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* Welcome! Today’s tutorial will cover:

An introduction to Scientific Visualization using VisIt @

Var: lime

Aneurism (Blood Flow) Simulation Water Flow Simulation
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Tutorial Overview

LLNL-PRES-646142 3



V. -
W

..

Tutorial Overview

Tutorial Outline

Intro (5 min)
Viz techniques for mesh-based simulations (20 min)

Vislt setup help for attendees (15 min)
Guided tour of VisIt (45 min)

Showcase of Vislt Visualizations (5 min)
<Break> (30 min)

Hands on demonstrations:
 Visualization of an Aneurism (Blood Flow) Simulation (30 min)
« Visualization of a Water Flow Simulation (30 min)

Project Overview (10 min)
Practical Tips (15 min)
Closing Remarks and Questions (5 min)
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Visualization Techniques for
Mesh-based Simulations
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Plotting Techniques

<>

* Terminology

= Meshes: discretization of physical space
« Contains “zones” / “cells” / “elements”

« Contains “nodes” / “points” / “vertices”
— Vislt speak: zone & node

= Fields: variables stored on a mesh
« Scalar: 1 value per zone/node
— Example: pressure, density, temperature

« Vector: 3 values per zone/node (direction)

— Example: velocity
- Note: 2 values for 2D, 3 values for 3D

« More fields discussed later...

LLNL-PRES-646142



Pseudocolor

Plotting Techniques

= Maps scalar fields (e.g., density, pressure,
temperature) to colors.
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Plotting Techniques
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Plotting Techniques

SRS(TW/cmA2)
00 050 10 15 20

S
Time=30.7941

/ Film/image
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Emitter
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Particle advection: the foundation of flow

v

ion

t

liza

= Displace massless

vVisua

A N N R
A S N I I I —— ~
s NAAV LA

IV AN AN AN NN e

}.J?w#/p//////
:_:ﬂ,/////zfrf-,‘.

Jsz[YLvr,r/,w;V/.
_\\\—,../////tl\\\_,//f{rififﬁjv'.ﬂvv.‘t
\\\5._.,,/«;1\\\,,//

Ly y

10
5

integral curve at time t

and position p
— S'(t): derivative of the

— V(t, p): velocity at time t

— t,: initial time
— Py initial position
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< Plotting Techniques

¥ Streamlines

LLNL-PRES-646142 11



\/7’

¥ Meshes

= All data in Vislt lives on a
mesh

= Discretizes space into points
and cells
- (1D, 2D, 3D) + time

« Mesh dimension need not match
spatial dimension (e.g. 2D surface
in 3D space)

= Provides a place for data to
be located

= Defines how data is
Interpolated

Mesh Types

Curve

Curvilinear

Rectilinear

Unstructured

Molecular

Data representation for mesh-based HPC simulations

LLNL-PRES-646142
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Data representation for mesh-based HPC simulations

= Scalars, Vectors, Tensors Cell Data

= Associated with points or cells of a mesh

- Points: linear interpolation oo Q
. Cells: piecewise constant no o
= Can have different dimensionality than the “o

mesh (e.g. 3D vector data on a 2D mesh)
' Point Data

LLNL-PRES-646142 13



¥ Materials

DB: plot.nxé64.step00000.2d.hafs
Cycle: -2147483647 Time:0

Pseudocolor

w8 D | 0.0000 | 0.0000 | 0.0402 | 0.2254 | 0.3287 | 03101 | 0.1¢

= Describes disjoint spatial =0
regions at a sub-grid level

0.161

0.0434 | 0.1154

0.0000 | 0.0000

0.0000 0.0000 = 0.0000 | 0.0000

= \Volume/area fractions

0.143 | 0.0000 = 0.0000 0.0000 @ 0.0000 | 0.0000

0.44 0.46 0.48 0.50 0.52 0.54
X-Axis

user: ligocki

= VisIt will do high-quality

DB: threeSpheres2d.hdfs
Cycle: -2147483647 Time: 1

sub-grid material interface - -

0.0000 | 0.0000

07500
52.0
05000
L 0.0000 | 0.0000
02500
| ] 51.0
Mo 1000
Min: 0000 0.0000 | 0.0000

0.0577

0.0000 0.0000 | 0.0000

Y-Axis 49.0

0.0310 | 0.0000 | 0.0000 | 0.0000 @ 0.0000 | 0.0000

0.0478 | 0.0000 = 0.0000  0.0000 0.0000

0.0000 | 0.1629

24 26 28 30 32

user: ligocki
Thu Apr 23 00:17:29 2009

Data representation for mesh-based HPC simulations

LLNL-PRES-646142
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Data representation for mesh-based HPC simulations

V>'

* Species

= Similar to materials, describes sub-grid variable
composition

« Example: Material “Air” is made of species “N,”,“O.”,
“Ar’, “CO,” efc.

