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§  VisIt Project Introduction (25 min) 
§  Tutorial Setup (10 min) 
§  Basics (30 min) 

§  Data Analysis (25 min) 
§  <Break> (30 min) 
§  Python Scripting (25 min) 
§  Movie Making (25 min) 
§  Alternate Data Representations (20 min) 

§  New Python Capabilities (10 min) 
§  Practical Tips for Using VisIt (10 min) 

Tutorial Overview 
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§  Client-server (10 min) 
§  Parallelism in VisIt (10 min) 
§  Advanced Topics:  

•  Named Selections (10 min) 
•  Streamline Computation (20 min) 
•  Material Interface Reconstruction (5 min) 

§  <Break> (30 min) 

Tutorial Overview 
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§  Customizing VisIt: 
•  Writing a file format reader (30 min) 
•  Writing an analysis operator (15 min) 
•  Creating a Python query (10 min) 
•  Creating custom Python applications (15 min) 

§  In situ processing (35 min) 
§  Wrap-up and Questions (20 min) 

Tutorial Overview 
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§  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 
BSD style license. 

Density Isovolume of a  
3K^3 (27 billion cell) dataset 

Project Introduction 
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Data Exploration 

Presentation Graphics Visual 
Debugging Visual Debugging 

Comparative Analysis 

= 
? 

Quantitative Analysis 

Project Introduction 
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Molecular Visualization Parallel Coordinates 

Pseudocolor Rendering Vector / Tensor Glyphs 

Volume Rendering 

Streamlines 

Project Introduction 
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§  Goal: Provide a one set of turbulence tools that 
can be used across multiple codes.  

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

Fluctuations 

Joint work with Oleg Schilling, LLNL 

Means 

Project Introduction 



12 LLNL-PRES-599692 

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

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

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

Labeled Connected 
components 

Project Introduction 
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Machine Architecture Problem Size # of Cores 

Graph X86_64 20,0013 (8 T cells) 12K 
Dawn BG/P 15,8713 (4  T cells) 64K 

Franklin Cray XT4 12,5963 (2  T cells) 32K 

JaguarPF Cray XT5 12,5963 (2  T cells) 32K 

Juno X86_64 10,0003 (1 T cells) 16K 

Franklin Cray XT4 10,0003 (1 T cells) 16K 

Ranger Sun 10,0003 (1 T cells) 16K 

Purple IBM P5 8,0003 (0.5 T cells) 8K 

Scaling Studies of Isosurface Extraction and Volume Rendering (2009) 

VisIt is also used daily by domain scientists. 

Project Introduction 
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§  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 
•  VisIt class with detailed exercises 

§  Documentation 
•  “Getting data into VisIt” manual 
•  Python interface manual 
•  Users reference manual 
 Slides from the VisIt class 

Project Introduction 



15 LLNL-PRES-599692 

§  The VisIt 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. 

§  VisIt is now supported by multiple organizations: 
§  LLNL, LBNL, ORNL, UC Davis, Univ of Utah, … 

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

Project Started LLNL ASC users 
transitioned to 
VisIt 

2005 R&D 100 VACET Funded Transition to 
Public SW repo 

SDAV Funded VisIt 2.0 Release 

2000 2003 2005 2006 2008 2010 2012 

Project Introduction 
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§  Mesh Types:  
•  Point, Curve, 2D/3D 

Rectilinear, Curvilinear, 
Unstructured 

•  Domain Decomposed, AMR 
•  Time Varying 

§  Fields:  
•  Scalar, Vector, Tensor, 

Material volume fractions, 
Species 

 

Project Introduction 
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§  Rendering Modes:  
•  Local (hardware) 
•  Remote (software or hardware) 

§  Beyond surfaces:  
•  VisIt also provides scalable volume rendering.  

Task 1 

Task 3 

Task 2 

Task 4 

Final Composited Image 

Compositing 

Project Introduction 
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§  C++ Plugin Architecture 
•  Custom File formats, Plots, Operators 
•  Interface for custom GUIs in Python,  

C++ and Java  

§  Python Interfaces 
•  Python scripting and batch processing 
•  Data analysis via Python Expressions 

and Queries. 

