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Agenda

• LibSim overview

• LibSim in action

• VisIt overview

• Integration details

• Sample integration with an 
AMR code
– https://www.visitusers.org/index

.php?title=VisIt-tutorial-in-situ

– Go to visitusers.org and search 
on “in situ tutorial”
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Agenda

• LibSim overview
• LibSim in action
• VisIt overview
• Integration details
• Sample integration with an 

AMR code
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LibSim overview

Early History:

(Snapshot From Brad Whitlock’s SC10 Tutorial Slides)
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LibSim overview

• LibSim was originally developed to allow VisIt to directly access a 
running simulations data
– You interact with the simulation through the VisIt GUI
– Instead of opening a file you open a simulation
– You create plots and interact with the simulation as you would a file
– All the functionality of VisIt is be available

• Later we added the ability to use LibSim in a batch mode to allow 
predefined visualizations to be executed in situ
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LibSim overview

• LibSim has two modes of interaction
– Interactive through the VisIt GUI
– Batch mode

• LibSim has a dedicated API
– Initialize the library
– Return data to VisIt, typically zero-copy
– Specify operations to perform

• LibSim shares resources with the simulation
– Shares memory space
– Time slices execution with the simulation
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Typical integration
Simulation w/LibSim

Execute timestep

Initialize

Perform I/O

Terminate

Initialize LibSim

Process LibSim events

Typical simulation

Execute timestep

Initialize

Perform I/O

Terminate
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Agenda

• LibSim overview
• LibSim in action
• VisIt overview
• Integration details
• Sample integration with an 

AMR code
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LibSim in action: Open the simulation

• When a simulation runs it places 
a file in the users home directory 
under .visit/simulations

• You open the file to connect to 
the simulation
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LibSim in action: Create plots
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LibSim in action: Interact with the simulation

• Interact using VisIt’s Simulations Window
– File Menu-> Simulations

• The top portion displays information about 
the simulation

• Interacting with the simulation
– Halt – stop the sim
– Step – advance to next time step
– Run – run the sim
– Update – update the plots
– Toggleupdates – turn on auto update of plots
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LibSim in action: Custom user interface

• The simulation can define a custom 
user interface

• Defined in a Qt ui file
– Created with Qt Designer, a graphical 

GUI design tool

• Register additional callbacks in the 
simulation to handle
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LibSim in action: Other capabilities

• Can add additional command buttons

• Can display messages from the 
simulation

• Can display strip charts of scalar values
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Agenda

• LibSim overview
• LibSim in action
• VisIt overview
• Integration details
• Sample integration with an 

AMR code
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VisIt 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 BSD 
style license.

Pseudocolor plot of Density
(27 billion element dataset)
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VisIt supports a wide range of use cases

Data Exploration

Visual Debugging

Quantitative Analysis

Comparative Analysis

=?

Presentation Graphics
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VisIt provides a wide range of plotting features for 
simulation data across many scientific domains

Molecular Visualization Parallel Coordinates

Pseudocolor RenderingVector / Tensor Glyphs

Volume Rendering

Streamlines / Pathlines
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VisIt’s infrastructure provides a flexible platform for 
custom workflows 
• 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

• In-Situ Coupling
– VisIt’s LibSim library allows simulation codes to link in 

VisIt’s engine for in situ visualization
Simulation
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Lib
Si
m

Ad
ap

to
r 



19 Exascale Computing Project
LLNL-PRES-745518

Agenda

• LibSim overview
• LibSim in action
• VisIt overview
• Integration details
• Sample integration with an 
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VisIt employs a parallelized client-server architecture
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LibSim leverages VisIt’s client-server architecture

ne
tw

or
k

co
nn

ec
tio

n

Simulation linked with LibSimClient Computer

VisIt Viewer

VisIt GUI VisIt CLI Python 
Clients

Java
Clients

Data
Adaptor

VisIt
Engine Sim 

Data
Adaptor

VisIt
Engine Sim 

Data
Adaptor

VisIt
Engine Sim 

M
PI



22 Exascale Computing Project
LLNL-PRES-745518

Implementation details

• LibSim is a small library that dynamically links the VisIt server code 
into your simulation when initialized
– The overhead of linking in LibSim is minimal when not being used

