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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 



4 LLNL-PRES-599692 

§  Customizing VisIt: 
•  Writing a file format reader (30 min) 
•  Writing an analysis operator (15 min) 
•  Writing 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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Client-server 
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Client-server 
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Client-server 
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Client-server 
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Client-server 



12 LLNL-PRES-599692 



13 LLNL-PRES-599692 

PE = Processing Element 

Data Parallelism 
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Two trillion hexahedron data set, 
 rendered in VisIt	
  
by Dave Pugmire 

on Oak Ridge Jaguar machine 

Weak scaling study: ~62.5M cells/CPU 
Machine Architecture Problem Size # of Cores 

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 

Data Parallelism 
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§  Contracts allow each 
algorithm to affect 
parallelization strategies, 
load balancing, etc. 

File Reader!
(Source)!

Slice Filter!

Contour!
Filter!

Renderer!
(Sink)!

V0!

V1!

V2!

Exec!

U
pd

at
e!

Execute!

Data Parallelism 
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§  Detect, track, classify, and 
visualize features in large-
scale turbulent flow. 

§  Analysis effort by Kelly 
Gaither (TACC), Hank Childs 
(LBNL), & Cyrus Harrison 
(LLNL). 

§  Stresses two algorithms that 
are difficult in a distributed 
memory parallel setting: 
1.  Can we identify 

connected components? 
2.  Can we characterize 

their shape? 

VisIt calculated connected components on a 4K^3 turbulence data in parallel using TACC's Longhorn machine.  
Two million components were initially identified and then the map expression was used to select only the 
components that had total volume greater than 15.  

Data courtesy of P.K. Yeung and Diego Donzis 

Data Parallelism 
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§  Hard to do efficiently 

§  Tremendous 
bookkeeping 
problem. 

§  4 stage algorithm 
that finds local 
connectivity and 
then merges 
globally. 

Data Parallelism 
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§  A very rich data model 
•  Closer to the “computational model” 

§  Internally implemented with VTK 

§  Many conventions built on top of VTK 

In order to start, we must understand VisIt’s Data 
Model 

Writing a file format reader 
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§  All data in VisIt 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 

Unstructured 

Rectilinear Curve 

Curvilinear 

Points Molecular 

Mesh Types 

Writing a file format reader 
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§  Scalars, Vectors, Tensors 

§  Sits on points or cells of a mesh 
•  Points: linear interpolation 
•  Cells: piecewise constant 

§  Can have different dimensionality than the 
mesh (e.g. 3D vector data on a 2D mesh) 

Cell Data 

Point Data 

Vector Data Tensor Data 

Writing a file format reader 
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§  Describes disjoint spatial 
regions at a sub-grid level 

§  Volume/area fractions 

§  VisIt will do high-quality 
sub-grid material interface 
reconstruction 

Writing a file format reader 
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§  Similar to materials, describes sub-grid variable 
composition 
•  Example: Material “Air” is made of species “N2” ,“O2”, 

“Ar”, “CO2”, etc. 

§  Used for mass fractions 

§  Generally weights other scalars (e.g. partial 
pressure) 

Writing a file format reader 
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§  Provides aggregation for meshes 

§  A mesh may be composed of large numbers of 
mesh “blocks” 

§  Allows data parallelism 

Writing a file format reader 
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§  Mesh blocks can be associated with patches and 
levels 

§  Allows for aggregation of meshes into AMR 
hierarchy levels 

Writing a file format reader 
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Use xmledit to describe basics of reader 

Use xml2plugin tool to generate source 
code skeleton 

Fill in required class methods 

Writing a file format reader 
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§  Reads single text file of 
2D points with data 

§  Each time step exists in 
a separate file 

§  One header line that 
gives the names of the 
variables 

§  All lines after header 
contain 3 floating point 
numbers: x y v 

Writing a file format reader 
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¨  GUI tool to edit 
plugin XML 
descriptions 

¨  Used to define 
type of database, 
filename 
extensions, etc. 