= Used for mass fractions

= Generally used to weight other scalars
(e.g. partial pressure)

LLNL-PRES-646142 15



@ Data representation for mesh-based HPC simulations

* Parallel Meshes

= Provides aggregation for meshes

= A mesh may be composed of large numbers of
mesh “blocks”

= Allows data parallelism

LLNL-PRES-646142 16



Data representation for mesh-based HPC simulations

= Mesh blocks can be associated with patches and
levels

= Allows for aggregation of meshes into AMR
hierarchy levels

125{?@;5{
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Example Vislt Pipelines

¥ Vislt’s core abstractions

= Databases: How datasets are read
= Plots: How you render data
= Operators: How you manipulate data

= Expressions: Mechanism for generating derived
quantities

= Queries: How to access quantitative information

LLNL-PRES-646142 18



S

* Examples of Vislt Pipelines

Databases: how
you read data

Plots: how you
render data

Operators: how
you transform/
manipulate data

Expressions: how
you create new
fields

Queries: how you
pull out quantitative
information

Database

Plot

Example Vislt Pipelines

Open a database,
which reads from a file
(example: open file1.hdf5)

Make a plot of a variable in the
database
(example: Volume plot)

LLNL-PRES-646142
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* Examples of VisIt Pipelines

Databases: how
you read data

Plots: how you
render data

Operators: how
you transform/
manipulate data

Expressions: how
you create new
fields

Queries: how you
pull out quantitative
information

Database

Operator

Plot

Example Vislt Pipelines

Open a database,
which reads from a file
(example: open file1.ndf5)

Apply an operator to transform
the data
(example: Slice operator)

Plot a variable in the database
(example: Pseudocolor plot)

LLNL-PRES-646142
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* Examples of VisIt Pipelines

Databases: how
you read data

Plots: how you
render data

Operators: how
you transform/
manipulate data

Expressions: how
you create new
fields

Queries: how you
pull out quantitative
information

Database

Operator 1

Operator 2

Plot

Example Vislt Pipelines

Open a database,
which reads from a file
(example: open file1.hdf5)

Apply an operator to transform
the data
(example: Slice operator)

Apply a second operator to
transform the data
(example: Elevate operator)

Plot a variable in the database
(example: Pseudocolor plot)

LLNL-PRES-646142
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* Examples of VisIt Pipelines

Databases: how
you read data

Plots: how you
render data

Operators: how
you transform/
manipulate data

Expressions: how
you create new
fields

Queries: how you
pull out quantitative
information

Database

Expression

Plot

Example Vislt Pipelines

Open a database,
which reads from a file
(example: open file1.ndf5)

Create derived quantities from
fields in the file
(example: magnitude(velocity))

Plot the expression variable
(example: Pseudocolor plot)

LLNL-PRES-646142
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* Examples of VisIt Pipelines

Databases: how
you read data

Plots: how you
render data

Operators: how
you transform/
manipulate data

Expressions: how
you create new
fields

Queries: how you
pull out quantitative
information

Database

Plot

Query

Example Vislt Pipelines

Open a database,
which reads from a file
(example: open file1.ndf5)

Plot a field from the file
(example: density + Pseudocolor

plot)

Extract quantitative information
(example: integrate density to
find mass)

LLNL-PRES-646142
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* Examples of VisIt Pipelines

Databases: how
you read data

Plots: how you
render data

Operators: how
you transform/
manipulate data

Expressions: how
you create new
fields

Queries: how you
pull out quantitative
information

Database

Expression

Operator 1
.

Operator 2
.

Plot

Query

Example Vislt Pipelines

Open a database,
which reads from a file
(example: open file1.hdf5)

Create derived quantities from
fields in the file
(example: magnitude(velocity))

Apply an operator to transform
the data
(example: Slice operator)

Apply a second operator to
transform the data
(example: Elevate operator)

Plot a field
(example: speed + Pseudocolor

plot)

Extract quantitative information
(example: maximum speed over
cross-section)

LLNL-PRES-646142
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Tutorial Setup:
Vislt installation and supporting files
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Tutorial Setup

¥ Shared USB Drive Contents:
= Copy the sc2013 visit tutorial folder

6 O O (] sc2013_visit_tutorial
EIE EI]I]IIIII (%~ =~ 2 ]|[= ] (Q y
Name Al Size Kind
» (] data - Folder

» (] examples - Folder

» B executables - Folder

» [ slides - Folder

LLNL-PRES-646142 26



Tutorial Setup

- Shared USB Drive Contents:
Vislt 2.7.0 o ————

C' | & https://wci.llnl.gov/codes /visit/executables.html

Downloads

What’s New

Documentation

Index | Contact

VisIt Executables

This page contains links to download VisIt executables for Unix, Windows, and Mac OS X systems. The page contains several versions of Vislt,
organized from the most recent to the oldest. The unix and Mac OS X executables require downloading an install script along with the file
containing the executable. The Windows executables are packaged in a self contained installer. Instructions for installing VisIt can be found in the
install notes. Md5 and shal checksums, as well as file sizes are provided for checking that the files were properly downloaded if corruption of the
files is suspected during the download process.

VisIt 2.7.0

VisIt release notes

Vislt install script
Vislt install notes

Release Binaries:
executables/

VisIt md5 checksums

VisIt shal checksums
VisIt sha256 checksums
Vislt file sizes

platform executable

Windows (Xp / Vista / 7 / 8) 64 bit RO
Visual Studio 2010 . download
Mac OS X - Intel 64 bit

Darwin 10.6.3, Darwin Kernel Version 10.3.0, gcc 4.2.1, MPICH
(Includes parallel VisIt with self-contained MPICH MPI)

lownload

Linux - x86_64 64 bit
Redhat Enterprise Linux 6, kickit.linl.gov , 2.6.32-358.18.1.el6.x86_64 #1 SMP gcc 4.4.7 download
Will work on many Linux x86_64 systems.

