popup color
menu that is activated by clicking on the Single color button . The opacity dlider next
to the Single color button setsthe opacity for the single color.

Clicking the Multiple radio button causes each material boundary to be a different, user-
specified color. By default, multiple colors are set using the colors of the discrete color
table that is active when the Boundary or FilledBoundary plot is created. To change the
color for any of the materials, select one or more materials from the list of materials and
click onthe Color button to theright of the Multiple radio button and select a new color
from the Popup color menu. To change the opacity for amaterial, move Multiple
opacity slider to the left to make the material more transparent or move the slider to the
right to make the material more opague.

The Boundary plot attributes window contains alist of material names with an
associated color. To change a material’s color, select one or more materials from the list,
click the color button and select anew color from the popup color menu.

3.12 Opacity

The Boundary plot’s opacity can be changed globally aswell ason aper material basis. To
change material opacity, first select one or more materials in the list and move the opacity
slider next to the color button. Moving the opacity slider to the left makes the selected
materials more transparent and moving the slider to the right makes the selected materials
more opague. To change the entire plot’s opacity globally, use the Opacity dider near the
bottom of the window.
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3.1.3 Wireframemode

The Boundary plot and the
FilledBoundary plot can be
modified so that they only display
outer edges of material boundaries.
This option usually leaves lines that
give only the rough shape of
materials and where they join other
materials as seen in Figure 3-7. To
make the Boundary or
FilledBoundary plots display in
wireframe mode, check the
Wireframe check box near the Figure 3-7: Filled mode and wireframe mode
bottom of the window.

filled mode wireframe mode

3.1.4 Drawinginternal surfaces

When you make one or more material boundaries transparent, you might want to also
draw internal surfaces so you can see interior plot details that are normally removed to
make the plot draw faster. To draw internal surfaces, check the Draw internal surfaces
check box near the bottom of the Boundary plot attributes window or
FilledBoundary plot attributes window.

315 Geometry smoothing

Sometimes visualization operations such as material interface reconstruction can alter
mesh surfaces so they are pointy or distorted. The Boundary plot and the FilledBoundary
plot provide an optional Geometry smoothing option to smooth out the mesh surfaces so
they look better when the plots are visualized. Geometry smoothing is not done by default,
you must click the Fast or High radio buttonsto enableit. The Fast geometry smoothing
setting smooths out the geometry alittle while the High setting works produces smoother
surfaces.
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3.1.6 Drawingonly clean zones

The FilledBoundary plot, since it
deals almostelusively with
plotting materials, has an option to
only draw clean zones, which are
zoneghatcontainasinglematerial.
When only clean zones are ara

all clean cells are dven normally
but all zones that contained more
than one material are dva with a
colorthatcanbesetto matchthevis

W_indCW’S baCkgr_ound color (Se.e All zones Clean zones only
Figure3-8). Drawing cleanzoness (mixed cells drawn in black)
primarily used to xamine hav Figure 3-8: All zones and clean zones

materials mix in 2D databases T

make \islt drav only the clean

zonescglick theClean zones only checkbox. After that,you cansetthe mixedcolor by
clicking ontheMixed color color buttonandselectinga new color from the popupcolor
palette.

3.1.7  Setting point properties

Albeit rare,the BoundaryandFilledBoundaryplots canbe usedto plot pointsthatbelong
to different materials. Both plots priole controls that alle you to set the representation
andsizeof thepoints.You canchangehepoints’ representationsingthedifferentPoint
Type radio luttons. The aailable options areBox, Axis, Icosahedron, Point, and
Sphere (see Figure-9). The dedult point type ig20int because that is thadtest to
draw, followedby Sphere. Theotherpointtypescreateadditionalgeometryandcantake
longer to appear on the screen and subsequently @wachange the size of the points
when the point type is set Box, Axis, orlcosahedron, you can enter a nefloating
pointvalueinto thePoint size text field. Whenthe pointtypeis setto Point or Sphere,
thePoint size text field becomeshePoint size (pixels) text field andyou shouldenter
your point size in terms of pats. Finally you can opt to scale the points’ glyphs using a
scalar &pression by turning on tifecale point size by variable check box and by
selecting a scalaraviable from the/ariable button to the right of that check box. Note
that point scaling does not occur when the point type is $&ditd or Sphere.

'. [ ] a Qe ° LI (5] a. (4]

a. ] u
se ‘ﬁ'“' Fon “ :‘L‘ L >0 "“i “'0' e .l' .ldli.nl n C%,.‘?A‘Qs
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Figure 3-9: Point types: Box, Axis, Icosahedron, Point, Sphere
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3.2 Contour Plot

This plot, shown in Figure 3-10, displays the location of values for scalar variables like
density or pressure using lines for 2D plots and surfaces for 3D plots. In visualization
terms, these plots are isosurfaces. Vislt's Contour plot allows you to specify the number of
contours to display as well as the colors and opacities of the contours.

=™ Contour plot attributes [=][ol[>]

Line style |— 'l Line width

— Contour colors

" Color table Default |

" Single

DB: noise.silo
Cycle: 0

-

Confour
Var: hardygiobal

& Multiple

Level Color Opacity j
1 - —=' _— ']100%

2 - —-ﬁ - .']100%

3 [l ey,

. Selectby |[Mlevels =] [10
V. cectby | el

Limits I Min [o
I Max |1

user: whitioch
Wed Feb 12 14:38:35 2003

Scale @ Linear T Log

¥ Legend
I~ Wireframe
iake default | Reset |
Figure 3-10: Contour plot and its plot attribute Apply | Post | Dismiss |

window

321  Setting the number of contours

By default, Vislt constructs 10 levelsinto which the data fall. These levels are linearly
interpolated values between the data minimum and data maximum. However, you can set
your own number of levels, specify the levels you want to see or indicate the percentages
for the levels.

To choose how levels are specified, make a selection from the Select by menu. The
available options are: N levels, Levels, and Percent. N levels, the default method,
allows you to specify the number of levels which will be generated, with 10 being the
default. Levels requires you to specify real numbers for the levels you want to see.
Percent takesalist of percentageslike 50.5 60 40. Using the numbersjust mentioned, the
first contour would be placed at the value which is 50.5% of the way between the
minimum and maximum data values. The next contour would be placed at the value which
IS 60% of the way between the minimum and maximum data values, and so forth. You
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specify all values for setting the number of contours by typing into the text field to the
right of the Select by menu.

3.22  Setting Limits

The Contour plot attributes window provides controls that alow you to specify
artificial minimaand maximafor the datain the plot. Thisis useful when you have asmall
range of values that are of interest and you only want the contours to be generated through
that range. To set the minimum value, click the Min check box to enable the Min text field
and then type a new minimum value into the text field. To set the maximum value, click
the Max check box to enable the Max text field and then type a new maximum value into
the text field. Note that either the min, max or both can be specified. If neither minimum
nor maximum values are specified, Vislt uses the minimum and maximum values in the
database.

323 Scaling

The Contour plot typically creates contours through arange of values by linearly
interpolating to the next value. You can also change the scale to alogarithmic function to
get the list of contour values through the specified range. To change the scale, click either
the Linear or Log radio buttonsin the Contour plot attributes window.

3.24  Setting contour colors

The main portion of the Contour plot attributes window, also known asthe Contour
colors area, is devoted to setting contour colors. Contour plot colors can be assigned
three different ways, the first of which uses a color table. A color table is a named palette
of colorsthat you can customize to suite your needs. When the Contour plot uses a color
table to color the levels, it selects colors that are evenly spaced through the color table
based on the number of levels. For example, if you have five levels and you are coloring
them using the “rainbow” color table, the Contour plot picks five colors out of the color
table so your levels are colored magenta, blue, cyan, green, yellow, and red. The colors
change when increasing or decreasing the number of levels when you use a color table
because Vislt uses the new number of levelsto sample different locations in the color
table. Asarule, increasing the number of levelsresultsin coloration that is closer to the
color table because more colors from the color table are represented. To color a Contour
plot with a color table, click on the Color table radio button and choose a color table
from the Color table menu to right of the Color table radio button.

If you want all levels to be the same color, click the Single radio button at the top of the
Contour plot attributes window and select anew color from the Popup color
menu that is activated by clicking on the Single color button . The opacity dlider next
to the Single color button setsthe opacity for the single color.

Clicking the Multiple radio button causes each level to be adifferent, user-specified color.
By default, multiple colors are set using the colors of the discrete color table that is active
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when the Contour plot is created. To change the color for any of the levels, click on the
level’s Color button and select a new color from the Popup color menu. To change
the opacity for alevel, moveits opacity slider to the left to make the level more transparent
or move the slider to the right to make the level more opague.

3.25 Wireframeview

The Contour plot attributes window provides aWireframe toggle button used to
draw only the lines along the edges of the contour. This option only has an effect on 3D
Contour plots.

3.3 CurvePlot

The Curve plot, shown in Figure 3-11, displays asimple group of X-Y pair data such as

that output by 1D simulations or data produced by Lineouts of 2D or 3D datasets. Curve
plots are useful for visualizations where it is useful to plot 1D quantities that evolve over
time.

- Curve plot attributes [=][ol[*]

Line Style |— 'l

Line Width

I¢ Labels [~ Points Point size |5

tdake default | Reset |

Apply | Post | Dismiss |

-

2.0’:

vvvvvvvvvvvv
Wed Feb 12 16:10:10 2003

Figure 3-11: Curve plot and its plot attributes window

33.1 Settingline style and linewidth

Several Curve plots are often drawn in the same visualization window so it is necessary
that Curve plots can be distinguished from each other. Fortunately, Vislt provides controls
to change the line style and line width so that Curve plots can be told apart. Line styleisa
pattern used to draw the line and it is solid by default but it can also be dashed, dotted, or
dash-dotted. You choose a new line style by making a selection from the Line Style
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menu. The line width, which determines the boldness of thes;us\vset by making a
selection from théine Width menu.

3.3.2  Setting curvecolor

The Cune plot’s color can be changed by clicking on @a&or button and making a
selection from th&opup color menu.

3.3.3  Showing curvelabels

In addition to line style and line width, C@rplots hae a label that can be displayed to
help distinguish a Cuevplot from other Cum plots. Cure plot labels are on by daiflt,
but if you want to turn the label ffyou can uncheck theabels check box.

3.34 Drawing pointson the Curve plot

TheCurve plotis composeaf asetof (X,Y) pairsthroughwhichline sgmentsaredravn
to form a cure. To male Vislt drav a point glyph at the location of each (X,Y) point,
click thePoints check box. ¥u can control the size of the points by typinga peint
size into thePoint size text field.

34  Histogram Plot

The Histogram plot @ides the data
range of a scalaraviable into a number
of bins and groups theaxviables \alues, 1

weighted by cell area orvelved i
volume,into differentbins. Thevaluesin AR
each bin are then used to create a bar .

graph or cure that represents the n
distribution of values throughout the
variables data range. The Histogram
plot canbeusedto determinevheredata
values cluster in the range of a scalar
variable. TheHistogramplotis shavnin
Figure3-12.

34.1  Setting the histogram data range R — 5o

By default, the Histogram plot profiles a

variables entire data range. If yoamg  Figure 3-12: Histogram plot

to restrict the Histogram plot so it only

takes a subset of axiables data range

into consideratiowhenassigningvaluesto bins,you cansetthe minimumandmaximum
values that will be considered by the Histogram plotspecify a data range, click the
Specify Range check box and then type in floating point numealugs into the
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Minimum and Maximum text fieldsin the Histogram plot attributes window (see
Figure 3-13) before clicking its Apply button. Once the datarange is set, the Histogram
plot will restrict the values that it considers to the specified data range.

-r Histogram plot attributes

" Specify Range?

Minimum o

Maximum 1

Type of Qutput  Curve “ Block
Number of Bins |32

Calculate 2D based on  Area  RevolvedYolume

Line Style | — =l
Line Width | — =l
Color -

tdake default | Reset |
Apply | Post | Dismiss |

Figure 3-13: Histogram plot attributes window

34.2  Setting thetype of graph

The Histogram plot has two mode in which it can appear: curve and block. When the
Histogram plot is drawn as a curve, it looks like the Curve plot. When the Histogram plot
isdrawn in block mode, it is drawn as a bar graph where each bin is plotted along the X-
axis and the height of each bar corresponds to the number of values that were assigned to
that bin. You can set change the Histogram plot’s appearance by clicking the Curve or
Block radio buttons.

34.3  Setting the number of bins

The Histogram plot divides a variable’'s data range into a number of bins and then counts
the weighted values that fall within each bin. The bins and the counted data are then used
to create a graph that represents the distribution of data within the variable’s data range.
Asthe Histogram plot uses more bins, the graph of data distribution becomes more
accurate. However, the graph can also become rougher because as the number of bins
increases, the likelyhood that no data values fall within a particular bin aso increases. To
set the number of bins for the Histogram plot, type a new number of binsinto the
Number of Bins text field and click the Apply button in the Histogram plot
attributes window.

3.4.4  Setting the histogram calculation method

When the Histogram plot groups data values into bins, it weights the data value by the
surface area or revolved volume of the cell so contributions from different sizes of cells
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are compared fairly. To change the cal culation method used to weight the cells, click on
the Area radio button to make Vislt use surface area or click on the Revolved volume
radio button to make Vislt use the revolved volume of a 2D cell asthe weighting multiplier
used to group cellsinto the right bins.

3.5 Label Plot

The Label plot, shown in Figure 3-14, can display mesh information, scalar fields, vector
fields, tensor fields, array variables, subset names, and material names. The Label plot is
often used as a debugging device for smulation codes sinceit allows the user to see labels
containing the exact values at the computational mesh’s nodes or cell centers. Since the
Label plot'sjob isto display |abels representing the computational mesh or the fields
defined on that mesh, it does not convey much information about the actual mesh
geometry. Since having a Label plot by itself does not usually give enough information to
understand the plotted dataset, the Label plot isamost always used with other plots.

DB: noise silo Label plot attributes (=]l
Cycle: 1669 1670 1671 1672 167 - Selection
Lapel
e [~ Show nodes [ Show cells
poccr B 1587 1588 1589 1590 . L
—5 I¥: Restrict number of labels to | |200 i’
4069 1619 16800 1691 1699 1697
e iema = (e =s ey Draw labels that face Front vl
—_
2159 T 1538 1539 1540 1541 Depth test mode + Auto ¢ Always ¢ Never
-
Nox 5024
Min: 1204 1589 1670 1574 1579 1677 —Formatting
= 9 S TaY) rorf tof2 =
e Label display format e
8 1489 1490 1491 1492 I Sacy el culas
1519 1520 1521 1522 15Q:% Label helght 2% =
Horizontal Justification | Center -
9 | 1440 | 1441 | 1442 | 1443 Lkl [
Vertical Justification Center vl
1469 14770 14174 1479 1475
U ™=ro ™ T ™4 ™~
¥ Legend
Make default | Reset
Apply | Post Dismiss

Figure 3-14: Label plot of the mesh overlayed on
Pseudocolor and Mesh plots and the
Label plot attributes window

3.5.1 Choosing the Label plots variable

You can choose the Label plot’s variable using the Variable menu under the Plot list the
same way as you would with any other type of plot. One special property that
distinguishes the Label plot from some of Vislt's other plotsisthat it can plot multiple
types of variables. The Label plot can display information for meshes, scalars, vectors,
tensors, array varaiables, subsets, and materials so you will typically find more variables
available for the Label plot than you would for other plots. When you choose a mesh
variable for the Label plot, you can display both the mesh node numbers and cell numbers
otherwise you are limited to displaying only the variable being plotted.
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3.5.2 Showing node and zone numbers

The Label plot can display the node and cell numbers for the computational mesh if you
have selected a mesh variable to plot. By default, the Label plot will display cell numbers
only. The cell numberswill be displayed in the format most natural to the underlying mesh
representation, which means that unstructured meshes will have cell numbersthat are
displayed as single integers while structured mesheswill be displayed ini,j,k format when
possible. If you want the Label plot to show a mesh’s node numbersin addition to its cell
numbers, you can click on the Show nodes check box. If you no longer want the Label
plot to show the mesh’'s cell numbers, you can turn off the Show cells check box.

35.3 Restricting the number of labels

Most computational meshes contain many thousands, millions, or even billions of nodes
and cells. Adding that many labels would quickly become burdensome on the computer
and would result in a Label plot so dense that individual labels could no longer be read or
even associated with their cell or node.

Vislt's Label plot restricts the number of labels by default to some user-settable number of
labels that can comfortably fit on the screen. The method used to restrict the number of
labels differs for 2D and 3D plots. For 2D plots, the viewable portion of world spaceis
periodically subdivided, based on the zoom level, into some number of binsto which
labels are then assigned. As you zoom in on the Label plot, labels that go beyond the
viewport are no longer drawn and new labels that were previously hidden take their place.
This allows the Label plot to efficiently draw many labels without crowding the labels on
top of each other. For 3D plots, the Label plot divides up the screen into a user-settable
number of bins. All label coordinates are transformed so that they can be assigned to a
screen bin and the label winsthe screen binif it is closer than the label that was previously
in the bin. This ensures that a small subset of all possible labels is drawn and that they do
not usually overlap on the screen. If you find that the labels appear to be from the back of
the mesh instead of from the front, it’s quite possible that the normals generated for your
mesh were inverted for some reason. To combat this problem, select Back or Front or
Back from the Draw labels that face combo box.

If you want to set the number of labelsthat the Label plot will draw, you can typein anew
value into the spin box next to the Restrict number of labels to check box or use the
up and down arrows on the spin box. If you want to force the Label plot to draw all labels,
you can turn off the Restrict number of labels to check box. Sometimes making the

Label plot draw all of the labels can be faster than drawing a subset of |abels.

354 Depthtesting for 3D Label plots

When Vislt draw plotsin the visualization window, the plots' geometries often correspond
to only the outer surfaces of the originating datasets when those datasets are 3D. This
means that the majority of plots consist of convex geometry and the normal test for only
drawing labels that face front is often adequate to remove any labels that appear on faces
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that point away from the current camera. Some plots have geometries that consist of many
concave regions, which the afore-mentioned test does not handle well. Plots with concave
geometries will often have various pieces be incorrectly visible because though the
surfaces may face the camera, they may be obscured by other geometry. When VisIt's
Label plot draws 3D geometry, it tries to enable additional depth testing to prevent front-
facing labelsin back of other surfaces from being drawn. Depth testing can degrade
performance so, by default, it is allowed only when you are running Vislt on your local
workstation. You can set the Label plot’s depth test modeto tell Vislt when to enable depth
testing. To change the values for the depth test mode, click on one of the Auto, Always,
Never radio buttons to the right of the Depth test mode label. If Vislt wantsto use
depth testing but is not allowed to then awarning message will be issued and you can set
the depth test mode to Always.

Without depth test With depth test

Figure 3-15: Removing extra labels with depth test

355 Formatting labels

The Label plot provides several options for setting label format. First and foremost, you
can set the label display format, which is how mesh node and cell numbers are displayed.
By default, the Label plot will display labelsin their most appropriate format with cell and
node numbers for structured meshes displayed aslogical i,j,k indices. Setting the label
format is only possible for Label plots of structured meshes. To change the label format,
select a new option from the Label display format combo box.

The Label plot’s default behavior isto use the vis window’s foreground color but if you
want labels to be a specific color, you can turn off the Use foreground color check box
and select anew label color by clicking on the Label color color button.

The height of the Label plot’s labelsis determined as a percentage of the height of the vis
window containing the Label plot. The default label height is set at 2% but you can change
the label height by entering anew value into the Label height spin box or by using the
up or down arrows on the Label height spin box. Note that when you are plotting amesh
variable, Vislt will make more controlsin the Label plot attributes window so you
can set the color and height for cells and nodes independently (see Figure 3-16).
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DB: noise sik Label plot attributes [=](o][x]
Cycle:dr-

Veesn —Selection

Verven 383817 | 393817 | 403817 | 413817 | 423817 . v Show cells

¥ Restrict number of labels to |200 :

38,3717 | 39,3717 | 403717 | 413717 | 423717 Draw labels that face |'=’°"'t 'l

Depth test mode <+ Auto  Always (" Never

38,3617 | 39,36,17 | 40,3617 | 41,3617 | 42,36,17

~ Formatting

Label display format Natural

E

4.5 38,3517 | 39,3517 | 40,3517 | 41,3517 | 42,3517

38,3417 | 39,3417 | 40,3417 | 41,3417 | 42,3417

4.0+

T T T T
5.5 6.0 7.0 7.5

wideh' fp..-ne )
Horizontal Justification
Vertical Justification Center j
¥ Legend
Figure 3-16: Cell and node labels can be Make d“’““l Reset |
different colors when labelling mesh
variables using additional controls in Apply | Post | Dismiss |

the Label plot attributes window

Finally, the Label plot attributes window provides controls to determine the
horizontal and vertical text justification used when drawing each label. To change the
horizontal text justification, select anew value from the Horizontal justification combo
box. To change the vertical text justification, select a new value from the Vertical
justification combo box.

35.6 Labelling subset names and material names

The Label plot can label subset names and N
material names in addition to meshes and Cycle:»
fields defined on those meshes. To add _
subset names or material names to your
visualization, be sure to create a Label plot
using avariable of either of thosetypes. An
example of aLabel plot of material names
is presented in Figure 3-17.

7.0 7.5

6.5
Width (parsec)

user; whifloch
Thusep 15 11:01:35 2005

Figure 3-17: Label plot of materials
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3.6 Mesh Plot

The Mesh plot, shown in Figure 3-18, displays the computational mesh over which a
database’s variables are defined. The mesh plot is often added to the visualization window
when other plots are visualized to allow individual cellsto be clearly seen.

Mesh plot attributes [=][al[x]

Line style |“v[ Line width | v[

¥ Use foreground

DB: f5e_05.0bj

Mesh
Vor: OBIMesh

Mesh color

Opague color | v Use background
Opaque mode  Auto  On { Off

[~ Show Internal Zones

[~ Outline only Tolerance |0.01

Point size (pixels) |2

I~ Scale point size by variable default . |

Point Type I Point

¥ Legend

Geometry smoothing  None ¢ Fast ¢ High

Make default | Reset |
IS

Figure 3-18: Mesh plot and its plot attributes window (B Post | P |

36.1 Mesh plot opaque modes

By default, Vislt’s Mesh plot draws in opague mode so that hidden surface removal is
performed when the plot is drawn and each face of the externally visible cells are outlined
with lines. When the Mesh plot’s opague mode is set to automatic, the Mesh plot will be
drawn in opagque mode unlessit is forced to share the visualization window with other
plots, at which point the Mesh plot is drawn in wireframe mode. When the Mesh plot is
drawn in wireframe mode, only the edges of each externally visible cell face are drawn,
which prevents the Mesh plot from interfering with the appearance of other plots. In
addition to having an automatic opague mode, the Mesh plot can be forced to be drawnin
opaque mode or wireframe mode by clicking the On or Off Radio buttons to the right of
the Opaque mode label inthe Mesh plot attributes window.

3.6.2 Showinginternal zones

Sometimesit is useful to create mesh plot that shows all internal zones for a 3D database.
Rather then plotting just the externally visible zones, which is the Mesh plot’s default
behavior, you can click the Show internal zones check box to force the Mesh plot to
draw the edges of every internal zone.
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3.6.3 Changing the opaque color

An opaqueVeshplot useghebackgrounaolor of thevisualizationwindow for the Mesh
plot faces. © set the opaque color to a color other than the visualization wisdo
background colgruncheck théJse background check box and click on t@paque
color button and select a wecolor from thePopup color menu.

3.6.4  Changing the mesh color

The mesh color is the color used towdithe mesh lines. The mesh lines normally use the
visualization windw/’'s forgground color To use a dierent coloy uncheck théJse
foreground check box, click thd&lesh color button, and select a wecolor from the
Popup color menu.

3.6.5 Changing mesh lineattributes

The Mesh plos mesh lines ha two usersettable attribtes that control their width and
line style. You can set the line width and line style are set by selectmgpgons from
theLine style orLine width menus at the top of tidesh plot attributes window.

3.6.6 Changingthe point size

Some databases contain point meshes, which are meshes of topological dimension zero.
Whenthepointmeshis 2D, Vislt drawvsit usingsmallpoints.Whenthe point meshis 3D,

Vislt draws its points as 3D cubeso €ontrol hav large the points appeathange the

point size attrite by typing a n& number into théoint size text field. Laiger point

size \alues result in lger points in the visualization windo The point size can also be
scaledby ascalarvariableif youchecktheScale point size by variable checkboxand
optionally select aariable name from theariable button’s menu. The initial ue of

“default” mustbereplacedwith avalid scalarvariablenamein orderfor Vislt to scalethe

point size with a ariable.

3.6.7 Changing the point type

TheMeshplot canusefive differentpointtypesfor draving point meshesThe Meshplot
dravs an object of the desired point type, scaled by the point size, for each point in the
pointmesh.Settingthe pointtypehasno effectif theplottedmeshis notapointmesh.The
differentpointtypesareasfollows: Box, Axis, IcosahedronPoint,andSphereExamples

of the diferent point types are sia in Figure3-19. 1o set the point type, select anne
point type from thd>oint Type combo box. When the point type is set to Box, the Mesh
plot dravs a small cube for each point in the point mesh. When the point type is set to
Axis, theMeshplot dravstheresmallaxis-alignecplanedor eachpointin the pointmesh.
When the point type is set to Icosahedron, the Mesh platsdsmall icosahedra at each
point in the point mesh. When the point type is set to Point, the Mesh plot uses flat
guadrilateral points. When the point type is set to Sphere, the Mesh plot uses flat
qguadrilateral points with an appliecktere to mak them look lile spheres. In general,
setting the point type to: Point will cause the Mesh plot i@ hlae &stest rendering
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performance. The sphere point type is the second fastest but perhaps the best looking.
Other point types can take longer to generate and render because they use additional
geometry.
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Figure 3-19: Point types: Box, Axis, Icosahedron, Point, Sphere

3.6.8 Geometry smoothing

Sometimes visualization operations such as material interface reconstruction can alter
mesh surfaces so they are pointy or distorted. The Mesh plot provides an optional
Geometry smoothing option to smooth out the mesh surfaces so they look better when the
mesh is visualized. Geometry smoothing is not done by default, you must click the Fast
or High radio buttons to enableit. The Fast geometry smoothing setting smooths out the
geometry alittle while the High setting works produces smoother surfaces.

3.7  Pseudocolor plot

The Pseudocolor plot, shown in
DB: 5e_05.0bj Figure 3-20, maps a scalar variable’'s
data valuesto colors and usesthe colors
to “paint” values onto the variable's
computational mesh. Theresult isa
clear picture of the database geometry
painted with variable values that have
been mapped to colors. You might try
this plot first when examining a
scientific database for the first time
since it reveals so much information
about the plotted variable.

3.7.1Variable centering

Variables in a database can be
associated with amesh in various ways.
Figure 3-20: Pseudocolor plot Databases supported by Vislt allow
variables to be associated with amesh’s
zones (cells) or its nodes. When a variable is associated with a mesh’s zones, the variable
field consists of one value for each zone and is said to be zone-centered. When avariable
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is associated with amesh’s nodes, there are values for each vertex making up the zone and

the variable is said to be node-centered.

Vislt'sPseudocolor plot attributes window
(shownin Figure 3-21) alowsyou to specify how
variables should be centered. There are three

Pseudocolor plot attributes

| Nodal ¢ Zonal

settings for variable centering: Natural, Nodal, | o oo oremaipe
and Zonal. Natural variable centering displays ~ Min o
the data according to the way the variable was ~max i

centered on the mesh. This means that node-
centered datawill be displayed at the nodes with
colors being linearly interpolated between the
nodes, and zone-centered data will be displayed
as zonal values, giving adlightly “blocky” look to
the picture. If Nodal centering is selected, all
datais displayed at the nodes regardless of the
variable's natural centering. Thiswill produce a
smoother picture, but for variables which are
actually zone-centered, you will lose some data
(local minima and maxima). If you select Zonal
centering, all datais displayed asif they were
zone-centered. This produces a blockier picture

Scale  Linear ¢ Log " Skew

Skew factor |1

Point size (pixels) |2
[~ Scale point size by variable default v |

Point Type I Point j

Opaclty ————) |9,

Color table hot

[ Legend [~ Lighting

Geometry smoothing  None ¢ Fast ¢ High

Reset |

Make default

EERERT
IS

(=[] [x]

and, again, it blurs minima/maximafor node- it Post | _Dismiss |
centered data. '
Figure 3-21: Pseudocolor plot attribute
. window
3.7.2 Limits

Setting limits for the plot imposes artificial minima and maxima on the plotted variable.
This effectively restricts the range of data used to color the Pseudocolor plot. You might
set limits when you are interested in only asmall range of the data or when data limits
need to be maintained for multiple time steps, as when playing an animation. In fact, we
recommend setting the limits when producing an animation so the colors will correspond
to the same values instead of varying over time with the range of the plotted variable.
Setting limits often highlights a certain range in the data by assigning more colorsto that
data range.

To set the limits for the Pseudocolor plot, you must first select the limit mode. The limit
mode determines whether the original data extents (data extents before any portions of the
plot are removed), are used or the current plot data extents (data extents after any portions
of the plot are removed), are used. To select the limit mode, choose either Use Original
Data or Use Current Plot from the Limits menu.

The limits for the Pseudocolor plot consist of a minimum value and a maximum value.
You may set these limits, and turn them on and off, independently of one another. That is,
the use of one limit does not require the use of the other. To set alimit, check the Min or
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Max check box next to the Min or Max text field and type a new limit value into the Min
or Max text field.