¨  Creates XML file 
that 
describes your 
reader 

Writing a file format reader 
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§  Two axes: domains and time 

§  Moving down and to the right adds 
complexity Single 

Domain

Multiple 
Domain


Single 
Timestep
 STSD
 STMD


Multiple 
Timesteps
 MTSD
 MTMD


Writing a file format reader 
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Writing a file format reader 
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§  xml2plugin takes your XML file and generates 
many files 

% xml2plugin XYV.xml!

username 

% 
The files we’ll 
customize 

Writing a file format reader 
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§  You need to write code to read the file and populate VTK objects 

§  See Getting Data Into VisIt manual 

§  Templates to create VTK objects at: 
•  http://portal.nersc.gov/svn/visit/trunk/src/tools/DataManualExamples/DatabasePlugin/ 

Method Description 
Constructor Class constructor 
Destructor Class destructor 
PopulateDatabaseMetaData Fill in metadata that describes the meshes and 

variables present in the data file 

GetMesh Return vtkDataSet subclass containing the mesh 

GetVar Return vtkDataArray subclass containing variable 

GetVectorVar Just return GetVar() 

Writing a file format reader 
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Unstructured meshes, 
point meshes 

Curvilinear meshes 

Polygonal meshes 

Rectilinear 
meshes 

Create and fill out 
the appropriate 
VTK class for the 
mesh you want to 
return from your 
plugin 

Writing a file format reader 
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§  Add vtkUnstructuredGrid called grid to contain 
the X,Y point mesh 

§  Add vtkFloatArray called var to contain the V 
value 

§  Read the file in a ReadData() method 

§  Call ReadData() from GetMesh() and return 
reference to grid 

§  Call ReadData() from GetVar() and return 
reference to var 

Writing a file format reader 



40 LLNL-PRES-599692 

Describe the mesh 

Writing a file format reader 
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Writing a file format reader 
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Writing a file format reader 
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void avtXYVFileFormat::ReadData()!
{!
!
!
!
!
!
!
!
!
!
!
!
!
}!

Read all lines in file 
Store values in x,y,v vectors 

Use x,y vectors to make vtkPoints 

Use vtkPoints to make vtkUnstructuredGrid 

Use v vector to make vtkFloatArray 

Writing a file format reader 
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void avtXYVFileFormat::ReadData()!
{!
!
!
!
!
!
!
!
!
!
!
!
!
}!

Read all lines in file 
Store values in x,y,v vectors 

Use x,y vectors to make vtkPoints 

Use vtkPoints to make vtkUnstructuredGrid 

Use v vector to make vtkFloatArray 

Writing a file format reader 



45 LLNL-PRES-599692 

void avtXYVFileFormat::ReadData()!
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Writing a file format reader 
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void avtXYVFileFormat::ReadData()!
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Read all lines in file 
Store values in x,y,v vectors 
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Writing a file format reader 



47 LLNL-PRES-599692 

void avtXYVFileFormat::ReadData()!
{!
!
!
!
!
!
!
!
!
!
!
!
!
}!

Read all lines in file 
Store values in x,y,v vectors 

Use x,y vectors to make vtkPoints 

Use vtkPoints to make vtkUnstructuredGrid 

Use v vector to make vtkFloatArray 

Writing a file format reader 
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Build commands:!
% cd XYV!
% cmake .!
% make!

§  Make will automatically install your plugin to 
your ~/.visit directory 

§  VisIt will load your plugin at launch 

Writing a file format reader 
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Writing a file format reader 
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§  4 Elements: 
•  Defining attributes 
•  User interface (Qt, Python, etc) 
•  Formatting as a shared library VisIt can load 
•  Data manipulation code to carry out operation 

(typically using VTK) 

§  VisIt’s XML tools       
code generate the          
first three. 

Writing an analysis operator  
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Cell Data & Point Data 

Writing an analysis operator  
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§  ww.vtk.org 
•  Download (source and binaries) 
•  Documentation 
•  Mailing lists 
•  Links 
•  FAQ, Search 

§  ww.kitware.com 
•  VTK Textbook 
•  VTK User’s guide 
•  Mastering CMake 

Writing an analysis operator  
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§  Operator plugin: AnalyticSlice 

§  Goal: construct a distance function and 
isosurface by that distance function 

§  User interface: 
•  Ax2 + Bx + Cy2 + Dy + Ez2 + Fz = G 

Writing an analysis operator  
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Closest components 
by centroid 

High velocity 
components Velocity magnitude 

Writing a Python Query 
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abs(Field difference) Field difference 

Scalar field at 
previous time step 

Scalar field at 
current time step 

Creating custom Python applications 
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In situ Processing 
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Several strategies are available to mitigate the 
data problem: 

•  read less data: 
•  multi-resolution, 
•  on-demand, 
•  streaming 

•  out-of-core, etc... 