Linux - xB6_64 64 bit own
Ubuntu 11.04, ubuntu1104-64.linl.gov 2.6.38-8-generic #42-Ubuntu SMP, gcc 4.5.2 download

Java client library (jar file, compiled classes, source code, examples) Y. download

Also available at:
https://wci.lInl.gov/codes/visit/executables.html

LLNL-PRES-646142 27
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Installing VisIt

Select a binary for your platform from
executables/ and install:

= Linux/Unix;
= untar

= Mac:

= Open DMG and copy VisIt app bundle to
Desktop

= Windows:
= Run installer program

Tutorial Setup

LLNL-PRES-646142
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Tutorial Setup

esting your Vislt install

= Linux/Unix:
= >path/to/visit/bin/visit

= Mac:
= Double click VisIt app bundle

= \Windows:
= Launch from start menu

LLNL-PRES-646142 29



¥ Shared USB Drive Contents:

Example Datasets

8 00 ¥ Tutorial Data - Visltusers. X

€« C' [ www.visitusers.org/index.php?title=Tutorial_Data

2 Cyrus mytalk my preferences my watchlist my contributions  log out
llllll discussion edit history delete move

Tutorial Data

Example data sets used in the Vislt Tutorials.

Links to SC13 Tutorial Datasets:

= Tarball: sc2013_visit_tutorial_data.tar.gz &
= Zip: sc2013_visit_tutorial_data.zip &

Links to SC12 Tutorial Datasets:

= Tarball: sc2012_visit_tutorial_data.tar.gz & (59.4 MB)

D t F [ | I . = Zip: sc2012_visit_tutorial_data.zip & (59.8 MB)
a a I e S L Renders of Example Data

Also available at:
http://www.visitusers.org/index.php?title=Tutorial Data

LLNL-PRES-646142
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¥ Shared USB Drive Contents:
Example Scripts

Tutorial Setup

® OO0 (] sc2013_visit_tutorial

FIH = N ERTER I ER
Name A

» ([ data

¥ B examples
» (] aneurysm

Example FlleS' » (] dbreak3d

» [ scripting
» [ ] executables

examples/ > &3 slides

Also available at:
http://www.visitusers.org/index.php?title=Tutorial Examples

LLNL-PRES-646142 31



Tutorial Setup

‘Shared USB Drive Contents:
Tutorial Sides

O 0 « SC2013.pdf (page 1 of 78)
|

Tutorial PDFs:
slides/

Also available at:
http://visitusers.org/index.php?title=Tutorial

LLNL-PRES-646142 32




Tutorial Setup

S

" Before we begin ...

= Important:. Ask questions any time!

= Tutorial contents located at

visitusers.org under “short tutorial”:
« http://visitusers.org/index.php?title=Tutorial

= Note: We will discuss file format
iIssues and how to get help at the end
of the tutorial.

LLNL-PRES-646142 33



Guided tour of Vislt
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% Guided Tour of Vislt
* Reminder: Vislt’'s core building blocks

= Databases: How datasets are read
= Plots: How you render data
= Operators: How you manipulate data

= Expressions: Mechanism for generating derived
quantities

= Queries: How to access quantitative information

LLNL-PRES-646142 35



Python Scripting
¥ Vislt provides Python interfaces for state

control and data manipulation.

A

Local Components : Parallel Cluster
Viewer c | | :
(State Manager) x .2 |
©0 I~ =
/ l \ s2l % Compute
ocl Engine ¢ Data
co
Gur | ax  gen Sl \
I
\ ) o\ )
\ \

Python Client Interface Python Filter Runtime
(State Control) (Direct Mesh Manipulation)
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Python Scripting

v Python Client Interface Example Script:
Using Vislt's Building Blocks

DB: noise.silo
Cycle: 0

-10

s<p
S So¢
5g Fo2
Ta

¢ §a¢
! ¢ E N g 0

o5< O

50350

- o

§.

se 2=
Ka3 38

1 &3
S
o

= a
52 =0
x-‘ -"o

B

Z/L -10
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Python Scripting

¥ There are several ways to access Vislt’s
Python Client Interface.

= Launch Vislt’s CLI binary:
« Visit -cli

= Launch for windowless batch processing:
« Visit -nowin -cli -s <script_file.py>

= Control Vislt from a Python interpreter:
« “import visit’
« http://visitusers.org/index.php?titie=Python_Module Support

= Record GUI actions in to Python snippets:

« Macro Recording provides a quick path to learn Vislt’s
Python Client API.

LLNL-PRES-646142 38



Showcase of Vislt Visualizations




¥ Visualizing an Engine Combustion
Simulation

Direct numerical simulation of flow
In engine-like geometries

Martin Schmitt!, Christos E. Frouzakis',

Jean M. Favre?