3.7.3 Scaling thedata

The scale maps data values to color values. Vislt provides three scaling options: Linear,
Log, and Skew. Linear, which is the default, uses alinear mapping of data values to
color values. Log scaling is used to map small ranges of data to larger ranges of color.
Skew scaling goes one step further by using an exponential function based on a skew
factor to adjust the mapping of data to colors. The function used in skew scaling is (shd -
1) / (s- 1) where sis askew factor greater than zero and d is a data value that has been
mapped to arange from zero to one. The mapping of datato colorsis changed by
changing the skew factor. A skew factor of oneis equivalent to linear scaling but values
either larger or smaller than one produce curves that map either the high or low end of the
datato alarger color range. To change the skew factor, choose Skew scaling and type a
new skew factor into the Skew factor text field.

3.74  Changingthe color table

The Pseudocolor plot can specify which Vislt color tableis

Default
— used for colors. To change the color table, click on the

caleblack

calewhite Color table button, shown in Figure 3-22, and select a new

contoured color table name from the list of color tables. The list of

gray color tables aways representsthelist of available Vislt color
tables. If you do not care which color table is used, choose

rainbow

ray the Default option to use Vislt's active continuous col or
spiffy table. New color tables can be defined using Vislt's Color
spiffy2 table window which is described later in this manual.

Figure 3-22: Color table button 3.7.5Lighting

Lighting adds detail and depth to the Pseudocolor plot, two characteristics that are
important for animations. The Lighting check box in the lower part of the Pseudocolor
plot attributes window turns lighting on and off. Since lighting is on by default,
uncheck the Lighting check box to turn lighting off.

3.76  Opacity

You can make the Pseudocol or plot transparent by changing its opacity using the Opacity
dlider. Moving the opacity slider to the left makes the plot more transparent while moving
the dlider to the right makes the plot more opague. The default is fully opaque.

3.7.7  Changing the point size

Some databases scalar variables defined on meshes of topological dimension zero. When
these point variables are 2D, Vislt draws them using small points that are colored by the
value of the variable. When a point variable is 3D, Vislt draws it as a set of 3D cubes
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colored by the value of the variable. To control how large the points appear, change the
point size attribute by typing a new number into the Point size text field. Larger point
size valuesresult in larger pointsin the visualization window. The point size can also be
scaled by ascalar variableif you check the Scale point size by variable check box and
select anew scalar variable from the Variable button. The value “default” must be
replaced with the name of another scalar variable if you want Vislt to scale the points with
avariable other than the one being plotted by the Pseudocolor plot.

3.7.8  Changing the point type

The Pseudocolor plot can use five different point types for drawing point meshes (see
Figure 3-23). The Pseudocolor plot draws an object of the desired point type, scaled by the
point size, for each point in a point mesh. Setting the point type has no effect if the plotted
mesh is not a point mesh.The different point types are as follows: Box, Axis, |cosahedron,
Point, and Sphere. To set the point type choose a new point type from the Point Type
combo box.When the point typeis set to Box, the Pseudocolor plot draws a small cube for
each point in the point mesh. When the point type is set to Axis, the Pseudocolor plot
draws there small axis-aligned planes for each point in the point mesh. When the point
typeis set to | cosahedron, the Pseudocolor plot draws small icosahedra at each point in the
point mesh. When the point typeis set to Point, the Pseudocolor plot usesflat quadrilateral
points. When the point typeis set to Sphere, the Pseudocolor plot uses flat quadrilateral
points with an applied texture to make them look like spheres. In general, setting the point
type to Point will cause the Pseudocolor plot to have the fastest rendering performance.

Figure 3-23: Point types: Box, Axis, Icosahedron, Point, Sphere

3.79 Geometry smoothing

Sometimes visualization operations such as material interface reconstruction can alter
mesh surfaces so they are pointy or distorted. The Pseudocolor plot provides an optional
Geometry smoothing option to smooth out the mesh surfaces so they look better when the
plot isvisualized. Geometry smoothing is not done by default, you must click the Fast or
High radio buttonsto enable it. The Fast geometry smoothing setting smooths out the
geometry alittle while the High setting works produces smoother surfaces.
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3.8 Scatter Plot

The Scatter plot (see Figure 3-24) alows you to combine multiple scalar fieldsinto apoint
mesh so you can investigate the rel ationshi ps between multiple input variables. You might,
for example, want to see the behavior of pressure vs. density colored by temperature. The
Scatter plot can take up to four scalar fields as input and can use up to three of them as
coordinates for the created point mesh while one input variable can be used to assign
colorsto the point mesh. The Scatter plot providesindividual controlsfor setting the limits
of each input variable and also allows each input variable to be scaled so that all of the
resulting points from disparate data ranges fit in a unit cube.

=™ Scatter plot attributes [=][ol[*]

IAppearance |

Input 1 | Input 2 IInput3 | Input 4 |

Variahle Gas_Energy - |
Role |Y coordinate j
I Min fo
™ Max |1
Scale & Linear ¢ Log ¢ Skew
Skew factor |1

‘ ‘ ‘ Roles
o2 Dack matter density o8 X coordinate: default Z coordinate:
¥ coordinate: Gas_Energy Color:
¥ Legend
tdake default Reset |
Figure 3-24: Scatter plot and its plot attributes Apply | Post | Dismiss |
window

The Scatter plot attributes window isdivided into two tabs: Inputs and
Appearance. The Inputs tab is further subdivided into tabs for each input variable.
Each tab for an input variable contains controls that pertain to selecting the input variable,
settings its limits, or setting the role that the input variable will perform within the Scatter
plot. Each input variable can have one of five roles that will be covered later. The
Appearance tab contains controls for changing the Scatter plot’s appearance. Under the
two main tabs, the Scatter plot attributes window features a small section that lists
the roles that are used in the plot and which input variables are assigned to each role.
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3.8.1 Scatter plot wizard

Plots are typically created in Vislt when _
you choose avariable from one of the PlOt [ chassev caordnat
menus. Since the Scatter plot takes as
input up to four input variables and typical
plot creation only initializes one variable,
you can imagine that if a Scatter plot was
created the usual way, only one of its many
input variables would be initialized.
Furthermore, to initialize the plot, you
would have to open the Scatter plot
attributes window and select the other
variables. Since that would not be avery
straightforward way to create a Scatter
plot, Vislt now has support for plot
wizards. A plot wizard isasimple dialog
window that pops up when you select a
variable to plot. A plot wizard leads you
through a series of questions that allow
Vislt to more fully initialize a new plot.
The Scatter plot isthefirst of Vislt's plots
to support plot wizards. The Scatter plot
wizard promptsyou for the scalar variable
to usefor the Y-Axis, the variableto usefor
the Z-Axis (optional), and the variable to
use for the plot’s colors (optional).

Choose a variable to use for the Scatter
plot's Y coordinate.

Variable default =

Choose a variable to use for the Scatter
plot’'s Z coordinate.

Variable default =

Choose a variable to use for the Scatter
plot’s color.

Variable default i

3.8.2 Selecting a ariable <Back | [Hews || = Cancel

Figure 3-25: Pages from the Scatter plot wizard

Three of the Scatter plot’s four input
variables can be set in the Scatter plot
attributes window. Thefirst input variable cannot be changed from within the Scatter
plot attributes window because that isthe default variable used by the plot. If you want
to change the first input variable, you can use the Variables menu under the Plot list. If
you want to select a different variable for any of the other input variables, you would first
click on the input variable's tab and then you would select a new variable by making a
selection from the tab’s Variable button. Note that any combination of nodal and cell-
centered variables can be chosen. The Scatter plot will recenter any input variables whose
centering does not match the first input variable’s centering.

3.8.3  Setting an input variable’s role

Each of the Scatter plot’sinput variables has arole that you can set which determines how
the input variable is used by the Scatter plot. Aninput variable can be used for the X, Y, Z
coordinates, for the color, or it can have no role. Therole of the input variable is not fixed
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because you might want to change roles many times and it is much less work to change
only therolesinstead of reselecting variables, limits, and scaling for an input variable. The
flexibility of selecting arole for an input variable makes it convenient to turn off colors or
the Z coordinate with little effort. To change the role for an input variable, select a new
role from the input variable’'s Role combo box. If you select arole that is already played
by another input variable, Vislt will give the current input variable the selected role and set
the input variable that previously had the selected role so that it has no role.

Each of the Scatter plot roles and their associated input variables are listed in the bottom
of the Scatter plot attributes window. Rolesthat have an input variable have the name
of the input variable printed next to the name of the role so looking through all of the input
variable tabs to determine what the Scatter plot should look like is not required. Roles that
have no assigned input variable are grayed out.

384  Setting the mininum and maximum values

The Scatter plot allows you to set minimum and maximum limits on the values considered
for inclusion into the created point mesh. If an input variable's data value does not lie in
the specified minimum/maximum value data range then the point is not included in the
created point mesh. Note that setting limits does not cause points to be removed when data
valuesin the color role fall outside of the specified limits. To set the minimum value to be
allowed in the created point mesh, click on the Min check box and type a new minimum
valueinto the Min text field. To set the maximum value to be alowed in the created point
mesh, click on the Max check box and type a new value into the Max text field.

385 Scalinganinput variable

Sometimes input variable data values are clustered in a certain range of the data. When
thisisthe case, the pointsin the Scatter plot will bunch up in one or more dimensions. For
more uniformly spaced points, you might try scaling one or more input variables. Each
input variable can be scaled in the three common ways: Linear, Log, and Skew. To set the
scaling method used for the input variable, click on the Linear, Log, or Skew radio
buttons. If you choose the Skew scaling method then you should also enter a value greater
than zero into the Skew factor text field to determine the function used for skew scaling.

Since the Scatter plot’sinput variables are likely to have wildly different data ranges, the
Scatter plot provides an option to independently scale each input variable so it isin the
range [0,1] so the resulting plot fits entirely in a cube. If you prefer to see the Scatter plot
without this corrective scaling, you can turn off the Scale to cube check box on the
Scatter plot attribute window’s Appearance tab.
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3.8.6  Setting point properties

The Scatter plot can draw its pointsin five different
styles: Box, Axis, Icosahedron, Point, and Sphere.

The default value of Point is the fastest and forces

the Scatter plot to draw al of its points astiny

Point size |0.005

points. When the Scatter plot usesthe Sphere point | PeintTve s =
type, it draws points but applies textures to the Colortable it
points so it is nearly asfast as the Point point type. single color [JJll ~ Use foreground

Any of the other point styles place a glyph at each  Scale to cube
point in the Scatter plot’s created point mesh,
taking longer to render. To change the point type
used to draw the Scatter plot’s points, click on the
Appearance tab inthe Scatt_er plot attrlbu'ges Figure 3-26: Scatter plot attributes
window and choose a new option from the Point window’s Appearance tab
Type combo box shown in Figure 3-26. If you

choose any of the glyphed point types (all except

Point and Sphere) then you can aso specify a point size by typing a new value into the
Point size text field. The point size is used to determine the size of the glyph. For
example, if you choose the Box point type and you enter a point size of: 0.1 then the
length of all of the edges on the Box glyphs will be 0.1. If you use Point or Sphere point
types then the Point size text field becomes the Point size (pixels) text field and you
can set the point sizein terms of pixels.

3.8.7  Settingthecolors

The Scatter plot can map scalar values to colors like the Pseudocolor plot (page 60) does
or it can color all points using asingle color. If you have set one of the input variablesto
have a color role then the Scatter plot will map that input variable’s data values to colors
using the specified color table. To change the color table used by the Scatter plot, click on
the Color table button and select anew color table from the list of available color tables.
If the Scatter plot has been configured such that none of the input variablesis playing the
color role then the Scatter plot’s points will be drawn using one color. When the Scatter
plot drawsits points using asingle color, its default behavior isto color the points using
the viswindow’s foreground color. If you want to instead use a different color, turn off the
Use foreground check box and click on the Single color color button to select a new
color.

3.9 Streamline Plot

The Streamline plot (example shown in Figure 3-27) shows the behavior of particlesin a
vector field. The Streamline plot calculates the value of the vector field at seed locations,
which are produced by point sources, and integrates through the vector field to create a
streamline. Streamlines can be displayed asaline, atube, or asaribbon if you also want to
show the vorticity of the vector field. Once a set of streamlinesis produced, vortices, etc
present in the vector field are apparent in the visualization. The Streamline plot is special
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among Vislt's plotsin that it can be modified using Vislt's interactive tools. For instance,
if the Streamline plot is set to use a Plane source for its seed points, moving Vislt's Plane
tool will move the plane that the Streamline plot usesforcing Vislt to recalculate the plot’s
streamlines using the new plane. For more information on interactive tools, see the
Interactive Tools chapter on page 273.

0 g =™ Streamline plot attributes
DB: noise.silo

Cycle: 0

Step length |0.1

Streamiine Plot
Var grad

Maximum steps |100

Streamline source IAppearance |

Source type | Point j

Point
’VLocation |0 00

Point density |2 i’
§ ¥ Legend ¥ Lighting
\\\ e g user: whitioc!
\J/ Wed Fsb“lz?ﬁ 38:35 2003 Make defaultl Reset |
Apply | Post | Dismiss |

Figure 3-27: Streamline plot and its plot attributes
window

Vislt's Streamline plot must be initialized more completely before you click the Draw
button to generate the plot. First of all, you must take special care to set the step length,
which is the maximum length that will be integrated through the vector field for each step.
The step length should be set to a value approximating the average width of the cellsin the
mesh to ensure that the streamlines are as accurate as possible. After choosing a suitable
step length, be sure to specify a maximum number of steps. The maximum number of
stepsis the number of integrations that will be performed for each streamline. In a vector
field that is free of attractors, alarger number for maximum steps will generate longer
streamlines.

39.1 Makinglonger streamlines

Longer streamlines can be generated by typing alarger value into the Maximum steps
text field. The maximum steps val ue indicates the maximum number of integrations
through the vector field for each streamline. Increasing the maximum steps value allows
streamlines to become longer.

3.9.2 Making smoother looking streamlines

Vislt provides adefault value of 1 for the step length taken when integrating a vector field
to create streamlines. The step length is the added to the starting location of the
streampoint in the direction of the vector field to give the point in the streamline where the
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process repeats. The value that you need to provide is very much tied to the spatial and
data extents of your data but usually smaller values produce smoother |ooking streamlines.
You should take care not to reduce the step length too rapidly because smaller step lengths
also result in streamlines that take longer to calculate. Larger step length values result in
streamlines that have visible sharp bends but they are faster to calculate. To change the
step length, you type a new length into the Step length text field.

3.9.3  Setting the streamline source

The Streamline plot’s source type determines the geometry of its seed points, which are
the points from which streamlines are calcul ated. Five different source types: Point, Line,
Plane, Sphere, and Box are available in the Source type menu on the Streamline
source tab of the Streamline plot attributes window. You can select a new source
type by selecting one of the source typesin the Source type menu. Once a new source
typeis selected, the areaimmediately below the Source type menu, known asthe
Source type area, changesto reflect the source type that was selected. For example, if a
Box source type was selected, the Source type area changesto show the text fields used
to specify coordinates for the box.

For Point source types, the Source type area displays asingle text field into which you
can type a 3D point to specify the location of the point.

When the source typeis set to Line (see Figure 3-28),

the Source type area displays two text fields that Streamline source | Appearance |
allow you to enter 3D points for the start end and Source type | Line =
locations of the source line. The Streamline plot creates Line

anumber of points, specified by the point density, along Start |0 00

the length of the source line. More seed points can be | & K

added along the length the source line by increasing the

point density, which you can do by typing alarger

number into the Point density text field or by clicking  gigure 3-28: Line source type

on its up arrow. The endpoints of the source line can

also be modified using Vislt'sinteractive Linetool. First

make sure that the Streamline plot is selected in the Main Window’s Plot list and then
enablethe Linetool using the visualization window’s toolbar or its popup menu. When the
Linetool isenabled, moving its endpoints supplies the Streamline plot with new endpoints
for its source line and the plot calculates new streamlines.
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When the source typeis set to Plane (see Figure 3-29),

Streamline source | Appearance | the Source type area displays four text fields that

Source type | Plane = | alow you to enter aplane equation for the source plane.
Plane To move the source plane, you type anew 3D point into
Origin Jo 00 the Origin text field. To change the orientation of the

Normal |0 01
Up axis |0 10
Radius |1

source plane, you type anew 3D vector, the plane
normal, into the Normal text field. The planenormal is
avector that is perpendicular to the source plane.

Figure 3-29: Plane source type Together with the plane origin, thisisall that is
necessary to specify aplanein 3D. However, more
information is needed to specify the bounds of the

source plane. For this purpose, the Streamline plot attributes window provides the
Up axis and Radius text fields. Imagine a square, centered at the plane source origin,
that lying in the same plane as the plane source. The distance to one of the square’s
cornersisthe plane radius. The plane radius determines the size of the plane source and it
can be changed by typing a new value into the Radius text field. The up axisis avector
lying in the plane that determines which way is up for the square. You can change the up
axis by typing anew 3D vector into the Up Axis text field. The Streamline plot creates a
grid of evenly spaced seed points in the square defined by the source plane and source
plane radius. The grid has a number of points equal to the point density plus one in both
dimensions. The plane source can be modified using the controlsin the Streamline plot
attributes window or by using Vislt's interactive Plane tool. When a Streamline plot is
selected the Plot list, moving the plane tool changes the source plane and the plot
calculates new streamlines.

When the source typeis set to Sphere (see Figure 3-30),
the Source type area displays two text fields that

Streamline source IAppearance |

Source type | Sphere =’ alow you to enter a sphere origin and radius to specify
Sphml the source sphere. To move the source sphere, type a
Origin [000

new 3D point into the Origin text field. To change the
radius of the sphere, you type a new radius value into
the Radius text field. The Streamline plot creates a
number of seed points on the surface of the sphere and
Figure 3-30; Sphere source type  »adain, the number of pointsisafunction of the point

density. The sphere source can be modified using the

controlsin the window or by using Vislt's interactive
sphere tool. When a Streamline plot is selected in the Plot list, moving the sphere tool
changes the source sphere and the plot calculates new streamlines.

Radius |1
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When the source type is set to Box (see Figure 3-31),

the Source type area displays three text fields that Streamline source | Appearance |
allow you to enter the minimum and maximum values Source type | Box [
for the x,y,z dimensions that are used to specify the box Box

source. You can enter new minimum or maximum X Extents |0 T

Y Extents |0 1
Z Extents [0 1

values by typing in the X Extents, Y Extents, or Z
Extents text fields. The Streamline plot creates a 3D
grid of evenly spaced seed pointsin the source box. The
grid has a number of points equal to the point density Figure 3-31: Box source type
plusonein al three dimensions. The box source can be

modified using the window’s controls or by using

Vislt'sinteractive Box tool. When a Streamline plot is selected in the Plot list, moving
the box tool changes the source box and calculates new streamlines.

394 Changing the number of streamlines

The number of streamlines varies depending on the source type but all source types usethe
point density to determine the number of streamlines. To change the number of
streamlines, type anew point density into the Point density text field in the Streamline
plot attributes window. The point density can easily be incremented or decremented
by clicking the up or down arrows next to the Point density text field.

395  Setting streamline appear ance

The Streamline plot’s streamlines can be drawn as lines, tubes, or ribbons (see Figure 3-
32). Drawing the streamlines as lines, which is the default, is faster than drawing them as
tubes or ribbons but it is not as visually appealing. When streamlines are drawn as tubes,
the streamlines appear thicker and they have can have a small sphere that indicates the
streamline’'s starting point. When the streamlines are drawn as ribbons, they twist in
response to the vector field's vorticity.

/ g
// ////

Lines Tubes Ribbons
Figure 3-32: Streamline display methods

To display the streamlines as tubes, you can select Tubes from the Display as combo box
onthe Streamline plot attributes window’s Appearance tab (see Figure 3-33). To
display the streamlines as ribbons, you can select Ribbons from the Display as combo
box. When streamlines are drawn as tubes, you can elect to show their start position by
clicking the Show start check box. The look of streamline tubes and ribbons can be
further modified by changing the radius, which affects the thickness of tubes and ribbons
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Streamline source | Appearance |

Display as |Lines j
¥ Show start

Radius.  [0.125

Line width |—— =

Color by |Speed j

Color table Default |

Single colo

Figure 3-33: Streamline appearance

by typing anew value into the Radius text field. When the Streamline plot is drawn as
lines, the line width can be set by selecting a new line width from the Line width combo
box.

3.9.6 Changingthe streamline color

Streamline plots can be colored by the vector field's velocity magnitude, vorticity
magnitide, or they can be colored using a constant color. To select the coloring method for
the streamlines, select an option from the Color by combo box and select acolor table by
selecting a color table from the Color table menu. If asingle color isused for all
streamlines, you can set anew color by clicking on the Single color button and selecting
anew color from the Popup color menu.

39.7 Lighting

Lighting adds detail and depth to the Streamline plot when streamline tubes are used. The
Lighting check box in the lower part of the Streamline plot attributes window turns
lighting on and off. Since lighting is on by default, uncheck the Lighting check box to
turn lighting off.

3.10 Subset Plot

The Subset plot (examplein Figure 3-34) is used to display subset relationships. The
typical scientific database can be decomposed into many different subsets. Frequently a
database is decomposed into material subsets or assembly subsets. The Subset plot draws
the database with its various subsets color coded so they can be distinguished. For more
information about subsets, see the Subsetting chapter on page 163. For information on
the Boundary or FilledBoundary plots, which are related to the Subset plot, refer back to

page 45.
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DB: Hir .5"6\ 7 \\ Subset plot attributes [=][al[x]
A 0 = /—-‘ \> Line style I“vl Line width I vl
/ey _— / —Subset colors
| ¢ Color table Default |
| —
| ¢ Single £

|| ¢ Mg [ ——) 1005,

Subsets

Opacty  ——— oy,

Point size (pixels) |2

I~ Scale point size by variable default - |

Point Type I Point j

WYL S asg e 2008
\ ¥ Legend

[~ Wireframe

[~ Draw Internal surfaces

Geometry smoothing « None ¢ Fast ¢ High

Makedefaultl Reset |
Apply | Post | Dlsmlssl

Figure 3-34: Subset plot and its plot attribute window

3.10.1 Changingcolors

The main portion of the Subset plot attributes window, also known asthe Subset
colors area, isdevoted to setting subset colors. The Subset colors area containsalist
of subset names with an associated subset color. Subset plot colors can be assigned three
different ways, the first of which uses a color table. A color table is a named pal ette of
colorsthat you can customize to suite your needs. When the Subset plot uses a color table
to color subsets, it selects colors that are evenly spaced through the color table based on
the number of subsets. For example, if you have three subsets and you are coloring them
using the “xray” color table, the Subset plot picks three colors out of the color table so
your levels are colored black, gray, and white. To color a Subset plot with a color table,
click onthe Color table radio button and choose a color table from the Color table

menu to right of the Color table radio button.

If you want all subsets to be the same color, click the Single radio button at the top of the
Subset plot attributes window and select anew color from the Popup color menu
that is activated by clicking on the Single color button . The opacity slider next to the
Single color button sets the opacity for the single color.

Subset plot
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Clicking the Multiple radio button causes each subset to be a different, user-specified
color. By default, multiple colors are set using the colors of the discrete color table that is
active when the Subset plot is created. To change the color for any of the subsets, select
one or more subsets from the list of subsets and click on the Color button to the right of
the Multiple radio button and select a new color from the Popup color menu. To
change the opacity for a subset, move Multiple opacity dider to the left to make the
subset more transparent or move the slider to the right to make the subset more opaque.

The Subset plot attributes window contains alist of subset names with an associated
subset color. To change a subset’s color, select one or more subsets from the list, click the
color button and select a new color from the popup color menu.

3.10.2 Opacity

The Subset plot’s opacity can be changed globally as well as on a per subset basis. To
change subset opacity, first select one or more subsets in the subset list and move the
opacity slider next to the color button. Moving the opacity slider to the left makes the
selected subsets more transparent and moving the slider to the right makes the selected
subsets more opague. To change the entire plot’s opacity globally, use the Opacity slider
near the bottom of the window.

3.10.3 Setting point properties

Albeit rare, the Subset plot can be used to plot pointsthat belong to different subsets so the
Subset plot attributes window provides controls that allow you to set the
representation and size of the points. You can change the points' representation using the
Point Type combo box. The available options are: Box, Axis, Icosahedron, Point,
and Sphere. To change the size of the points, you can enter a new floating point value
into the Point size text field. Finally, you can opt to scale the points' glyphsusing a
scalar expression by turning on the Scale point size by variable check box and by
selecting a scalar variable from the Variable button to the right of that check box.

3.10.4 Wireframe mode

The Subset plot can be modified so that it only displays outer edges of subsets. This option
usually leaves lines that give only the rough shape of subsets and where they join other
subsets. To make the Subset plot display in wireframe mode, check the Wireframe check
box near the bottom of the Subset plot attributes window.

3.10.5 Drawinginternal surfaces

When you make one or more subsets transparent, you might want to make the Subset plot
draw internal surfaces. Internal surfaces are normally removed from Subset plots to make
them draw faster. To make the Subset plot draw internal surfaces, check the Draw

internal surfaces check box near the bottom of the Subset plot attributes window.

74

Subset plot



Plots

3.10.6 Geometry smoothing

Sometimes visualization operations such as material interface reconstruction can alter
mesh surfaces so they are pointy or distorted. The Subset plot provides an optional
Geometry smoothing option to smooth out the mesh surfaces so they look better when the
plot isvisualized. Geometry smoothing is not done by default, you must click the Fast or
High radio buttons to enable it. The Fast geometry smoothing setting smooths out the
geometry alittle while the High setting works produces smoother surfaces.

3.11 SurfacePlot

The Surface plot (example shown in Figure 3-35) takes 2D scalar databases as input and
adds a height component to the variable’s mesh, resulting in a height map that is then
pseudocolored by the plotted variable. You might want to use this plot to examine 2D
datasets because features of the plotted variable are highlighted by the height of the plot in
addition to being highlighted by the plot’s colors.

f N =+ Surface plot attributes
DB: noise.silo I [=] (D] x]

Cycle: 0

surtoco

Var: hgslice

uuuuu .

¥ Surface

Surface color

" Constant -

& 7 Value hot
I~ Wireframe
Line style |— 'l Line width -

Wire Color

Scale © Linear © Log ¢ Skew

Skewfactor: |1

Limits | Use Original Data x|

™ Min |0
I Max |1
¥ Legend ¥ Lighting
tdake default | Reset |
Figure 3-35: Surface plot and its plot attribute window Apply | Post | Dismiss |

3.11.1 Surface and Wireframe modes

The Surface plot can be drawn in different ways. The default appearance of the Surface
plot draws the surface only. Wireframes, which are essentially mesh lines, can al'so be
drawn. You can draw wireframes with or without the surface. To select which parts of the
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plot are drawn, check the Surface and Wireframe check boxesin the Surface plot
attributes window.

3.11.2 Surface color

By default, the Surface plot is colored
by the variable value or Z-value as
with the Pseudocolor plot. The second
coloration scheme uses constant
coloration where the entire surface is
the same color (see Figure 3-36). To
choose a coloration scheme, click on
the Constant or Z-Value radio
buttons. When the plot uses constant

_ coloring, you can change the color by

Figure 3-36: Surface plot colored by Z-value (left) and ..
constant color (right) clicking on the color button next to
the Constant radio button and

selecting a new color from the popup color menu. When the plot uses coloring based on
the Z-Value, you change colors by selecting a new color table name from the color table
button next to the Z-Value radio button. The available color table names are an up-to-date
list of Vislt color table names.

%Y
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3.11.3 Wireframeproperties

The Surface plot’s wireframe lines can have different line styles, widths, and colors. To set
the line width, make a selection from the Line width menu. To set the line style, make a
selection from the Line style menu. To change the wireframe color, click on the Wire
color button and choose a new color from the popup color menu. Note that wireframes
must be enabled to set their properties.

3.11.4 Scaling thedata

I
iy

It

The scale is map data values to
color values and surface height.
i\, |inear, Log, and Skew. Linear,
s which is the default, uses alinear
Uil mapping of data valuesto color
values. Log scaling is used to map
of color (see Figure 3-37). Skew
scaling (Figure 3-38) goes one step
function based on a skew factor to
adjust the mapping of datato colors

Vislt providesthree scaling options:
.: i /l:é;‘éﬁfi
small ranges of datato larger ranges
Figure 3-37: Linear scale (left) and Log scale (right) further by using an exponential
and surface height. The function used in skew scalingis(s*d - 1) / (s- 1) where sisa skew
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factor greater than zero and d is a data value that has been mapped to arange from zero to
one. Skew scaling can be customized by changing the skew factor. A skew factor of oneis
equivalent to linear scaling but values either larger or smaller than one produce curves that
map either the high or low end of the datato alarger color range. To change the skew

factor, choose Skew scaling and type a new skew factor into the Skew factor text field.
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Figure 3-38: Effects of skew factor on Surface plot
3115 Limits

Setting limits for the plot imposes artificial minima and maxima on the plotted variable.
This effectively restricts the range of data used to color and set the height for the Surface
plot. You might set limits when you are only interested in a small range of the data or
when data limits need to be maintained for multiple time steps, as when playing an
animation. Setting limits often highlights a certain range in the data by assigning more
colorsto that data range.

When setting the limits for the Surface plot, the first option to set isthe limit mode. The

[imit mode determines whether the origina data extents are used or the current plot data
extents, which may vary, are used. To select the limit mode, choose either Use Original
Data or Use Current Plot from the Limits menu.

The limits for the Surface plot consist of a minimum value and a maximum value. You
may set these limits, and turn them on and off, independently of one another. That is, the
use of one limit does not require the use of the other. To set alimit, check the Min or Max
check box next to the Min or Max text field and type anew limit value into the Min or
Max text field.