§  Libsim library  
•  Enables coupling of simulation codes 

to VisIt for in situ visualization. 

Simulation 

lib
si

m 

Glue code 

VisIt runtime 
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§  Research Collaborations: 

Algorithms research: 
How to efficiently calculate 
particle paths in parallel. 

Scaling research: 
Scaling to 10Ks of cores 

and trillions of cells. 

Methods research: 
How to incorporate 

statistics into visualization. 

Algorithms research: 
Reconstructing material 

interfaces for visualization 

2006 – 2011 

2012 – 2017 

UT/TACC Subcontract 

§  Research Focus: 
•  Next Generation Architectures 
•  Parallel Algorithms 

Project Introduction 
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§  NIF is laser facility at 
LLNL that is three 
football fields in size. 

§  Ignition 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. 

The Nation Ignition Facility 

A gold hohlraum 
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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. 
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§  PF3D simulation using 
32K CPUs 

§  Simulates two beams 
hitting a hohlraum, to 
quantify how much back 
scatter is present and the 
effect of multiple 
interacting beams. 

§  Each time step is a 
structured grid with 220 
billion hexahedrons 

Visualization by Eric Brugger, LLNL 

Volume rendering of Input 
Beams using 2K CPUs 
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Volume rendering of 
Input Beams 

Volume rendering of 
Back Scatter 
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§  Couple sophisticated climate analysis 
techniques (written in R) with VisIt	
  

§  Analysis Scaling Example: 

Courtesy Dave Pugmire, ORNL 

Peaks Over Threshold Analysis 
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§  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 

VisIt Project Introduction 
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§ Copy the sc2012_visit_tutorial folder 

Tutorial Setup 
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Also available at: 
https://wci.llnl.gov/codes/visit/executables.html 
  

Release Binaries:  
executables/  

Tutorial Setup 
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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 
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§  Linux/Unix: 
§  >path/to/visit/bin/visit 

§  Mac: 
§  Double click VisIt app bundle 

§  Windows: 
§  Launch from start menu 

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

Data Files:  
data/	
  

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

Example Files:  
examples/  

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

Tutorial PDFs:  
slides/	
  

Tutorial Setup 
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§ Important: Ask questions any time! 

§ Tutorial script located at visitusers.org 
under “short tutorial”: 
•  http://visitusers.org/index.php?title=Short_Tutorial 

§ Reminder: We will discuss file format 
issues and how to get help at the end 
of the morning session.  

Tutorial Setup 
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§  Sources: where you are getting data from 

§  Windows: where visualizations are displayed 

§  Plots: how you render data 

§  Operators: how you manipulate data 

§  Interactors: what your mouse cursor does 

§  Tools: advanced ways to control plots and operators 

§  Expressions: mechanism for generating derived 
quantities 

§  Queries: how to access quantitative information 

Basics 
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Basics 
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§  Sources bring data in from files. 

§  You may use multiple sources. 

§  The “active source” is declares which file new 
plots should read from. 
•  The active source can be changed at any time. 

§  If a source has multiple time slices, then the 
time slider is activated and may be changed. 

Basics 
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§  You may have one or more windows 

§  Each window may have one or more plots 
•  Those plots may come from different files 

§  Only one 
window is 
“active” at a 
time. 
•  The user 

interface 
focuses on the 
active window. 

Basics 
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§  Maps scalar fields (e.g., density, pressure, 
temperature) to colors. 

§  Instructions for this mapping are encoded in the 
plot’s attributes. 

Basics 
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§  Sources: where you are getting data from 

§  Windows: where visualizations are displayed 

§  Plots: how you render data 

§  Operators: how you manipulate data 

§  Interactors: what your mouse cursor does 

§  Tools: advanced ways to control plots and operators 

§  Expressions: mechanism for generating derived 
quantities 

§  Queries: how to access quantitative information 

Basics 
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Basics 
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Emitter 

Film/image 

Basics 
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§  Nek5000 simulation 
run on Argonne’s 
Intrepid cluster 

§  Simulates coolant 
flowing around a 
nuclear reactor 

§  Each time step is an 
unstructured grid with   
2 billion hexahedrons 

Visualization by Hank Childs, LBNL 

Volume rendering  
using 128 CPUs 

Basics 
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Basics 



49 LLNL-PRES-599692 

•  “Image Space” Partition 
•  Redundant I/O 
•  Each frame requires 

new partition 

•  “World Space” Partition 
•  Camera inside data 

set causes large 
imbalance. 