' ETH Zdrich, 2 CSCS

<&@ CSCS

AV fb A\ Centro Svizzero di Calcolo Scientifico
' A N

Swiss National Supercomputing Centre
Laboratorium fiir Aerothermochemie und Verbrennungssysteme
Aerothermochemistry and Combustion Systems Laboratory

vi “
o bV
‘&

b
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Showcase

\/7’

* Analysis Example: Evolution of Vorticity

= Goal: Identify and track coherent vortical
structures in turbulent flow as time evolves.

~ 1000

‘‘‘‘‘‘‘
’’’’’

Labeled Connected
components

Isosurfaces of a
4K~ 3 (68 billion cell) dataset

Collaboration with Kelly Gaither, TACC et al (IEEE CG&A July/August 2012)

Vislt was used to calculate isosurfaces, identify connected

components, and extract component features.

LLNL-PRES-646142 41



Showcase

‘v

* Analysis Example: Turbulence Operators

= Goal: Provide one set of turbulence tools that
can be used across multiple codes.

= Application: Validate RANS model parameters
from high fidelity DNS simulations.

Fluctuations & {7 %L

Pseudocolor
1504 1128 -07522 03761 5.129%-
Max: 5.129-11
M B

Joint work with Oleg Schilling and Britton Olson, LLNL

We are developing scripted building blocks for flow analysis,

including field means and fluctuations.

LLNL-PRES-646142 42



5
* Visualizing a Nation Ignition Facility (NIF)

= NIF is laser facility at
LLNL that is three
football fields in size.

= [gnition Experiments:

« 192 lasers deposit
energy into a gold
hohlraum which contains
a target capsule.

« The goal is to ignite the
deuterium and tritium
fuel in the target.

S
A gold hohlraum

LLNL-PRES-646142 43
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¥ NIF Target Physics Background

All of the energy of NIF's
192 beams is directed
inside a gold cylinder
called a hohlraum, which is
about the size of a dime. A
tiny capsule inside the
hohlraum contains atoms
of deuterium (hydrogen
with one neutron) and
tritium (hydrogen with two
neutrons) that fuel the
ignition process.

LLNL-PRES-646142
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* Simulating Two Laser Beams to
Understand Back Scatter

= PF3D simulation using SRSaW/omD

O.IO 040 080 1.2 1i6

32K CPUs

= Simulates two beams
hitting a hohlraum, to
quantify how much back
scatter is present and the
effect of multiple T ez

interacting beams. Visualization by Eric Brugger, LLNL
: ; Volume rendering of Input
= Each time step is a Beams using 2K CPUs

structured grid with 220
billion hexahedrons

LLNL-PRES-646142 45
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* Effect of Back Scatter on Input Beams

SRS(TW/cmA2) SRS(TW/cmA2)
040 070 10 13 16 00 050 10 15 20

R R ————
Time=30.7941 Time=30.7941
Volume rendering of Volume rendering of
Input Beams Back Scatter

Reduced input beam intensity corresponds

with regions of high back scatter

LLNL-PRES-646142 46
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SRS(TW/cmA2)
040 070 10 13

1.6
i

* Visualization of NIF Simulation

| ——
Time=0.0582119

SRS(TW/cmA2)
00 050 10 15

LLNL-PRES-646142

20
i

| —
Time=0.0582119




<Break>
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Aneurism (Blood Flow) Simulation

Water Flow Simulation
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Vislt Project Overview
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* Vislt is an open source, turnkey
application for data analysis and
visualization of mesh-based data.

= Production end-user tool
supporting scientific and
engineering applications.

= Provides an infrastructure
for parallel post-processing
that scales from desktops
to massive HPC clusters.

= Source released under a Density Isovolume of a

. 3K~ 3 (27 billion cell) dataset
BSD style license. ( )

Project Overview

LLNL-PRES-646142
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Project Overview

VisIt supports a wide range of use cases.

?

Comparative Analysis

Quantitative Analysis

Zone: 59805

radial: <nodal>

Point: <0.58807, 8.09064, 0.146425>

cident Nodes: 62225 62226 62275 62276
4725 64726 64775 64776

(62225) = 14.2915
(62226) = 14.0149
(62275) = 14.239

Max Tabs 8 Ef Save Picks as...

Variables ~ | [default

Visual Debugging

& movie.mpg

00:00:00 & -00:00:01

Presentation Graphics

LLNL-PRES-646142




Project Overview

N

* Examples of Vislt’s visualization
capabilities.

Streamlines

a)

Volume Rendering Molecular Visualization  Parallel Coordinates

LLNL-PRES-646142 53



Project Overview

‘

* Vislt uses MPI for distributed-memory
parallelism on HPC clusters.

Full Dataset 3072 sub-grids
(27 billion total cells) (each 192x129x256 cells)

We are enhancing Vislt's pipeline infrastructure to also

support threaded processing.

LLNL-PRES-646142 54



Project Overview

~ Vislt Is a vibrant project with many
participants.

= The Vislt project started in 2000 to support LLNL's large
scale ASC physics codes.

= The project grew beyond LLNL and ASC with research
and development from DOE SciDAC and other efforts.

= Vislt is now supported by multiple organizations:
= LLNL, LBNL, ORNL, UC Davis, Univ of Utah, Intelligent Light, ...