3.11.6 Lighting

Lighting adds detail and depth, two characteristics that are important for animations, to the
Surface plot. You can click the Lighting check box in the lower part of the Surface plot
attributes window to turn lighting on and off. Since lighting is on by default, uncheck
the Lighting check box to turn lighting off.
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3.12 Tensor plot

The Tensor plot, shown in Figure 3-39, displays tensor variables using ellipsoid glyphsto
convey information about atensor variable's eigenvalues. Each glyph’s scaling and
rotation is controlled by the eigenval ues/eigenvectors of the tensor as follows: for each
tensor, the eigenvalues (and associated eigenvectors) are sorted to determine the major,
medium, and minor eigenval ues/eigenvectors. The major eigenvalue scalesthe glyphin
the x-direction, the medium in the y-direction, and the minor in the z-direction. Then, the
glyph isrotated so that the glyph’slocal x-axis lies along the major eigenvector, y-axis
along the medium eigenvector, and z-axis along the minor..

-+ Tensor plot attributes [=][o][%]

~Tensor color

& Eigenvalues Default |
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—Tensor scale

Scale |0.25
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v Auto scale
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¥ Legend
idake defaultl Reset |
Apply | Post | Dismiss |

Figure 3-39: Tensor plot and its plot attributes window

3.12.1 Changingthetensor colors

The Tensor plot can be colored by a solid color or by the corresponding to the largest
eigenvalue. To color the Tensor plot by eigenvalues, click the Eigenvalues radio button
and then select a color table name from the color table button to the right of the
Eigenvalues radio button. To make all tensor glyphs be the same color, click the
Constant radio button and choose a color by clicking on the Constant color button
and selecting a new color from the Popup color menu.

3.12.2 Setting thetensor scale

The Tensor plot’s tensor scale affects how large the ellipsoidal glyphs that represent the
tensor are drawn. By default, Vislt computes an automatic scale factor based on the length
of the bounding box’s diagonal to multiply by the user-specified scale factor. This ensures
that the tensors are some reasonabl e size independent of the size of the mesh. To change
the tensor scale, type anew floating point number into the Scale text field and click the
Apply buttoninthe Tensor plot attributes window. If you want to turn off automatic

78

Tensor plot



Plots

scaling so the size of the tensorsis soley determined by the scale in the Scale text field,
turn off the Auto scale check box. Yet another scaling option for tensorsis scaling by
magnitude. When the Scale by magnitude check box is checked, the magnitude of the
tensor’s longest eigenvector is used as a scale factor that is multiplied into the scale
determined by the user-specified scale and the automatic scale factor.

3.12.3 Setting the number of tensors

When visualizing alarge database, a Tensor plot will often have too many tensors to
effectively visualize so the Tensor plot provides controls to reduce the number of tensors
to anumber that looks appealing in a visualization. You can accomplish this reduction by
setting a fixed number of tensors or by setting a stride. To set afixed number of tensors,
select the N tensors radio button and enter a new number of tensorsinto the N tensors
text field. To reduce the number of tensors by setting the stride, select the Stride radio
button and enter a new stride value into the Stride text field.

3.13 Truecolor plot

The Truecolor plot, shown in Figure 3-40, is used to plot images of observational or
experimental data so they can be compared to other plots, possibly of related, simulated
data, in the same visualization window. The Truecolor plot takesin a color variable,
represented in Vislt as athree or four component vector, and uses the vector components
asthered, green, blue, and apha values for the plotted image. This allows you access to
many more colors than other plots like the Pseudocolor plot, which can be used only to
plot asingle color component of an image.

Truecolor plot attributes [=][al[x]

opacity 100%

¥ Lighting
Makedefaultl Reset |
Apply | Post | Dismiss |

user: whifloch
Thu Sep 15 11:53:30 2005

Figure 3-40: Truecolor plot and its plot attributes window. The Truecolor plot in the
above example displays satellite imagery of the U.S. east coast.
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3.14 Vector plot

The Vector plot (example shown in Figure 3-41) displays vector variables as small glyphs
that indicate the direction and magnitude of vectorsin avector field.

—* Vector plot atiributes

x| Line width -

DB: globe silo
Cycle: 0 Line style

—Vector color

& Magnitude Default
Limits [Use Original Data =|
I~ Min lu—
rMax i
¢ Constant -

~Vector scale

Scale |0.25|
[v Scale by magnitude

¥ Auto scale

Head size |0.25

~Reduce by

& Nvectors |400—
csride [T

k‘\\,/// e HER'TS Ve 36 2008 Vector origin ~ Head ¢ Middle & Tail
¥ Legend ¥ Draw head
Figure 3-41: Vector plot and its plot attribute Miske defautt| _Reset |

window Apply | Post | Dismissl

3.14.1 Setting vector color

The vectorsin the Vector plot can be colored by the magnitude of the vector variable or
they can be colored using a constant color. Choose the coloring method by clicking on
either the Magnitude radio button or the Constant color button. When vectors are
colored by a constant color, you can change the color by clicking on the color button next
to the Constant radio button and choosing a new color from the Popup color
menu.When vectors are colored by magnitude, the color is determined by one of Vislt's
color tables, which can be chosen from the Color table button next to the Magnitude
radio button.

If you choose to color the vectors by their magnitudes, you have the option of also
specifying minimum and maximum values to aid in the mapping of vector magnitude to
color. The optionsthat are used to aid coloring are collectively known aslimits. Limits can
apply to all vectors that exist in the dataset or just the vectors that have been drawn by the
Vector plot. To specify which, choose the appropriate option from the Limits combo box.
When you specify a minimum value all vectors with magnitudes less than the minimum
value are colored using the color at the bottom of the color table. When you specify a
maximum value all vectors with magnitudes larger than the maximum value are colored
using the color at the top of the color table. To provide a minimum value, check the Min
check box and type a new minimum value into the Min text field. To provide a maximum
value, check the Max check box and type a new maximum value into the Max text field.
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3.14.2 Vector scaling

The size of the vector glyphs has a tremendous effect on the Vector plot’s readability. Vislt
uses an automatically computed scaling factor based on the diagonal of the bounding box
asthe size for the largest vector. You can augment this size by entering a new scale factor
into the Scale text field. It isalso possible to turn off automatic scaling by turning off the
Auto scale check box. When automatic scaling is turned off, the vectors in the Vector
plot are the length specified in the Scale text field.

If you want each vector to be further scaled by its own magnitude, you can turn on the
Scale by magnitude check box. When the Scale by magnitude check box is off, all
vectors are the same length as determined by the automatically computed scale factor and
the user-specified scale.

3.14.3 Headson the vector glyph

You can control the vector head size by typing a new value into the Head size text field,
which isthe fraction of the entire vector’s length that will be devoted to the vector’s head.
Vectors in the Vector plot can be drawn without vector heads so that only the line part of
the vector glyph isdrawn. Thisresultsin cleaner plots, but the vector direction islost. To
turn off vector heads, uncheck the Draw head check box at the bottom of the Vector
plot attributes window.

3.144 Tailson thevector glyph

Thelength of the tails on the vector glyph are determined by the vector scaling factors that
have been enabled. You can aso set properties that determine the location and line
properties used to draw avector glyph'stail. First of all, you can set the line style used to
draw the vector glyph’stail by choosing aline style from the Line style combo box. You
can choose a new line width for the vector glyph’'stail by choosing a new line width from
the Line width combo box. Finally, you can determine where the origin of the vector is
on the vector glyph. The vector origin is a point along the length of the vector that is
aligned with the node or cell center where the vector glyph will be drawn. The available
options are: Head, Middle, and Tail. You can choose a new Vector origin by clicking on
one of the Head, Middle, or Tail radio buttons.

3.145 Setting the number of vectors

When visualizing alarge database, a Vector plot will often have too many vectors. The
Vector plot becomes incomprehensible with too many vectors. Vislt provides controls to
thin the number of vectorsto a number that looks appealing in avisualization. You can
accomplish thisreduction by setting a fixed number of vectors or by setting a stride. To set
afixed number of vectors, select the N vectors radio button and enter a new number of
vectorsinto the N vectors text field. To reduce the number of vectors by setting the
stride, select the Stride radio button and enter a new stride value into the Stride text
field.
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3.15 Volumeplot

This plot, shown in Figure 3-42, uses
both color and transparency to visualize
3D scalar fields. The values in the data
range have associated color and opacity
values that allow parts of the dataset to
become partially or completely
transparent. This plot captures internal
details while keeping the whole dataset
at least partialy visible.

The Volume plot uses a visualization
technigue known as volume-rendering,
which assigns color and opacity values
to arange of data values. The colors and
opacities are collectively known as a
volume transfer function. The volume
transfer function determinesthe colors of
the plot and which parts are visible. The
Volume plot uses three types of volume-
rendering to visualize data.

Figure 3-42: Volume plot

The first volume rendering method, hardware-accel erated splatting, resamples the entire
database onto a small rectilinear grid and then, at each node in the grid, draws a small
textured polygon. The polygon gets its colors and opacity from the transfer function. This
method is fast due to its use of graphics hardware but it can require alarge number of
points in the resampled mesh to look accurate.

Like the first volume rendering method, the second method, hardware-accelerated 3D
texturing, resampl es the entire database onto a small rectilinear grid. Once the data has
been resampled, it is converted into a 3D texture using the Volume plot’s volume-transfer
function and gets loaded into the video card’s texture memory. The Volume plot then
draws a set of planesthat are perpendicular to the view vector from back to front, with
each plane getting the pre-loaded texture mapped onto it. The resulting image isvery crisp
and captures details not evident when the splatting method is used.

The third volume-rendering technique, called ray-casting, used by the Volume plot is not
hardware accelerated. In ray-casting, aray isfollowed in reverse from the computer screen
into the dataset. As aray progresses through the dataset, sample points are taken and the
sample values are used to determine a color and opacity value for the sample point. Each
sample point along the ray is composited to form afinal color for the screen pixel. Rays
aretraced from closest to farthest to alow for early ray termination which stops the
sampling process when the pixel opacity gets above a certain threshold. This method of
volume-rendering yields superior pictures at the cost of speed and memory use.
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The Volume plot attrib utes windo w, shown in Figure 3-43, is divided into three main
areas. Thetop Color area setsthe colorsthat go along with the plot’s data values. The
Opacity area setsthe opacity for the plot’s data values. The bottom area contains
controls which set the level of detail used to draw the plot.

3.15.1 Setting colors

You can design the color component of
the volume transfer function using the i
controlsin the top of the Volume plot Ty
attrib utes windo w. The controls are o
similar to the controls for the Color /
Table Windo w. Thereisacolor
spectrum that has color control points
which determine the final look of the e fo rme o

Volume plot attributes [=][al[x]

| Align | v Smooth ™ Equal
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color table. Color cont_rol points are R ==
?dded and remoyed using the + anpl - MMM —
buttons. Dragging control points with
the mouse movesthem and changestheir | —opacity
order. Right-clicking on a color control R T T [ e
point displays a popup color menu from
which anew control point color can be
chosen.
> | | smooth |
3152 Limits Attenuation s 1005,
Opacity variable default v |
The Volume plot attrib utes windo w Fun o rwex o
provides controlsfor setting the limits of
the variable being plotted. Limits are Number of samples [2000000 ——
artificial minimaor maximathat are Number of slices  [200

specified by the user. Setting the limitsto
asmaller range of values than present in

Samples per ray 500

y Renderi thod |3DT 1 -
the database cause the plot's colorsto be || e metned |3 Texturing B
dlStrlbUted among asrna”er range Of Gradient method ¢ Centered diff + Sobel
values, resulting in a plot with more ¥ Legend W Lighting ™ smooth Data
C0| or Varlety' Make default Reset |

rl

You set the limits for the variable being Apply Post | _Dismiss |
plotted in the Color area of the :
window. To set the limits are set by first Figure 3-43: Volume plot attributes window
clicking the Min or Max check box next

to the Min or Max text field. Clicking a check box enables atext field into which you can
type a new minimum or maximum val ue.

Like Vislt's other plots that map scalar values to colors, the Volume plot allows for the
data values to be scaled using Linear, Log, and Skew functions. To select a scaling
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function other than linear where values in the data range are mapped 1:1 to valuesin the
color range, click onthe Log10 or Skew radio buttons.

3.15.3 Setting opacities

TheVolume plot attributes window provides several controlsthat alow you to define
the opacity portion of the volume transfer function. The opacity portion of the volume
transfer function determines what can be seen in the volume-rendered image. Data values
with alower opacity allow more to be seen and give the plot a gel-like appearance, while
data values with higher opacity appear more solid and occlude objects behind them. The
controls for setting opacities are located in the center of the window in the Opacity area.

You can set opacity two ways. You can hand-draw an opacity map, or create it by
designing curves that specify the opacity when they are added together. Both methods use
the controls shown in Figure 3-44.

Freeform curve Gaussian curves

A S |

Figure 3-44: Opacity controls

The interaction mode determines how opacity is set. Clicking on the Freeform or
Gaussian radio buttons selects the interaction mode. If the interaction mode switches
from Gaussian to Freeform, the shape constructed by the Gaussian controlsis copied
to the Freeform control. Both controls pretend that the plot’s data range is positioned
horizontally such that the values on the left of the control correspond to the low data
values while the values on the right of the control correspond to high data values. The
vertical direction corresponds to the opacity for the given data value. Taller curves are
more opaque while shorter curves are more transparent.

To design an opacity map using the Freeform control,
B P | | smootn | position the mouse over it and click the left mouse button
while moving the mouse. The shape traced by the mouseis
entered into the Freeform control so you can draw the
desired opacity curve. Immediately under the Freeform control, there are four buttons,
shown in Figure 3-45, which can be used to manipulate the curve. The first three buttons
initialize anew curve. The black button makes all data values completely transparent. The
ramp button creates a linear ramp of opacity that emphasizes high data values. The white
button makes all data values completely opaque. The Smooth button smooths out small
bumps in the opacity curve that occur when drawing the curve by hand.

Figure 3-45: Freeform buttons
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The Gaussian eiah ™
I
control used eight /1N
during Gaussian ~ shape /
_/ \_

interaction mode -
iscomplex butit  positio ™\ VAN
provides precise \
control overthe ~ Width — \h /[ \
shape of acurve. control points curve shapes

The basic

paradigm Figure 3-46: Gaussian control points and curve shapes

followed by the

Gaussian control isthat new curves are added and reshaped to yield the desired opacity
curve. You add new curves by clicking and dragging in the control. Right clicking with the
mouse on an existing curve removes the curve. Each curve has five control points which
can change the curve's position and shape. The control points are shown in figure 3-46
along with the shapes that a curve can assume. A control point changes color when it
becomes active so there you know which control point is used. Curves start as a smooth
Gaussian shape but they can change between the shapes shown in Figure 3-46 by moving
the shape control point up and down or left and right. Opacity maps are typically created
by adding several curves to the window and altering their shapes and sizes until the
desired image is obtained in the visualization window. The Attenuation slider, thefinal
control involved in creating an opacity map, controls the opacity of the entire opacity map
defined by the Freeform or Gaussian controls. It provides a knob to scale all opacities
without having to modify the opacity map.

3.154 Changing the opacity variable

The variable used to determine opacity does not have to be the plotted variable. Having a
different opacity variable than the plotted variable is useful for instances in which you
want to determine the opacity using a variable like density while coloring the plot by
another variable such as pressure. To change the opacity variable, select anew variable
from the Opacity variable variable menu. By default, the plotted variable is used as the
opacity variable. Thisisimplied when the Opacity variable variable button contains the
word default. Even when “default” is chosen, it is possible to set artificial datalimits on
the opacity variable by entering new values into the Min or Max text fields.

3.15.5 Controllingimage quality

When the Volume plot is drawn with graphics hardware, the database is resampled onto a
rectilinear grid that is used to place the polygons that are drawn to produce the image. You
can control the coarseness of the resampled grid with the Number of samples text field
and dlider. To increase the number of sample points, enter alarger number into the
Number of samples text field or move the slider to the right. Note that the slider ison
an exponential scale and moving it to the right increases the number of sample points
exponentially.
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In addition to setting the number of samples, when the Volume plot is using the 3D
texturing method, you can set the number of planes to be drawn from back to front.
Increasing the number of planes can help to reduce the amount of aliasing in the resulting
image. However, as the Volume plot uses a higher number of planes, more work must be
doneto draw the plot and it takes a little longer to draw. To set the number of planes, enter
anew number of planesinto the Number of slices text field.

When the Volume plot is drawn in ray casting mode, the number of samples along each
ray that is cast through the data becomes important. Having too few sample points along a
ray gives rise to sampling artifacts such as rings or voids. You should adjust this number
until you are satisfied with the image. More samples generally produce a better image,
though the image will take longer to produce. To change the number of samples per ray,
enter anew number of samples per ray into the Samples per ray text field.

When using lighting, the gradient cal culation method that the VVolume plot uses influences
the quality of the images that are produced. By default, Vislt uses the Sobel operator,
which uses more information from adjacent cells to calculate a gradient. When the Sobel
operator is used to calculate the gradient, lighting usually looks better. The aternative
gradient calculation method is centered-differences and while it is much less compute
intensive than the Sobel operator, it also produces lesser quality gradient vectors, which
resultsin images that are not lit as well. To change the gradient calculation method, click
on either the Centered diff or Sobel radio buttons.

3.15.6 Softwarerendered images

The Volume plot uses hardware-accel erated graphics by default. While you will want to
operate in this mode most of the time, since it’s faster, images drawn by software are more
accurate. To get a more accurate image, select Ray casting from the Rendering
method combo box. When the Volume plot is set to use ray casting as its rendering
mode, Vislt recal culates what the image should look like in software mode. Note that this
can be atime-consuming process if the database being used islarge or if the visualization
window is large. We recommend shrinking the size of the visualization window before
changing the rendering method to ray casting to reduce the time and resources required to
draw the plot. It isworth noting that if you have alarge dataset with intricate details, the
software volume rendering method is the best method to use because it scaleswell in
parallel. Using a parallel compute engine can greatly speed up the rate at which software
volume rendering operates as long as the dataset is domain-decomposed into equal-sized
pieces.

3.15.7 Lighting

The Volume plot can use lighting to enhance the look of the plot. Lighting is enabled by
default but you can disable it by unchecking the Lighting check box near the bottom of
the window. Note that lighting is not currently available when the Volume plot is using the
ray casting volume renderer.
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Chapter 4 Operators

1.0 Overview

This chapter explains the concept of an operator and goes into detail about each of Vislt's
operators.

2.0 Operators

An operator is afilter applied to a database variable before the compute engine uses that
variable to generate a plot. Vislt provides several standard operator types that allow
various operations to be performed on plot data. The standard operators perform data
restriction operations like planar slicing, spherical slicing, and thresholding, as well as
more sophisticated operations like peeling off mesh layers. All of Vislt's operators are
plugins and you can write your own operator pluginsto extend Vislt in new ways. See the
Vislt Plugin Developer’s Guide to find out more information about creating new operator
plugins or send an e-mail inquiry to visit-help@linl.gov.

21 Managing operators

When an operator is applied to a plot, it modifies the data that the plot uses to generate a
visualization. Any number of operators can be applied to a plot. Each operator added to a
plot restricts or modifiesthe datathat is supplied to the plot. By using aseries of operators,
you can create very sophisticated visualizations.

Since operators are applied to plots and the controls for managing plots are in the Main
Window’s Active plots area, the controls for the operator are found in the same
location as the plot controls. The Plot list, which displays the list of plots found in the
current visualization window, also displays the operators applied to each plot. Each entry
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in the Plot list displays the database being plotted, the plot type, the variable, and all
operatorsthat are applied to the plot. When an operator is applied to a plot, the name of the
operator isinserted in front of the plot variable. If multiple operators are applied to aplot,
the most recently added operator appearsfirst when reading left to right while the operator
that was applied first appears just to the left of the variable name. Plot list entries can also
be expanded to allow you to change the order or operators or remove operators from any

place in the pipeline.

In addition to containing controls for managing plots, the Plot list contains controls that
manage operators. Operators can be added, removed, and have their attributes set using

controls found in the Active Plots area.

Plot list

Active plots  Hide/Show |

Delete | Draw |

» |@-ﬁ|12:Pseudocolor - Slice{Reflect{d))

u 12:Mesh - Slice{curvmesh3d)

2 operators

1 operator

Plot/Oper aIOI’_>PIOts Operators PlotAtts OpAtts Variables

menu

Figure 4-1: Active plots area
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W Lineout
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{1 Project

“5 Reflect
& Resample
{1 Revolve
¥ Slice

© spherical Slice
8! Threeslice
44 Threshald

"? Transform

Inverse Ghost Zone

2 Remove last
& Removeall

Plots | Operators PlotAtts OpAtts Varlables

o all plots

Figure 4-2: Operators menu

You add operators by making a selection from
the Operators menu, shown in Figure 4-2,
which you activate by clicking on the
Operators option in the Plots and
Operators menu. If you do not see an
operator listed in this chapter in the
Operators menu then the operator might not
be loaded by default. If you want to enable
additional operators, use the Plugin
Manager Window (covered on page 322).
When you select an operator, it applies
operator to the selected plotsin the Plot list
unlessthe Apply operators to all plots
check box is checked, in which case, the
selected operator is applied to al plotsin the
Plot list. By default, operators are applied to
al plotsinthe Plot list.

When you add an operator to a plot, the name
of the operator appearsin the plot list entry to
the left of the variable or any previously
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applied operator. If you apply an operator to an already generated plot, the plot is
regenerated immediately with the applied operator. If aplot has not yet been generated (its
entry is green), then the operator does not take effect until the plot is generated. This
provides time for setting the operator attributes.

It is also possible to apply an operator by clicking an operator attributes window’s Apply
button. If you click the Apply button when there is no operator of the specified type has
been applied to the selected plot, you can apply the operator and any changes you made by
clicking the Yes button in a dialog window (see Figure 4-3) that asks whether or not the
operator should be applied to the plot.

Mo Slice operator was found for the selected plots.
Do you want to apply the Slice operator?

| Yes i Mo Yes, Do not prompt again

Figure 4-3: Add operator dialog

21.2 Expanding plots

Plot list entries are normally collapsed by default so the operators applied to plots are
shown in the Plot list as a series of nested operators, which finaly take a variable as an
argument. The Plot list allows plot list entries to be expanded on a per-plot basis so you
can get to each individual operator that is applied to aplot. To expand a plot list entry,
click on its expand button, shown in Figure 4-4. When a plot list entry is expanded, the
plot’'s database, all operators, and finally the plot get their own linein the plot list entry.
Thisis significant because it allows operators to have additional controlsto let you
reposition them in the pipeline or remove them from the middle of the pipeline without
having to first remove other operators.

Expand buttons

Active plok Hide/Show | Delete | Active plots  Hide/Show Delete Draw

v |#[11 rcurvZd.pdb - d
KA Threshold =l
%E Reflect >4

P |%[11:Pseudocolor - Isosurface{Reflect{Threshold{d)

% 1sosurface

« Pseudocolor

Plots Operators PlotAtts OpAtts Variables Plots Operators PlotAtts OpAtts Variables

¥ Apply operators and selection to all plots ¥ Apply operators and selection to all plots

Figure 4-4: Plot list entry before and after being expanded
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213 Changingtheorder of operators

Sometimes when you've applied several operators, it is useful to change the order of the
operators around. For example, you might want to apply a Slice operator before a Reflect
operator instead of after it so you can reduce the amount of datathat Vislt must processin
order to draw your plot. The order in which operators are applied often has a significant
impact on the visualization. Using the previous example, suppose aplot is sliced before it
isreflected. The resulting visualization islikely to have areflected dlice of the original
data. If the order of the operators was reversed so the Reflect operator camefirst, the Slice
operator’s slice plane might not intersect the reflected data in the same way, which could
result in atotally different looking visualization.

You must expand aplot list entry in order to
Down button Delete button  change the order of its operators. Once the
plot list entry is expanded, each operator is
listed in the order in which they were applied
and each operator has small buttonsto the
right of the its name that allow you to move
the operator up or down in the pipeline. To
W 1sosurface move an operator closer to the database so it
* Pseudocolor Is executed before it would have been
executed before, click on the Up button next
Plots Operators PlotAtts QpAtts Variables to an operator’s name. Movi ng the operator
W Apply operators and selecion to all plots closer to the database in the pipelineis called
Up button demoting the operator. If you click the Down
button next to an operator’s name, that
Figure 4-5: Controls for changing operator order Operator is moved to alater stage of the
pipeline. Moving an operator to alater stage
of the pipeline is known as promoting the
operator since the operator appears closer to the plot in the expanded plot entry. Operators
inthe plot list entry that can only be moved in one direction have only the Up button or the
Down button while operatorsin the middle of the pipeline have both the Up button and
the Down button.

lete | Draw |

Active plots  HidefShow | D

&4 Threshold

214 Removing operators

You do not remove operators by clicking the Delete button as you do with plots. There
are two ways that you can delete an operator from a plot. Asits last two options, the
Operators menu has options that remove one or more operators. To remove only the last
applied operator, select the Remove last option from the Operators menu. To remove
all operators applied to a plot, select the Remove all option from the Operators menu.
Unlessthe Apply operator to all plots check box is checked, operators are only
removed from selected plots. If you remove operators using the controlsinthe Operators
menu, the plots that are in the completed state are immediately recalculated by the
compute engine and redisplayed using the modified list of operators.
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The controlsin the Operators menu allow you to remove operators from the end of a
plot’'s operator list or remove all of aplot’s operators. Vislt aso provides controls that et
you remove specific operators from the middle of a plot’s operator list. First expand the
plot list entry by clicking its Expand button and then click on the red X button next to the
operator that you want to delete. The red X button deletes the operator to which itis
attached. When an operator is deleted using the red X buttons, the plot is reset back to the
new state so you must click the Draw button to tell Vislt to regenerate the plot. See
Figure 4-6 for an example of deleting an operator from the middle of a plot’s operator list.

Active plots  HidefShow Delete Draw Active plots  Hide/Show Delete Draw

44 Threshold A
%X Reflect W = =
+ Pseudocolor
Plots Operators PlotAtts OpAtts Variables Plots Operators PlotAtts OpAtts Variables
¥ Apply operators and selection to all plots ¥ Apply operators and selection to all plots

Figure 4-6: Before and after removing an operator from the middle of the pipeline

215  Setting operator attributes
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. . & cylinder...
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active operator, expand a plot entry and then .
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Figure 4-7: Operator attributes menu
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Setting the active operator is useful when you have multiple operators of the same type
applied to the same plot. For example, you might have applied two Transform operators so
you can scale a plot with one operator and then rotate the plot with the second Transform
operator. If there was no way to set an active operator, changing the attributes for the
Transform operator would cause both instances of the operator to get the same operator
attributes. You can make sure the first operator only gets scaling information by making it
the active operator. To set the attributes in the second instance of the Transform operator,
you can click on that second Transform operator in the expanded plot entry, to makeit the
active operator, and then set the rotation attributes for that second Transform operator.

Active operator

Active plots  Hide/Show Active plots  Hide/Show Delete Draw

« Pseudocolor « Pseudocolor

Plots Operators PlotAtts OpAftts Variables Plots Operators PlotAtts OpAftts Variables

¥ Apply operators and selection to all plots v Apply operators and selection to all plots

Figure 4-8: Setting the active operator

3.0 Operator Types

Vislt isinstalled with operator plugins, which perform awide variety of functions. Some
of the operators are not be enabled by default so they do not show up in the Operator
menu. Use the Plugin Manager Window, which can be opened by clicking on the
Plugin Manager option in the Main Window’s Preferences menu, to enable
additional operators or disable operators that you rarely use. This section explains each
operator in alphabetical order; not in terms of an operator’s importance.

Operator plugins that are enabled by default

Box Elevate Lineout Slice

Clip IndexSelect OnionPeel SphereSlice
Cone InverseGhostZone | Project ThreeSlice
Cylinder | sosurface Reflect Threshold
Displace |sovolume Revolve Transform
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3.1 Box operator

. _ The Box operator, which is mostly
original plot Box operator applied intended for use with 3D datasets,
removes areas of a plot that are
either partially or completely
outside of the volume defined by
an axis-aligned box. The Box
operator does not clip cells that
straddle the box boundary;, it just
removes the cells from the
visualization leaving jagged edges
around the edges of the box where
cells were removed.

Figure 4-9: Box operator example

311  Setting how cellsare removed

The Box operator can either remove cellsthat are

. : -+ Box operator attributes [=][o][%]
totally outside of the box or it can remove those Amount of cellin the range & Some © Al
cells outside of the box and cells that are only S Minimum —
partially outside of the box. By default, the Box < Maimum —
operator only removes cells that are completely N
outside of the box. To makethe Box operator also | fo
remove cells that are partially outside of the box, Y-Maximurm 1
you click the All radio button in the Box ALl fo
operator attributes window (shownin Z-Maximum 1
Flgure 4_10) iake default | Reset |
3.1.2 Resizingthe box Apply | Post | Dismiss |
The Box operator uses an axis aligned box to Figure 4-10: Box operator attributes window

remove cells from the visualization so the box

can be specified as a set of minimum and maximum valuesfor X, Y, and Z. To set the size
of the box using the Box operator attributes window, you type new coordinates into
the X Minimum, X Maximum, Y Minimum, Y Maximum, Z Minimum, or Z
Maximum text fields.