VisIt employs a hybrid approach 
that acts as a world space 

partition, but identifies regions of 
imbalance and handles those 
regions using an image space 

partition. 

Basics 
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Basics 
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§  Sources: where you are getting data from 

§  Windows: where visualizations are displayed 

§  Plots: how you render data 

§  Operators: how you manipulate data 

§  Interactors: what your mouse cursor does 

§  Tools: advanced ways to control plots and operators 

§  Expressions: mechanism for generating derived 
quantities 

§  Queries: how to access quantitative information 

Basics 
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Python Scripting 
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Python Scripting 



57 LLNL-PRES-599692 

§  Launch VisIt’s CLI binary: 
•  visit –cli 

§  Launch for windowless batch processing: 
•  visit -nowin –cli –s <script_file.py> 

§  Control VisIt from a Python interpreter: 
•  `import visit’ 
•  http://visitusers.org/index.php?title=Python_Module_Support 

§  Record GUI actions in to Python snippets: 
•  Macro Recording provides a quick path to learn VisIt’s 

Python Client API. 

Python Scripting 
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§  We chose PySide, a LGPL Python Qt 
wrapper,  as the primary UI framework. 

§  Current support includes the ability to: 
•  Embed VisIt’s render windows. 
•  Reuse VisIt’s existing GUI widgets. 
•  Design UIs via Qt Designer. 

§  Full UI integration required combining 
client (CLI, GUI) and viewer processes. 

Custom Python UIs 
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Custom Python UIs 
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Custom Python UIs 
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Custom Python UIs 



65 LLNL-PRES-599692 

Custom Python UIs 
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DV3D VCS VisIt	
  

VisIt VCS ParaView 

Custom Python UIs 
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§  VisIt embeds a Python interpreter in each 
compute engine MPI process. 

§  C++/Python data exchanges utilize VTK’s 
Python wrapper module. 
•  Nice path to numpy and scipy. 

§  Parallel communication is provided via a 
simple MPI wrapper, named `mpicom’. 

§  We currently support Python Filters for VisIt’s 
Expression and Query building blocks. 

Python Filter Runtime 
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Python Filter Runtime 
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du = grad(vx,dims,x,y,z) 
dv = grad(vy,dims,x,y,z) 
dw = grad(vz,dims,x,y,z) 
 
s_1 = (.5 * (du[1] + dv[0])) 
s_2 = (.5 * (du[2] + dw[0])) 
s_3 = (.5 * (dv[0] + du[1])) 
s_5 = (.5 * (dv[2] + dw[1])) 
s_6 = (.5 * (dw[0] + du[2])) 
s_7 = (.5 * (dw[1] + dv[2])) 
w_1 = (.5 * (du[1] - dv[0])) 
w_2 = (.5 * (du[2] - dw[0])) 
w_3 = (.5 * (dv[0] - du[1])) 
w_5 = (.5 * (dv[2] - dw[1])) 
w_6 = (.5 * (dw[0] - du[2])) 
w_7 = (.5 * (dw[1] - dv[2])) 
 
s_norm = (du[0]*du[0] + s_1*s_1 + s_2*s_2 
        + s_3*s_3 + dv[1]*dv[1] + s_5*s_5 
        + s_6*s_6 + s_7*s_7 + dw[2]*dw[2]) 
 
w_norm = (w_1*w_1 + w_2*w_2  
        + w_3*w_3 + w_5*w_5  
        + w_6*w_6 + w_7*w_7) 
 
q_crit = (.5 * (w_norm - s_norm)) 

Data Flow Network Volume Rendering 
of GPU Result User Expression 

Illustration of an OpenCL expression framework executing a user defined Q-
criterion expression, used for vortex core detection in flow vector fields. 