= Over 75 person years of effort, 1.5+ million lines of code.

Project Started LLNL ASC users 2005 R&D 100 VACET Funded Transition to VisIt 2.0 Release SDAV Funded
\ transitioned to - Public SW repo @& A
Vislt B &P #% SciDAC
. el LN SR,
ASC = inetigent Light
2000 2003 2005 2006 2008 2010 2012

m—s =k = o2 =0 TP

LLNL-PRES-646142 55



Project Overview

Architecture Problem Size

Graph X86 64
Dawn BG/P

Franklin Cray XT4

JaguarPF Cray XT5

Juno X86_64
Franklin Cray XT4
Ranger Sun
Purple IBM P5

20,0013 (8 T cells) 12K

15,8713 (4 T cells) 64K
12,5963 (2 T cells) 32K
12,5963 (2 T cells) 32K
10,0003 (1 T cells) 16K
10,0003 (1 T cells) 16K
10,0003 (1 T cells) 16K
8,0003 (0.5 T cells) 8K

Scaling Studies of Isosurface Extraction and Volume Rendering (2009)

Vislt Is also used daily by domain scientists.

LLNL-PRES-646142
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Project Overview

* The Vislt team focuses on making a

robust, usable product for end users.

= Regular releases (~ 6 / year)
- Executables for all major platforms

« End-to-end build process script *build_visit”

= Customer Support and Training
« visitusers.org, wiki for users and developers
« Email lists: visit-users, visit-developers
« Beginner and advanced tutorials
« Vislt class with detailed exercises

= Documentation
« “Getting data into VisIt” manual
« Python interface manual
« Users reference manual

Annotation Window

Gradient background

Slides from the VisIt class

LLNL-PRES-646142
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Project Overview

architecture.
Local Components : Parallel Cluster
AR T ekl _Ié
_ < I o> ViSIt Data <
| Engine Plugin
5 |
= =
3‘8‘ I EH Vislt Data |
32 1 | = Engine Plugin
= A ,
= 8 I V4 \
l / Vislt Y pata |
| ._," Engine  Rlugin
R i v
VisIt : A Y
. p ‘
Viewer ( Data Flow Network
.// \\ Filter
VisIt VisIt Python Java FiUIter
Clients Client
GUI CLI I ients
Filter

* Vislt employs a parallelized client-server

Data

Data

Data

(Files or Simulation)
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Project Overview

(

¥ VisIt automatically switches to a scalable
rendering mode for large data sets.

Task 3 Task 4

- Rendering Modes: Final Composited Image

« Local (hardware)
- Remote (software or hardware)

= Beyond surfaces:
« Vislt also provides scalable volume rendering.
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Project Overview

" VislIt’s infrastructure provides a flexible
platform for custom workflows.

= C++ Plugin Architecture
« Custom File formats, Plots, Operators

- Interface for custom GUIs in Python, P pl:lthOﬂ

Side

Python for Qit

C++ and Java

= Python Interfaces
« Python scripting and batch processing

- Data analysis via Python Expressions
and Queries.

VisIt runtime

Data / Control J a8

Glue code

= [ibsim library

« Enables coupling of simulation codes
to Vislt for in situ visualization.
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Project Overview

)

¥ Vislt is used as a platform to deploy
visualization research.

....................

Extreme Scaling of Production
Visu I ation Software on Diverse

n Research CoIIaboratlons

2012 = 2017

Scalable Data Management, Analysis, and Visualization and trillions of cells

Scaling research: Algorithms research:
Scaling to 10Ks of cores How to efficiently calculate
particle paths in parallel.

UT/TACC Subcontract

= Research Focus:
Next Generation Architectures
Parallel Algorithms

0] . % ,;;';‘3“.
gorlthms research: Methods research
Reconstructing material How to incorporate
interfaces for visualization statistics into visualization.
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Project Overview

)

* VisIt: What’s the Big Deal?

= Everything works at scale
= Robust, usable tool

= Features that span the “power of visualization™:
- Data Exploration
« Confirmation
« Communication

= Features for different kinds of users:
 Visualization Experts
« Code Developers
« Code Consumers

Healthy future: Vibrant Developer and User Communities
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Practical Tips for Using VisIt
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Practical Tips

= How to get Vislt to read your data

= How to get help when you run into trouble
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Practical Tips

’\/ 2

* How to get VislIt to read your data.

= There Is an extensive manual on this
topic: “Getting Data Into VisIt”

https://wci.linl.gov/codes/visit/manuals.htm

= Three ways:
« Use a known format
 Write a file format reader
« In situ processing

Getting Data Into Vislt
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Practical Tips

* File formats that VisIt supports

= 110+ Total Readers: ADIOS, BOV, Boxlib, CCM,
CGNS, Chombo, CLAW, EnSight, ENZO,
Exodus, FLASH, Fluent, GDAL, Gadget, Images
(TIFF, PNG, etc), ITAPS/MOAB, LAMMPS,
NASTRAN, NETCDF, Nek5000, OpenFOAM,
PLOT3D, PlainText, Pixie, Shapefile, Silo,
Tecplot, VTK, Xdmf, Vs, and many more

http://www.visitusers.org/index.php?
title=Detailed list of file formats Vislt supports

