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THE HLRS SYSTEMS
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Fileserver

Stuttgart

NEC SX-8 (576/~120)

DALCO Viz-Cluster
(8*4+32*2) 

NEC Nehalem
(1400x4) 

Cray XT5+XD1
(224*4+48) 

SUN Fire 2900
(48x2)

Ulm

NEC Asama 
(64)

CAVE

IBM x3755
(144x2)

IBM
(2800x4) 

IBM HSM
> 2 PB

IBM Cell

NEC SX-9 (156)

Hermit
Cray XE6(7000x16)
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INDUSTRIAL USAGE
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Å Bertrandt

Å BTB

Å Daimler

Å Kªrcher

Å Mahle

Å Porsche

Å RECOM

Å Transsolar

Å Stellba
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Industrienutzung

http://www.mahle.com/mi05/home.nsf
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PRODUCT DEVELOPMENT PROCESS

Supercomputer Education

Definition
Concept

Design
Series development

Startup

practicalexample(Daimler):

Series production

Development

3 Phases:

Planning Production

Hybrid Prototypes

Focus of this presentation:



17.11.2011:: ::

:::::   :::::   :::::   :::::   :::::   :::::   :::::   :::::   :::::   :::::   :::::   :::::   :::::   :::::   :::::   ::::::::::   :::::   :::::   :::::   :::::   :::::   

::

BUILDING BLOCKS OF A WORKSPACE
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Virtual Reality (VR) Augmented Reality (AR)

Hybrid Prototypes

VR Userinterface
(VRUI)

Tablet-PC
(TabletUI)

Tangible
Interface

Visualization Simulation

Multi Touch

Desktop

User Interface

Workspace

Tools
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COVISE
COLLABORATIVEVISUALIZATION AND SIMULATION ENVIRONMENT
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Virtual Reality
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OPENCOVER
COVISEVIRTUAL ENVIRONMENT RENDERER

Supercomputer Education

Features:

ï Flexible plugin system

ï Support for projection based VR,  tiled Displays and HMDs

ï Augmented Reality

ï CSCW

ï Volume rendering

ï VRML97

ï 3D VR GUI (VRUI)

ï Parallel rendering

covise_lib

OpenCOVER

VRUI VRBClient OpenSceneGraph

Volumen-
Rendering

render_lib

Vic

ARToolKit

Plugin-
Support

VRML97

Tracker
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VRUI USERINTERFACE
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Å ¢ƘŜ !tL ǊŜǎŜƳōƭŜǎ ǘƘŀǘ ƻŦ v¢Σ !²¢ΣΧ

Å Supports hierarchical menu systems.

Å Supports concurrent interaction in collaborative VEs

ï Automatic synchronization of values

ï Kontext dependend GUIs for collaborative work

ï Locking to support concurrent interaction

Transferfunktionseditor Toolbar

Menu system
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TABLET-PC USER INTERFACE
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Å Easy input of Text and numbers

Å Precise interaction

Å Independent of frame rate

Å Development of optimized complex GUIs 
(Material editor, transfer funktion editor, scene graph browser)

Å Scalable from smartbordsover tablet PCs to mobile phones
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COALPARTICLEVISUALIZATION
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PROCESS INTEGRATION
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Mesh generation

Geometry generation

Domain decomposition

Simulation

Post Processing

Visualization

Geometry modification

Mesh refinement

Number of domains / algorithm

Boundary condition

Interactive visualization

<
 1

 M
in

u
te
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SIMULATION COUPLING
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Code Type Coupling mode

StarCD CFD SimLib, Fortran user subroutine, Loose

CFX CFD SimLib, Fortran user subroutine, Loose

Fluent CFD SimLib, C user subroutine, Loose

OpenFoam CFD SimLib, C++ user subroutine, Loose

Fidap CFD Script, Black-Box, Loose

Fenfloss CFD SimLib, C Plugin, Loose

Diablo Diffusion in metal alloys Script, Black-Box, Loose

Trans3D Laser ablation COVISE Modul C++, Tight

Uranus CFD Socket interface, coupling module, C++, Loose

SunFace Radiation COM/DCOM, coupling module, C++, Hybrid
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INTERACTIVE SIMULATION IN COVISE
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Grid generation

