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Project description 

 
Idea 

             
The main idea was to incorporate user interactivity with simulation models during 

runtime in order to get an immediate response to model changes, a concept known as 
Computational Steering. This requires an implementation of a single-sided 
communication concept (with Massage Passing Interface, version MPI2) for the 
communication between simulation and visualization (two independently running 
processes with their own memory). 

 
 Simulation 
 
  The simulation process simulates the behavior of a real physical system. More 
specifically, it simulates the vibration (dynamic response) from a harmonic/periodic 
loading on thin plates. This process permanently produces results, scalar simulation data 
in sequential time steps, which are the input for the visualization process. Typically this 
calculation is numerical expensive and time-consuming. 
For this purpose was used a C++ implemented Finite-Element software package for 
dynamic simulation by Dr.Martin Ruess and it wasn’t a task for implementation in this 
project. 
 
 Visualization 
 

The visualization process is the second independent process responsible 
exclusively for the visualization of the results generated with the thin plate vibration 
simulator. This part typically can be done much faster than producing new data with 
process simulation. 
The first step in the project was to implement a simple 3D visualization tool for a 
triangulation of the domain of interest that shows an isoarea representation of the 
simulation's velocity field.   
The domain of interest is represented as a mesh structure of vertices, where every vertex 
is defined by the coordinates in the 3D space (fixed structure, no changes in the structure 
over time) and additional scalar value, the simulation's velocity values, which is 
dynamically changing.  
To achieve the desired performance of the visualization (rendering) process a 
modification of the loaded geometry is a common approach to apply. Triangulation is the 
basic modification, but it doesn’t provide fast graphics rendering. Triangle strips are a 
widely used hardware supported data structure that provide both, compact representation 
of triangular meshes and efficiently render polygonal meshes.  
 
 One-sided communication 
 



 The goal is to avoid waiting for new data for visualization since this would give 
the user the impression of a frozen application ==> the simulation gets stuck and you 
more or less get single pictures but not a smooth simulation. That is why we can visualize 
just the data that we have (either old or new). Whenever new data is produced we use the 
new scalars else we use the old scalar field for visualization. This requires that the 
visualization process has permanent read-access to the storage of the simulation process. 
Simulation only reads the scalar fields of the sequential time steps and stores the data in 
its local memory, while the visualization process visualizes the scalar fields by "remote"-
accessing the memory of the simulation process with the MPI2 calls. 

Remote Memory Access (RMA) extends the communication mechanisms of MPI 
(in the MPI2 release) by allowing one process to specify all communication parameters, 
both for the sending side and for the receiving side. Each process can compute what data 
it needs to access or update at other processes. Single-sided communication, can be 
realized with MPI2 with the calls get() and put() instead of the send() and receive() 
communication calls 
 

Implementation of visualization:  OpenSceneGraph 
 

Implementation of the visualization tool is based on using the OpenSceneGraph 
(OSG) development environment, which is a set of open source libraries that primarily 
provide scene management and graphics rendering optimization functionality to 
applications. It’s written in portable ANSI C++ and uses the industry standard OpenGL 
low-level graphics API. As a result, OSG is cross platform and runs on Windows, Mac 
OS X, and most UNIX and Linux operating systems. 

 
Scene Graph concept  
 
A scene graph is a hierarchical tree data structure that organizes spatial data for 

efficient rendering. The scene graph tree is headed by a top-level root node. Beneath the 
root node, group nodes organize geometry and the rendering state that controls their 
appearance. Root nodes and group nodes can have zero or more children. At the bottom 
of the scene graph, leaf nodes contain the actual geometry that make up the objects in the 
scene. Applications use group nodes to organize and arrange geometry in a scene.  
Typically, an application references a scene graph with a single pointer storing the 
address of the root node. The application doesn’t keep pointers to other nodes in the 
scene graph. All other nodes are referenced, directly or indirectly, from the root node. 
OSG’s memory management system deletes the entire scene graph when the last pointer 
to the root node is deleted. 

Rendering a scene graph typically requires three traversals.  The update traversal 
modifies geometry, rendering state, or node parameters to ensure the scene graph are up-
to-date for the current frame. The cull traversal checks for visibility, and places geometry 
and state references in a new structure (called the render graph in OSG). The draw 
traversal traverses the render graph and issues drawing commands to the graphics. 

 



Building OSG visualization tool 
 

In our case we build the source OSG package on Windows XP/Vista platform 
using CMake and Microsoft Visual C++ Express Edition for building and compiling the 
visualization tool.  

Building the OSG from source code provides the necessary debagging libraries for 
development of 3D applications.  And the osgUtil library contains classes to provide 
several types of common geometrical operations like triangulation and stripification 
needed for our application. For that purpose the application used the following two 
classes  

∗ DelaunayTriangulator—As its name implies, this class implements the Delaunay 
triangulation algorithm, which generates a set of triangles from a collection of 
vertices. 

∗ TriStripVisitor—In general, strip primitives render more efficiently than 
individual primitives due to vertex sharing. The TriStripVisitor class traverses a 
scene graph and converts polygonal primitives to triangle and quadrilateral strips. 
The input to the visualization process was an already triangulated mesh.  
 
OSG allows you to dynamically modify the scene as needed to create animations. 

This capability is a requirement of any interactive graphics application. OSG allows 
applications to assign callbacks to Node and Drawable objects. OSG executes these 
callbacks during specific traversals. To modify a Node or Drawable during the update 
traversal, applications set an update callback. Consequently, we used the update callback 
class to provide the dynamical modification of the isoarea as a result of the changes in the 
simulation data 

 
 Implementation of one-sided communication:  MPICH2 
 (This task is not completely implemented) 
 
            MPICH2 is a freely available, portable implementation of MPI, the Standard for 
message-passing libraries. It implements both MPI-1 and MPI-2. For the project was  
installed the 32bit version for Windows platform. 