= Some readers are more robust than others.
= For some formats, support is limited to flavors of a file
a Vislt developer has encountered previously (e.g.
Tecplot).
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Practical Tips

>
v

File formats that VisIt supports

= 110+ Total Readers ADIOS, BOV Boxlib, CCM,
CGNS, Chon

_J Host localhost

A (

EXOd u S y F L ' (] Path /Users/hchilds/trunk/src/bin

(T I F F P N G E Filter *tec Default file opening options for PlainText reader
J )

V' Use "current working director

Data layout 1D Columns ?]
NASTRAN, N -
) Lines to skip at beginning of file 0

Directories

P L OT3 D PI . (current directory) "I First row has variable names
y a .. (go up 1 directory level) .

0 .svn Column for X coordinate (or -1 for none) -1

TeCp I Ot, VT K, j glhidpa;:igﬁslanes Column for Y coordinate (or -1 for none) -1

1 movietemplates .
"] shaders Column for Z coordinate (or -1 for none) -1

21 tmp

http://WwWWw.VisitL = s ¢ T ) )
titte=Detailed i .

Open file as type: | PlainText ' (" Set default open options... ) R of |
re/plu
| S rr] d (
O e rea er Refresh ) ( Cancel )

= FOor some form ., cop o i e cC Tl mie —r o aee
a Vislt developer has encountered previously (e.g.
Tecplot).

[« [¢J
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Practical Tips

* File formats that VisIt supports

= Common array writing libraries:
= NETCDF

= Vislt reader understands many (but not all)
conventions

» HDF5

= Pixie is most general HDF5 reader
= Many other HDF5 readers
= Xdmf: specify an XML file that describes
semantics of arrays in HDF5 file

= VizSchema (Vs): add attributes to your
HDF5 file that describes semantics of the
arrays.
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Practical Tips

= The VTK file format has both ASCII
and binary variants.
« Great documentation at: e Fee
http://www.vtk.org/VTK/img/file-formats.pdf

VTK File Formats

The Visua

on Toolkit provi

r of source and writer objects to read and write popular data file formats
150 provi i reason for creating yet another data file format
data representation sche and 1o provide & simple method to com-

= Easiest way to write VTK files:use |~ =

ts may not
y able in VTK. The simplest are the legacy, serial formats that are
easy 1o read and write either by hand or programmatically. However, these formats are less flexible than the XML based
fill formats described later in this section. The XML forn

The |

-y VIK file formats consist of five basic parts.

The first part is the
This line must be exact

version and er. This part contains the single line: # vek DataFi.
as sho e version number x. x, whi

raion x.x
b will vary with different

- ... but this creates a dependence on the

ne character \n. The
 other p

information.

x format describes the type of
[} 1
4. The fourth part is the dataset structure, The geometry part describes U
1 c ing the keyword DA

. either ASCII or binary. On this lin

¢ geometry and topology of the dataset. This

ET followe
. depending upon the type of dataset, other keyword/data combi

part describe:

ataset attriby

d rt begins with the keywords P ATA or DATA, fol-
lowed by an integer number specifying the number of points or cells, respectiv r whether

POINT_DATAor CELL_DATA comes first.) Other keyword jons then define the actual dataset a
values (i.¢., scalars, vectors, tensors, normals, texture coordinat

overview of

e file format is shown in Figure 1. The first three parts are mandatory, but the other two are optional

= You can also try to write them SEEE R
yourself, but this is an error prone
process.

These keywords are used to describe the form

both for

= Third option: visit_writer
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Practical Tips

..

*  Vislt Writer writes VTK files

= [tis a “library” (actually a single C file) that

writes VTK-compliant files.
= The typical path is to link visit_writer into your code and

write VTK files

= There is also Python binding for visit_writer.
= The typical path is to write a Python program that converts
from your format to VTK

= Both options are short term: they allow you to play
with VisIt on your data. If you like Vislt, then you
typically formulate a long term file format strategy.

= More information on visit_writer:
= http://visitusers.org/index.php?title=VisltWriter
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Practical Tips

¥ Python Vislt Writer in action

import visit_ writer
import math
import sys

» nX = 20 I
+ nY = 20 5
, conn = :
E for i in range(nX-1): E
I for j in range(n¥-1): :
: ptl = j*(nX) + 1i; E
: pt2 = j*(nX) + i+1; :
: pt3 j+1)*(nX) + i+1; 5
: ptd = (j+1)*(nX) + i; :
E conn.append "quad", ptl, pt2, pt3, pt4 E

pts =
rad =
for i in range(nX):
for j in range(nY):
pts.extend float(i), float(j), O
rad.append( math.sqrt(i*i + j*j

var_datum = "radius", 1, 1, rad
vars = var datum
visit writer.WriteUnstructuredMesh( "ugrid.vtk", 0, pts, conn, vars

sys.exit
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Practical Tips

= Silo is a mature, self-describing file format
that deals with multi-block data.