The Box operator can also be resized interactively with Vislt’s Box tool (for more
information, seethel nter active Tools chapter). If you want to use the Box tool to
resize the Box operator’s box, first make sure that you’'ve selected the plot that uses the
Box operator in the Plot list and then enable the Box tool. When the Box tool appears, it
uses the same box as the Box operator. Moving or resizing the Box tool causes the Box
operator to also move or be resized and the plots in the visualization window get
regenerated with the new box.
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3.2  Clip operator

The Clip operator can remove certain shapes from a database before it is plotted. More
specifically, the Clip operator can clip away box- or sphere-shaped regions from a
database. The database remains in its origina dimension after being clipped by the Clip
operator and since the Clip operator manipulates the database before it is plotted, the
surfaces bounding the removed regions are preserved in the final plot. While being geared
primarily towards 3D databases, the Clip operator also clips 2D databases. When applied
to 2D databases, the Clip operator can remove rectangular or circular regions from the
database. Figure 4-11 shows a Pseudocolor and Mesh plots with a Clip operator.

origin1l plots clipped \lith planes clipped \Iith sphere

Figure 4-11: Clip operator example

321 Removing half of a plot

The Clip operator uses up to three planes to define the region that is clipped away. Each
planeis specified in origin-normal form where the origin isapoint in the plane and the
normal is avector that is perpendicular to the plane. When a plane intersects a plot, it
serves as a clipping boundary for the plot. The plane’s normal determines which side of
the planeis clipped away. The region on the side of the plane pointed to by the normal is
the region that the Clip operator clips away. If more than one planeis active, the region
that isleft asaresult of thefirst clip operation is clipped by the next plane, and so on.

Only one plane needs to be used to remove half of aplot. Find the center of the database
by inspecting the 3D axis annotations in the visualization window. Type the center as the
new plane origin into the Origin text field for plane 1 then click the Plane 1 check box
for plane 1 (see Figure 4-12). When the Apply button is clicked, half of the plot should be
removed. You can rotate the clipping plane by entering a new normal vector into the
Normal text field. The normal is specified by three floating point values separated by
spaces.
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-+ Clip operator attributes [=]O][x] -+ Clip operator attributes [=][o][%]
Plane(s) | sphere | Plane(s) | Sphere |
~ ¥ Plane 1 Center |0 00
Origin |0 00 Radius I1
Normal |1 00 B (ieass
~I~ Plane 2
Origin |0 00
Mormal |0 10
~I~ Plane 3
Origin |0 00
Mormal |0 01
[~ Inverse
idake defaultl Reset | idake defaultl Reset |
Apply | Post | Dismiss | Apply | Post | Dismiss |

Figure 4-12: Clip operator attributes window
3.22 Removing onequarter of aplot

To remove a quarter of a plot, you need two clipping planes. To remove one quarter of the
plot, first remove one half of the plot. Now, enable the second clipping plane and make
surethat it has the same origin asthefirst clipping plane but a different normal. To remove
exactly one quarter of the plot, make sure that the normal is perpendicular to plane 1's
normal. Also make sure that plane 2's new normal points into the region that was clipped
away by plane 1. The two planes, when considered together, remove one quarter of the
plot. For an illustration of this, see Figure 4-13. In general, the Clip operator removes
regions defined by the intersection of the regions removed by each clipping plane. Follow
the same procedure with the third clipping plane to remove only one eighth of the plot.

Planel clipped region Plane2 clipped region One quarter removed
U + é = é

Figure 4-13: Removing one quarter of a plot using two clip planes
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3.23  Spherical clipping

The Clip operator not only uses sets of planesto clip databases, it can also use asphere. To
make the Clip operator use a clipping sphere, click on the Sphere tab. To specify the
location and size of the sphere, enter a new center location into the Center text field on
the Sphere tab of the Clip operator attributes window and then enter a new sphere radius.

3.24 Inverting theclipped region

Once the Clip operator has been applied to plots and aregion has been clipped away,
clicking the Invert check box brings back the clipped region and clips away the region
that was previously unclipped. Using the Invert check box is an easy way to get only the
clipped region back so it can be used for other operations.

A common trick when creating animationsis to have two identical plots with identical
Clip operators applied and then switch one Clip operator to have an inverted clipping
region. This will make the plot appear whole. The plot with the inverted clipping region
can then be transformed independently of the first plot so it appearsto slide out of the first
plot. Then it is common to fade out the second plot and zoom in on the first plot’s clipped
region.

3.3 Coneoperator

Likethe Slice operator, the Cone operator is also adlice operator. The Cone operator slices
a 3D database with a cone, creating a surface that can be left in 3D or be projected to 2D.
Plots to which the Cone operator has been applied become surfaces that exist on the
surface of the specified cone. The resulting plot can be left in 3D space or it can be
projected to 2D space where other operations can be doneto it. A Pseudocolor plot to
which a Cone operator has been applied is shown in Figure 4-14.

original plots plots sliced with cone sliced with cone and
projected to 2D

A
T
BB 1T
I i
DAYV

HUAVIN AN,

Figure 4-14: Cone operator example
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331 Specifying the dlice cone

You can specify the slice cone by setting variousfieldsin the Cone operator attributes
window, shown in Figure 4-15. To specify how pointy the cone should be, type a new
angle (in degrees) into the Angle text field. The cone is defined relative to its origin,
which isthe point at the tip of the cone. To move the cone, type in anew origin vector into
the Origin text field. The origin is represented by three floating point numbers separated
by spaces. Once the coneis positioned, you can set its direction (where the cone points) by
entering a new direction vector into the Direction text field.

The cone can extend forever or it can be clipped at some distance along its length. To clip
the cone at a certain length, check the Cut cone off check box and enter a new length
value into the Length text field.

-+ Cone operator attributes -

Angle |25

Origin [0.5005

Direction jo10

Representation % In3D © Projectedto 2D ¢ Cylindrical
Up Axis [1oo

I™{Cut cone off? Length: |1

tdake default | Reset |
Apply | Post | Dismiss |

Figure 4-15: Cone operator attributes window

3.3.2 Projectingthedliceto 2D

The Cone operator usually flattens sliced plots to 2D aong the cone's direction vector.
Thisresultsin circular 2D plotsin the visualization window. The Cone operator can aso
unfold sliced plotsinto a cylinder and then into rectangular 2D plots. Alternatively, the
Cone operator can leave the sliced plotsin 3D space where their cone shapeis obvious. To
set the cone projection mode, click on one of the following radio buttons: In 3D, Project
to 2D, or Cylindrical.
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3.4  Cylinder operator
The Cylinder operator, shown in Figure 4-16, clips a database with a cylinder whose size
and orientation are specified by the user.

original plots plots clipped by cylinder

DB: noise si
Cycle: 0

ilo DB: noise silo
Cycle: 0
= =

Figure 4-16: Cylinder operator example

3.4.1 Setting the cylinder’s endpoints

There are two ways to set the endpoints for the

L Oyinder operator attrhutes =@l cylinder operator. First of al, you can open the

Endpoint1 Jo 00 Cylinder operator attributes window (see

Endpoint2 [100 Figure 4-17)and type new 3D points into the

Radius |1 Endpoint 1 and Endpoint 2 text fields. The

second, and more interactive way to set the endpoints
[ Chodien | [ | for the Cylinder operator isto use Vislt's interactive
apply | _Post | Dismiss | Linetool, whichisdiscussed inthelnteractive

' = Tools chapter. The Line tool lets you interactively

Figure 4-17: Cylinder operator place the Cylinder operator’s endpoints anywherein

attributes window the visualization. The Line tool’s endpoints

correspond to the centers of the cylinder’s top and
bottom circular faces.

3.4.2 Setting the radius

To set the radius used for the Cylinder operator’s clipping cylinder, type a new radiusinto
the Radius text field in the Cylinder operator attributes window.

3.5 Decimate operator

The Decimate operator, shown in Figure 4-18, removes nodes and cells from an input
mesh, reducing the cell count while trying to maintain the overall shape of the original
mesh. The Decimate operator can currently operate only on the external surfaces of the
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input geometry. This means that in order to apply the Decimate operator, you must first
apply the External Surfaces operator, which will be covered later in this chapter.

Original mesh Reduction=0.1
Reduction=0.5 Reduction=0.75

Figure 4-18: Decimate operator applied to reduce the number of
cells in the mesh

35.1 Using the Decimate operator

T can be useful for producing models that have lower
i i i L polygon counts than the model before the Decimate
Make defaut reset | | operator was applied. Models with lower polygon count
ol e | [ | can be useful for speeding up operations such as
rendering. The Decimate operator has a single knob that

F'igure 4-19: Decimate Operator' influences how many cells are removed from the input
attributes window mesh. The Target Reduction vaueisafloating point
number in the range (0,1) and it can be set in the
Decimate operator attrbutes window (see Figure 4-19). The number specified isthe
proportion of number of polygonal cellsin the output dataset "over" the number of
polygonal cellsin the original dataset. As shown in Figure 4-18, higher values for Target
Reduction vaue cause Vislt to simplify the mesh even more.
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3.6  DeferExpression operator

The DeferExpression operator is a special-purpose operator that defers expression
execution until later in Vislt's pipeline execution cycle. This means that instead of
expression execution taking place before any operators are applied, expression execution
can instead take place after operators have been applied.

3.6.1 Plotting surface normals

Vislt can use the DeferExpression
operator in conjunction with the
External Surface operator and the
surface_normal expression to plot
surface normals for your plot
geometry. To plot surface normals,
first create avector expression using
the surface_normal expression,
which takes the name of your plot’s
mesh as an input argument. Once
you have donethat, you can create a
Vector plot of the new expression.
Be sureto apply the

External Surface operator first to convert the plot’s 2D cells or 3D cellsinto polygonal
geometry that can be used in the surface_normal expression. Finally, apply the
DeferExpression operator and set its variable to your new vector expression. Thiswill
ensure that the surface_normal expression is not evaluated until after the External Surface
operator has been applied.

Mesh plot Mesh plot and
surface

normals
11,/

Figure 4-20: DeferExpression operator example

3.7  Displace operator

The Displace operator deforms a

mesh variable using a vector field e
that is defined on the nodes of that e
mesh. Many engineering
simulation codes write a mesh for
thefirst time state of the
simulation and then write vector
displacements for the mesh for
wbmuer]t tlme aates_ The %5 oz o o6 o5 o %5 oz o olé
Displace operator makes it .

. Figure 4-21: Mesh and Vector plots and a Mesh plot that
possible to use the mesh and the uses the Displace operator to deform the mesh
time-varying vector field to using a vector field.
observe the behavior of the mesh
over time. The Displace operator provides amultiplier that can amplify the effects of the
vector field on the mesh so dlight changes in the vector field can be exaggerated. An
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example showing a mesh and a vector field, along with the results of the mesh displaced
by the vector field is shown in Figure 4-21.

3.7.1 Usingthe Displace operator

The Displace operator takes as inputs a mesh
variable and a vector variable and a displacement ppacepperair Sihute £
multiplier value. For each node in the mesh, the Displacement multiplier [i

Displace operator adds the vector field defined at that Displacement variable DISPL  ~|
node to the node's coordinates. Before adding the

vector to the mesh, Vislt multiplies the vector by the (e _ Reset |
displacement multiplier so the effects of the vector Apply | Post | _Dismiss |
field can be exaggerated. To set anew value for the ' '

displacement multiplier, type anew value into the Figure 4-22: Displace operator

Displacement multiplier text field in the

Displace operator attributes window (see Figure 4-22). To set the name of the
vector variable that Vislt uses to displace the mesh, select a new vector variable from the
Displacement variable variable button.

3.8  Elevateoperator

The Elevate operator uses ascalar field on a 2D mesh to elevate each node in the input
mesh, resulting in atopologically 2D surfacein 3D. The Elevate operator allows you to
perform much of the same functionality as a Surface plot and it allows you to do
additional thingslike elevate plotsthat do not accept scalar variables. The Elevate operator
can also elevate plots whose input data was produced from higher dimensional data that
has been dliced. Furthermore, the Elevate operator alows you to display multiple scalar
fieldsin a single plot such as when a Pseudocolor plot of scalar variable A is elevated by
scalar variable B (see Figure 4-23).

2D plot of rainfall 2D plot of elevation Plot of rainfall elevated by
elevation

Figure 4-23: Elevate operator example
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3.8.1 Usingthe Elevate operator

The Elevate operator can be used to create plots

. . . levate operator attributes IE”EIX‘

that look much like a Surface plot if you simply ' T

¥ Elevation helght relative to XY limits?:
apply the Elevate operator to a plot that accepts ' =
Scalar Val ues. The E| evate Operator iS more LimitsMode & OriginalData ¢ CurrentPlot
flexible than a Surface plot because whereas i P O
the Surface plot limits you to elevating by one Skew factor fi
variable and coloring by the same variable, the | - o
Elevate operator can be used with any plot and o f
still acheive the Surface plot’s el evated effect.
You could use the Elevate operator to elevate a || Elevate by Variable i 1|
Pseudocolor plot of rainfall by elevation. You
could also take Vector or FilledBoundary plots Lol Ml
(among others) and elevate them by a scalar b | Post | _Dismiss |
variable. : :

Figure 4-24. Elevate operator attributes
Since the Elevate operator usees a scalar window

variable to elevate all of the pointsin the mesh,

the Elevate operator has a number of controls related to scaling scalar data. For example,
the Elevate operator allows you to artificically set minimum and maximum values for the
scalar variable so you can eliminate data that might otherwise cause your elevated plot to
be stretched undesireably in the Z direction. To set minimum and maximum values for the
Elevate operator, click on the Min or Max check boxesin the Elevate operator
attributes window (see Figure 4-24) and type new values into the adjacent text fields.
The options for scaling the plots created using the Elevate operator are the same as those
for scaling Surface plots. For more information on scaling, see the Surface plot
documentation on page 76.

The most useful feature of the Elevate operator isits ability to elevate plots using an
arbitrary scalar variable. By default, the Elevate operator uses the plotted variable in order
to elevate the plot’s mesh. This only works when the plotted variable is a scalar variable.
When you apply the Elevate operator to plots that do not accept scalar variables, the
Elevate operator will fail unless you choose a specific scalar variable using the Elevate
by Variable variable menu in the Elevate operator attributes window.

3.8.2 Changing elevation height

The Elevate operator uses a scalar variable's data values as the Z component when
converting amesh’s 2D coordinates into 3D coordinates. When the scalar variable's data
extents are small relative to the mesh’'s X and Y extents then you often get what appearsto
be aflat 2D version of the datafloating in 3D space. It is sometimes necessary to scale the
scalar variable's data extents relative to the spatial extentsin order to produce a
visualization where the Z value differs noticeably. If you want to exaggerate the Z values
that the scalar variable contributes to make differences more obvious, you can click on the
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Elevation height relative to XY limits check box in the Elevate operator
attributes window.

Scalerelativeto XY

Figure 4-25: Effect of scaling relative to XY
limits

3.9 ExternalSurface operator

The External Surface operator takes the input mesh and calculates its external faces and
outputs polygonal data. The External Surface operator is not enabled by default but it can
be turned on in the Plugin Manager Window. The External Surface operator can be
useful when creating plots that only involve the external geometry of aplot - such aswhen
you create a Vector plot of surface normals.

Contour plot of all cells Contour plot of the cells

preserved by the ExternalSurface
operator

Figure 4-26: ExternalSurface operator example

3.10 Index Select operator

The Index select operator selects a subset of a 2D or 3D structured mesh based on ranges
of cell indices. Structured meshes have an implied connectivity that allows each cell in the
mesh to be specified by an i,j or i,j,k index depending on the dimension of the mesh. The

Index select operator allows you to specify different ranges for each mesh dimension. The
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ranges are used to select abrick of cells from the mesh. In addition to indices, the Index
select operator uses stride to select cells from the mesh. Stride is avalue that allows the
operator to count by 2's, 3's, etc. when iterating through the range indices. Stride is set to
1 by default. When higher values are used, the resulting mesh is more coarse since it
contains fewer cellsin each dimension. The Index select operator attempts to preserve the
size of the mesh when non-unity stride values are used. An example of the Index select
operator appearsin Figure 4-27.

original plots index selected plots index selected plots
(stride = 1) (stride = 2)

Figure 4-27: Index select operator example
3.10.1 Setting a selection range

: TheIndex select operator attributes window,
- shown in Figure 4-28, contains nine spin boxes that

Dimension 1D 2D ¢ 3D .. .
vin e Iner f';\l_low you to enter minimum and_ maximum rang(_esfor
' p g =3 [ 3 !,j,k. To select dl cellsinthe X dlmengonwhosglndex
- - - isgreater than 10, you would enter 10 into the spin box

Jlo = Jmx = =1 jnthel row and Min column. Then you would enter
K5 s i S| maxinto the spin box in the Max columnin the | row.
@Al € Block o ¢ Group [o Finally, you would enter a stride of 1 into the spin box

inthe Incr columnin the | row. If you wanted to

(e _Reset || hselect cell rangesfor the Y dimension, you could
Apply | _ Post | [Dismiss | | follow asimilar procedure using the spin boxesin the J

row and so forth.

Figure 4-28: Index select operator

To set arange, first select the maximum number of

dimensions to which the Index select operator will apply. To set the dimension, click on
the 1D, 2D, 3D radio buttons. Note that if the chosen number of dimensionsis larger than
the number of dimensionsin the database, the extra dimension ranges are ignored. It is
generally best to select the same number of dimensions as the database. The three range
text fields arelisted in i,j,k order from top to bottom. To restrict the number of cellsin the
X-dimension, use spin boxesin the | row. To restrict the number of cellsin the Y-
dimension, use the spin boxesin the J row. To restrict the number of cellsin the Z-
dimension, use the spin boxesin the K row.
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3.10.2 Block number

Some databases are composed of multiple meshes, often called domains or blocks. The
Index select operator attributes window calls these submeshes blocks. Often when
examining a database, you might want to look at only one block at atime. By default, the
Index select operator is applied to all blocks in the database. This means that each index
range is applied to each block in the database and will probably result in an image
featuring several small chunks of cells. When the Index select operator is set to apply to
just one block, the index ranges are relative to the specified block. To make the Index
select operator apply to just one block, click on the Block radio button and type a new
block number into the Block text field.

3.10.3 Group number

Some databases are composed of multiple groups of meshes, which are often called
groups. TheIndex select operator attributes window calls these groups of meshes
groups. The Index select operator can be used to examine parts of a group of meshes by
clicking the Groups radio button and typing a group number into the Group text field.

3.11 InverseGhostZone operator

The InverseGhostZone operator makes ghost cells visible and removesreal cells from the
dataset so plots to which the InverseGhostZone operator have been applied show only the
mesh’s ghost cells. Ghost cellsare alayer of cells around the mesh that usually correspond
to real cellsin an adjacent mesh when the whole mesh has been decomposed into smaller
domains. Ghost cells are frequently used to ensure continuity between domains for
operations like contouring. The InverseGhostZone operator is useful for debugging ghost
cell placement in simulation data and for database reader plugins under development.

origina plots InverseGhostZone applied

Figure 4-29: InverseGhostZone example
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3.11.1 Makingall cellsvisible

The InverseGhostZone operator’s only purpose isto make ghost cellsvisible and real cells
are usually stripped out. If you want to ensure that real cells are not removed while still
making the ghost cells be enabled, click the Both ghost zones and real zones radio
button in the InverseGhostZone operator attributes window (see Figure 4-30).

=™ Inverse Ghost Zone operator attrnbutes [=][ol[*]

Zones to Display: & ¢~ Both ghost zones and real zones

Makedefaultl Reset |
Apply | Post | Dismissl

Figure 4-30: InverseGhostZone operator attributes window

3.12 Isosurface operator

origi nI plot

The Isosurface operator extracts
I sosurface operator applied  gyrfaces from 2D or 3D databases
and allows them to be plotted. The
| sosurface operator takes asinput a
database and alist of values and
creates a set of isosurfaces through
the database. Anisosurfaceisa
surface where every point on the
surface has the same data value.
You can use an isosurface to see a
surface through cells that contain a
certain value. The Isosurface
operator performs essentially the
same visualization operation asthe
Contour plot, but it allows the resulting datato be used in Vislt's other plots. For example,
an |sosurface operator can be applied to a Pseudocolor plot where the Isosurface variable
isdifferent from the Pseudocolor variable. In that case, not only are the isosurfaces shown,
but they are colored by another variable. An example of the Isosurface operator is shown
in Figure 4-31.

Figure 4-31: Isosurface operator example

3.12.1 Setting isosurface levels

By default, Vislt constructs 10 levels into which the datafall. These levels are linearly
interpolated val ues between the data minimum and data maximum. However, you can set
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your own number of levels, specify the levels you want to see or indicate the percentages
for the levels.

=™ |sosurface operator atitibutes

Select by |N levels =] |10|
Limits ™ Min IO
M Max |1.00001

Variahle default - |

Scale & Linear ¢ Log

Makedefaultl Reset |
Apply | Post | Dismissl

Figure 4-32: Isosurface operator attributes

To choose how levels are specified, make a selection from the Select by menu. The
available options are: N levels, Levels, and Percent. N levels, the default method,
allows you to specify the number of levelsthat will be generated, with 10 being the
default. Levels requires you to specify real numbersfor the levels you want to see.
Percent takesalist of percentageslike 50.5 60 40. Using the numbersjust mentioned, the
first isosurface would be placed at the value which is 50.5% of the way between the
minimum and maximum data values. The next isosurface would be placed at the value that
is 60% of the way between the minimum and maximum data values, and so forth. You
specify all values for setting the number of isosurfaces by typing into the text field to the
right of the Select by menu.

3.12.2 Setting Limits

Thelsosurface operator attributes window, shown in Figure 4-32, provides
controls that allow you to specify artificial minima and maxima for the datain the plot.
You might set limits when you have a small range of values that you are interested in and
you only want the isosurfaces to be generated through that range. To set the minimum
value, click the Min check box to enable the Min text field and then type a new minimum
valueinto the text field. To set the maximum value, click the Max check box to enable the
Max text field and then type a new maximum value into the text field. Note that either the
min, max or both can be specified. If neither minimum nor maximum val ues are specified,
Vislt uses the minimum and maximum values in the dataset.

3.12.3 Scaling

The Isosurface operator typically creates isosurfaces through arange of values by linearly
interpolating to the next value. You can aso change scales so alogarithmic function is
used to get the list of isosurface values through the specified range. To change the scale,
click either the Linear or Log radio buttonsin the Isosurface operator attributes
window.
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3.12.4 Setting theisosurfacing variable

The Isosurface operator database variable can differ from the plotted variable. This
enables plots to combine information from two variables by having isosurfaces of one
variable and then coloring the resulting surfaces by another variable. You can change the
isosurfacing variable, by selecting a new variable name from the Variable variable button.

Sometimes it is useful to set the isosurfacing variable when the plotted variable is not a
scalar. For example, you might want to apply the I sosurface operator to a Mesh plot but
the Mesh plot’s plotted variable is not a scalar so the I sosurface operator does not know
what to do. To avoid this situation, you can set the isosurfacing variable to one you know
to be scalar and the operator will succeed.

3.13 Isovolume operator

Blot wi The Isovolume operator creates a
. ot with Isovolume .
original plot operator applied new unstructured mesh using only
_ cells and parts of cellsfrom the
original mesh that are within the
specified datarangefor avariable.
The resulting mesh can beused in
other Vislt plots. You might use
this operator when searching for
cells that have certain values. The
| sovolume operator can either use
the plotted variable or avariable
Figure 4-33: The effects of the Isovolume operator on a _Other thanthe pI_otted variable. For
Pseudocolor plot instance, you might want to see a
Pseudocolor plot of pressure
while using the Isovolume operator to remove al cells and parts of cells below a certain
density. An example of aplot to which an I sovolume operator has been applied isshownin
Figure 4-33.

3.13.1 Using the Isovolume operator

The Isovolume operator iterates over every cell in a mesh and determines which parts of
the cell, if any, contain a value that falls within a specified data range. If any parts of the
cell are within the specified data range, they are kept as part of the operator’s output. The
| sovolume operator uses an isosurfacing algorithm to determine the interfaces where cells
should be split so the interfaces for neighboring cells are all continuous and fairly smooth.
To specify adatarange, type new upper and lower bounds into the Lower bound and
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Upper bound text fieldsin the Isovolume operator attributes window, whichis
shown in Figure 4-34.

-+ |sovolume operator attributes [=][o][%]

Lower bound |1

Upper bound |2.?

variable default - |
tdake defaultl Reset |
Apply | Post | Dismiss |

Figure 4-34: Isovolume operator
attributes window

The variable that the I sovolume operator uses does not necessarily have to match the
plotted variable. If the plotted variable isto be used, the Variable text field must contain
the word: default. If you want to make the I sovolume operator use a different variable so
you can, for example, plot temperature but only look at regions that have a density greater
than 2g/mL, you can set the Isovolume’s variable to temperature. To make the Isovolume
operator use a different variable, select a new variable from the Variable variable button
inthelsovolume operator attributes window.

If you apply this operator to a plot that does not operator on scalar variables such as the
Mesh or Subset plots, be sure to set the variable because the default variables for those
plotsis never a scalar variable. Without a scalar variable, the | sovolume operator will not
work.

3.14 Lineout operator

The Lineout operator samples data values along aline, producing a 1D database from
databases of greater dimension. This operator is used implicitly by Vislt's Lineout
capability and cannot be added to plots. For more information on Lineout, see the
Quantitative Analysis chapter.

3.15 Mergeoperator

Vislt's Merge operator merges al geometry that may exist on separate processors into a
single geometry dataset on a single processor. The Merge operator can be useful when
applying other operators like the Decimate operator or when creating Streamline plots.
The Merge operator is not enabled by default.

3.16 OnionPeel operator

The OnionPedl operator creates a new unstructured mesh by taking a seed cell or node
from amesh and progressively adds more layers made up of theinitial cell’s neighboring
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cells. Theresulting mesh isthen plotted using any of Vislt's standard plots. The OnionPeel
operator is often useful for debugging problems with scientific simulation codes, which
often indicate error conditions for certain cellsin the simulated model. Armed with the
cell number that caused the simulation to develop problems, the user can visualize the
simulation output in Vislt and examine the bad cell using the OnionPeel operator. The
OnionPedl operator takes a cell index or anode index as a seed from which to start
growing layers. Only the seed is shown initially but as you increase the number of layers,
more of the cells around the seed are added to the visualization. An example of the
OnionPed operator is shown in Figure 4-35.

original plots layer O layer 1

08 gbezpdb 08 gbezpdb

DB: globe2.pdb Oycle:0 k0
Cycle: 0

08 gbezpdb 08 gbezpdb

Figure 4-35: OnionPeel operator example

3.16.1 Setting the seed

The OnionPeel operator uses a seed cell or a seed node as the seed to which al cellsfrom
other layers are added. When alayer is added around the seed, the new cells are those
immediately connected to the seed. You specify the seed asacell index or anode index by
typing anew seed value into the Seed# or ij[k] text field. Vislt interprets the seed as a
cell index by default. If you want to start growing cell layers around a given node, click on
the Node radio button before entering a new seed value. The form of the seed index
depends on how the underlying mesh is organized. Unstructured meshes, which are a
collection of independent cells, require only a single integer value for the seed while
structured meshes are indexed with i,j or i,j,k indices depending on the dimension of the
mesh. To set the seed using i,j,k indices, typethei and j and k indices, separated by spaces,
into the Seed# or ij[K] text field.

Some meshes that have been decomposed into multiple smaller meshes known blocks or
domains have an auxiliary set of cell indices and node indices that allow cells and nodes
from any of the domains to be addressed as though each domain was part of asingle,
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larger whole. If you have such a mesh and want to specify seed indicesin terms of global
cell indices or global node indices, be sure to turn on the Seed# is Global check box.

The OnionPeel operator can only operate on
one domain at atime and when the operator
grows layers, they do not cross domain

Onion Peel operator attributes [=][al[x]

boundaries. The seed cell index is dways Category  [Whole [
relative to the active domain. To makeacell in | set |whote -
adifferent domain the new seed cell, change o & Cell ¢ Node

the domain number by selecting anew domain || o o oriia I

from the Set drop down list.

[~ Seed # Is Global

3.16.2 Growinglayers Layers 0 s

The OnionPedl operator starts with a seed and M ﬂl
__ ooy |

adds layers of new cells around that seed. The Apply Post | Dismiss |
added cells are determined by the layer number = '
and the adjacency information. The cell Figure 4-36: OnionPeel operator
adjacency rule determines the connectivity attributes window

between cells. Cells are next to each other if

they share a cell face or a cell node. The visualization will differ dightly depending on
which adjacency ruleis used. To change the adjacency rule, click the Node or the Face
radio buttonsin the OnionPeel operator attributes window, shown in Figure 4-36

The OnionPeel operator initially shows zero layers out from the seed, so only the seed is
shown in the visualization when the OnionPeel operator isfirst applied. Consequently, the
visualization might appear to be empty since some seed cells are very small. To add more
layers around the seed, enter alarger layer number into the Layer Number text field.
Clicking the up or down buttons next to the Layer Number text field also increments or
decrements the layer number.

3.17 Project operator

The Project operator sets al of the Z valuesin the coordinates of a 3D mesh to zero and
reduces the topological dimension of the mesh by 1. The Project operator is, in essence, an
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operator to make 2D meshes out of 3D meshes. An example of the Project operator is

shown in Figure 4-37.

Original plot

DB: noise silo
Cycle: 0

e °
%664 ®

e
o | @

Project operator applied

DB: noise;sil
Cycle: 0

-"f A °
. L4 ..‘
= ) L .. °
'} ° N
B s, ool
.. .

Figure 4-37: Project operator example

3.17.1 Setting the projection type

-+ Project operator attributes [=][o][%]
idake defaultl Reset |
Apply | Post | Dismiss |
Figure 4-38: Project operator attributes
window

3.18 Reflect operator

The Project operator can project 3D down to 2D
using two different transforms. XY Cartesian,
and ZR Cylindrical. To specify which of these
transforms you want to use when using the
Project operator, click on either the
XYCartesian or ZRCylindrical radio buttons
inthe Project operator attributes window
(see Figure 4-38).