Joint research with P. Navrátil (TACC), M. Jiang (LLNL) and M. Moussalem (UT-Austin) 

Python Filter Runtime 
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VisIt Python Filter 
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For more details: We are giving a talk the PyHPC 2012 Workshop (Friday) 
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§ How to get VisIt to read your data 

§ How to get help when you run into trouble 

Practical Tips 
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§ How to get VisIt to read your data 

§ How to get help when you run into trouble 

Practical Tips 
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§ There is an extensive manual on this 
topic: “Getting Data Into VisIt” 

https://wci.llnl.gov/codes/visit/manuals.html 

§ Three ways: 
•  Use a known format 
•  Write a file format reader 
•  In situ processing 

Practical Tips 
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§  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_VisIt_supports 

§  Some readers are more robust than others. 
§  For some formats, support is limited to flavors of a file 

a VisIt developer has encountered previously (e.g. 
Tecplot). 

Practical Tips 
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§  110+ Total Readers: ADIOS, BOV, Boxlib, CCM, 
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title=Detailed_list_of_file_formats_VisIt_supports 

§  Some readers are more robust than others. 
§  For some formats, support is limited to flavors of a file 

a VisIt developer has encountered previously (e.g. 
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§  Common array writing libraries: 
§  NETCDF 

§  VisIt 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. 

Practical Tips 
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§  The VTK file format has both ASCII 
and binary variants. 
•  Great documentation at:                                  
http://www.vtk.org/VTK/img/file-formats.pdf 

§  Easiest way to write VTK files: use 
VTK modules 
•  … but this creates a dependence on the 

VTK library 

§  You can also try to write them 
yourself, but this is an error prone 
process. 

§  Third option: visit_writer 

Practical Tips 
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§  It is 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 VisIt, then you 
typically formulate a long term file format strategy. 

§  More information on visit_writer: 
§  http://visitusers.org/index.php?title=VisItWriter 

Practical Tips 
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Practical Tips 
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§ Silo is a mature, self-describing file format 
that deals with multi-block data. 

§  It has drivers on top of HDF5 and “PDB”. 

§ Fairly rich data model 

§ More information: 
•  https://wci.llnl.gov/codes/silo/ 

Practical Tips 
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Practical Tips 
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§ There is an extensive manual on this 
topic: “Getting Data Into VisIt” 

https://wci.llnl.gov/codes/visit/manuals.html 

§ Three ways: 
•  Use a known format 
•  Write a file format reader 
•  In situ processing 

These topics will be covered in the afternoon session 

Practical Tips 
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§ How to get VisIt to read your data 

§ How to get help when you run into trouble 

Practical Tips 
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§  FAQ 
•  http://visit.llnl.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/ 

§  VisIt Users Wiki 
•  http://www.visitusers.org 

§  VisIt Users Forum 
•  http://visitusers.org/forum/YaBB.pl 

§  Priority support for specific user groups: 
•  VisIt-help-{XYZ} Mailing Lists 

§  Reference Manuals 
•  https://wci.llnl.gov/codes/visit/manuals.html 

 

Practical Tips 
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Practical Tips 
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§  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/ 

Practical Tips 
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§ Great source for VisIt 
tips and recipes. 

§ Users section has lots 
of practical advice: 
•  “I solved this problem 

using this technique” 
•  “Here’s my script to do 

this analysis” 

VisItusers.org is the VisIt project’s staging area for 
usage recipes and future formal documentation. 

Practical Tips 
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§  http://www.visitusers.org/forum 

§  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. 

Practical Tips 
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§ Some customer groups pay for priority 
VisIt support: 
•  These customers can post directly to specific 

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

•  The messages are received by all VisIt 
developers and supported collectively. 

§ Current Lists: 
•  visit-help-asc, visit-help-scidac, visit-help-gnep, visit-

help-ascem 

Practical Tips 
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§ Getting Started Manual 

§ Users Manual  

§ Python Interface 

§ Getting Data Into VisIt	
  

§ VisIt Class Slides 

§ VisIt Class Exercises 

§  {Tutorials} 

Practical Tips 