 

In situ Processing 
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Strategy Description Negative Aspects 

Loosely coupled 
a.k.a. 

“Concurrent 
processing” 

Visualization and 
analysis run on 
concurrent resources 
and access data over 
network 

1)  Data movement costs 
2)  Requires separate 

resources 

Tightly coupled 
a.k.a. 

“Co-processing” 

Visualization and 
analysis have direct 
access to memory of 
simulation code 

1)  Very memory 
constrained 

2)  Large potential impact 
(performance, crashes) 

Hybrid 

Data is reduced in a 
tightly coupled setting 
and sent to a 
concurrent resource 

1)  Complex 
2)  Shares negative aspects 

(to a lesser extent) of 
others 

In situ Processing 
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§  I/O layer stages data 
into secondary memory 
buffers, possibly on 
other compute nodes 

§  Visualization 
applications access the 
buffers and obtain data 

§  Separates visualization 
processing from 
simulation processing 

§  Copies and moves data 

Simulation 

data 

Memory buffer 

data 

I/O Layer 

Possible network boundary 

Visualization tool 

read 

In situ Processing 
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§  Custom visualization routines 
are developed specifically for 
the simulation and are called as 
subroutines 
•  Create best visual 

representation 
•  Optimized for data layout 

§  Tendency to concentrate on 
very specific visualization 
scenarios 

§  Write once, use once 

Simulation 

data 

Visualization 
Routines 

images, etc 

In situ Processing 
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§  Simulation uses data 
adapter layer to make data 
suitable for general purpose 
visualization library 

§  Rich feature set can be 
called by the simulation 

§  Operate directly on the 
simulation’s data arrays 
when possible 

§  Write once, use many times 

images, etc 

Simulation 

data 

Data Adapter 

General 
Visualization Library 

In situ Processing 
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Libsim is a VisIt library that simulations use 
to enable couplings between simulations and 
VisIt. Not a special package. It is part of VisIt. 
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In situ Processing 
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§  Front-end library lets VisIt connect 

§  Runtime library processes the simulation’s data 

§  Runtime library obtains data on demand through 
user-supplied Data Access Code callback functions 

In situ Processing 
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Users select simulations to 
open as if they were files 

The Simulation’s 
window shows 

meta-data about 
the running code 

Control commands 
exposed by the code 

are available here 

All of VisIt’s existing 
functionality is accessible 

In situ Processing 
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1.  The simulation code launches and starts 
execution 

2.  The simulation regularly checks for 
connection attempts from visualization tool 

3.  The visualization tool connects to the 
simulation 

4.  The simulation provides a description of its 
meshes and data types 

5.  Visualization operations are handled via 
Libsim and result in data requests to the 
simulation 

In situ Processing 
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Connection to 
the visualization 
library is 
optional 
 
Execution is 
step-by-step or 
in continuous 
mode 
 
Live connection 
can be closed 
and re-opened at 
later time Exit 

Initialize 

Check for 
convergence 

Solve next 
time-step 

 
 
 
 

Visualization 
requests 

 
 
 
 
 
 
 
 
 
 

Complete VisIt 
Connection 

Process VisIt 
Commands 

Process 
Console Input 

VisIt-Detect-
Input 

In situ Processing 
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Additions to the source code are usually 
minimal, and follow three incremental steps: 

Initialize Libsim 
and alter the 
simulation’s 
main iterative 
loop to listen 
for 
connections 
from VisIt. 

Create data 
access 
callback 
functions so 
simulation can 
share data with 
Libsim. 

Add control 
functions that 
let VisIt steer 
the simulation. 
 

In situ Processing 
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§  VisIt requests data on demand through 
data access callback functions 
•  Return actual pointers to your 

simulation’s data (nearly zero-copy) 
•  Return alternate representation that 

Libsim can free 
•  Written in C, C++, Fortran, Python 

 

In situ Processing 
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§  Mesh Types 
•  Structured meshes 
•  Point meshes 
•  CSG meshes 
•  AMR meshes 
•  Unstructured & Polyhedral meshes 

 

§  Materials 
§  Species 

§  Variables 
•  1 to N components 
•  Zonal and Nodal 

In situ Processing 
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§ Getting Data Into VisIt Manual 
•  https://wci.llnl.gov/codes/visit/manuals.html 
•  http://portal.nersc.gov/svn/visit/trunk/src/tools/