Use the Reflect operator to reflect database geometry across one or more axes. Scientific
simulations often rely on symmetry so they only need to simulate part of the problem.
When creating a visualization, most users want to see the entire object that was simulated.
This often involves reflecting the database geometry to create the full geometry of the
simulated object. Vislt's reflect operator can be applied to both 2D and 3D databases and
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can reflect them across one or more plot axes. An example of the Reflect operator is shown
in Figure 4-39.

reflected plots
(different Y-axis)

original plots reflected plots

z z

Figure 4-39: Reflect operator example

3.18.1 Setting the Reflect operator attribute window’s input mode

The Reflect operator attrib utes windo w, shown in Figure 4-40, has two input modes.

-~ Reflect operator attributes [=][o][x] -~ Reflect operator attributes [=][o][x]
Input mode 3D Input mode ~ 3D
Original data quadrant |+X +Y vl Original data octant |+X +¥ +Z =l

Reflection quadrants Reflection octants

i ; Front view

Reflection Limits: Reflection Limits:

& Use dataset min © Specify X = |0
% Use dataset min © Specify ¥ = |
% Use dataset min © Specify Z = |0

& Use dataset min © Specify X = |0
& Use dataset min © Specify ¥ = |
& Use dataset min © Specify Z = |0

tMake default | Reset | iake default | Reset |
Apply | Post | Dismiss | Apply | Post | Dismiss |

Figure 4-40: Reflect operator attributes window

One input mode isfor 2D data, in which only reflection quadrants are shown, and the
second input mode isfor 3D data for which the window shows 3D octants. In either input
mode, clicking on the brightly colored shapes turns on different reflections and in the 3D
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input mode, clicking on the cyan arrow rotates the view so you can more easily get to
reflections in the back. To set the input mode, click either the 2D or 3D radio buttons.

3.18.2 Setting the data octant

The Reflect operator assumes that the database being reflected residesin the +X+Y +Z
octant when performing its reflections. Sometimes, due to the orientation of the database
geometry, it is convenient to assume the geometry exists in another octant. To change the
data octant, make a new selection from the Original data is in octant menu in the
Reflect operator attrib utes windo w. The Reflection operator attrib  utes

windo w graphically depicts the original data octant as the octant that contains a sphere
instead of a cube, which correspond only to reflections.

3.18.3 Reflecting plots

Once the Reflect operator has been applied to plots, you must usually specify the direction
in which the plots should be reflected. To set the plot direction, click on the check boxes
below the Original data is in octant menu. The possible reflections are shown by the
cube and sphere glyphs. When areflection is set to be on, the glyph in the octant or
guadrant will be green or magenta. When areflection is not on, its glyph is smaller and
silver. To turn areflection on or off, just click onits glyph. If the window isin its 3D input
mode and you need to access octants in the back that are obscured by other octants,
clicking on the cyan arrow will rotate the glyphs to the octants in the back will be more
accessible.

3.18.4 Reflection limits

Reflection limits determine the axes about which the database geometry is reflected. The
Reflect operator attributes window has three reflection limits controls; one for each
dimension. You will usually want to reflect plots using the dataset min value, which you
set by clicking the Use dataset min radio button. When using the dataset min value to
reflect plots, the reflected plots will touch along the reflected edge. You can also specify
another axis of reflection. When using a custom axis of reflection, the reflected plots will
not necessarily touch. This option, though not normally needed, can produce interesting
effectsin animations. To specify a custom axis of reflection, click the Specify X,
Specify Y, or Specify Z radio buttons and enter anew X, Y, or Z value into the
appropriate text field.

3.19 Revolve operator

The Revolve operator isfor creating 3D geometry from 2D geometry by revolving the 2D
about an axis. The Revolve operator is useful for incorporating 2D simulation datainto a
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visualization along with existing 3D data. An example of the Revolve operator isshown in
Figure 4-41.

Original plot Revolve operator applied

Figure 4-41: Revolve operator example

3.19.1 Usingthe Revolve operator

To use the Revolve operator, the first thing to do is

sl LZNL USSR =alx | nick an axis of revolution. The axis of revolution is
Axis of revolution [1 00 specified as a 3D vector in the Axis of revolution
Start angle fo text field (see Figure 4-42) and serves as the axis
Stop angle 360 about which your 2D geometry is revolved. If you
Numberofsteps o want to revolve 2D geometry into 3D geometry
without any holes in the middle, be sure to pick an
Make default| _ Reset | axis of revolution that isincident with an edge of your
Apply |  Post | Dismiss | 2D geometry. If you want 3D geometry where the
: initial 2D faces do not meet, be sure to specify start
Figure 4-42: Revolve operator and stop anglesin degreesin the Start angle and
attributes window Stop angle text fields. Finally, the number of steps

determines how many timestheinitial 2D geometry is
revolved along the way from the start angle to the stop angle. You can specify the number
of steps by entering anew value into the Number of steps text field.

3.20 Resample operator

The Resample operator extracts data from any input dataset in a uniform fashion, forming
anew 2D or 3D rectilinear grid onto which the original dataset has been mapped. The
Resample operator is useful in avariety of contexts such as downsampling a high
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resolution dataset (shown in Figure 4-43), rendering Constructive Solid Geometry (CSG)
meshes, or mapping multiple datasets into a common grid for comparison purposes.

Plot of original
curvilinear data

Plot of data resampled
onto rectilinear grid

Figure 4-43: Resample operator example

3.20.1 Resamplingonto arectilinear grid

Resampling a high resolution dataset onto a
rectilinear grid isthe most common use case
for the Resample operator. When a
Resample operator is applied to aplot, the
Resample operator clips out any data values
that are not within the operator’s bounding
box. For the data that remains inside the
bounding box, the operator samplesit using
the user-specified numbers of samples for
the X, Y, and Z dimensions. The bounding
box is specified by entering new start and
end valuesfor each dimension. For example,
if you want to change the locations sampled
in the X dimension then you could type new
floating point valuesinto the Resample
operator attributes window’s Start X
and End X text fields. The same pattern
applies to changing the locations sampled in
the'Y and Z dimensions. One difference
between resampling 2D and 3D datasetsis
that 3D datasets must have the 3D
resampling check box enabled to ensure

Resample operator attributes (=[] [3¢]
start X [o
End X [+
Samples In X [10
start ¥ |o
End ¥ [
Samples in Y |10
[+ 3D resampling
Start Z [o
End Z [1
Samples In Z [10

Resolve ties « random (" largest ¢ smallest

Variable to resolve ties default i |

Value for uncovered reglons |0

Make default Reset
Apply Post Dismiss
Figure 4-44: Resample operator attributes

window

that Vislt uses the user-specified Z-extents and number of samplesin Z.

Samples for which there was no datain the original input dataset are provided with a
default value that you can change by typing a new floating point number into the Value

for uncovered regions text field.
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3.20.2 Using Resample with CSG meshes

Constructive Solid Geometry (CSG) modeling is a method whereby complex models are
built by adding and subtracting primitive objects such as spheres, cubes, cones, etc. When
you plot aCSG mesh in Vidlt, Vislt resamplesthe CSG mesh into discrete cells that can be
processed as an unstructured mesh and plotted. The Resample operator can be used to tell
Vislt the granularity at which the CSG mesh should be sampled, overriding the CSG
mesh’s default sampling. Naturally, higher numbers of samplesin the Resample operator
produce a more faithful representation of the original CSG mesh. Figure 4-45 depicts a
CSG model that contains a disc within a smooth ring. Note that as the number of samples
in the Resampl e operator increases, the model becomes smoother and jagged edges start to

disappear.

252 samples 502 samples 1008 samples

Figure 4-45: The Resample operator can be used to control the resolution of
CSG meshes

3.20.3 Resampling surfaces projected to 2D

Sometimesisis useful to project complex surfacesinto 2D and resample them onto a 2D
mesh so queries and other analysis can be performed.

3D isosurface Projected to 2D Resampled into 2D

This plot shows the above plot with
transparency enabled to highlight the
darker blue areas where the plot has
been crushed on top of itself.

Figure 4-46: Using the Resample operator to create a 2D projection
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When you project a complex surface to 2D using the Project operator, all of aplot’s
geometry remains and its Z coordinates are set to zero. This results in some areas where
the plot is essentially crushed on top of itself, as shown in Figure 4-46. When resampling
the plot onto anew 2D grid, these overlapping areas can be treated in three different ways.
You can ensure that the top value is taken if you choose the random option by clicking on
therandom button in the Resolve ties button group. You can use amask variable to
decide ties by clicking on the largest or smallest buttons and by selecting an
appropriate variable using the Variable to resolve ties menu.

3.21 Sliceoperator

Thisoperator slices a 3D database with a plane that can have an arbitrary orientation. Plots
to which the Slice operator has been applied are turned into 2D planar surfaces that are
coplanar with the dlice plane. The resulting plot can be left asa 2D dlicein 3D space or it
can be projected to 2D space where other operations can be doneto it. A Pseudocolor plot
to which a Slice operator has been applied is shown in Figure 4-47.

original plots 2D plots in 3D space 2D plots in 2D space

0B: globesio
Cycle: 0

Figure 4-47: Slice operator example
3.21.1 Positioning the dlice plane

You can position the slice plane by setting the origin, normal, and up-axis vectorsin the
Slice operator attributes window, shown in Figure 4-48. The slice plane is specified
using the origin-normal form of a plane where al that is needed to specify the plane are
two vectors; the origin and the normal. The origin of the planeisapoint in the slice plane.
The normal vector is avector that is perpendicular to the slice plane.

Vislt alows the slice plane normal to be aligned to a specific axis or it can be set to any
arbitrary vector. If you want the dlice plane to be along any of the three axes, click the X-
AXxis, Y-AXis, or Z-Axis radio button. If you want to make a slice plane that does not
align with the principle axes, click the Arbitrary radio button and then type a direction
vector into the text field to the right of the Arbitrary radio button. The vector need not be
normalized since Vislt will normalize the vector before using it.
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The dlice plane’'s origin, which specifies the
location of the dlice plane, can be set five
different ways. The middle of the Slice
operator attributes window, or Origin
area (see Figure 4-49), provides the
necessary controls required to set the slice
plane origin. The Origin area providesfive
radio buttons. Point, Intercept, Percent,
Zone, and Node. Clicking on one of these
radio buttons causes the Origin area to
display the appropriate controls for setting
the dlice plane origin.

To set the dlice plane origin to a specific
point, click the Point radio button in the
Origin area and then type anew 3D point
into the Point text field. To set the dlice plane

-~ Slice operator attributes -

~ Mormal

Arbitrary © J0-10

r Origin
" Point * Intercept © Percent © Zone © Node
Intercept |0

 Up Axis
¥ Project to 2D
Direction |0 01

¥ Interactive

tdake default |
Apply |

Reset |

Post | Dismiss |

Figure 4-48: Slice operator attributes

origin to a specific value along the principle slice axis (usually an orthogonal slice), click
the Intercept radio button and then type a new value into the Intercept text field.

If you don’t know a good value to use for the
intercept, consider using the percent dlice
mode. Percent slice mode, which is most often
used for an orthogonal slice, allowsyouto slice
along a particular axis using some percentage
of the distance along that axis. For example,
thisallowsyou to see what the slice plane looks
likeif itsorigin is50% of the distance along the
X-Axis. To set the origin using a percentage of
the distance along an axis, click the Percent
radio button and then type a new percentage
valueinto the Percent text field or use the
Percent dider.

Sometimesit is useful to dlice through a
particular zone or node. The Slice operator
allows you to pick an origin for the slice plane
so aspecific zone or node liesin the dlice plane.
To make sure that a particular zoneis sliced by
the Slice operator, click on the Zone radio

~ Origin
& Point © Intercept © Percent ¢ Zone © Node
Point [00 0

r Origin
" Point * Intercept © Percent © Zone © Node
Intercept |0

r Origin

" Point " Intercept * Percent  Zone © Node
Percent |50 [———
r Origin

" Point  Intercept © Percent & Zone © Node
Zone |0 Domain |0

r Origin

" Point " Intercept © Percent © Zone  Node
Node |0 Domain |0

Figure 4-49: Origin area appearance

button and then enter the zone to be dliced into the Zone text field. Be sure to also enter

the domain that contains the zone into the Domain text field if you are slicing a multi-

domain database. If you want to make sure that the slice plane’s origin is at a specific node
in amesh, click the Node radio button and enter a new node number into the Node text
field. Note that you must also specify adomain if you are slicing a multi-domain database.
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Use the up-axis vector when you want the dlice plane to be projected to 2D. The up-axis
vector isavector that liesin the slice plane and defines a 2D coordinate system within the
plane where the up-axis vector corresponds to the Y-axis. To change the up-axis vector,
type anew 3D vector into the Direction text field in the Up Axis area of the window.

3.21.2 Positioning the slice plane using the Plane Tool

You can also position the slice plane using Vislt's interactive plane tool. The plane tool,
which is available in the visualization window’s popup menu, allows you to position a
dice plane interactively using the mouse. The plane tool is an object in the visualization
window that can be moved and rotated. When the plane tool is changed, it givesits new
dlice planeto the Slice operator if the operator is set to accept information interactively. To
make sure that the Slice operator can accept a new slice plane from the plane tool, check
the Interactive check box in the Slice operator attributes window. For more
information about the plane tool, read the | nter active Tools chapter.

3.21.3 Projectingthesdliceto 2D
The Slice operator usually leaves sliced plotsin 3D so you can position the slice with the
plane tool. However, you might want the plot projected to 2D. When adliced plot is

projected to 2D, any 2D operation, like Lineout, can be applied to the plot. To project a
plot to 2D, check the Project 2D check box inthe Slice operator attributes window.

3.22 Smooth operator

The Smooth operator smooths a mesh to improve areas plagued by jagged edges or sharp
peaks.

Original terrain Smoother terrain

Figure 4-50: Smooth operator example
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3.221 Using the Smooth operator

Smooth operator attributes [=][al[x]
Maximum Number of Iterations |2o—
Relaxation Factor 0.01
Convergence lo—
[¥ Maintain Features
Feature Angle |45—
Max Edge Angle s
[~ Smooth Along Boundaries

Make default | Reset |

Apply | Post | Dismiss |

Figure 4-51: Smooth operator attributes
window

The Smooth operator has anumber of controls
that can be used to tune mesh smoothness. The
such control isthe number of iterations, which
controls the number of times the mesh
relaxation algorithm is applied to the input
mesh. Larger numbers of iterations will
produce smoother meshes but will also take
more time to compute. To change the number
of iterations, type a new integer value into the
Maximum number of iterations text field
inthe Smooth operator attributes
window (see Figure 4-51). The relaxation
factor is afloating point number in the range
[0,1] and it controls how much the mesh is
relaxed. Values near 1 produce amesh that is
very smooth relative to the input mesh. To use
anew relaxation factor, type a floating point

number into the Relaxation Factor text field. The Maintain Features check box
allowsyou to tell Vislt to preserve sharp peaksin the mesh while still smoothing out most
of the mesh. The anglein the Feature Angle text field determines which features are
kept. Any mesh angles less than the feature angle are preserved while others are smoothed.

3.23 SphereSlice operator

The SphereSlice operator slices a 2D or 3D database with an arbitrary sphere. Plots to
which the SphereSlice operator have been applied become 2D surfaces that are coincident
with the surface of the slicing sphere. The resulting plots remain in 3D space. You can use
the SphereSlice operator to slice objects to judge their deviation from being perfectly
spherical. An example of the SphereSlice operator is shown in Figure 4-52.

original plots

sliced plots

sliced plots

Figure 4-52: SphereSlice operator example
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3.23.1 Positioning and resizing the slice sphere

You can position the slice sphere by setting its origin
inthe SphereSlice operator attributes window
shown in Figure 4-53. The dice sphereis specified by
acenter point and aradius. To change the dlice

Make defaut_| Reset | sphere’s center, enter anew point into the Origin text
field. Theoriginisa3D coordinate that is represented
by three space-separated floating point numbers. To

resize the sphere, enter anew radius number into the

Figure 4-53: SphereSlice operator . .
attributes window Radius text field.

-+ Spherical Slice operator attributes [=][o][%]

origin |0 00

radius |1

Apply | Post | Dismiss |

3.23.2Positioning the slice sphere using the Spheretool

You can also position the slice sphere using Vislt'sinteractive sphere tool. The spheretool,
available in the visualization window’s popup menu, allows you to position and resize a
slice sphere interactively using the mouse. The spheretool is an object in the visualization
window that can be moved and resized. When the sphere tool is changed, it givesits new
dlice sphere to the SphereSlice operator. For more information about the sphere tool, read
thel nteractive Tools chapter.

3.24 ThreeSlice operator

original plots ThreeSliced plots The ThreeSlice operator slices 3D
databases using three axis-aligned
slice planes and leaves the
resulting planes in 3D where they
can all be viewed at the same
time. The ThreeSlice operator is
meant primarily for quick visual
exploration of 3D data where the
internal features cannot be readily
observed from the outside.

Figure 4-54: ThreeSlice operator example
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3.241 Movingthe ThreeSlice operator

The ThreeSlice operator is controlled by moving its -~ ThreeSlice operator atiributes B
origin, which isthe 3D point where all axis-aligned X o
dlice planes intersect. There are two ways to move . o

the ThreeSlice operator’s origin. First, you can

Z 0
directly set the point that you want to use for the DT |
origin by entering new X, y, z valuesinto the
respective X, Y, Z text fieldsin the ThreeSlice Make default | Reset |
operator attributes window, shown in Figure 4- apply | Post | Dismiss |

55. You can also make sure that the Interactive
toggleisturned on so you can use Vislt's interactive _ _ _

Point tool to set the ThreeSlice operator’s origin. Figure 4-55: ThreeSlice operator
When you use the Point tool to set the origin for the

ThreeSlice operator, the act of moving the Point tool sets the ThreeSlice operator’s origin
and causes plots that use the ThreeSlice operator to be recalculated with the new origin.

3.25 Threshold operator

The Threshold operator extracts cells from 2D and 3D databases where the plotted
variablefallsinto a specified range. The resulting database can be used in other Vislt plots.
You might use this operator when searching for cells with certain values. One such
exampleis searching for the cell with the minimum or maximum value for the plotted
variable. The Threshold operator removes all cells that do not have valuesin the specified
range, making it easy to spot cells with the desired values. The Threshold operator can
also use variables other than the plotted variable, for instance, you might want to see a
Pseudocolor plot of pressure while using the Threshold operator to remove all cells below
acertain density. By specifying a different threshold variable, it is possible to visualize
different quantities over the subset of cells specified by the threshold variable and range.
An example of the Threshold operator is shown in Figure 4-56.

origina plots thresholded plots thresholded plots

as poi nt$

Figure 4-56: Threshold operator example
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3.25.1 Settingthevariablerange

The Threshold operator uses a range of
e values to determine which cells from the
Lower bound [min database should be kept in the visualization.
You specify the range of values by lower and
7 upper bounds on the threshold variable. Cells
with values below the lower bound or with
~Nodal Quantities Only values above the upper bound are removed
Output mesh is « Cells frominput ¢ Point mesh frOm the Vlﬂ,lal ization. TO SpGley anew
lower bound, type a new number or the
specia keyword: mininto the Threshold
Make defautt _Reset| operator attributes window’s (Figure 4-
appy | post | pismiss | | 57) Lower bound text field. To specify a
— new upper bound, type a new number or the

Figure 4-57: Threshold operator SpeCial kengrd: max into the Upper
attributes window bound text field.

Threshold operator attributes [=][al[x]

Upper bound Imax

Variable default

Nodes In range  All At least one

When the threshold variableisanoda quantity, the cell being considered by the Threshold
operator has values at each nodein the cell. In this case, the Threshold operator provides a
control that determines whether or not to keep the cell if some nodes have valuesin the
threshold range or if al nodes have valuesin the threshold range. More cells are usually
removed from the visualization when all nodes must be in the threshold range. Click the
Some radio button to alow cellswhere at least one valueisin the threshold range into the
visualization. Click the All radio button to require that all nodal values exist in the
threshold range.

3.25.2 Setting thethreshold variable

The Threshold operator uses the threshold variable to determine whether cellsremainin
the visualization. The threshold variable is usually the plotted variable in which case the
Variable variable button displays: default. To specify athreshold variable other than the
plotted variable, click on the Variable variable button and select a new scalar variable
from the list of available variables.

You might set the threshold variable when you apply the Threshold operator to plots
which do not take scalar variables asinput. An example of thisisthe Mesh plot. When you
apply the Threshold operator to a Mesh plot, you must set the threshold variable to avalid
scalar variable for cellsto be removed from the plot. You can also use the threshold
variable to remove cells based on one variable while viewing the plotted variable.

3.25.3 Setting the output mesh type

The Threshold operator removes all cells that do not meet the threshold criterion, leaving
behind a set of cells that are gathered into an unstructured mesh. Sometimes, it can be
useful to transform the remaining cells into a point mesh. You can specify the desired
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output mesh type using the Cells from input and Point mesh radio buttonsin the
Threshold operator attributes window.

3.26 Transform operator

The Transform operator manipulates a 2D or 3D database’s coordinate field by applying
rotation, scaling, and translation transformations. The operator’s transformations are
applied in the following order: rotation, scaling, translation. The Transform operator is
applied to databases before they are plotted. You might use the Transform operator to
rotate database geometry to a more convenient orientation or to scale database geometry to
make better use of the visualization window. You can also use the Transform operator to
make objects rotate and move around the visualization window during animations. This
works well when only one part of the visualization should move while other parts and the
view remain fixed. An example of the Transform operator is shown in Figure 4-58.

original plots scaled in Y dimension rotated 90 degrees

L
T

i/
i
\\\“

il

Figure 4-58: Transform operator example

3.26.1 Rotation

You can use the Transform operator to rotate plots around an arbitrary axisin 3D and
around the Z-axisin 2D. To apply the rotation component of the Transform operator, be
sure to check the Rotate check box in the Transform operator attributes window
(Figure 4-59). An origin and normal are needed to specify the axis of rotation. The origin
serves as a reference point for the object being rotated. The axis of rotation is a 3D vector
that, along with the origin, determines the 3D axis that will serve asthe axis of rotation.
You must supply an origin and an axis vector to specify an axis of rotation. To change the
origin, type anew 3D vector into the top Origin text field. To change the 3D axis, type a
new 3D vector into the Axis text field. Both the origin and the axis are represented by
three space-separated floating point numbers.

When applying the Transform operator to plots, you probably want to make the origin the
same as the center of the plot extents which can be found by looking at the axis
annotations. When the Transform operator is applied to 3D plots, the axis of rotation can
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be set to any unit vector. When the Transform operator is applied to 2D plots, the axis of

rotation should always be set to the Z-axis (00 1).

Once you specify the axis of rotation, you must
supply the angle of rotation. The default angle of
rotation is zero degrees, which gives no rotation. To
change the angle of rotation, enter a number in
degrees or radians into the Amount text field and
click the Deg radio button for degrees or the Rad
radio button if the angle is measured in radians.

3.26.2 Scale

You can use the Transform operator to scale plots.
Each dimension can be scaled independently by
entering anew scalefactor intothe X, Y, Z text fields.
Each scale factor isamultiplier so that avalue of 1
scales plotsto their original size while avalue of 2
scales plotsto twice their original size. To apply the
scale component of the Transform operator, be sure
to check the Scale check box in the Transform
operator attributes window. All dimensions are
scaled relative to a scaling origin which can be
changed by typing anew origin into the middie lower
Origin text field.

3.26.3 Trandation

Transform operator attributes [=][al[]
Coordinate |
[+ Rotate
origin [000
Axis {001
Amount [0 & Deg ¢ Rad
[+ Scale
origin [000
o N
¥ Translate
xfo vfo z[o
Make defaultl Reset |
Apply | Post | Dismiss |

Figure 4-59: Transform operator
attributes window

You can use the Transform operator to trans ate plots. To apply the translation component
of the Transform operator, be sure to check the Translate check box in the Transform
operator attributes window. To trandate plotsin the X dimension, replace the default
value of zero in the X tranglation text field. Trandlationsin the Y and Z dimensions are

handled in the same manner.

3.26.4 Coordinate system conversion

In addition to being able to rotate,
scale, and trandate plots, the
Transform operator can also perform
coordinate system conversions. A
plot’s coordinates can be specified in
terms of Cartesian, Cylindrical, or
Spherical coordinates (illustrated in
Figure 4-60). Ultimately, when a plot
isrendered in the visualization
window, its coordinates must be

Figure 4-60: Cartesian, Cylindrical, and

Spherical coordinate systems
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specified in terms of Cartesian coordinates due to the implementation of graphics
hardware. If you have a database where the coordinates are not specified in terms of
Cartesian coordinates, you can apply the Transform operator to perform a coordinate
system transformation so the plot is rendered correctly in the visualization window.

Figure 4-61 shows amodel of an
airplane that is specified in terms
of spherical coordinates. When it
isrendered initialy, Vislt assumes
that the coordinates are Cartesian,
which leads to the plot getting
stretched and tangled. The
Transform operator was then
applied to convert the plot’'s
spherical coordinatesinto
Cartesian coordinates, which Figure 4-61: Coordinate system conversion using the
allows Vislt to draw the plot asit Transform operator

isintended to look.

| ///

The Transform operator allows coordinate system
transformations between any of the three supported
coordinate systems, shown in Figure 4-62. To pick a

Transform operator attributes [=][al[x]

coordinate system transformation, you must first pick rL bl i
the coordinate system used for the input geometry. e
Next, you must pick the desired output coordinate ¢ Cylindrical
system. In the example shown in Figure 4-61, the £ Spherical

input coordinate system was Spherical and the output
coordinate system was Cartesian. Note that if you use
the Transform operator to perform a coordinate
system transformation then you cannot aso perform
rotation, scaling, or transglation. If you must perform il
any of those operations, add a second Transform
operator to your plots.

—Output coordinates
¢ Carteslan

¢ Cylindrical

Make default | Reset |

Apply | Post | Dlsmlssl

Figure 4-62: Supported coordinate
systems
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3.27 Tubeoperator

The Tube operator is alittle-used operator that applies turns line geometry into tubes,
making the lines appear fatter and shaded.

Figure 4-63: Lines transformed into tubes with the Tube operator

3.27.1 Changing tube appearance

The Tube operator provides afew knobs that control the appearance of the generated
tubes. First of al, the tube width can be set by typing anew width into the Width text field
inthe Tube operator attributes window (Figure 4-64). The number of polygons used
to make up the circumference of the tube can be altered by typing a new number of sides
into the Fitness of tube text field. Finally, the ends of tubes can be capped instead of
remaining open by turning on the Cap Tubes check box.

Uncapped tubes Tubes with caps

Tube operator attributes [=][al[x]

width [o.5]

Fineness of tube |3

[~ Cap Tubes?
Make dei'aultl Reset |
Apply | Post | Dismiss |

Figure 4-64: Tube operator attributes window and the effects of capping tubes
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Chapter 5 Saving and Printing

1.0

2.0

Overview

In this chapter, we discuss how to save and print files from within Vislt. The section on
saving filesis further broken down into three main areas: saving images, saving movies,
and exporting databases. We first learn about saving images of visualizations using the
Save Window and then we move on to saving movies and sets of image files using the
Save movie wizard. After learning to save images and movies, this chapter concentrates
on exporting databases to different file formats using the Export Database Window.
Finally, we learn to print images of visualizations using the Printer Window.

Saving the visualization window

Vislt alows you to save the contents of any open visualization window to avariety of file
formats. You can save visualizations as images so they can be imported into presentations.
Alternatively, you can save the geometry of the plotsin the visualization window so it can
be imported into other computer modeling and visualization programs.

Vislt currently supports the image files formats. BMP, JPEG, PNG, PPM, Raster
Postscript, RGB, and TIFF.

Vislt currently supports the geometry file formats: Curve, Alias WaveFront Obj, STL,
ULTRA, and VTK. The Curve and ULTRA file formats are specially designed to store the
data created from curve plots and can be used with other Lawrence Livermore National
Laboratory visualization software. The Alias Wavefront Obj file format is supported so
visualizations produced with Vislt can be imported into rendering programs such as Maya.
Vislt can save visudizationsinto STL files, which are used with stereolithographic
printers to fabricate three-dimensional parts. Finaly, Vislt can save visualizations into
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VTK (Visuaization Toolkit) format for reading back into Vislt and other VTK-based
applications at alater date.

When saving the geometry of plots in the visualization window into any of the afore-
mentioned formats, you are performing atype of database export operation. However,
saving geometry in this manner differs from exporting databases using the Export
Database Window. Only the external faces of the plots are saved out when saving plot
geometry whereas during a database export, 3D cells are preserved in the final exported
database. The topic of exporting databases is covered later in this chapter.

21 The Save Window

You can open the Save Window by selecting Set save options from the Main
Window’s File menu. The Save Window contains the controls that allow you to set
the options that govern how visualizations are saved.

The Save Window, shown in Figure 5-1,
contains three basic groups of controls. The

[=][o[x]

-~ Set save options

—File information

v Output files to current directory
Output directory

|. |
Filename |visi11
File type | tiff =l
Guality [

I~ Progressive
Compression type PackBits j

— Resolution

I~ kaintain 1:1/ apsect

first group allows you to set thefile
information. Use the file information controls
to set the name and destination of the saved
file, aswell asitsfile type and any optional
quality parameters that may exist for the
selected file type. Use the second group of
controls when saving out an imagefile to
specify the dimensions of the saved image.
Finally, agroup of check boxes near the
bottom of the window control miscellaneous

Width [1024 Height [1024 file saving features. When the save options are
¥ Family ¥ Screen capture [~ Save tiled set and app“ed by C!ICklng the ApplybUtton’
I Binary o — the active V|suaI|zat|9n can be &ived either

Save through the Save Window option in the
[ save | Main Window'’s File menu, by the
Apply | Post | Dismiss | | keyboard shortcut Ctrl+S or by clicking the

Save button in the Save window.

