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This Talk 

•  The Basics 
•  Visualization support 
•  Software 
•  People 

•  Software Capability 
•  Examples  

•  Typical challenges/workload 
•  Outreach 



Visualization: 

Analysis (e.g. statistics) 

Graphics (e.g. plots) 

Data	  

Understanding	  
	  

Pre.y	  Pictures	  

Opera4on	  

Opera4on	  

Opera4on	  

. . . 

. . . 



The Blue Waters Visualization and Analysis 
Team 
•  Software support 

•  Installation + maintenance 
•  Data preparation 
•  Usage 

•  Research 
•  Is this in my data? 
•  This is complex, can I show it? 
•  Vis for HPC 

•  Getting your data out there 



Supported Software 

•  Specialized 
•  yt 

•  General, scalable, and open source 
•  Paraview 
•  VisIt* 

•  Other 
•  IDL, imagemagick 
•  Yours? Ask! 

•  May decide to officially support 
•  Get running somewhere 

*staff favorite 



yt 
•  Developed to analyze 

Astrophysics data (Enzo) 
•  Developed in Python, uses 

NumPy, Matplotlib, MPI4PY 
•  Typical analysis 

•  Write scripts to derive values 
•  Find Halos 
•  Create plots 

•  Run in batch 
•  Has in situ support 



•  Scalable 
•  Scaled > 100K 

cores 
•  Offer interactive 

client/server mode 
•  Can operate in 

batch mode 
•  In situ support 
•  Rich set of data 

operators 
•  Native support for 

many file formats  

VisIt Paraview 



The People 

•  Dave Bock (20%): Outreach 
•  Mark Van Moer (20%): ParaView 

•  Matt Turk (0%): yt 

•  Rob Sisneros (100%): VisIt, everything else 



CAPABILITY 
Fun With VisIt 



Examples of VisIt’s Visualization Capabilities 

Molecular Visualization Parallel Coordinates 

Pseudocolor Rendering Vector / Tensor Glyphs 

Volume Rendering 

Streamlines 



Operators (enabled by default) 
Analysis 

•  ConnectedComponents 
•  DataBinning 

Debugging 
•  Inverse Ghost Zone 

Geometry 
•  CoordSwap 
•  Dual Mesh 

Molecular 
•  CreateBonds 

Selection 
•  Box 
•  Clip 

Slicing 
•  Boundary 
•  Cone 

Transforms 
•  Cartographic Projection 
•  Displace 

Other 
•  ModelFit 
•  Lagrangian 

 
•  DeferExpression 
•  FTLE 
 

 
•  Edge 
•  External Surface 

 
•  Cylinder 
•  Index Select 
 
•  Isosurface 
•  Slice 
 
•  Elevate 
•  FFT 
 

 
•  Flux 
•  Lineout 
 

 
•  Extrude 
•  Resample 

 
•  Isovolume 
•  MultiresControl 
 
•  Spherical Slice 
•  ThreeSlice 
 
•  Project 
•  Reflect 
 

 
•  PersistentParticles 

 

 
•  Revolve 
•  Smooth 

 
•  Onion Peel 
•  Threshold 
 

 
 
•  Replicate 
•  Stagger 
 

 

 

 
•  SurfaceNormal 
•  Tube 

 

 

 
•  Transform 

 



And… 
 

 

Geometry 
•  Triangulate Regular Points 

 

 

 

 

 

(wouldn’t fit) 



Honorable Mention 
Analysis 

•  ConnectedComponents 
•  DataBinning 

Debugging 
•  Inverse Ghost Zone 

Geometry 
•  CoordSwap 
•  Dual Mesh 

Molecular 
•  CreateBonds 

Selection 
•  Box 
•  Clip 

Slicing 
•  Boundary 
•  Cone 

Transforms 
•  Cartographic Projection 
•  Displace 

Other 
•  ModelFit 
•  Lagrangian 

 
•  DeferExpression 
•  FTLE 
 

 
•  Edge 
•  External Surface 

 
•  Cylinder 
•  Index Select 
 
•  Isosurface 
•  Slice 
 
•  Elevate 
•  FFT 
 

 
•  Flux 
•  Lineout 
 

 
•  Extrude 
•  Resample 

 
•  Isovolume 
•  MultiresControl 
 
•  Spherical Slice 
•  ThreeSlice 
 
•  Project 
•  Reflect 
 

 
•  PersistentParticles 

 

 
•  Revolve 
•  Smooth 

 
•  Onion Peel 
•  Threshold 
 

 
 
•  Replicate 
•  Stagger 
 

 

 

 
•  SurfaceNormal 
•  Tube 

 

 

 
•  Transform 

 



Isosurface 
Efficient Parallel Extraction of Crack-free Isosurfaces from AMR Data 



Mesh Comparisons 

•  Data-level comparison wizard 
•  Simplifies comparison of data on different meshes 



Time Expressions 
§  New	  expressions	  for	  4me	  itera4on	  

•  Calculate	  the	  maximum,	  minimum	  or	  average	  
value	  at	  a	  loca4on	  

•  Calculate	  the	  4me	  when	  a	  condi4on	  occurs	  (e.g.	  
4me	  when	  the	  maximum	  value	  at	  a	  loca4on	  
occurs)	  



Data Binning 

DataBinning operator lets you relate multiple variables and 
bin them up to compute various quantities per bin 

Sum	   Standard	  devia4on	  

Count	   Min	  

PDF	   Max	  

Average	   RMS	  

Variance	  



Python Filters 
•  Write new 

expressions and 
queries in Python 

•  Enter Python 
expressions into 
the Expression 
window’s Python 
tab 

•  Manipulate VTK 
data objects 
directly 

Parallel engine 

Data source 

Expression filter 

Filter 

Filter 

Python 

User-defined Python expression 



Advanced Statistical Analysis 

•  Inspired by Climate data 
•  Statistics over time 
•  R is the de facto standard 