= |t has drivers on top of HDF5 and "PDB".
= Fairly rich data model

= More information:
 https://wci.linl.gov/codes/silo/
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Practical Tips

v  Silo features

® 00 / [[Iwci | B Codes - siLO

=P
-
[

= C ff 3 https://wci.linl.gov/codes/silo/

Welcome to Silo
A mesh and field I/0 library and scientific database

|

- ! o 153

0

T
i

Gridless Point Mesh

Constructive Solid
Geometry (CSG) Mesh

AP

T

— -  rala— o

Silex browser for Silo files

Mixing Materials . . .

Unstructured Zoo
(UCD) Mesh

XY Curve

Adaptive Mesh Refinement (AMR) Mesh Arbitrary Polyhedral Mesh
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¥ How to get Vislt to read your data.

Practical Tips

= There Is an extensive manual on this
topic: “Getting Data Into VisIt”

https://wci.linl.gov/codes/visit/manuals.htm

= Three ways:
- Use a known format
« Write a file format reader
e In-situ processing

Getting Data Into Vislt

Brad Whitlock

These topics are covered in the manual
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Practical Tips

= How to get VisIt to read your data

= How to get help when you run into trouble
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Practical Tips
* How to get help when you run into trouble

= FAQ
« http://visit.linl.gov/FAQ.html

VisIt Users Mailing List
- Address: visit-users@elist.ornl.gov

Info: https://elist.ornl.gov/mailman/listinfo/visit-users
« Archive: https://elist.ornl.gov/pipermail/visit-users/

Vislt Users Wik

« http://www.visitusers.orq

Vislt Users Forum
- http://visitusers.org/forum/YaBB.pl

Priority support for specific user groups:
« Vislt-help-{XYZ} Mailing Lists

Reference Manuals
- https://wci.linl.gov/codes/visit/manuals.html
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Practical Tips

FAQ: http://visit.linl.gov/IFAQ.html

8 OO0 E]Frequently Asked Questions \

o)

€« C M O nhttps://wci.linl.gov/codes /visit/FAQ.html

Downloads ® Documentation What’s New

Frequently Asked Questions

O 0 N O U A W N =

[ ——
=]

e
a A W N

. Contact information
. Supported platforms
. Optimal hardware/software

. Debugging problems starting VisIt or opening files
. Stereo rendering

. VisIt won't run on Linux

. Slow performance on Linux

. Slow performance Using SSH

. No output in visualization window

. Accessing data on remote machine

. Running Vislt in parallel

. Supported data file formats

. Getting your data into VisIt

. Making a movie of your data

. Setting your user name to connect to a remote machine
. Cannot connect to a remote computer

17

32

Index | Contact

. Building VisIt on a Windows computer
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

. 1 get the message 'Publisher cannot be verified' when installing Visit on Windows
. Which libraries should I enable in build visit?

Installing VisIt on a MacOS X computer
Hanging at 12% on Windows computers

Getting the Plugin Developer's Guide
Writing a plugin for VisIt

When new versions of VisIt are released

What is new in the latest version of VisIt

Compilers that can be used to build VisIt

VisIt's licensing agreement

Slow performance with ATI cards on Linux

Custom plugins with a downloaded VisIt binary

Getting HDF5 data into VisIt

Getting NETCDF data into VisIt

When I run VisIt on my Linux machine, I get a black screen




Practical Tips

* Vislt-users Mailing List

You may only post to mailing list if you are also a
subscriber.

Approximately 400 recipients, approx. 300 posts
per month.

Developers monitor mailing list, strive for 100%
response rate.

Response time is typically excellent (O(1 hour)).

= International community participates ... not unusual for a
question from Australia to be answered by a European,
while all US developers are asleep.

List Address: visit-users@ornl.gov

More information:
https://email.ornl.gov/mailman/listinfo/visit-users

Archive: https://email.ornl.gov/pipermail/visit-users/
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=N Practical Tips

¥ Visltusers.org

>
v

Misc [edit]
" Using Vislt in an mxterm
" Using derived data functions (DDFs)
* Using the command line interface

| G reat SO u rce fo r ViS It " How volume rendering works in Vislt

. . " Using cross-mesh field evaluations ... how to do
tl p S a n d re CI p eS _ differences, access other time slices, etc

" Keyframing example
" Exporting databases

- " Directions for specific machines
- U S e rS S e Ctl O n h a S I Ots " Using the Vislt Python API with a standard Python
interpreter

Of p ra Ctl Ca I a d VI Ce : " Pages that contain instructions specific to certain user

groups and needs

o I Solved th is p ro b I e m Issues related to running Vislt on Windows under cygwin

Vislt's Camera model

a th - t h ? ”» " Using Vislt's mpeg2encode
u SI n g IS eC n Iq u e “ Molecular data features
" Extracting alpha

® “Here,s my Scri pt to do " (Very) High resolution rendering

" Elevating shapefiles

L] L] ,,
th I S a n a I yS I S " Raytracing your visualizations with POV-Ray and a tutorial

POV-Ray exporting example

Visltusers.org is the Vislt project’s staging area for

usage recipes and future formal documentation.
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Practical Tips

Vislt Users Forum

= http://www.visitusers.org/forum

Members viewing th

is topic (1): Hank Childs.
& pseudocolor plot legend attributes i

d attributes in py

= Increasingly popular option;
you can post without receiving
300 emails a month

« But it is viewed by less people
and less well supported.