Figure 5-1: Save Window

2.2 Picking an output directory for saved files

On most platforms, Vislt’s default behavior isto save output files to the current directory,
which is the directory where Vislt was started. On the Windows platform, Vislt saves
images to the “My images’ directory, which is adirectory under the Vislt installation
directory. If you want to specify a special output directory for your output files, you can
turn off the Output files to current directory check box and type in the path to the
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directory where you want Vislt to save your filesin the Output directory text field. If
you want to browse the file system to find a suitable directory in which to save your
images, click onthe“...” button to the right of the Output directory text field to bring
up aDirectory chooser dialog. Once you select a suitable directory using the
Directory chooser diaog, the path that you chose isinserted into the Output
directory text field.

2.3  Setting the savefile name

To set the file name that will be used to savefiles, type afile nameinto the Filename text
field. The file name that you use may contain a path to a directory where you want to write
the saved files. If no path is specified, the saved files are written to the directory from
which Vislt was launched. A file extension appropriate for the type of file being generated
is automatically appended to the file name. For example, a BMP file will have a“.bmp”
extension, while aJPEGfile will have a“.jpeg” extension, and so on.

The file name that Vislt uses to save visualizations is based on the specified file name, the
file format, and also the family toggle setting. The family toggle setting is set by checking
the Family check box towards the lower left part of the Save Window. The family
toggle setting allows you to save series of filesthat al have essentially the same name
except for anumber that is appended to the file name. The number increases by one each
time an image is saved. If the family toggle setting is on then afile named “visit” of type
TIFF will save out as “visit0000.tif” . If the family toggle setting is off, the file will save as
“visit.tif” .

24  Setting thefiletype

You set thefile type by making a selection from the File type menu. You can choose from
image file types or geometry file types. Note that some areas of the Save Window
become enabled for certain file types.

Choosing JPEGformat files enables the Quality slider and the Progressive check box.
These controls allow you to specify the desired degree of quality in the resulting JPEG
images. A lower quality setting results in blockier images that fit into smaller files. The
progressive setting stores the JPEGimages in such away that they progressively refine as
they are downloaded and displayed by Web browsers.

Choosing TIFF format files enables the Compression type combo box. The available
compression types are: None, PackBits, JPEG, and Deflate. When compression is enabled
for TIFF files, they are smaller than they would be without compression.

Choosing STLor VTKfile formats saves visualizations as geometry filesinstead of images
and also enablesthe Binary check box. The Binary check box tells these formats to
write their geometry data as binary datafiles instead of human-readable ASCI| text files.
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In generd, files written with the binary option are smaller and faster to load than their non-
binary counterparts.

25  Savingimageswith screen capture

The Screen capture check box tells Vislt to grab the image directly off of the computer
screen. This means that the saved image will be exactly the same size as the image on the
screen. There are advantages and disadvantages to using screen capture. An advantage is
that capturing the image from the screen does not require Vislt to redraw the image to an
internal buffer before saving, which usually resultsin afaster save. A disadvantage of
screen capture is that any other windows on top of Vislt's visualization window occlude
portions of the image. Screen capture can also be very slow over a sluggish network
connection. Finally, using screen capture might not provide images that have enough
resolution. Weigh the advantages and disadvantages of using screen capture for your own
situation. Screen capture is on by default.

2.6  Setting imageresolution

You set image resolution using the controls in the Resolution control group. These
controls are disabled unless the file being saved is an image format and screen capture is
not being used. You specify the image height and width by typing new values into the
Height and Width text fields. If the Maintain 1:1 aspect check box ison, Vislt forces
the image’s height and width to be the same, yielding a square image. Turn off this setting
if you want to save rectangular images. The image resolution isignored unless you turn off
the Screen capture check box.

2.7  Saving stereoimages

When the Stereo check box isturned on and you save an image, Vislt will save a separate
image for the left eye and for the right eye. The cameras used to generate each image are
offset such that when the images are played together at high rates, they appear to have
more depth. To enable saving of stereo images, click the Stereo check box in the Save
window before you try to save an image.

2.8  Savingbinary geometry files

Some geometry file formats such as STL and VTK have both ASCII and binary versions of
the file format. The ASCII file formats are human-readable and are larger and more
complex for programs to process than binary formats, which are not human-readable but
are smaller and easier for programs to read. When geometry file formats support both
ASCII and binary formats, the Save Window’s Binary check box isenabled. By default
Vislt writes ASCII geometry files but you can click the Binary check box to make Vislt
write binary geometry files.
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29  Savingtiled images

A tiled imageisalarge image that contains the images from all visualization windows that
have plots. If you want to save tiled images, make sure to check the Save tiled check box
inthe Save window. To get an idea of how Vislt saves your visualization windows into a
tiled image, see Figure 5-2.

Tiled image

Figure 5-2: Saving tiled images example

3.0 Saving movies

In addition to allowing you to save images of your visualization window for the current
time state, Vislt also allows you to save movies and sets of images for your visualizations
that vary over time. There are multiple methods for saving movies with Vislt. This section
introduces the Save movie wizard and explains how to use it to create movies from
within VisltsGUI. The Animation and Keyframing chapter on page 261 will
explain some auxiliary methods that can be used to create movies.

The Save movie wizard (see Figure 5-3) isavailable in the Main Window’s Files
menu.The Save movie wizard’s purpose isto lead you through a set of ssimple
guestions that allow Vislt to gather the information required to create movies of your
visuaizations. For example, the Save movie wizard asks which image and movie
formats you want to generate, where you want to store the movies, what you want to call
the movies, etc. Each of these questions appears on a separate screen in the Save movie
wizard and once you answer the question on the current screen, clicking the Next button
advances you to the next screen. You can cancel saving amovie at any time by clicking on
the Cancel button. If you advance to the last screen in the Save movie wizard then you
have successfully provided all of the required information that Vislt needs to make your
movie. Clicking the Finish button at that point invokes Vislt’s movie-making script to
make the movie. If you want to make subsequent movies, you can choose to use the
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settings for the movies that you just made or you can choose to create a new movie and
provide new information.

Save movie wizard [Oj[x]
Movle type

Would you like to create a new simple movie or use your previous settings?

¢ Use my previous movie settings

< Back | Next > | Einish Cancel

Figure 5-3: Save movie wizard (screen 1)

3.1  Choosing movie formats

The Save movie wizard’s second screen, shown in Figure 5-4, allows you to pick the
types of movies that you want to create. You can select as many image and movie formats
asyou want and you can even specify multiple resolutions of the same movie. Vislt allows
you to order multiple versions of your movie because it is often easier to create different
versions of the movie all at once as opposed to doing it later once you've discovered that
you need anew version to play on alaptop computer or atiled display wall.

Save movie wizard [Oj[x]

Choose format

Choose movle formats and resolutions.

—Format and resolution——— ~ Output
Format |Heso|utlon |
Format | MPEG movie El MPEG movle Current 1x

& Use current window size
Scale W i |
¢ Specify movie size < |
width [1128 2
Height [10s8 =

I~ lock aspect

< Back | Next > | EInish Cancel

Figure 5-4: Save movie wizard (screen 2)
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The Save movie wizard’s second screen is divided vertically into two main areas. On
the left you will find the Format and resolution area, which displays the format and
resolution for the current movie. On the right, you will find the Output area, which lists
the formats and resolutions for all of the movies that you have ordered. By default no
movie formats are present in the Output area’slist of movies. You cannot proceed to the
next screen until you add at |east one movie format to the list of moviesin the Output
area.

To add amovie format to the list of moviesin the Output area, first choose the desired
movie format from the Format combo box in the Format and resolution area. Next,
choose the movie resolution. The movie resolution can be specified in terms of the
visualization window’s current size or it can be specified in absolute pixels. The default
movie resolution uses the visualization window’s current size with ascale of 1. You can
change the scale to shrink or grow the movie while keeping the visualization window’s
current aspect ratio. If you want to specify an absolute pixel size for the movie, click on
the Specify movie size radio button and type the desired movie width and height into
the Width and Height text fields. Note that if you specify awidth and height that causes
the movie's shape to differ from the visualization window’s shape, you might want to
double-check that the view used for the visualization window’s plots does not change
appreciably.

Once you have selected the desired movie format, width, and height, click on the right-
arrow button that separates the Format and resolution areafrom the Output area.
Clicking the right-arrow button adds your movie to the list of movies that you want to
make. Once you have at |east one movieinthe Output area, the screen’s Next button will
become active. Click the Next button to go to the next screen in the Save movie
wizard.

3.2 Making a stereo movie

The Save movie wizard allows you to create stereo moviesif you choose the Yes
button on the wizard's third screen. The default isto create regular, non-stereo movies
because stereo movies are not widely supported. The only movie format that Vislt
produces that is compatible with stereo moviesisthe “ Streaming movie” format, whichis
an LLNL format commonly used for tiled displays. The * Streaming movie’ format can
support stereo movies where the image will flicker between left and right eye versions of
the movie, causing a stereo effect if you view the movie using suitable liquid-crystal
goggles. The stereo option has no effect when used with other movie formats. However, if
you choose to save a stereo movie in any of Vislt's supported image formats, Vislt will
save images for the |eft eye and images for the right eye. You can then take the left and
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right images into your favorite stereo movie creation software to create your own stereo
movie.

Save movie wizard [Oj[x]
Stereo

Would you llke to make a stereo movie?

< Back | Next > | Einish Cancel
Il

Figure 5-5: Save movie wizard (screen 3)

3.3  Choosing the movie name

Once you have specified options that tell Vislt what kinds of movies that you want to
make, you must provide the base name and location for your movies. By default, movies
are saved to the directory in which you started Vislt. If you want to specify an aternate
directory, you can either typein anew directory path into the Output directory text field
(see Figure 5-6) or you can select a directory from the Choose directory dialog box
activated by clicking onthe“..” button.

The base filename for the movie isthe namethat is prepended to all of the moviesthat you
generate. When generating multiple movies with differing resolutions, the movie
resolution is often encoded into the filename. Vislt may generate many different movies
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with different names but they will al share the same base filename that you provided by
typing into the Base filename text field.

Save movie wizard [Oj[x]
Choose filename

Choose the output directory and base fllename for your movle(s).

Output directory Ifdata_\.ru:vI:rsf\.lflslm:rlnar _l

Base fllename Itestmovle

< Back | Next > | Elnish Cancel

Figure 5-6: Save movie wizard (screen 4)

34  Choosing movie generation method

After you've specified all of your movie options, Vislt prompts you how you would like
your movie made. At this point, you can click the Finish button to make Vislt start
generating your movie. You can change how Vislt creates your movie by clicking a
different movie generation method on the Save movie wizard’s fifth screen, shownin
Figure 5-7.

Save movie wizard [O][x]
Choose method

Choose when and how you would like Vislt to create your movies.

& Now, use currently allocated processors.

¢ Now, use a new Instance of Vislt

¢ Later, tell me the command to run

< Back | Finish cancel

Figure 5-7: Save movie wizard (screen 5)
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The default option for movie creation allows
Vlsktinoule prograss 8} vjsit to use your current Vislt session to make
your movies. This has the advantage that it uses
your current compute engine and allocated
processors, which makes movie generation start
so% | Immediately. When you use this movie
| [ generation method, Vislt will launch its

. —1| command line interface (CLI) and execute
Figure 5-8: Movie progress dialog Python movie-making scriptsin order to generate

your movie. This means that you have both the
Vislt GUI and CLI controlling the viewer. If you

use this movie generation method, you will be able to watch your movie asit is generated.

You can track the movie's progress using the Movie progress dialog, shownin

Figure 5-8. The downside to using your currently allocated processorsis that movie

generation takes over your Vislt session until the movie is complete. If you want to regain

control over your Vislt session, effectively cancelling the movie generation process, you

can click the Movie progress dialog’s Cancel button.

The second movie generation method will cause Vislt to save out a session file containing
every detail about your visualization so it can be recreated by a new instance of Vislt. This
method works well if you want to create a movie without sacrificing your current Vislt
session but you cannot watch the movie asit is generated and you may have to wait for the
second instance’'s compute engine to be scheduled to run. The last movie generation
option simply makes Vislt display the command that you would have to type at a
command prompt in order to make Vislt generate a movie of your current visualizations.

4.0 Exporting databases
P S—- mEm| Plot geometry can be saved to a handful of geometric
Difditdeeeriigen 0 0 formats by saving the plotsin the window to aformat
Fllename  [visit_ex_db such as VTK. Often saving the plot geometry, which
Directoryname [~ .| only consists of the visible faces required to draw the
Variables ~ |[Gefaur plot, is not enough. When interfacing Vislt to other
E=— [Gov 5 tools you may \_/vant Fo save o_ut the database_ that
you've plotted in adifferent file format. For instance,
Export | you might plot a 3D database and want to export
actual 3D cellsfor the entire database instead of just
avply_| Post | oismiss || e externally visible geometry. You might also want
to save out additional variables that you did not plot.
Figure 5-9: Export Database Window  V/jg]t allows this kind of data export viathe Export
Database Window, shown in Figure 5-9.
You can find the Export Database Window in the Main Window’s Files menu. To
save a database, you must first have opened a database and created a plot. Note that the
data transformations applied by plots or operators will affect the data that you export. This
138 Exporting databases



Saving and Printing

allowsyou to ater the data using sophisticated chains of operators before you export it for

use in another tool.

4.1  Exporting variables

The Export Database Window alowsyou to
export a subset of the variables for your active
plot’s database by letting you specify which
variables are to be exported. To choose which
variables should be exported, you can type the
names of the variables to export into the
Variables text field or you can select from the
available variablesin the Variables menu
depicted in Figure 5-10. You can select as many
variables as you want from the menu. Each time
you select avariable from the Variables menu,
Vislt will append it to the list of variables to be
exported.

4.2  Choosing an export file format

The Export Database Window liststhe
names of the database reader plugins that can
also write data back into their native file formats.

Iy

Export Database [=] (][]

Output description

Flle name Ivlslt_ex_db

Directory name I J

| variables - [default
default -

PointVar
| Vectors ’ alrvt

Meshes ’ chromeVf
Subsets hgslice
Specles radial
Curves shepardglobal
Tensors 4 tensor_comps »
Symmetric Tensors X
Labels
Arrays 4

Figure 5-10: Variables menu

A small handful of the total number of database plugins currently support this feature but
in the future most formats will support this capability more fully, making Vislt not only a
powerful visualization tool but a powerful database conversion tool.

You can try to use any of the supported export
formats to export your data but some of thefile
formats may not be able to accept certain types of
data. The Silo file format can safely export any
type of datathat you may want to export. If you
want to export data to other applications and the
data must be stored in an ASCI|I file that contains
columns of data, you might want to choose the
Xmadv file format. If you want to choose a
specific database plugin to export your datafiles,
make a selection from the File Type menu
shown in Figure 5-11.

(=[] [x]

Export Database

Output description

File name Ivlslt_ex_db

Directory name I—J
Variables ~ | |defaut

Flle type IBOV ~|

Sllo

Export |
Tecplot
Apply | VTK
1 Xmdv

Figure 5-11: Export file types
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5.0 Printing
Vislt alows you to print the contents of any visualization window to a network printer or
to aPostScript file.
51 ThePrinter Window
Open the Printer window by r— o
selecting Set Print options  Print destination
from the Main Window'’s File " pantio printer . _ N
m enu . The Prl nter WI ndOW’S u1:;2‘::r]481:hp9000... Iozzltly connected : — —
appearance is |nf| uencaj by the u132n_1481_hpao0o... locally connected
|atf h h u132n 1481 tek740 locally connected : =l
platrorm on wnicn you are € Printto flle:
runni ng Vislt so you may find that [Frarftmploutput.ps Browse...
It lOOkS %maNhat dlfferent When r Printer settings Paper format
- ™
yOU use the Wl ndO\NS, U N I X , # Print in color if available | Landscape |
or MacOS X versions of VisIt.  PrintIn grayscale [Letter (8.5x11 inches, 216:279 mm) =
The Linux version of the Printer - Options
Window isshown in Figure5-12. || e e o
From page: 1 _YJZ[
The Printer Window contains a To page: 1 = Mumber of copies: i =
number of options to set the
destination printer, number of _Cancel |
pages to print, and paper _ . _ '
orientation. After changi ng the Figure 5-12: Printer Window
settings, click the Apply button to apply the settings or click Cancel to revert to the
previous settings. To print an image, select the Print window option from the Main
Window’s File menu.
Notethat thePrint window - s .
(seeFigure 5-13) looksand s = '
beha\leS a | |tt|e d|fferent|y Printer: ' wl32n_1481_xrx6250 Iy ]
on MacOS X. When it Presets: | Standard i
comes up, clicking the Print _Copies & Pages )
button causes immediate e
.. . . opies: ] M Collated
printing unlike printing on Pages: @ Al
other platforms. Thiswas OFrom: 1 to: [1
done deliberately to be more
consistent with other S E e : ey
) ) (2) ( Preview ) ( Save AsPDF.. ) ( Fax.. ) ( Cancel ) -
MacOS X applications.
Figure 5-13: Printer window on MacOS X
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52  Setting theprinter destination

You use the printer destination to tell Vislt where your print your file. You have the option
of printing to anetwork printer or afile. If you want to print to anetwork printer, select the
Print to printer radio button and choose the name of the printer from the list of available
network printers. Thelist of printersisread from your system settings and should be up-
to-date. If you want to print to afile, select the Print to file radio button and type avalid
file nameinto thefile text field. You can also click on the Browse button to select a
directory in which to write the PostScript file.

5.3 Changingthecolor settings

The Printer Window has two radio buttons that alow you to set whether you want to
print imagesin color or in grayscale. The buttons, located in the middle left of the Printer
Window, arein agroup called Printer Settings.

54  Setting paper format

The Printer Window allows you to set the type of paper on which you will print. This
helps Vislt determine how it should scale images when printing. Yo can set the size of the
paper by choosing from the lower menu in the Paper format group located in the middie
right of the Printer Window. You can also set the printed image orientation to Portrait or
Landscape by choosing an option from the top menu in the Paper format group.

55  Setting thenumber of printed copies

The Printer Window allows you to request multiple copies of the printed image. To
request multiple copies, locate the Number of copies text field in the lower right of the
Printer Window and enter an integer greater than one or click on the up arrow button
next to the text field.

Printing
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Chapter 6 Visudization Windows

1.0 Overview

A visualization window, also known as avis window, is awindow that displays plots and
allows you to interact with them using the mouse. The vis window not only allows for
direct manipulation of plots but it also provides a popup menu and toolbar that allow you
to switch window modes, activate interactive tools, and perform commonly used
operations. This chapter explains how to manage and use vis windows.

2.0 Managing viswindows

Vislt allows you to create up to 16 vis

windows and to manage those vis windows, Make active
Vislt provides controls to add vis windows, i > ] Add
remove vis windows or alter their layout. The Animation > [} cione

1 1 H Operators r
controls for managing vis windows are PI" [©] Delete
ots

located in the Main Window’s Windows = » X s
. . . %4 Spin
menu (see Figure 6-1), aswell asin thevis Lock & Navigate hbox
window’s Toolbars and Popup menu. ¥§ Resstview b invert background
@& Recenter view
. ) ) Mode 3
21  Adding anew viswindow = :
" choose center
You can add anew viswindow in afew Customize »
different ways, the first of which is by
selecting the Add option from the Main Figure 6-1: Window menu

Window’s Windows menu. You can also
click on the Add window icon in the viswindow’s Toolbar or you can select the Add
window option from the Windows submenuin theviswindow’s Popup menu to add a
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new vis window. When you add a new window, it will be sized according to the window
layout so if you have only asingle, large vis window, the new vis window will also be
large. You can change the window layout to shrink the vis windows so that they both fit on
the screen. Vis windows are numbered 1 to 16 so the new window will have the first
available number for which thereis not already awindow. If you have windows 1,2, and 4,
viswindow 3 would be created by adding a new window. Adding a new window also
makes the new window the active window.

A new viswindow can aso be added by cloning the active window. You can clone the
active window by selecting the Clone option from the Main Window’s Windows menu
or you can click the Clone window icon intheviswindow’s Toolbar. When you clone
the active window, Vislt creates a new window asif you had clicked the Add option but it
also copies the plots, annotations, and lighting from the active window so that the new
window isidentical in appearance to the active window. When plots are copied to the new
cloned window, they have not yet been generated so their plot list entriesin the Plot list
are green. You can force the plots to be generated by clicking the Draw button in the
Main Window.

2.2  Deeting aviswindow

There are four ways to delete a vis window. Thefirst way isto select the Delete option
from the Main Window’s Window menu. When you delete awindow in this manner,
the active window gets deleted and Vislt makes the window with the smallest number the
new active window. The second way to delete awindow isto click on the close window
button in the window decorations provided by the windowing system. The window
decorations appearance varies based on the platform and windowing system used to run
Vislt, but the button used to close windows is commonly a button with an X init. An
example of aclose window button isshown in Figure 6-2.

@I ose window button

Figure 6-2: Window decorations with close button

The third way to delete aviswindow isto click on the Delete window icon inthevis
window’s Toolbar. The fourth way to delete a vis window isto use the Delete option in
the viswindow’s Popup menu. When you use the Toolbar or the Popup menu to
delete awindow, the window does not need to be the active window as when other controls
are used.

2.3  Clearing plotsfrom viswindows

The Main Window’s Windows menu provides aClear all option that you can use to
clear the plots from all vis windows. Selecting this option does not delete the plots from a
viswindow’s plot list but it does clear the plots so they have to be regenerated by Visit's
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compute engine. You can also clear the plots for just the active window by selecting the
Plots option from the Clear submenu in the Main Window’s Windows menu (see
Figure 6-3). You might find clearing plots useful when you want to make several changes
to plot attributes because, unlike plots that are already generated, setting attributes of
cleared plots does not force them to regenerate when you change their attributes.

In addition to clearing plots, you can also clear pick points and reference lines from avis
window. A pick point isamarker that Vislt addsto avis window when you click on aplot
in pick mode. The marker indicates the location of the pick point. A referencelineisaline
that you draw in aviswindow when it isin lineout mode. You can clear aviswindow’s
pick points or reference lines, by selecting the Pick points or Reference lines options
from the Clear submenu in the Main Window’s Windows menu.

-~ Vislt 1.3.1 <2»
File Controls Op Wi Lu
Selected files El s Eidlre g
1: curv2d.silo % Clone
2: curv2d_colmajor.sil Delete Ctri+Del
3: curv3d.silo Clear all
4: curv3d_colmajor.sil
- »
5: globe.silo H Lay.outs.
&: multi_ucd3d.silo Active window i’
7 noisesiio ko] b
ReOpen |
. 2 Lock *  Plots
L;
Full frame Reference lines
avigate bbox
-l - Navigate bb
Active window Mair Spin
[ ~1 [ wview [ data [ Auto undate

Figure 6-3: Clear menu

24  Changing window layouts

Vislt uses different window layouts to organize vis windows so they all fit on the screen.
Changing the window layout typically resizes al of the vis windows and moves them into
atiled formation. If there are not enough vis windows to complete the desired layout, Vislt
creates new vis windows until the layout is complete. You can change the layout selecting
anew layout from the Layouts menu located in the Main Window’s Window menu
or you can click on alayout icon in the viswindow’s Toolbar.

25  Setting the active window

Vislt has the concept of an active window that is the window to which new plots are
added. You can change the active window by selecting awindow number from the Active
window menu located in the center of the Main Window. Setting the active window
updates the GUI so that it displays the state for the new active window. The Active
window menu is shown in Figure 6-4. You can also set the active window using the
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Active window submenu in the Main Window’s Windows menu or you can click on
the Active window icon in theviswindow’'s Toolbar.

a| «([m » | 1|

Active window taintain limits I~ Replace plots
|1 vl I~ view[  data I Auto update
Active plots  Hide/fShow | Delete | Draw |

Active window menu

> |@-ﬁ|14:Pseudocolor - pressure
14:Mesh - quadmesh

Figure 6-4: Active window menu

251 Copyingwindow attributes

Vislt alows you to copy window attributes and plots from one window to another when
you have more than one window. This can be useful when you are comparing plots
generated from similar databases. The Copy menu, shown in Figure 6-5, contains options
to copy the view, lighting, annotations, plots, or everything from other from other vis
windows. Under each option, the Copy menu provides a list of available vis windows
from which attributes can be copied so, for example, if you have two windows and you
want to copy the view from viswindow 1 into viswindow 2, you can select the Window
2 option from the View from submenu. The list of available windows depends on the vis
windows that you have created. You can copy the lighting from one window to another
window by using the Lighting from submenu or you can use the Annotations from or
Plots from to copy the annotations or plots, respectively. If you make a selection from
the Everything from submenu, al attributes and plots are copied into the active vis

window.
-m Vislt 1.3.0 <2>
File Controls gptionsMﬂelp
Selected files El s Eidlre g
1: curv2d.silo % Clone
2: curv2d_colmajor.sil Delete Ctri+Del
3: curv3d.silo Clear all
4: curv3d_colmajor.sil
5: globe.silo H Lay.outs. ’
&: multi_ucd3d.silo Active window '
ReOpen | Clear ¥ Lighting from C
. 2 Lock *  Annotations from
= Full frame Plots from v
1 | - | I Navigate bbox Everything from »
Active window Mair  Spin |s “
11 - ™ view™ data I Aute undate

Figure 6-5: Copy menu
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25.2  Locking viswindowstogether

When you use Vislt to do side by side comparisons of databases, you may find is useful to
lock vis windows together. Vis windows can be locked together in time so that when you
change the active database timestep in one database, as when viewing an animation, all vis
windows that are locked in time switch to the same database timestep. You can lock vis
windows together in time by selecting the Time option from the Lock menu (see

Figure 6-6) in the Main Window’s Windows menu. Any number of windows can be
locked together in time and you can turn off time locking at any time.

- Vislt1.3.1 <2>
File Controls Options |Windows Help
Selected files El s Eidlre g
1: curv2d.silo % Clone
2: curv2d_colmajor.sil Delete Ctri+Del
3: curv3d.silo Clear all
4: curv3d_colmajor.sil
5: globe.silo H Lay.outs. ’
&: multi_ucd3d.silo Active window i’
7: noise.silo % Copy » kl
ReOpen | Clear 4 |
~ Full frame Toals
-l | - | I Mavigate bbox View
Active window Mair Spin 5
11 -l [ wview [ data [ Auto undate

Figure 6-6: Lock menu

You can also lock interactive tools together so that updating atool in one window updates
the tool in other windows that have enabled tool locking. This can be useful when you
have dliced a database using the plane tool in more than one window and you want to be
able to change the dlice using plane tool in either window and have it affect the other vis
windows. You can enable tool locking by selecting the Tools option from the Lock
menul.

In addition to locking vis windows in time, or locking their tools together, you can also
lock viswindows' views together so that when you change the view in one vis window,
other vis windows get the same view. When you change the view in avis window that has
view locking enabled, the view only effects other vis windows that also have view locking
enabled and have plots of the same dimension. That is, when you change the view of avis
window that contains 3D plots, it will only have an effect on other locked vis windows if
they have 3D plots. Viswindows that contain 2D plots are not affected by changing the
view of aviswindow containing 3D plots and vice-versa. When you enable view locking,
the vis window snaps to the view used by other vis windows with locked views or it stays
the same if no other vis windows have locked views. To enable view locking, select the
View option from the Lock menu or click onthe Lock view icon inthe viswindow’s
Toolbar.
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3.0

Using viswindows

The first thing to know about using a vis window is how to change window modes. A
window mode is a state in which the vis window behaves in a specialized manner. There
are four window modes: Navigate, Zoom, Lineout, and Pick. Vis windows are in navigate
mode by default. This means that most mouse actions are used to move, rotate, or zoom-in
on the plots that the vis window displays. Each vis window hasaPopup menu that can
be activated by clicking the right mouse button while the mouse is inside of the vis
window. The Popup menu contains options that can put the vis window into other
modes and perform other common operations. To put the vis window into another window
mode, open the Popup menu, select Mode and then select one of the four window
modes. You can also change the window mode using the vis window’s Toolbar, which
has buttons to set the window mode. You can find out more about the Popup menu and
Toolbar later in this chapter.

3.1 Navigate mode

Navigate modeis Vislt lingo for moving and zooming-in on plots. When the viswindow is
in navigate mode, clicking the left mouse button and dragging with the mouse will
perform an action that moves, rotates, or zooms the plot. The mouse motions used to rotate
plots are shown in Figure 6-7. You can tranglate plots by holding down the Shift key before
left-clicking and dragging the plot. You zoom in on plots by clicking the middle button
and moving the mouse up or down. Sometimes the controls are modified based on the
interactor settings. For more information, look at the section on Interactor settings on
page 149.

Rotating about the Rotating about the Rotating about the
z-axis of the screen. y-axis of the screen. x-axis of the screen.

Figure 6-7: Mouse motions used to rotate plots in navigate mode

3.2 Zoom mode

When the window isin zoom mode, you can draw abox around the area of the vis window
that you want drawn larger. Press the left mouse button and move the mouse to sweep out
abox that will define the areato be zoomed. Rel ease the mouse button when the zoom box
coversthe desired area. If you start zooming and decide against it before releasing the | eft
mouse button, clicking one of the other mouse buttons cancels the zoom operation.
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Changes to the view can be undone by selecting the Undo view option from the popup
menu’s View menu. Sometimes the zoom controls can change based on the interactor
settings, which are described further on in Interactor settings.

3.3 Lineout mode

Lineout mode is only available when the vis window contains 2D plots. A lineout is
essentially adlice of atwo dimensional dataset that produces a one dimensional curvein
another viswindow. When aviswindow isin lineout mode, pressing the left mouse button
in the viswindow creates the first endpoint of aline that will be used to create acurve. As
you move the mouse around, the line to be created is drawn to indicate where the lineout
will be applied. When you rel ease the mouse button, Vislt adds alineout to the viswindow
and acurve plot is created in another vis window.