Domain decomposition
Simulation

Post processing

Rendering
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VIRTUAL WATER TURBINE TEST-BED
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Simulation of the river power 

station Kiebingen, Neckar

Through interactive simulation, 

the output could be increased by 

30%, simply by substituting 

runner and wicked gate
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VIRTUAL TURBINE TEST-BED
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AUGMENTEDREALITY
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Mixed Reality
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DEEPDRAWINGOFA CUP
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COMPUTATIONAL ELECTRODYNAMICS
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MINI / RS 1200 GS (SC 09)
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PANAMERA(SC 10)
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MODELL WIND TUNNEL AT THE FKFS
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WIND TUNNEL AT FKFS
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COLLABORATIVE WIND TUNNEL
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Interactive Simulation in Architecture

Supercomputer Education



Stadtraumlabor TU-Wien

Supercomputer Education



Masterplan Seestadt Aspern

Supercomputer Education
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INTERACTIVE SIMULATIONIN ARCHITECTURE
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AIR CONDITIONING
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Simulation of Racks in the HLRS server room

Å5MW of Power

Å1.5MW cooled by air

ÅTemperature distribution has to be optimized

ÅSimulation using Ansys CFX

Tangible interface on a 

Microsoft Surface
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PARALLEL POST PROCESSING
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MPI

MPI

MPI Renderer

Module 1 Module 1

Module 2

Datamanager
Shared Memory

GPU

Renderer

Module 1 Module 1

Module 2

Datamanager
Shared Memory

GPU

Renderer

Controller

MPI  Transport Layer TCP Transport Layer

Start

MPI_Spawn

ÅParallel Rendering

ÅRemote Rendering

ÅVR / Desktop
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GP-GPU POST PROCESSING
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Visualization Cluster
ÅMultiple Nodes

ÅMultiple CPUs / Node

Åhighly parallel GPUs

Data Processing on 

GPUs
ÅPreparation

ÅProcessing

ÅRendering / Readback

Datamanager stores 

(partial) data objects
ÅHost memory

ÅDevice memory
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CUDA ISO/CUTTINGSURFACECOMPUTATION
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Å Classify Elements / number of vertices (TLT)

ï Tetrahedron, Hexahedron, Prism

Å Exclusive Prefix
Sum (scan)

Å Reduce (scatter)

Å Interpolate /

Å Generate Triangles

3 0 6 0 0 0 0 12 0 0 9 0
1 0 1 0 0 0 0 1 0 0 1 0

0 3 3 9 9 9 9 9 21 21 21 30
0 1 1 2 2 2 2 2 3 3 3 4

21 21 21 30
3 3 3 4

0 3 9 21
0 1 2 3

Isosurface extractionInitialization reduce
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PARALLEL SURFACEEXTRACTION(GPU)
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MPI

MPI

MPI Renderer

Module 1 Module 1

Module 2

Datamanager

Shared Memory

GPU

Renderer

Module 1 Module 1

Module 2

Datamanager

Shared Memory

GPU

MPI  Transport Layer

Parallelization of iso-/cutting surface extraction 

for interactive post-processing on unstructured 

grids

ÅNVIDIA Quadro 6000 (Fermi): 

>5x faster than 16 Xeon E5472
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INTERACTIVE TEXTUREBASEDFLOW VISUALIZATION
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Line Integral Convolution
ÅConvolute a noise texture alongside a flow field

ÅVector field tracing (Euler/Runge-Kutta)

ÅPixels along field lines show strong correlation

ÅPixels orthogonal to the field lines are uncorrelated

-> Qualitative view of a slice of the flow field

Interactive speeds through

ÅFlow field as per-vertex attribute in fragment 

shader (obtained from CUDA cutting-surface 

kernel)

ÅEvaluating the flow-field once per fragment

ÅConvoluting the noise texture along interpolated 

vector

High gradient in the flow field -> wrong vectors 

(esp. far away from fragment position)

Noise Flow field on

extracted 

surface

LIC result
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INTERACTIVE LIC COMPARISON
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64 vector field evaluations

1 vector field evaluation
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PARALLEL PARTICLE TRACING
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