= Google indexes these pages.

Jennifer
YaBB Newbies
o

Posts: 4
Fort Collins, CO

Back to top

Hank Childs
YaBB Moderator

5
T use Vislt and I
develop Vislt

Posts: 135
Davis, CA

pseudocolor plot legend attributes in

python
11/07/10 at 19:06:30

Hello. I want to set the attributes for a pseudoco
location of the legend (turn off Let VisIt manage
number of Tic Marks, and the label appearance (I
set these properties in a python script? If so, hoy

I tried to use the Command Control to record the
"# Logging for AddAnnotationObject is not imple
# Logging for SetAnnotationObjectOptions is not

Thanks,
Jennifer

(Eem)

Re: pseudocolor plot legend attributes in
python
Reply #1 - 11/07/10 at 19:47:03

Hello Jennifer,

Each plot has an index and the plot's legend is re

>>> GetAnnotationObjectNames()
('Plot0003',)

>>> a = GetAnnotationObject("Plot0003")
>>>a

active = 1

managePosition = 1

position = (0.05, 0.9)

xScale = 1

vCernlo — 1
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Practical Tips

¥ Visit-help-{XYZ)

= Some customer groups pay for priority
Vislt support:
« These customers can post directly to specific

visit-help-{XYZ} support lists without
subscribing.

« The messages are received by all Vislt
developers and supported collectively.

= Current Lists:

- visit-help-asc, visit-help-scidac, visit-help-gnep, visit-
help-ascem
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Practical Tips

= Getting Started Manual
= Users Manual

= Python Interface

= Getting Data Into VisIt
= Vislt Class Slides

= Vislt Class Exercises

= {Tutorials}

Manuals & Other Documentation

e OO [ visit Manuals

& C Mt 8 https://wci.llnl.gov/codes/visit/manuals.html e

Documentation

Downloads

VisIt Getting Started Manual (267 K pdf)

This document introduces you to the VisIt graphical user interface
(GUI). It provides a brief overview on how VisIt works and direction
on how to start VisIt and use the various controls in the Visit main ¢
popup windows.

VisIt User's Manual (15.8 MB pdf)

This document describes how to use the Vislt Graphical User Interf:
(GUI). It covers in detail all the controls available from the VisIt GU
including such topics as working with files, plots, operators, saving :
printing, visualization windows, quantitative analysis, making it pret
animation and keyframing, interactive tools, multiple databases an
windows, and remote visualization.

VisIt Python Interface Manual (3.6 MB pdf)

This document describes how to use the Vislt Python Interface. It

covers in detail all of the functions and objects provide by the VisIt
Python Interface and also gives some background on scripting with
Python and common patterns that can be used when creating script

fAr \ieTt
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Questions and Closing Remarks
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* Vislt Booth Speaker Schedule [Booth #4216]
Tuesday, November 19

10:30am  Exploration of coherent features in flow fields using Lyapunov
and resonant analysis with application to oceanography and
magnetic confinement fusion

Allen Sanderson, University of Utah
11:30 am Bringing Vislt into the Design and Manufacturing Space

Steve Legensky, Intelligent Light
2:30 pm A Framework for Particle Advection For Very Large Data

Hank Childs, University of Oregon / Lawrence Berkeley National
Laboratory

3:30 pm  Vislt our Fluid Dynamics Projects at CSCS

Jean Favre, Swiss National Supercomputing Center
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¥ Vislt Booth Speaker Schedule [Booth #4216]
Wednesday, November 20
10:30am In situ visualization using Vislt

Brad Whitlock, Intelligent Light

11:30 am Dynamic Derived Field Generation on Many-Core
Architectures using OpenCL and Python

Cyrus Harrison, Lawrence Livermore National Laboratory
2:30 pm  Bringing Vislt into the Design and Manufacturing Space
Earl P. N. Duque, Intelligent Light
3:30 pm  The Tale of Vislt and Two Skinny Guys

Robert Sisneros, National Center for Supercomputing Applications

4:30 pm  The SLIVR Volume Renderer in Vislt and
Streaming Data in Vislt using ViSUS IDX

Cameron Christensen, University of Utah
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¥ Vislt Booth Speaker Schedule [Booth #4216]
Thursday, November 21

10:30am  Post-Processing Large Scale CFD Simulations
Earl P. N. Duque, Intelligent Light
11:15 am Visualizing Simulated Volcanic Eruptions

Amit Chourasia, San Diego Supercomputing Center /UC San
Diego

1:15 pm  Allinea DDT and Vislt : debugging HPC applications using a
visualization tool

Patrick Wohlschlegel, Allinea Software
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~
¥ Resources

= Presenters:

« Cyrus Harrison cyrush@linl.gov

- Jean Favre [favre@cscs.ch

« Hank Childs hchilds@Ibl.gov / hank@uoregon.edu
« Brad Whitlock biw@ilight.com

= User resources:
= Main website: http://www.lInl.gov/visit
= Wiki: http://www.visitusers.org
= Email: visitusers@ornl.gov

= Development resources:
= Email: visit-developers@ornl.gov
= SVN: http://portal.nersc.qgov/svn/visit
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