34 Pick mode

When aviswindow isin pick mode, any click with the left mouse button causes Vislt to
calculate the value of the plot at the clicked point and place a pick point marker in the vis
window to indicate where you clicked. The calculated valueis printed to the Output
Window and the Pick Window.

Interactor settings

Some window modes such as Zoom mode and AT
Navigate mode have certain interactor properties that et [T T
you can set. Interactor properties influence how user
interaction isfed to the controlsin the different
window modes. For example, you can set zoom
interactor settings that clamp a zoom rectangle to a
square or fill the viewport when zooming. Vislt
provides the Interactors window so you can set Make default Reset
properties for window modes that have interactor Make defu] et |
properties. The Interactors window isshownin
Figure 6-8.

¥ Fill viewport on zoom

—Mavigation mode:
& Trackball « Dolly ¢ Flythrough

Apply | Post | Dismissl

Figure 6-8: Interactors window

4.1  Zoom interactor settings

The zoom interactor settings are mostly used when the vis window isin zoom mode.
When the viswindow isin zoom mode, clicking in the vis window will anchor a point that
becomes one of the corners of a zoom rectangle. When you rel ease the mouse, the point
over which the mouse was rel eased becomes the opposite corner of the zoom rectangle.
Vislt's default behavior isto show guidelines that extend from the edges of the zoom
rectangle to the edges of the plots’ bounding box when the vis window isin 2D mode. If
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you want to turn off the guidelines, click off the Show Guidelines check box in the
Interactors window.

When sweeping out azoom rectangle in zoom mode, Vislt allows you to draw arectangle
of any proportion. The relative shape of the zoom rectangle, in turn, influences the shape
of the viewport drawn in the vis window. If you hold down the Shift key while sweeping
out the zoom rectangle, Vislt will constrain the shape of the zoom rectangle to asquare. If
you want Vislt to always force a square zoom rectangle so that you don’t have to use the
Shift key, you can click on the Clamp to Square check box, click Apply inthe
Interactors window and save your settings.

Using the Clamp to Square zoom mode is agood way to maximize the amount of the
viswindow that is used when you zoom in on plots and when the vis window isin zoom
mode. When the vis window is in navigate mode, the middle mouse button also effects a
zoom. By default, zooming with the middle mouse button zooms into the plots but keeps
the same vis window viewport which may, depending on the aspect ratio of the plots, not
make the best use of the vis window’s pixels. Fortunately, you can turn on the Fill
viewport on zoom check box to force middle mouse zooming to also enlarge the
viewport to its largest possible size in order to make better use of the vis window’s pixels.

4.2  Navigation styles

When Vislt displays 3D plots, there are afew navigation styles from which you can
choose by clicking on the following radio buttonsin the Interactors window:
Trackball, Dolly, and Flythrough. The default navigation style for 3D plotsis:
Trackball and it allows you to interactively rotate plots and move around them but it keeps
the camera at afixed distance from the plots and while it can get infinitely close to plots
when you zoom in, it can never touch them or go inside of them. The Dolly navigation
style behaves like the trackball style except that the when the camera zooms, it is actually
moved. The Flythrough navigation style moves the camera and allows you to fly into plots
and out the other side.

The Popup menu and the Toolbar

Each viswindow containsaPopup menu and aToolbar, which can be used to perform
several categories of operations such as window management, setting the window mode,
activating tools, manipulating the view, or playing animations. Optionsin the Popup
menu exist in the Toolbar and vice-versa. A group of actionsthat is represented in the
Popup menu as amenu usually maps to atoolbar in the viswindow’s Toolbar. To
perform an action using the Toolbar, you can just click on its buttons. Accessthe Popup
menu by pressing the right mouse button in the vis window. Select the desired item, then
release the mouse button.
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5.1 Hidingtoolbars

The Popup menu hasaCustomize menu that |ets you customize the viswindow’s
Toolbar. For instance, you can choose to hide all of the toolbars so that they do not take
up any of your screen space if you use a small monitor. If you want to hide all toolbars,
you can select the Hide toolbars option from the Customize menu. If you want to
show the toolbars again, you can click the Show toolbars option in the Customize
menu. Note that when you select the Show toolbars option, Vislt only shows the
toolbars that were enabled before they were hidden. If you want to enable or disable
individual toolbars, you can select from the Toolbars menu under the Customize menu
so Vislt only shows the toolbars that you routinely need. Once you tell Vislt which
toolbars you want to use, you can save your preferences using the Save settings option
inthe Main Window’s Options menu so that the next time you run Vislt, it only shows
the toolbars that you enabled.

Window
View

Animation

»

»

»

Operators 3

Plots »

Clear »

Lock »
E‘i Reset view

@» Recenterview

Mode »

Tools 3

" choose center

| cusomze [osbas O Fade
Hide toolbars P Tools
Hide toolbars (all windows) P Window
Show toolbars P View
Show toolbars (all windows) P Animation
Use large icons (all windows) Operators
Plots
P Clear

Figure 6-9: Customize menu

5.2  Movingtoolbars
Each of the viswindow Toolbar’s smaller toolbars can be moved to other edges of thevis

window by clicking the small tab on the left or top side of the toolbar and dragging it to
other edges of the vis window.

5.3  Switching window modes

The Popup menu contains aMode menu (see Figure 6-10) that contains the 5 window
modes. You can select awindow mode from the Mode menu to change the vis window’s
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mode. If you want to move or zoom the plot, choose navigate or zoom modes. If you want
to extract data from the plotsin the vis window, choose lineout mode or one of the pick
modes. You can also use the Mode toolbar to change the vis window’s window mode.

Mode menu M ode toolbar

Window ,

View ’ Navigate mode Node pick mode

Animation  »

Operators 3 ¢ ¢

Plots ,

Clear » “@ R IS‘:“‘

Lock >
Vg Reset view Zone pick mode Lineout mode
@» Recenterview
| woce . [EX Zoom mode

Tools » +, Zone Pick

" choose center +, Node Pick
Customize  » O Zoom

Kz Lineout

Figure 6-10: Mode menu and toolbar

54  Activatingtools

The Popup menu contains a Tools menu (see Figure 6-11) that lists of all of Vislt's
interactive tools. Each tool shown in the menu has an associated icon that is used to
indicate if the tool isenabled and if it is available in the vis window. Some tools are not
availableif the vis window does not contain plots or if the plotsin the viswindow are the
wrong dimension to be used with the tool. In that event, the tool cannot be activated and
the menu and toolbar entries for that tool are disabled. If atool isavailable, itsiconis
bright blue; otherwise the icon is grayed out. If atool isenabled, itsicon has a selection
rectangle around it. To activate atool, choose an inactive tool from the Tools menu or
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click onits button in the Toolbar. To deactivate atool, choose the tool that you want to
deactivate from the Tools menu or click on its button in the Toolbar..

Tool menu
Window ,
View >
Animation  » Box tool
Operators »
Plots ,
Clear >
Lock >

ﬁ Reset view
@& Recenter view
Mode »

T -

% " Choose center Line

Customize » ' piane

) Sphere

“w_Polnt

Figure 6-11: Tool menu and toolbar

55  View options

Tool toolbar

Plane tool

Line tool J

Sphere tool

| |

=@~

tPoint tool

|

Vislt's Popup menu and Toolbar (see Figure 6-12) have severa optionsthat are
available for manipulating the view. You can reset the view, recenter the view, undo aview
change, toggl e perspective viewing, save and reuse useful views, or choose anew center of

rotation.

View menu

Window »
B Perspective

Animation  » Ea Reset view

Operators * @ Recenterview

Plots * )] Undo view

Clear ' &8

Lock 4 Full frame € save view [

Ea Reset view
@» Recenter view
Mode »

" choose center [

Tools »
% " Choose center

Customize 3

Figure 6-12: View menu and toolbar
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55.1 Resettingtheview

The Popup menu hasaReset view option (see Figure 6-12) that resets the view used
to view the plotsin the viswindow. The view istypically reset to look down the -Z axisin
aright-handed coordinate system. You can reset the view by selecting the Reset view
option from the Popup menu or by clicking on the Reset view icon inthe Toolbar.

5.5.2 Recentering the view

Sometimes adding a plot to avis window that already contains plots can result in alop-
sided visualization. This happens when the spatia extents of the plots do not match. The
Popup menu hasaRecenter view option (see Figure 6-12) to calculate a new center
of rotation for the plots so they are drawn in the center of the window. You can also
recenter the view by clicking on the Recenter view icon in the Toolbar. To make sure
that the view updates appropriately when new plots are added to the vis window, you may
also want to check the Auto center view check box that is available in the View
Window.

553 Undoview

The viswindow saves the last ten views in a buffer so that you can restore them if you

make an unintended change to the view. You can undo aview change, by selecting the

Undo view option inthe Popup menu’s View menu or by clicking the Undo view
icon inthe Toolbar (see Figure 6-12).

55.4  Changing view perspective

When the vis window contains 3D plots, the
perspective setting can be used to enhance how 3D
the plot looks. In a perspective projection, graphics
grow smaller asthey recede into the distance which
makes them look more realistic. To change the
perspective setting, click on the Perspective
Perspectiveon  Perspective off  option in the Popup menu’s View menu (see
Figure 6-13: Perspective examples Figure 6-12). When the vis window uses a
perspective projection, the Popup menu’s
Perspective option will have a selection rectangle
around itsicon. You can also turn perspective on or off by clicking on the Perspective
icon inthe Toolbar. The difference in appearance having perspective and not having it is
shown in Figure 6-13.

555 Lockingviews

The viswindow can lock its view to other vis windows. When thistoggle is set, making a
change that affects the view in the active vis window will cause other vis windows that
have the lock views toggle set to receive the same view as the active window. To lock the
view, select the Lock view option from the Popup menu’s View menu (see Figure 6-
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12) or click onthe Lock view icon in the Toolbar. Note that you can lock 2D and 3D
windows separately.

5,5.6 Savingand reusing views

Sometimes when analyzing a database, it is useful to be able to toggle between several
different views. Vislt allows you to save up to 15 views that you can then use to look at
different parts of your visualization. When you navigate to a view that you like, click the
Save view icon in the View toolbar or click the Save view option in the Popup
menu’s View menu to save the view. When you save a view, Vislt adds a new numbered
cameraicon to the View toolbar and the Popup menu. Clicking on aview icon makes
Vislt use the view that is associated with the clicked icon so you have one-click access to
al of your saved views. You can preserve the saved views across Vislt sessionsif you save
your settings. If you want to delete the saved views so you can create different saved
views, click the Clear saved views icon next to the Save views icon in the View
tool bar.

55.7 Fullframe mode

Some databases yield plots that are so long and skinny that they leave most of the vis
window blank when Vislt displays them. Vislt provides Fullframe mode to stretch the
plots so they fill more of the viswindow so it is easier to see them. It is worth noting that
Fullframe mode does not preserve a 1:1 aspect ratio for the displayed plots because they
are stretched in each dimension so they fit better in the vis window. To activate Fullframe
mode, click on the Fullframe option in the Popup menu’s View menu.

5.5.8 Choosing a new center of rotation

When you are working with a 3D database and you have created plots and zoomed in on
them, you should set the center of rotation. The center of rotation is the point about which
the plots are rotated when you rotate the plots in navigate mode. Normally, the center of
rotation is set to the center of the plots being visualized. When you zoom way in on plots
and attempt to rotate them, the default center of rotation often causes plots to whiz off of
the screen when you rotate because the center of rotation is not close enough to the
geometry that you are actually viewing. To set the center of rotation to something more
suitable, Vislt providesthe Choose center button, which can be accessed in the Popup
menu or in the View toolbar. Once you click the Choose center button, Vislt
temporarily switches to pick mode so you can click on the part of your visualization that
you want to become the new center of rotation. Once you click on aplot, Vislt exits pick
mode and uses the picked point as the new center of rotation. After setting the center of
rotation, Vislt will make sure that the picked point isvisible at all times.

5.6  Animation options

The animation controlsin Vislt's Main Window are not the only controls that are
provided for playing animations. Each viswindow’s Popup menu and Toolbar has
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optionsfor playing and stepping through animations. To play an animation, select the Play
option from the Popup menu’s Animation menu or click on the Play icon in the
Toolbar, shown in Figure 6-14. To play the animation in reverse, select the Reverse
play option or click on the Reverse play icon inthe Toolbar. To stop the animation
from playing, select the Stop option in the Animation menu or click on the Stop icon
inthe Toolbar. If you want to advance or reverse one frame at atime, use forward or

reverse Step.
Animation menu Animation tool bar
p— Reverse step Stop Forward step
View 3 1 ¢
‘I Reverse step
Operators  » { Reverse play | 4 I? [ |
Plots , E
Clear » ) Play ? ?
Lock v [P Forward step Reverse play Play
:‘,‘3 Reset view

@» Recenter view
Mode »
Tools ,

" Choose center

Customize 3

Figure 6-14: Animation menu and toolbar

5.7  Window options

Many window options have previously been explained in this chapter so this section
describes some addition options that were not covered. Many of the optionsin the Main
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Window’s Windows menu are also present in the Popup menu’s Window menu and
toolbar (see Figure 6-15).

Window menu
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View 3 ﬁ Add
Animation 3 % Clone
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ﬁa Reset view n Invert background
@& Recenter view
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Customize 3

Window toolbar
Clone active window Window layout Bounding-box mode

Set active window

.

FOBEO-6=88 # & k|

Create new window J T T Invert background

Delete window Spin mode

Figure 6-15: Window menu and toolbar

5.7.1  Changing bounding-box mode

The viswindow allows a simple wireframe box to be substituted for complex plots when
you want to rotate or move them. Thisis called bounding-box navigation and you can use
it during navigate mode for complex plots so you can navigate faster when a vis window
contains plots that take along time to redraw. You can change the bounding-box mode by
selecting the Navigate bbox option from the Popup menu’s Window menu shownin
Figure 6-15. You can also change the bounding-box mode by clicking on the Bounding-
box icon inthe Toolbar.

5.7.2  Engaging spin

Spin is a setting that makes plots spin after the user stops rotating them and it provides a
nice, easy way to see the entire plot without having to actively rotateit. To spin a 3D plot,
turn on the Spin option in the Popup menu’s Windows menu and then rotate the plot
as you would in navigate mode. The plot will continue to spin after you release the mouse
buttons. You can also engage spin using the Spin option in the Main Window’s
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Windows menu or by clicking the Spin icon intheviswindow’s Toolbar. You can stop
plots from spinning by turning off spin.

5.7.3 Inverting the foreground and background colors

Sometimesit is useful to swap the vis window’s foreground and background colors. You
can invert the background and foreground colors by clicking on the Windows menu’s
Invert background option. Note that this option is disabled when the vis window has a
gradient background.

5.8  Clear options

The Clear menu (see Figure 6-16) in the Popup menu contains options that cause
certain items such as: plots, pick points, and reference lines to be removed from avis
window. The Clear menu also appears in the Main Window’s Windows menu.
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3
Animatlon 3
Operators v
3

Plots

Lock 4 Clear all windows
E2
}:‘3 Reset view Clear plck points
& Recenter view Clear reference lines

Mode »
Tools 3

" Choose center

Customize 3

Figure 6-16: Clear menu

581 Clearing plotsfrom all windows

Sometimes it is useful to clear all plots from the vis window. Clearing plots from the vis
window does not delete the plots but instead deletes their computed geometry and returns
them to the new state so they appear green in the Plot list. An example of when you
might want to clear plotsiswhen you change material interface reconstruction options
since changing them requires a plot to be regenerated. Rather than deleting plots that
existed before changing the material interface reconstruction parameters, you can clear the
plots and force them to be completely regenerated by clearing the plots.

5.8.2 Clearing pick points

Click onthe Clear menu's Clear pick points option if you want to remove all of the
pick labels that were added when you picked on the plots in the vis window. Clearing the
pick points also removes any pick information related to those pick pointsin the Pick
window.
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5.8.3 Clearingreferencelines

Click on the Clear menu's Clear reference lines option if you want to remove all of
the reference lines that were added to the vis window when you performed lineouts on the
plotsin the vis window.

59 Plot options

The Plot toolbar and Plot menu let you create new plots using variables from the open
databases and also let you hide, delete, and draw the plots that correspond to the selected
plot entriesin Vislt's Plot list. The Plot menu is always available in the Popup menu
but the Plot toolbar is not visible by default. If you want to make the Plot toolbar visible,
you can turnit oninthe Popup menu’s Customize menu. The Plot menu and toolbar
are shown in Figure 6-17.
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Figure 6-17: Plot menu and toolbar

59.1 Addingaplot

The Plot menu and toolbar both provide options for you to add new plots. Each plot has
its own menu option or icon that contains the variables that can be plotted from the open
database. To add anew plot using the Plot menu, click the Add plot option to activate the
list of available plots and then select avariable for the desired plot type. To add a new plot
using the Plot toolbar, click on theicon for the desired plot type and select avariable from
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its variable menu. A new plot will appear in the Main Window’s Plot list and it will be
in the new state. To draw the plot, click the Draw button.

59.2 Drawingaplot

All plots added using the Plot menu or toolbar are in the new state, indicating that they
have not been generated yet. To generate a plot once it has been created, click the Draw
plots option in the Plot menu.

5.9.3 Hidingactiveplots

To hide the active plots, which are the plots that are highlighted in the Main Window’s
Plot list, click the Plot menu's Hide active plots option. Once clicked, the selected
plots are made invisible until you hide them again to show them.

594  Deleting active plots
To delete the active plots, which are the plots that are highlighted in the Main Window’s

Plot list, click the Plot menu’s Hide active plots option. Once a plot has been deleted,
you can't get it back.

5.10 Operator options

The Operator menu and toolbar
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and remove operators from plots. Anlnwiian
The Operator menu is aways Operators  » 1_
availableinthe Popup menu Plots » & Remove lastoperator (. cip
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Popup menu’s Customize = , o el
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Figure 6-19: Operator toolbar

5.10.1 Adding an operator

The Operator menu and toolbar both provide options for you to add new operators. Each
operator has its own menu option or icon that adds an operator of that type to the selected
plots when you click its menu option or icon.

5.10.2 Removingthelast operator

The Operator menu and toolbar both have options for you to remove the last operator
from aplot. Each plot has alist of applied operators and clicking the Remove last
operator menu option or icon will remove the last operator from each plot that is selected
in the Plot list. Plots that have been drawn are regenerated.

5.10.3 Removing all operators

The Operator menu and toolbar both have options for you to remove all operators from a
plot. Each plot has alist of applied operators and clicking the Remove all operators
menu option or icon will remove al operators from each plot that is selected in the Plot
list. Plots that have been drawn are regenerated.
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5.11 Lock options

The Lock menu and toolbar, both shown in Figure 6-20, allow you to lock certain
visualization window attributes so that when you change them, other locked visualization
windows also update. Currently, you can lock the view and you can lock time.

Lock menu Lock toolbar
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Mode »
Tools 3
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Customize 3

Figure 6-20: Lock menu and toolbar

5.11.1 Lockingviews

If you have created plots from related databases in multiple visualization windows, you
can lock the views for the visualization windows together so as you change the view in
one of the visualization windows with alocked view, the other visualization windows with
locked views aso update to have the same view. There are three types of viewsin Vislt:
curve, 2D, and 3D. If you have 2D plotsin a visualization window, the visualization
window is considered to be 2D. Locking that 2D visualization window’s view will only
update other visualization windows that are also 2D and vice-versa. The same istruefor
curve and 3D views. To lock a visualization window’s view, select the Lock->View
option from the Main Window’s Window menu or use the visualization menu’s Popup
menu or Toolbar.

5.11.2 Lockingtime

If you have created plots from related databases in multiple visualization windows, you
can lock the visualization windows together in time so as you change time in one
visualization window, it updatesin all other visualization windows that are locked in
time.To lock a visualization window in time, select the Lock->Time option from the
Main Window’s Window menu.
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Chapter 7 Subsets

1.0

2.0

Overview

Many scientific databases can be decomposed into subsets that represent only part of the
database. It is common to decompose databases into subsets based on Materials (regions),
Domains, Groups, AMR patches, AMR levels, Species, Assemblies, etc. Databases are
decomposed for a variety of reasons including breaking the database into smaller sized
pieces that can be calculated in parallel using acomputer with multiple processors. When
Vislt is used to visualize the results of a simulation that has been divided into smaller
subsets, it is often useful to restrict the size of the database, to increase performance, by
using Vislt's Subset Window.

What isa subset?

A subset is a set each of whose elementsis an element of an inclusive subset. In other
words, a subset isasmaller part of something. In simulation terms, a subset might be the
cells containing a particular material in amesh. A subset might be the part of the
simulation mesh that ran on computer processor 10. A subset might be the part of a
simulated vehicle that isatire. In many input database formats, this subset information is
encoded in the file or can be inferred from how the fileis structured. Thisleads to an
organization of the data where many possible subsets may exist. If there is more than one
way to create a subset, you can start asking questions like where in the mesh is there
aluminum on only the parts that were computed on processor 2.
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3.0 Subset Inclusion Lattice

Vislt relates all possible subsets in a database using what is called a Subset Inclusion
Lattice (SIL). Ultimately the subsets in a database are cells that can be grouped into
different categories such as material region, domain, patch, refinement level, etc. Each
category has some number of possible values when taken together form a collection. A
collection lets you group the subsets that have different values but are still part of the same
category. For example, the mesh shown in Figure 7-1 is broken down into domain and
material categories and there are 3 domain subsets in the domain category. Vislt uses the
SIL to remove pieces of adatabase from aplotted visualization by turning off bottom level
subsetsthat are arrived at through turning off membersin various collections or turning off
entire collections. When various subsets have been turned off in a SIL, the collective
on/off state for each subset isknown asa SIL restriction.
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Figure 7-1: Whole mesh divided up into domains and materials

4.0 Usingthe Subset Window

You can open the Subset Window, shown in Figure 7-2, by clicking on the Subset
option inthe Main Window’s Controls menu or by clicking on the Subset icon next to
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the name of aplot inthe Plot lists’s plot entries. Vislt's Subset Window displays
subset relations and provides controls that allow you to alter aplot’s SIL restriction by
turning off parts of the database.

=™ Subset

Whole | haterials | | domains |
vH tire H 1 Rubber ] domainl, 1 Rubber
i-domains ~APNEEN | IE2 domain2, 1 Rubber
- (| (> E1 2 Steel 1 domain3, 1 Rubber

pE 3 Cord 1 domaind, 1 Rubber

All sets Reverse | v| All sets Reverse | v| All sets Reverse | v|
Selected sets HReverse | v| Selected sets HReverse | v| Selected sets Reverse | v|

Apply | Post | Dismissl

Figure 7-2: Subset Window

The Subset Window initialy has three panels that display the sets contained in a
database though the window can display an unlimited number of panels as subsets are
browsed. Each successive panel servesto further subset the database. The leftmost panel
contains the top level set for the database being examined. The top level set, which
includes all elementsin the database, can usually be decomposed in various ways. For
example, it can be decomposed by material, processor domain, etc. The various ways in
which a database can be decomposed are called subset categories. The subset categories
will vary according to the file format in which the database was written as well as the
organization and naming conventions used in the database.

4.1  Browsing subsets

To browse the subsets for a database, you must first have created a plot. Once aplot is
created and selected, open the Subset Window. The left panel in the Subset Window
contains the database’ stop level set and may also list some subset categories. Some simple
databases lack subset categories thus Vislt cannot create subsets. To start browsing the
available subsets, click on one of the subset categories to display the subsets of that
category. For instance, clicking on a“Material” subset category will list all of the
database's materialsin the next panel to theright. The materials are subsets of the top level
set and decompose the top level set based on material. Double clicking on aset or clicking
on agreen turndown arrow lists any subset categories that can be used to further break
down the set.
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4.2  ChangingaSIL restriction

Each set in the Subset Window has asmall check box next to it that allows you to turn
the set on or off. The check box not only displays whether a set is on or off, but it also
displays whether or not a set is partially on. When a set is partially on, it means that at
least one (but not all) of the subsets that comprise the set isturned on. When aset is
partially on, its check box shows a small slash instead of a check or an empty box.
Uncheck the check box next to a set name to turn the set off.

Suppose you have a database that contains 4 domains (subsets that correspond to computer
processor) numbered 1 through 4. If you want to turn off the subset that is domainl, first
click on the “domains’ subset category to list the subsetsin that category. Next, click the
check box next to the subset name “domainl” and click the Apply button. The result of
this operation, shown in Figure 7-3, removes the “domainl” subset from the visualization.
Note that the Subset Window “domainl” set’s check box is unchecked and the top level
set’s check box has a slash through it to show that some subsets are turned off.

domainl

domainl off

Figure 7-3: Removing one subset.
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Figure 7-4: Subset Window with one subset removed.

4.3  Creating complex subsets

When visualizing a database, it is often useful to look at subsets created by subsetting
more than one category. Suppose you have a database that has two subset categories:
“Materials’, and “domains’ and that you want to turn off the “domainl” subset but you
also want to turn off amaterial in the“domain4” subset. You can do this by clicking on the
“domains’ category and then unchecking the “domainl” check box in the second panel.
Now, to turn off amaterial in the “domain4” subset, you click on the “domains’ category
in the left panel. Next, double-click on the “domain4” subset in the second panel. Select
the “Materials’ subset category in the second panel to make the third panel list the
materials that you can remove from the “domain4” subset. Turning off a couple materials
from thelist in the third panel will only affect the “domain4” subset. An example of a
complex subset is shown in Figure 7-5 and the state of the Subset window isshownin
Figure 7-6.

Materials removed
/ 4" trom domain4

domainl off

Figure 7-5: Example of a complex subset.
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Figure 7-6: Subset Window for complex subset example.

4.4 Turning multiple sets on and off

When databases contain large numbers of subsets, it is convenient to turn groups of them
on and off at the same time. You can select ranges of subsets by clicking on the name of a
subset using the left mouse button and dragging the mouse up or down to other subsetsin
the list while till holding down the left mouse button. Alternatively, you can click on a
subset to select it and then you can click on another subset while holding down the Shift
key to select all of the subsetsin the middle. Finally, you can select a group of multiple
nonconsecutive subsets by holding down the Ctrl key while you click on the subsets that
you want to select.

Once you have selected a group of subsets, you can use the buttons at the bottom of the
pane whose subsets you selected. There are two action buttons at the bottom of each
subset pane. The top button applies an action to all of the setsin the pane regardless of
how they have been selected. The bottom button applies an action to only the subsets that
you have selected. Each action button has three possible actions: Turn on, Turn off, and
Reverse. You can change the action for an action button by clicking on the down-arrow
button to its right and selecting one of the Turn on, Turn off, and Reverse menu
options. When you use an action button that is set to Turn on, the appropriate subsets will
be turned on. When you use an action button that is set to Turn off, the appropriate
subsets will be turned off. When you use an action button that is set to Reverse, whichis
the default action, the appropriate subsets' enabled state will be reversed.
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5.0

Material I nterface Reconstruction

Many databases store out their computational meshes with associated materials. The
materials are often used to break meshesinto subsets that correspond to physical parts of a
model. Materials are commonly stored out as alist of materials and material volume
fractions for each cell in the database. If acell has only one material thenisaclean cell. If
acell has more than one material, it has some fraction of each of the materialsand it is
known as amixed cell. The fraction of the material in acell if accounted for by the
material volume fraction. Since only the volume fractions are known, and not any
information about how the materials are distributed in the cell, Vislt must make a guess at
the location of the boundaries between materials.

(=[] [x]

Algorithm: Zoo-based (default) vl

[~ Enable Interface smoothing

Material Reconstruction Options

[~ Force full connectivity
[ Force Interface reconstruction
[~ Clean zones only

[~ Simplify heavily mixed zones

Maximum materials per zone |3

Volume Fraction for Isovolume |0.5

Make default | Reset |
Apply | Post | Dismiss |

Figure 7-7: Material Reconstruction
Options Window

51 ChoosingaMIR algorithm

Materia interface reconstruction (MIR) isthe
process of constructing the boundaries between
materials, in cells with mixed materials, from the
material volume fraction information stored in the
database. MIR is not usually needed when you
visualize the entire database but when you start to
subset the database by removing materials, Vislt
must perform MIR to remove only the parts of the
database that contain the material to be removed.
Without MIR, visualizations containing mixed
materials would be very blocky when materials are
removed. Vislt's MIR algorithms have several
settings, which you can change using the controlsin
the Material Reconstruction Options Window
(see Figure 7-7), that influence the appearance of the
final plot. To open the Material Reconstruction
Options Window, click on the Materials optionin
the Main Window’s Controls menu.

Vislt currently provides three MIR agorithms. Tetrahedral, Zoo-based, and | sovolume.
Each MIR algorithm reconstructs the interfaces between materials using a different
method and one method may work better or worse than another based on the compl exities
of the input data. You can select your preferred MIR a gorithm by choosing from the
Algorithm combo box in the Material Reconstruction Options Window. Note that
if you have plots that have already been generated, the new material options will not take
effect for those plots unless you clear the plots and redraw them.

The Tetrahedral agorithm breaks up each mixed cell into tetrahedra and computes the
interfaces through the original cell by recursively subdividing the tetrahedra until the
approximate volume fractions, which determine the amount of material in acell, are
reached. The Tetrahedral MIR algorithm resultsin a high cell count so it is not often used.

Material Interface Reconstruction
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The Zoo-based MIR algorithm breaks up mixed cells into elements based on supported
finite elements (tetrahedra, prisms, pyramids, wedges, cubes). The resulting reconstruction
resultsin far fewer cells than other methods while also producing superior material
boundaries. The Zoo-based algorithm is the default because of the quality of the material
boundaries and because the zoo-based cell representation saves memory and ultimately
leads to faster pipeline execution due to the smaller cell count.