DataManualExamples/Simulations 

§ http://www.visitusers.org 

In situ Processing 



75 LLNL-PRES-599692 

§  The simulation 
provides 
commands to 
which it will 
respond 

§  Commands 
generate user 
interface 
controls in 
Simulations 
Window 

In situ Processing 



76 LLNL-PRES-599692 

§  Connect and disconnect at any time while the 
simulation is running 

§  “Halt”, “Step”, “Run”, “Update”, “others…” 

In situ Processing 
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§  Simulation can provide UI 
description for more advanced 
computational steering 

In situ Processing 
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§  The C and Fortran interfaces for using libsim are 
identical, apart from calling different function 
names 

§  The VisIt Simulation API has just a few functions 
•  set up the environment 
•  open a socket and start listening 
•  process a VisIt command 
•  set the control callback routines 

§  The VisIt Data API has just a few callbacks 
•  GetMetaData()	
  
•  GetMesh()	
  
•  GetVariable(), etc 

In situ Processing 
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int	
  main(int	
  argc,	
  char	
  **argv)	
  

{	
  

	
  	
  	
  	
  SimulationArguments(argc,	
  argv);	
  

	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  

	
  	
  	
  	
  read_input_deck();	
  

	
  	
  	
  	
  mainloop();	
  

}	
  

	
  

In situ Processing 
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int	
  main(int	
  argc,	
  char	
  **argv)	
  

{	
  

	
  	
  	
  	
  SimulationArguments(argc,	
  argv);	
  

	
  	
  	
  	
  VisItSetupEnvironment();	
  

	
  	
  	
  	
  VisItInitializeSocketAndDumpSimFile();	
  

	
  	
  	
  	
  read_input_deck();	
  

	
  	
  	
  	
  mainloop();	
  

}	
  

	
  

In situ Processing 
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void	
  mainloop(simulation_data	
  *sim)	
  
{	
  
	
  	
  	
  	
  int	
  blocking,	
  visitstate,	
  err	
  =	
  0;	
  
	
  	
  	
  	
  do	
  
	
  	
  	
  	
  {	
  
	
  
	
  	
  	
  	
  simulate_one_timestep(sim);	
  
	
  
	
  	
  	
  	
  }	
  while(!sim-­‐>done	
  &&	
  err	
  ==	
  0);	
  
}	
  

In situ Processing 
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void	
  mainloop(simulation_data	
  *sim)	
  

{	
  

	
  	
  	
  	
  do	
  

	
  	
  	
  	
  {	
  

	
  	
  	
  	
  blocking	
  =	
  (sim-­‐>runMode	
  ==	
  SIM_RUNNING)	
  ?	
  0	
  :	
  1;	
  

	
  	
  	
  	
  visitstate	
  =	
  VisItDetectInput	
  (blocking,	
  -­‐1);	
  

	
  	
  	
  	
  if(visitstate	
  ==	
  0)	
  {	
  

	
  	
  	
  	
  	
  	
  	
  simulate_one_timestep(sim);	
  

	
  	
  	
  	
  	
  	
  	
  }	
  

}	
  

In situ Processing 
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if	
  (visitstate	
  ==	
  0)	
  {	
  

	
  

	
  	
  	
  	
  	
  	
  	
  simulate_one_timestep(sim);	
  

	
  

	
  	
  	
  	
  	
  	
  	
  } 

 This call should also be provided as an entry 
point from the controlling GUI to single-step 
into the execution 

In situ Processing 
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else	
  if	
  (visitstate	
  ==	
  1)	
  {	
  

	
  if	
  (VisItAttemptToCompleteConnection()	
  ==	
  VISIT_OKAY)	
  

	
  {	
  

	
   	
  sim-­‐>runMode	
  =	
  SIM_STOPPED;	
  

	
   	
  VisItSetCommandCallback(ControlCallback,	
  sim);	
  

	
   	
  VisItSetGetMetaData(SimGetMetaData,	
  sim);	
  

	
   	
  VisItSetGetMesh(SimGetMesh,	
  sim);	
  

	
  }	
  

}	
  

In situ Processing 
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else	
  if	
  (visitstate	
  ==	
  2)	
  {	
  

	
  	
  	
  	
  if(VisItProcessEngineCommand()	
  ==	
  VISIT_ERROR)	
  