•   Additions to VisIt: 
•  “Parallelize over time” infrastructure 
•  Support for scripting in R 



Cartographic Projection Operator 
•  Transform climate meshes using popular map projections 
•  Contributed by Jean Favre, CSCS 

Original Plot Transformed Plots 

Aitoff 

Eckert IV 

Currently Supported Projections: Aitoff, Eckert IV, Equidistant Conic, 
Hammer, Lambert Azimuthal Equal Area,  
Lambert Conformal Conic, Mercator, Miller Cylindrical, Mollweide, 
Orthographic, Winkel II 



Missing Data 
•  Indicate parts of the data have no real values and 

should be ignored 
•  Implements NETCDF conventions for missing data 

(_FillValue, missing_value, valid_min, valid_max, 
valid_range) 

•  Automatically removed from plots 
•  Shown specially in Spreadsheet plot 
•  Taken into account when handling multiple fields, 

each which may have missing data 

Missing data 



In Situ Visualization with Libsim 

Simulation 

lib
si

m
 

Glue        code 

VisIt runtime 

data commands 
§  Run	  the	  simula4on	  and	  connect	  with	  VisIt	  

•  You	  will	  be	  able	  to	  perform	  any	  of	  VisIt’s	  opera4ons	  on	  
your	  simula4on	  data	  

•  Advance	  the	  simula4on	  and	  watch	  your	  plots	  update	  

§  Add functions to your simulation that let VisIt connect 
§  Add functions to your simulation that expose your 

arrays as data VisIt will process 
§  Link your simulation with libsim 
 

§  libsim features 
Species 
Vector,Tensor data 
AMR meshes 
CSG meshes 

 

§  Species 
§  Vector,Tensor data 
§  AMR meshes 
§  CSG meshes 

§  Users don’t allocate memory 
§  Additional error checking 
§  Write in C, Fortran, or Python 
§  Windows support 

 



SUPPORTED DATA 
A Slideshow of Some of VisIt’s 



Application Code Formats 

•  ANSYS 
•  Cale 
•  CASTRO 
•  CCM 
•  DDCMD 
•  Dyna3D 
•  Enzo 
•  FLASH 
•  FVCOM 

•  Gadget 
•  LAMMPS 
•  NASTRAN 
•  Nek5000 
•  OVERFLOW 
•  PATRAN 
•  Pixie 
•  S3D 
•  ZeusMP 

CASTRO 

FLASH 

FVCOM 



Application Toolkit Formats 

•  Adventure 
I/O 

•  BoxLib 
•  Chombo 
•  ITAPS 
•  OpenFOA

M 
•  SAMRAI 
•  Spheral 
 

ITAPS 

Chombo 

SAMRAI 



General Scientific Data Formats 

•  ADIOS 
•  CGNS 
•  Exodus 
•  HDF5 
•  H5Part 
•  NETCD

F 
•  PDB 
•  Silo 
•  XDMF 
 

Array Storage I/O 

Conventions API 

Common Structure Silo / Ale3d 

CGNS NETCDF 



Specialized Scientific Data Formats 

•  BOW 
•  FITS 
•  GDAL 
•  MatrixMarket 
•  ProteinDataB

ank 
•  ESRI 

Shapefile 
•  XYZ 
 

DEM from GDAL 

Protein Data Bank 



Visualization Formats 

•  VTK 
•  EnSight 
•  GMV 
•  Plot3D 
•  Tecplot 
•  Vis5D 
•  Xmdv 
 



Graphics Formats 

•  Image (PNG, JPEG, TIFF, BMP, etc.) 
•  RAW 
•  STL 
•  Wavefront OBJ 

Carina Nebula 



General ASCII Data Formats 

•  Curve2D 
•  Lines 
•  PlainText 
•  Point3D 



Blue Waters Task 1: 

•  “Getting Data into VisIt” 
•  Added support for AMR grids to 

VisIt’s Enzo data reader 
•  New parallel CM1 data reader 

•  I/O library (Leigh Orf) 
applied to CM1 to 
aggregate writes – nice 
performance 

•  Interesting chunks of data 
no longer readable by 
VisIt 



New Reader 2: 
Binary Support 

•  Current support 
•  Single variable 
•  Single timestep 

•  Range of Block files (.rob) 
•  Any number of variables 
•  Any number of timesteps 
•  Any ordering these and spatial dimensions 



New Reader 3: 
Data Rearrange 

•  Current data 
•  2D slabs 
•  Many files 
•  Creating ghost zones more than doubles data size 

•  New files 
•  Read files of any dimension 
•  Dynamic resize from file dimensions to nice vis-

shaped 3D blocks 
•  Number of blocks need not match number of files 



OUTREACH 
VisIt As-Is: 



NCSA Online Articles 

“Blue Waters visualization 
team provides first science 
images” 
 
 
“Simulating supernovae 
with Blue Waters” 



And… 

Videos 
Posters 
Newsletters 



Fall 2012 Summer 2012 Spring/Summer 2013 

NCSA Access 
Magazine 

And… 



SC 12 Scientific Visualization Showcase 

Cosmology on the Blue Waters Early 
Science System 

Investigation of 
Turbulence in the Early 
Stages of a High 
Resolution Supernova 
Simulation 
 
 



SC 13 Scientific Visualization Showcase 



Contact Us 

•  Help+bw to open tickets as usual 

•  Rob Sisneros (sisneros@illinois.edu) 
•  Mark Van Moer (mvanmoer@illinois.edu) 
•  Dave Bock (dbock@illinois.edu) 
 