Tetrahedral MIR Zoo-based MIR

Figure 7-8: Tetrahedral MIR vs. Zoo-based MIR

The Isovolume algorithm computes an isovolume containing portions of cells that contain
a user-specified fraction of materials. The Isovolume approach to MIR does not generally
produce very good looking results since there are gaps where several materialsjoin.
However, the Isovolume algorithm does do a better job than the other two algorithms
when it comes to finding cells that contain very small fractions of a certain material when
the cells are heavily mixed. If you use the Isovolume MIR agorithm, you can specify the
amount of material required to be present before Vislt creates a material interface for a
material. The amount of material is specified as a volume fraction in the range [0,1].
Specifying smaller valuesin the Volume Fraction for Isovolume text field will find
materials that may be omitted by other MIR algorithms.

Zoo-based MIR Isosurface MIR (note gaps)

Figure 7-9: Zoo-based MIR vs. Isovolume MIR
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5.2  Finding materialswith low volume fractions

When mixed cells contain several materias, the Zoo-based MIR algorithm will often omit
materials with very small volume fractions, leaving only the materials in the mixed cell
that had the highest volume fractions. If you want to plot materialsin mixed cells where
the volume fraction is very small then you can try using the Isovolume MIR algorithm
since it can be used to find materials whose volume fractions are above a user-specified
threshold. Figure 7-10 shows an example of a dataset containing five mixed materials
where the first four mixed materials are roughly equal in the amount of areathat they
occupy. Thefifth material has avolume fraction that never exceeds 0.08 so it is omitted by
the Zoo-based MIR a gorithm due to its comparatively low volume fraction. To ensure that
Vislt plots the fifth material, the Isosurface MIR algorithm is used with aVolume
Fraction for Isovolume setting of 0.02. Using the Isovolume MIR agorithm with alow
Volume Fraction for Isovolume value can find materials that have been distributed
into many heavily mixed cells.

Pseudocolor plot of volume Zoo-based MIR omits the Isovolume MIR finds the
fraction of hard to find material material because of its low material
volume fraction

Figure 7-10: Materials with low volume fractions can be found with the Isosurface MIR algorithm

5.3  Simplifying heavily mixed cells

Vislt provides the Simplify heavily mixed cells check box in the Material
Reconstruction Options Window so you can tell Vislt to throw away information
materials that have low volume fractions. When you tell Vislt to omit these materials,
Vislt will use less memory and will also finish MIR faster because fewer materials have to
be considered. The Simplify heavily mixed cells check box is especially useful for
databases where most of the cells are mixed or where there are many cells that contain
tens of materials. When you tell Vislt to simplify heavily mixed cells, you can tell Vislt
how many of the top materials to keep from each cell by entering a new number of
materialsinto the Maximum materials per zone text field. By keeping the N top
materials, Vislt will be sure to preserve the features that are contributed by the most
dominant materials.
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54  Smoother material boundary interfaces

Vislt's material interface reconstruction algorithm sometimes produces small, pointy
outcroppings on reconstructed material boundaries next to where clean cells are located.
Since these are often distracting features when looking at avisualization, Vislt provides an
interface smoothing option that allows materialsto bleed alittle bit into clean cells to
improve how they look when their material boundary is reconstructed. Figure 7-11 shows
aplot that has not been smoothed next to a plot that has been smoothed. To enable
interface smoothing, check the Enable interface smoothing check box. Note that
changing this setting will not affect plots that have aready been generated. If you want to
make your current plots regenerate with smoother interfaces, you must also clear them out
of the visualization window by choosing the Plots option from the Clear submenu
located in the Main Window’s Windows menu.

unsmoothed smoothed

points

Figure 7-11: Effect of material interface smoothing

5,5  Forcing material interface reconstruction

Vislt tries to minimize the amount of work that it must do to generate a plot so that it can
be done quickly. Sometimes databases have variable information for each material in acell
instead of just having a single value for each cell or node. Because the variable is defined
for each material in the cell, these variables are known as mixed variables. Vislt tendsto
just plot the value for the entire cell since it is more work to go through the material
interface reconstruction (MIR) stage, which is usually only done when removing material
subsets but is required to plot mixed variables correctly. You can force Vislt to aways do
MIR by checking the Force interface reconstruction check box. Thiswill make
mixed variables plot correctly even when you are not removing any material subsets.
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6.0

5.6 Mixed variables

Some simulations write out multiple scalar values for cellsthat contain mixed materials so
each material in the cell can have its own scalar value. Once a cell has undergone MIR, it
issplit into multiple cellsif the original cell contained more than one material. Each split
cell getsits corresponding scalar value from the original mixed variable data. The
resulting plot can then display each split cell’s actual value, taking into account the
material boundaries. Suppose you are simulating the interaction between hot lava and ice
and you have amaterial interface that happens to cross in the middle of a cell. Obvioudly
each material in the cell has its own temperature. Plotting mixed variables allows the
visualization to more faithfully depict the material boundaries while preserving the actual
data so the multiple mix values do not have to be averaged in the cell (see Figure 7-12).
Note that Vislt does not use mixed variable values for variables that have them unless the
Force interface reconstruction check box is enabled because most scalar fields are
not mixed variables and automatically performing MIR can be expensive. If your scalars
are mixed variables and you want to visualize them as such, be sure to enable the Force
interface reconstruction check box.

No mixed variables Mixed variables

.0
:::::

Figure 7-12: Mixed variables can improve a visualization

Species

Vislt adds species, which are components of materials, to the SIL when they are available.
Air isacommon material in simulations since many thingsin the real world are
surrounded by air. The chemical composition of air on Earth is roughly 78% Nitrogen,
21% oxygen, 1% Argon. You can say that if air isamaterial then it has species. Nitrogen,
Oxygen, and Argon with mass fractions 78%, 21%, 2%, respectively. Suppose one of the
calculated quantities in a database with the afore-mentioned air material is atmospheric

Foecies

173



Subsets

temperature. Now suppose that we are examining one cell that contains only the air
material from the database and its atmospheric temperature is 100 degrees Fahrenheit. If
we wanted to know how much the Nitrogen contributed to the atmospheric temperature,
we could multiply its concentration of 78% times the 100 degrees Fahrenheit to yield: 78
degrees Fahrenheit. Species are often used to track chemical composition of materials and
their effects on various calculated quantities.

When species are available, Vislt creates ascalar variable called Speciesand it isavailable
in the variable menus for each plot that can accept scalar variables. The Speciesvariableis
a cell-centered scalar field defined over the whole mesh. When all species are turned on,
the Species variable has the value of 1.0 over the entire mesh. When species are turned off,
the Speciesvariableis set to 1.0 minus the mass fraction of the species that was turned off.
Using the previous example, if we plotted the Species variable and then turned off the air
material’s Nitrogen species, we would be left with only Oxygen’s 21% and Argon’s 1% so
the species variable would be reduced to 22% or 0.22. When species are turned off, the
amount of mass |eft to be multiplied by the plotted variable drops so the plotted variable's
valuein turn drops.
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Figure 7-13: Species variable

Vislt adds species to the SIL as a category that contains the various chemical constituents
for al materials that have species. Since species are handled using the SIL, you can use
Vislt's Subset Window to turn off species. Turning off species has quite a different effect
than turning off entire materials. When materials are turned off, they no longer appear in
the visualization. When species are turned off, no parts of the visualization disappear but
the plotted data values may change due to drops in the Species variable.

174

Foecies



Subsets

6.1  Plotting species

Vislt provides the Species scalar variable so you can plot or create expressions that involve
species. If you create a Pseudocol or plot of the Species variable, the resulting plot will
have a constant value of 1.0 over the entire mesh because when no species have been
removed, they all sumto 1.0. Once you begin removing species by turning off species
subsetsin the Subset Window, the plotted value of Species changes, causing plots that
useit to also change. If you remove all but one species, the plots that use the Species
variable will show zero for al areas that do not contain the one selected species (see
Figure 7-14). For example, if you had air for a material and then you removed every
species except for oxygen, the plots that use the Species variable would show zero for
every place that had no oxygen.
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Figure 7-14: Plots of materials and species

6.2  Turning off species

Vislt adds species information to the SIL as new subsets under a category called: Species.
Since species are part of the SIL, you can use the Subset Window (see Figure 7-15) to
turn off species. To access the list of species, select the Species category under the whole
mesh. Once the Species category is clicked, the second pane in the Subset Window is
populated with the species for all materials. Turn off the species that you don’t want to
look at by clicking off the check box next to the name of the species subset. When you
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apply your changes, the values for the Species variable are recal cul ated to include only the
mass fractions for the species that are still turned on.
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Figure 7-15: Turning off species in the Subset Window
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Chapter 8 Quantitative Analysis

1.0 Overview

Simulation data must often be compared to experimental data so Vislt provides a number
of features that allow quantitative information to be extracted from simulation databases.
This chapter explains how to visualize derived variables created with expressions and
query information about a database. This chapter also explains Vislt's Pick and Lineout
capabilities which allow quantitative data to be obtained from the visualization.

2.0 Expressions

Scientific simulations often keep track of several dozen variables as they run. However,
only asmall subset of those variables are usually written to a simulation database to save
disk space. Sometimes variables can be derived from other variables using a variable
expression. Vislt provides variable expressions to allow scientists to create derived
variables using variables that are stored in the database. Expressions are extremely
powerful because they allow you to analyze new data without necessarily having to rerun a
simulation. Variables created using expressions behave just like variables stored in a
database; they appear in the plot menu and can be visualized using VisIt's plots.

21  Expression Window

Vislt provides an Expression Window, shown in Figure 8-1, that allows you to create
new variablesthat can be used in visualizations. You can open the Expression Window
by clicking on the Expressions option in the Main Window’s Controls menu. The
Expression Window isdivided vertically into two main areas: Expression list and
Definitions. The Expression list containsthe list of expressions. The Definitions
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=™ Expressions
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Figure 8-2: Mesh quality expressions

In addition to displaying expressions
that you create yourself, the
Expression Window displays
expressions that were written to the
database or expressions that were
added by one of Vislt's database
reader plugins. Expressionsthat came
from a database change when you
change open databases but
expressions that you defined yourself
remain in the window regardless
which database is open. Expressions
that came from a database are not
usually shown in the Expression
list by default but you can choose to
show them by clicking on the
Display expressions from
database check box.

There is one special case when Vislt
adds expressionsto the expression list
that were not in the database and were
not added by a database reader plugin:
mesh quality expressions. When the

open database contains meshes that are unstructured or curvilinear, Vislt adds special
mesh quality expressionsto the expression list to let you more easily plot metrics of mesh
quality such as the volume of cells or how much cells are skewed. The mesh quality
expressions are primarily used to evaluate the fitness of computational meshes and Vislt
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adds them to the expression list to make them more accessible to users since they are so
commonly used. Figure 8-2 shows the how the mesh quality expressions appear in the
variablelist for plots that accept scalar variables.

211 Creating a new expression

You can create anew expression by clicking onthe Expression Window’s New button.
When you click on the New button, Vislt adds a new expression and shows its new, empty
definition in the Definitions area. The initial name for a new expression is “unnamed”
followed by some integer suffix. Asyou type a new name for the expression into the
Name text field, the expression’s namein the Expression list will update.

Each expression has an expression type that determines the variable menu in which the
new variable appears. The available expression types are: Scalar Mesh Variable, Veector
Mesh Variable, Mesh variable, Tensor variable, Symmetric Tensor mesh. Since the
expression type determines the menu in which the variable appears, it a'so determines the
plots that can operate on the variable. Scalar mesh variables and species variables can be
used in the Contour, Pseudocol or, and VVolume plots. Vector mesh variables are used in the
Streamline and Vector plots. Tensor mesh variables are used in the Tensor plot.

To edit an expression’s actual definition, you can type a new expression comprised of
constants, variable names, and other Vislt expressions into the Definition text field. The
expression definition can span multiple lines as the Vislt expression parser ignores
whitespace. For a complete list of Vislt’s built-in expressions, refer to page 183. You can
also usethe Insert Function... menu, shown in Figure 8-3, to insert any of VisIt's built-
in expressions directly into the expression definition. Thelist of built-in expressions
divided into certain categories as evidenced by the structure of the Insert Function...
menul.

—+ Expressions i

~ Expression List — |- Definition
my_new_expression Mame |my7newiexpression

Type | Scalar Mesh Variable j
Definition

dx + abs{dy * sin{u)) + coord{mesh1)[0]

New | Delete

I Display expressions from database || Show variable in plot menus | Insert Function...~ Insert Variable...~
abs

Apply Vector * ismiss
] Tensor 3 log10

Material » sqr

tMesh » sqrt

Mesh Guality » o
Miscellaneous »

Trigonometry »

Comparison  » i

Conditional » -~

Logical 3

Figure 8-3: Expression Window’s Insert Function... menu
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In addition to the Insert Function... menu, which lets you insert built-in functions into
the expression definition, Vislt's Expression Window provides an Insert Variable...
menu that allows you to insert variables for the active database into the expression
definition. The Insert Variable... menu, shown in Figure 8-4, is broken up into Scalars,
Vectors, Meshes, etc. and has the avail able variables under the appropriate heading so they
are easy to find.

—* Expressions

 Expression List I-Definition
my_new_expression Mame |my7newiexpression

Type |Scalar Mesh Variable j
Definition
dx + abs{dy * sin{u)) + coord{mesh1)[0]

New | Delete

I™ Display expressions from database || Show variable in plot menus  Insert Function...~ | | Insert Variable...»
EID -
Apply Vectors 3 dy

Meshes 3 dz

Materials 4 mesh_quality 4
Subsets my_new_expression
Species speed

Curves t

Symmetric Tensors v

Figure 8-4: Expression Window’s Insert Variable... menu

Some variables can only be expressed as very complex expressions containing several
intermediate subexpressions that are only used to simplify the overall expression
definition. These types of subexpressions are seldom visualized on their own. If you want
to prevent them from being added to the Plot menu, turn off the Show variable in plot
menus check box.

2.1.2 Deleting an expression

You can delete an expression by clicking on it in the Expression list and then clicking
on the Delete button. Deleting an expression removes it from the list of defined
expressions and will cause unresolved references for any other expression that uses the
deleted expression. If a plot uses an expression with unresolved references, Vislt will not
be able to generate it until you resolve the reference or change the active plot variable.

2.2  Expression grammar

Vislt alows expressions to be written using a host of unary and binary math operators as
well as built-in and user-defined functions. VisIt's expressions follow C-language syntax,
although there are afew differences. The following paragraphs detail the syntax of Vislt
expressions.
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221 Math operators

Theseinclude use of +, -, *, /, ™ as addition, subtraction, multiplication, division, and
exponentiation as infix operators, as well as the unary minus, in their normal precedence
and associativity. Parentheses may be used as well to force a desired associdtivity.

Examples: atb™-c (a+b)*c
222 Constants

Scalar constants include floating point numbers and integers, as well as booleans (true,
false, on, off) and strings.

Examples: 3e4 10 “mauve” true false

2.2.3 \Vectors

Expressions can be grouped into two or three dimensional vector variables using curly
braces.

Examples: {xc,yc} {0,0,1}

224 Lists

Lists are used to specify multiple items or ranges, using colons to create ranges of
integers, possibly with strides, or using comma-separated lists of integers, integer ranges,
floating points numbers, or strings.

Examples: [1,3,2] [1:2,10:20:5, 22] [silvegold] [1.1, 2.5, 3.9] [leell, level2]

2.25 ldentifiers

| dentifiers include function names, defined variable and function names, and file variable
names. They may include al phabetic characters, numeric characters, and underscoresin
any order. ldentifiers should have at least one non-numeric character so that they are not
confused with integers, and they should not look identical to floating point numbers such
as 1€6.

Examples: density x y z 3d_mesh

2.2.6  Functions

These are used for built in functions, but they may also be used for functions/macros
defined by the user. They take specific types and numbers of arguments within the
parentheses, separated by commas. Some functions may accept named arguments in the
form identifier=value
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Examples:sin(pi/ 2) cross(vec1{0,0,1}) my_xform(meshl3¥ubselect(materials=[a,b])

2.2.7 Databasevariables

These are like identifiers, but may also include periods, plus, and minus characters. A
normal identifier will map to afile variable when it is not defined as another expression.
To force variables that look like integers or floating point numbersto be interpreted as
variable names, or to force variable names which are defined by another expression to map
to avariablein afile, they should be enclosed with < and >, the left and right carats/angle
brackets. Note that quotation marks will cause them to be interpreted as string constants,
not variable names. In addition, variablesin files may be in directories within afile, so
they may include slashes in a path when in angle brackets.

Examples: density <pssue> <a.001> <a.002> <domainl/density>

2.2.8 Databases

A database specification looks similar to a database variable contained in angle brackets,
but it isfollowed by acolon before the closing angle bracket, and it may also contain extra
information. A database specification includes a file specification possibly followed a
machine name, a time specification by itself, or afile/machine specification followed by a
time specification. A file specification isjust afile name with apath if needed. A machine
specification is an at-sign @ followed by a host name. A time specification looks much
likealist inthat it contains integer numbers or ranges, or floating point numbers,
separated by commas and enclosed in square brackets. However, it may aso be followed
by aletter c, t, or i to specify if the time specification refers to cycles, times, or indices,
respectively. If no letter is specified, then the parser guesses that integers refer to cycles,
floating point numbersrefer to times. Thereisalso an alternative to force indiceswhichis
the pound sign # after the opening square bracket.

Examples: </dir/file:> <file@host.ga> <[# 0:10]:> <file[1.234]:> <file[000, 023,
047]:> <file[10]c:>

229 Qualified file variables

Just like variables may be in directories within afile, they may also be in other timesteps
within the same database, within other databases, and even within databases on other
machines. To specify where avariableislocated, use the angle brackets again, and prefix
the variable name with a database specification, using the colon after the database
specification as a delimiter.

Examples: <file:var> </dir/file:/domain/var> <file@192.168.1.1:/var>
<[#0]:zerocyclesar>
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2.3  Built-in expressions

The following table lists built-in expressions that can be used to create more advanced
expressions. Unless otherwise noted in the description, each expression takes scalar
variables as its arguments.

Expression Meaning Usage
{} Associate alist of {exprq, expra [, ...]}
eXpressonsinto @ | ey can be an expression of variables,
single variable. another expression, or a constant defined over
Usually used for amesh.
defining a vector or
tensor variable. Examples:
vector = {ab,c}
tensor = {{ab,c} {d,ef} {g,h,i}}
(1 Accessasubscript | expr[index]
Of AVector o tensor | ey mugt be an expression that evaluatesto a
variable. vector of tensor variable and index must be an
integer greater than or equal to zero and less
than the number of componentsin the variable
being indexed.
Example: velocity[Q]
0 Associative paren- | Group mathematical operations to influence
thesis. the order in which expressions are evaluated.
- Unary negation -expr
expr is any expression that evaluates to a sca-
lar or vector field defined on a mesh.
Example: -charge
- Subtraction expry - expry
expressions involving subtraction can be data-
base variables, constants, or other expressions.
Example: a- b
+ Addition expry + expry
Expressions involving addition can be data-
base variables, constants, or other expressions.
Example:a+b

Built-in expressions
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Expression

Meaning

Usage

*

Multiplication

expry * expro

Expressions involving multiplication can be
database variables, constants, or other expres-
sions. Multiplication is most often used with
two scalar inputs but one of the inputs to the
multiplication operator can be avector if you
want to scale a vector using a scalar or acon-
Stant.

Example: a* b

Division

expry / expry

Expressions involving division can be data-
base variables, constants, or other expressions.
Division is most often used with two scalar
inputs but the first input can be a vector if you
want to scale a vector using a scalar or a con-
stant.

Example: a/b

Exponentiation

expry ™ expr

Expressions involving exponentiation can be
database variables, constants, or other expres-
sions.

Example: a”™ b (ab)

abs

Absolute value

abs(expr)

expr can be an expression of database vari-
ables, constants, or other scalar expressions.

acos

Arccosine

acos(expr)

expr can be an expression of database vari-
ables, constants, or other scalar expressions.
The acos expression returns an angle in radi-
ans.

Example: angle = acos(value)
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Expression Meaning Usage

and Logica and and(expry, expry)

Thelogical and function returns avalue of 1
(true) if both scalar input expressions exprq
and expr, are not equal to zero. Otherwise, the
logical and function returns zero. The logical
and function is often used with other condi-
tionals such asthe if expression.

Example: if(and(gt(pressure, 2.0), It(pressure,
4.0)), pressure, 0.0)

Meaning: if pressureisin the range (2.0, 4.0)
then use the value for pressure. Otherwise, use
zero.

area Cell Area area(expr)

expr must evaluate to a 2D mesh expression so
Vislt can calculate the area of each 2D cell in
the mesh and returns scalar values.

Example: density = mass/
area(hydro_mesh2d)

array_compose | Array compose array_Ccompose(expry, expro, ..., EXpry)

Each argument to the array_compose expres-
sion, expr;, must evaluate to a scalar expres-
sionand all of theinput expressions must have
the same centering. The array _compose
expression creates a new array variable from
the input expressions. Array variables are col-
lections of scalar variables that are commonly
used with certain plots to display the contents
of multiple variables simultaneously. For
example, the Label plot can display the values
inan array variable.

Example: array_compose(density, pressure,
velocity[0], velocity[1], velocity[2])
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Expression

Meaning

Usage

array_decompo
se

Array decompose

array_decompose(exprl, expr2)

exprl must evaluate to an array variable.
expr2 must evaluate to a number between O
and the number of scalar componentsin the
array variable minus 1. This expression iso-
lates one scalar variable from an array vari-
able.

Example: array _decompose(array, 0)

Arcsine

asin(expr)

expr can be an expression of database vari-
ables, constants, or other scalar expressions.
The asin expression returns an angle in radi-
ans.

Example: angle = asin(value)

aspect

Cell aspect ratio

aspect(expr)

expr must be an expression that evaluatesto a
mesh. The aspect function computes the
aspect ratio for each cell in the mesh and
returns scalar values. Cells with high aspect
ratios (long and skinny) are often considered
to be lessfit than more squat cells.

Example: aspect(hydro_mesh)

aspect_gamma

Cell aspect gamma

aspect_gamma(expr)
expr must be an expression that evaluatesto a
mesh.

Example: aspect_gamma(hydro_mesh)

atan

Arctangent

atan(expr)

expr can be an expression of database vari-
ables, constants, or other scalar expression
variables. The atan expression returns an
anglein radians.

Example: angle = atan(value)
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Expression

Meaning

Usage

ceil

Ceiling

ceil (expr)

expr must evaluate to a scalar expression. The
ceil expression calculates the ceiling function.
The ceiling is defined to be smallest integer
that is bigger than the current value.

Example: ceil(pressure)

condition

Condition number

condition(expr)

expr must be an expression that evaluatesto a
mesh. The condition expression returns the
maximum condition number of the Jacobian
matrix at the nodes of each cell in the mesh,
resulting in a zone-centered, scalar expres-
sion.

Example: condition(hydro_mesh)

conn_cmfe

Connectivity-based
common mesh field
evaluation

conn_cmfe(exprl, expr2)

exprlisan expression commonly from adif-
ferent database and it contains the field that
will be mapped onto the mesh expression that
is created by expr2. The conn_cmfe expres-
sion is used to map variables from one mesh
onto another mesh. The mesh that donates the
field being mapped can be a different time
state of the same database or it can be in adif-
ferent file than the destination mesh. You can
use the conn_cmfe expression to compare the
results from different simulation runs. For
more information on using the conn_cmfe
expression, see page 292.

Examples:
Map wave0020.sil0’s pressure variable the
current mesh.

conn_cmfe(<wave0020.silo: pressure>, quadmesh)

Substract <mesh/ireg> variable fromthe last
time state from the current time state.

<mesh/ireg> - conn_cmfe(<allinone00.pdb[-1]id:mesh/ireg>,
mesh)

Built-in expressions
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Expression Meaning Usage
conservative s | Conservative conservative_smooth(expr)
mooth smooth

expr must be an expression that evaluatesto a
scalar field. This expression applies the con-
servative smooth filter (an image processing
filter) to ascalar field. Thefilter only consid-
ersavaue and itsimmediation neighbors (26
neighborsin three dimensions, 8 in two
dimensions). Thefilter only works on struc-
tured meshes. When performing a conserv
tive smooth operation, avalueisonly replaced
if it isoutside the range of itsimmediate
neighbors. If so, it isreplaced with the closest
value from itsimmediate neighbors.

Example: conservative_smooth(intensity)

coord, coords Mesh coordinates | coord(expr)

expr must be an expression that evaluatesto a
mesh. The coord expression extracts the coor-
dinate fields from a mesh and returns them as
avector variable with 3 components. The
resulting vector can be used to extract the
X,Yy,Z components of the mesh’s coordinate
field.

Example: x = coord(Mesh)[0]

cos Cosine cos(expr)

Compute the cosine of an angle in radians.
Expr can be an expression of database vari-
ables, constants, or other scalar expression
that evaluate to an angle in radians. The cos
expression returns a scalar expression.

Example: x = radius* cos(angle)

Cross Vector cross prod- | cross(exprq, expro)

uct The cross expression returns the vector cross

product of the expr, and expr, vector expres-
sions.

Example: viewvec = cross(right_vec, up_vec)
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Expression

Meaning

Usage

curl

Curl

curl(expr)

The curl expression calculates the curl of the
input expression, which must evaluate to a
vector field. Theresult is also a vector unless
theinput datais2D. When theinput data set is
2D, theresulting curl vector alwaysis (0,0,V)
so the curl expression instead returns the sca-
lar V. The curl expression must be declared as
avector for 3D data sets, but asascalar for 2D
data sets.

Example: curl(vecfield)

cylindrical_radi
us

Cylindrical radius

cylindrical _radius(expr)

expr must be an expression that evaluatesto a
mesh. The cylindrical radius expression con-
verts the coordinates of the input mesh from
cartesian coordinates to cylindrical coordi-
nates and returns the radius component of the
cylindrical coordinates.

Example: cylindrical_radius(hydro_mesh)

cylindrical_thet
a

Cylindrical theta

cylindrical_theta(expr)

expr must be an expression that evaluatesto a
mesh. The cylindrical theta expression con-
verts the coordinates of the input mesh from
cartesian coordinates to cylindrical coordi-
nates and then returns the theta component of
the cylindrical coordinates.

Example: cylindrical_theta(hydro_mesh)

deg2rad

Degreesto radians

deg2rad(expr)

The deg2rad expression converts the input
scalar expression, which is assumed to bein
degrees, to radians.

Example: angle rad = deg2rad(angle)

degree

Mesh degree

degree(expr)

expr must be an expression that evaluatesto a
mesh. The degree expression creates a nodal
scalar field that contains the number of cells
that use each node.

Example: degree(Mesh)

Built-in expressions
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Expression

Meaning

Usage

det, determinant

Matrix determinant

determinant(expr)

expr must evaluate to a 3x3 tensor. The deter-
minant expression computes the determinant
of a3x3 matrix and returns the scalar result.

Expression: detA = determinant(A)

diagonal

Diagonal ratio

diagonal (expr)

expr must be an expression that evaluatesto a
mesh. The diagonal expression computes the
minimum and maximum diagonals for 3D
hexahedral cells and returns the minimum
diagonal length divided by the maximum
diagonal length. Cells that have equal aspect
ratios will have diagonal ratios of 1.0 while
more oblong cells will have differing values.
For cellsthat are not hexahedral, the diagonal
expression returns -1.

Example: diagonal (M esh)

dimension

Pronto-specific
length of stable
time step

dimension(expr)

expr must be an expression that evaluatesto a
mesh. The dimension expression computes
the characteristic length for stable time step
calculation in the Pronto simulation code.

Example: dimension(Mesh)

divergence

Divergence

divergence(expr)

The divergence filter calculates the diver-
gence, which isthe tendency of afluid to
spread out. The input expression must evalu-
ate to a vector field. Divergenceresultsin a
scalar field.

Example: divergence(vec)

dot

Vector dot product

dot(exprq, expry)

The dot expression takes 2 vector inputs expry
and expr, and computes their vector dot prod-
uct and returns the resulting scalar expression.

Example: dot(vectorl, vector2)
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Expression Meaning Usage
effective_tensor | Effective tensor effective_tensor(expr)

expr must evaluate to atensor expression. The
effective_tensor expression determines the
effective part of a 3x3 tensor and returns the
resulting scalar expression.

Example: effective_tensor(tensorl)

eigenvalue Eigenvalue eigenvalue(expr)

expr must evaluate to a 3x3 tensor. The eigen-
value expression returns the eigenvalues of a
matrix as ascalar expression.

Example: scalars = eigenval ue(tensor)

eigenvector Eigenvector eigenvector(expr)

expr must evaluate to a 3x3 tensor. The eigen-
vector expression returns the eigenvectors of a
matrix as avector expression.

Example: vectors = eigenvector(tensor)

eq, equal, Equality equal (expry, expro)

equals The equal expression returns a value of 1
(true) if both input scalar expressions expry
and expr, are equal. Otherwise, the equal
expression returns zero. The equal expression
is often used with other conditionals such as
theif expression.

Example: if(eg(density, 1.0), density* 2.0, 0.0)

external_node | External node external_node(expr)

The external_node expression marks every
node that isincident to an external faceas’1’,
every node incident to only internal faces as
'0". Expr must be amesh. If expr isatwo-
dimensional mesh, then the expression returns
"1’ if anodeisincident to an external edge.

Example: externa _node(hydro_mesh)
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Expression

Meaning

Usage

floor

Floor

floor(expr)

expr must be an expression that evaluatesto a
scalar expression. The floor expression takes
the floor of its expression argument, whichis
defined to be biggest integer that is smaller
than the current value.

Example: floor(pressure)

ge, gte

Greater than or
equal

ge(expry, expro)

The ge expression returnsavalue of 1 (true) if
expr, >= expr,