	
  	
  	
  	
  {	
  

	
  	
  	
  /*	
  Disconnect	
  on	
  an	
  error	
  or	
  closed	
  connection.	
  */	
  

	
  	
  	
  	
  	
  	
  	
  	
  VisItDisconnect();	
  

	
  	
  	
  /*	
  Start	
  running	
  again	
  if	
  VisIt	
  closes.	
  */	
  

	
  	
  	
  	
  	
  	
  	
  	
  sim-­‐>runMode	
  =	
  SIM_RUNNING;	
  

	
  	
  	
  	
  	
  }	
  

	
  	
  }	
  

}	
  while(!sim-­‐>done	
  &&	
  err	
  ==	
  0);	
  

}	
  

	
  

In situ Processing 
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visitcommandcallback()	
  

visitgetmetadata()	
  
§  Mesh name 

§  Mesh type 

§  Topological and spatial dimensions 

§  Units, labels 

§  Variable names and location (cell-based, node-based) 

§  Variable size (scalar, vector, tensor) 

§  Commands which will be understood (next(), halt(), run(), …) 

visitsimgetmesh(),	
  visitgetvariable()	
  

In situ Processing 
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// Example Data Access Callback!
visit_handle!
GetVariable(int domain, char *name,!
void *cbdata)!
{!
    visit_handle h = VISIT_INVALID_HANDLE;!
    SimData_t *sim = (SimData_t *)cbdata;!
    if(strcmp(name, "pressure") == 0)!
    {!
        VisIt_VariableData_alloc(&h);!
        VisIt_VariableData_setDataD(h,!
            VISIT_OWNER_SIM, !
            1, sim->nx*sim->ny,!
            sim->pressure);!
    }!
    return h;!
}!

SimData_t 
    Nx=6 
    Ny=8 
    pressure 

Pass simulation 
buffer to Libsim 

Simulation Buffer 

In situ Processing 
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§  Call VisItTimeStepChanged() when you want to 
tell VisIt that the simulation time step has 
changed 
•  This causes your GetMetaData callback to be called 

and new metadata to be sent to VisIt	
  

§  Call VisItUpdatePlots() when you want to 
update VisIt’s plots 
•  An update message gets sent to VisIt asking it to 

update its plots 
•  The update message causes all of the plots to be re-

executed 
•  This causes new data to be requested from the 

simulation via the data access code callbacks 

In situ Processing 
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§  Libsim can instrument parallel simulations too 
•  See updateplots.c example in VisIt source code 

§  More setup in your main function after 
VisItSetupEnvironment	
  
•  Call VisItSetParallel,	
  VisItSetParallelRank	
  
•  Provide broadcast callbacks that let VisIt use your MPI implementation to 

broadcast integers and strings 

§  Only rank 0 calls VisItInitializeSocketAndDumpSimFile	
  

§  VisItDetectInput must be called only on rank 0 so its 
results must be broadcast to the other processors 

§  When rank 0 calls VisItProcessEngineCommand, it 
broadcasts the results to the other processors 

In situ Processing 
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§  Jeremy and Brad were the initial developers 

§  Brad is now leading the effort 

 

Brad Whitlock 
Lawrence Livermore National Laboratory 

http://portal.nersc.gov/svn/visit/trunk/docs/Presentations/EGPGV2011_InSituPaper.pdf 

Jeremy S. Meredith 
Oak Ridge National Laboratory 
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Parallel visualization is very mature and can run like 
a supercomputer simulation; likewise, it is too 
often limited by I/O. 

 

By coupling Simulations and Visualization, we inherit 
all the development of a mature visualization app. 
such as VisIt, to perform in situ visualization. 

 
<Live demonstration> 
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§  Presenters: 
•  Cyrus Harrison   cyrush@llnl.gov 
•  Jean Favre   jfavre@cscs.ch 
•  Hank Childs    hchilds@lbl.gov 
•  Dave Pugmire    pugmire@ornl.gov 
•  Brad Whitlock    whitlock2@llnl.gov 
•  Hari Krishnan   hkrishnan@lbl.gov 

§  User resources: 
§  Main website: http://www.llnl.gov/visit 
§  Wiki: http://www.visitusers.org 
§  Email: visitusers@ornl.gov 

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

 

Tutorial Survey: http://sc12.supercomputing.org/survey 
 
 