• The VisIt server dynamically loads plot, operator and database 
plugins as needed
– Reduces memory overhead to only need functionality

– Support a statically linked server on systems where it is needed

• Languages supported:
– C/C++

– Fortran
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LibSim supports the full VisIt data model

• Mesh types
– Structured meshes

• Rectilinear/Curvilinear
• I-Blanking

– Particle meshes
– Constructive Solid Geometry (CSG) meshes
– Adaptive Mesh Refinement (AMR) meshes
– Unstructured & Polyhedral meshes

• Variables
– 1 to N components

– Zonal and Nodal
– Enumerated type

• Materials & Species Nodal Zonal 
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Main Points of LibSim Integration

• Initialize LibSim
• Instrument the main physics loop
• Provide metadata and register callbacks
• Implement data callbacks
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Agenda

• LibSim overview
• LibSim in action
• VisIt overview
• Integration details
• Sample integration with an 

AMR code
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Code from an example LibSim integration

• Implements the Mandelbrot example

shown earlier

– Implemented on an AMR mesh

• Wiki page with more detailed 

instruction and links to source files

– https://www.visitusers.org/index.php?title=

VisIt-tutorial-in-situ
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Initialization part 1

Initialize the LibSim environment

Parallel initialization
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Initialization part 2

Create the “.sim2” file which
VisIt opens.
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Main loop part 1

Initialize the callbacks for
the custom GUI elements.
This could have been done
earlier with the rest of the
initialization.
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Main loop part 2

Check if there are any
events from LibSim to
process.

Process a VisIt
connect event
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Main loop part 3

Process a VisIt
disconnect event

Process console events
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Registering callbacks

Register the callbacks
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SimGetMetaData: the mesh

Define the AMR specific
mesh metadata

Define the generic
mesh metadata
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SimGetMetaData: the variables & custom commands

Define the variable
metadata

Define the custom commands
that are on the main simulation
control window.



35 Exascale Computing Project
LLNL-PRES-745518

SimGetMesh

Return a rectilinear mesh
for the requested patch.
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SimGetVariable

Return the variable 
for the specified 
variable and patch
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Batch operation specifics

• Batch initialization
– Batch initialization requires the VisIt runtime library to be explicitly loaded
– Once the runtime is loaded, register data callbacks
– Call functions to set up visualization

VisItInitializeRuntime();

VisItSetGetMetaData(SimGetMetaData, NULL);
VisitSetGetMesh(SimGetMesh, NULL)

VisItRestoreSessionFile(“/path/to/setup.session”)
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Batch operation specifics

• Saving results
– The simulation tells VisIt the 

timestep changed
– The simulation requests that all 

plots be updated
– The simulation can save images 

or export data

VisItTimeStepChanged();
VisItUpdatePlots();

char fn[100];
static int count = 0;
sprintf(fn, “image%04d.png”, count);
VisItSaveWindow(fn, 800, 800,

VISIT_IMAGEFORMAT_JPEG);

Visit_handle vars = VISIT_INVALID_HANDLE;
VisIt_NameList_alloc(&vars);
VisIt_NameList_addName(vars, “default”);
sprintf(fn, “export%04d”, count++);
VisItExportDatabase(fn, “VTK_1.0”, vars);
VisIt_NameList_free(vars);
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Build Process

• Include a header:
– C/C++: VisItControlInterface_V2.h, VisItDataInterface_V2.h
– Fortran: visitfortransimV2interface.inc

• Add a library to simulation code link line:
– C/C++: libsimV2.a
– Fortran: libsimV2f.a
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Makefile

VisIt specific information

Compiler specific information
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Questions?

VisIt & LibSim User Resources:
– Main website: http://www.llnl.gov/visit
– Wiki: http://www.visitusers.org
– Email List: visitusers@ornl.gov


