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MD Simulation 

VMD ï ñVisual Molecular Dynamicsò 

Cell-Scale Modeling 

Å Visualization and analysis of: 

ï Molecular dynamics simulations 

ï Lattice cell simulations 

ï Quantum chemistry calculations 

ï Cryo-EM densities, volumetric data 

ï Sequence information 

Å User extensible scripting and plugins 

Å Over 100,000 users, 28,000 citations 

Å http://www.ks.uiuc.edu/Research/vmd/ 
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Goal: A Computational Microscope 
Study the molecular machines in living cells 

Ribosome: target for antibiotics Poliovirus 
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Goal: Intuitive interactive viz. in crowded molecular complexes 

Results from 64M atom, 1 ɛs sim! 

Close-up view of chloride ions permeating through 

HIV-1 capsid hexameric centers 
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High Fidelity Ray Tracing 

with OptiX 

VMD/OptiX all-atom Chromatophore 

Å Advanced rendering techniques save 
scientists time, produce images that are 
easier to interpret 

Å Ambient Occlusion, Depth of Field, high 
quality transparency, instancing, é. 
 

Å Interactive RT on laptop, desk, cloud, 
and remote  supercomputers  

Å Interactivity is critically important for 
scientists that need to obtain results 
without becoming a graphics expert 
 

Å Large-scale parallel rendering:                         
in situ or post hoc visualization tasks 

Å Stereoscopic panorama and full -
dome projections  

Å Omnidirectional VR: YouTube, HMDs  
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Lighting Comparison, STMV Capsid 
Two lights, no shadows  Ambient occlusion + two 

lights , 144 AO rays/hit  
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VMD w/ OptiX 6 

VMD/OptiX  GPU Ray Tracing of 

all -atom Chromatophore  w/ lipids.  

GPU-Accelerated Molecular Visualization on Petascale  Supercomputing Platforms .     

J. E. Stone, K. L. Vandivort, and K. Schulten. UltraVisô13, pp. 6:1-6:8, 2013. 

Visualization of Energy Conversion Processes in a Light Harvesting Organelle at 

Atomic Detail .  M. Sener, et al. SC'14 Visualization and Data Analytics Showcase, 2014. 

Chemical Visualization of Human Pathogens: the Retroviral Capsids.  J. R. Perilla, B.-C. 

Goh, J. E. Stone, and K. Schulten. SC'15 Visualization and Data Analytics Showcase, 2015. 

Atomic Detail Visualization of Photosynthetic Membranes with GPU -Accelerated Ray 

Tracing.   J. E. Stone et al., J. Parallel Computing, 55:17-27, 2016. 

Immersive Molecular Visualization with Omnidirectional Stereoscopic Ray Tracing and 

Remote Rendering   J. E. Stone, W. R. Sherman, and K.  HPDAV, IPDPSW, pp. 1048-1057, 

2016. 

Å Interactive RT on laptops, desktops, and cloud 

Å Large-scale parallel rendering: in situ or post hoc visualization 

Å Remote ray tracing with NvPipe  video streaming  

Å Stereoscopic panoramic and full-dome projections 

Å Omnidirectional VR for YouTube, VR HMDs 

Å VMD+OptiX  NGC container: https ://ngc.nvidia.com/registry/  

Å In-progress:  
Denoising : faster turnaround w/ AO, DoF, etc  
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Interactive Ray Tracing of Tomograms 
ÅHigh resolution cellular 

tomograms, billions of 
voxels  

ÅEven isosurface or lattice site 
graphical representations 
involve ~100M geometric 
primitives 

Å >= 24GB GPUs allow 
interactive RT of large 
cellular tomograms  

Earnest, et al. J . Physical Chemistry B, 121(15): 3871 -

3881, 2017. 
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VMD ñQuickSurfò Representation, Ray Tracing 

All -atom HIV capsid simulations w/ 64M atoms on Blue Waters 
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VMD/OpiX RTX Acceleration  
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What is RTX Acceleration Doing? 

ÅHardware acceleration (Turing RT cores) of: 

ïBVH AS traversal 

ïRay-triangle intersection 

ÅBVH AS can embed triangle geometry 

ïTriangle geometry buffer can then be ephemeral 
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Secondary Benefits and  

RTX Performance Observations 
Å Traversal and intersection work performed by RT cores vacates 

GPU SMs and makes them available for other RT work 

Å RTX hardware traversal performance approaches GPU memory 
bandwidth limits 

Å Future RTX hardware could end up being bandwidth bound in 
some cases 

Å Start adapting geometric data representations for minimum 
footprint, e.g. by using compressed or quantized data 
representations such as Octohedron Normal Vector encoding 
(replace 3x 32-bit floats with a single 32-bit int) 
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Ray Tracing Gems  
Å Ch. 4, ñA Planetarium Dome Master Cameraò 

Å Ch. 27, ñInteractive Ray Tracing Techniques 
for High-Fidelity Scientific Visualizationò 

Å Tons of great material and code samples! 

 

Å See Eric Haines RTG GTC talk:  
ï Room 230B (Concourse Level) on Thursday 

2-3 PM 

 

Å RTG book signings on Thursday, 3 -4pm @ 
GTC book seller  
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VMDDisplayList  

DisplayDevice  
Tachyon CPU RT  

TachyonL -OptiX GPU RT  

Batch + Interactive  

OpenGLDisplayDevice  

Display Subsystem  

Scene Graph  

VMD Molecular Structure Data and Global State  

User Interface 

Subsystem  

Tcl/Python Scripting  

Mouse + Windows  

VR Input ñToolsò 

Graphical  

Representations  

Non-Molecular  

Geometry  

DrawMolecule  

Windowed OpenGL GPU  

OpenGL Pbuffer GPU  

FileRenderer  
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Scene Graph  

VMD Scene w/ OptiX  Classic APIs  

OptiX  Classic Scene Construction  

All Geometry  

TrBvh                

RT Acceleration 

Structure  

Alloc  Geom Buffers  

é 

Assign Closest -Hit  

Material Shaders  

Incoming VMD Geom 
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Scene Graph  

VMD Scene w/ OptiX  RTX APIs  

OptiX  RTX Scene Construction  

General Geometry  

TrBvh                

RT Acceleration 

Structure  

Alloc  Geom Buffers  

é 

Assign Closest -Hit  

Material Shaders  

Triangle Meshes  

Alloc  Tri Buffers  

é 

Assign Closest -Hit  

Material Shaders  

Incoming VMD Geom 
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Chromatophore @
4Kx4K

Chrom Cell, 512x
DoF @ 1080p

Quadro GV100 1 1

2x Quadro GV100 1.97 1.95

Quadro RTX 6000 8.02 8.18
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VMD OptiX  RT performance on Quadro  RTX 6000 
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VMD Planetarium Dome Master Camera 

ÅFully interactive RT with 

ambient occlusion, shadows, 

depth of field, reflections, é 

ÅBoth mono and stereoscopic 

ÅNo post-processing required 

Å               Ray Tracing Gems  

     Ch. 4 
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Planetarium Dome Master Projections 
NSF CADENS Dome Show w/ NCSA AVL 


