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VMD - “Visual Molecular Dynamics”

» Visualization and analysis of:

» User extensible w/ scripting and

plugins Whole Cell Simulation MD Simulations
* http://www.ks.uiuc.edu/Research/vmd/ , ——

molecular dynamics simulations
particle systems and whole cells
cryoEM densities, volumetric data
guantum chemistry calculations
sequence information

AR

Quantum Chemistry Tomography



Goal: A Computational Microscope

Study the molecular machines in living cells
Ribosome: target for antibiotics
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Lighting Comparison

Two lights, no Two lights, Ambient occlusion
shadows hard shadows, + two lights,
1 shadow ray per light 144 AO rays/hit







http://astro.temple.edu/~rjohnson
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Computational Biology’s Insatiable Demand for Processing Power
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Visualization Goals, Challenges

* Increased GPU acceleration for visualization of petascale
molecular dynamics trajectories

« Overcome GPU memory capacity limits, enable high
guality visualization of >100M atom systems

« Use GPU to accelerate not only interactive-rate
visualizations, but also photorealistic ray tracing with
artifact-free ambient occlusion lighting, etc.

« Maintain ease-of-use, intimate link to VMD analytical
features, atom selection language, etc.
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VMD GPU-Accelerated Ray Tracing Engine

« Complementary to VMD OpenGL GLSL renderer that uses fast,
low-cost, interactivity-oriented rendering techniques

« Key ray tracing benefits:
— Ambient occlusion lighting and hard shadows
— High quality transparent surfaces
— Depth of field focal blur and similar optical effects
— Mirror reflection
— Single-pass stereoscopic rendering
— Special cameras: planetarium dome master format
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Why Built-In VMD Ray Tracing Engines?
 No disk I/O or communication to outboard renderers

« Eliminate unnecessary data replication and host-GPU
memory transfers

» Directly operate on VMD Iinternal molecular scene,
guantized/compressed data formats

« Implement all curved surface primitives, volume rendering,
texturing, shading features required by VMD

« Same scripting, analysis, atom selection, and rendering
features are available on all platforms, graceful CPU fallback
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VMD Molecular Structure Data and Global State
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VMD Planetarium Dome Master Camera

Trivial to implement in OptiX

40 lines of CUDA code
Including antialiasing and
handling corner cases for
transcendental fctns

Try implementing this in
OpenGL . . . (yuck)
Stereoscopic cameras and

other special purpose
projections are similarly easy




HIV-1 Parallel HD Movie Rendering on
Blue Waters Cray XE6/XKY7

New “TachyonL-OptiX” on XK7 vs. Tachyon on XEG:

K20X GPUs yield up to eight times geom+ray tracing speedup

Node Type
and Count

256 XE6 CPUs
512 XE6 CPUs

64 XK7 Tesla K20X GPUs
128 XK7 Tesla K20X GPUs
256 XK7 Tesla K20X GPUs

Script Load
Time

7S

13s

25S

4s

7s

State Load
Time

160 s

211s

38s

74s

110s
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Geometry + Ray
Tracing

1,374 s
808 s
655 S
331s

171s

Total
Time
1,541 s
1,032
695 s
410s

288s
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* New representations, GPU-accelerated
molecular surface calculations, memory-
efficient algorithms for huge complexes

« VMD GPU-accelerated ray tracing
engine w/ OptiX+CUDA+MPI+Pthreads

« Each revision: 7,500 frames render on
~96 Cray XK7 nodes in 290 node-hours,
45GB of images prior to editing

GPU-Accelerated Molecular Visualization on Petascale Supercomputing Platforms.
J. E. Stone, K. L. Vandivort, and K. Schulten. UltraVis’13, 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.
***Winner of the SC'14 Visualization and Data Analytics Showcase



VMD 1.9.2 Interactive GPU Ray Tracing

» Ray tracing heavily used for VMD
publication-quality images/movies

« High quality lighting, shadows,
transparency, depth-of-field focal
blur, etc.

* VMD now provides —interactive—
ray tracing on laptops, desktops,
and remote visual supercomputers
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VMD TachyonL-OptiX Interactive RT w/
Progressive Rendering

/ RT Rendering Pass \

(" Scene Graph

Seed RNGs
Accumulate RT samples Accum. Buf *
g v -
Normalize+copy accum. buf
4 2
TrBvh
RT Acceleration Compute ave. FPS, % ik
Structure \adjust RT samples per pa35/ Output
\ Framebuffer
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VMD TachyonL-OptiX:
Multi-GPU on a Desktop or Single Node

(" VMD Scene

Scene Data Replicated,
Image Space Parallel Decomposition

Mg E
= onto GPUs
GPUO [

- GPU 1

r GPU 2
TrBvh

RT Acceleration GPU 3

Structure \
.
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VMD TachyonL-OptiX Interactive RT w/
OptiX 3.8 Progressive API

" Scene Graph / RT Rendering Pass
B oo Seed RNGs
¥ /
cumulate RT samplg# 4
- v
Normalize*aga#”accum. buf
( TrBvh
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Structure ust RT samples per p@ /

. Framebuffer
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VMD TachyonL-OptiX Interactive RT w/
OptiX 3.8 Progressive API

ﬂT Progressive Subfranh

rtContextLaunchProgressive2D()

|

Check for User Interface Inputs,
Update OptiX Variables

v

(" Scene Graph

( TrBvh rtBufferGetProgressiveUpdateReady()
RT Acceleration ¥
Structure rtContextStopProgressive() Draw Outp ut
\ \ / Framebuffer
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VMD TachyonL-OptiX:
Muliti-GPU on NVIDIA VCA Cluster

" VMD Scene Scene Data Replicated, \

Image Space / Sample Space Parallel
Decomposition onto GPUs

VCA O:
8 K6000 GPUs

VCA N:
8 K6000 GPUs

\_

NIH BTRC for Macromolecular Modeling and Bioinformatics Beckman Institute,
http://mww.ks.uiuc.edu/ U. Illinois at Urbana-Champaign




VMD-Next: Coming Soon

Further integration of interactive ray tracing into VMD
o Seamless interactive RT in main VMD display
window
o Support trajectory playback in interactive RT
o Enable multi-node interactive RT on HPC systems

Improved movie making tools, off-screen OpenGL
movie rendering, parallel movie rendering:
o EGL for parallel graphics w/o X11 server
o Built-in (basic) interactive remote visualization on
HPC clusters and supercomputers

Improved structure building tools

Many new and updated user-contributed plugins:

GPU Ray Tracing of
HIV-1 Capsid Detail



Future Work

« Improved performance / quality trade-offs in
Interactive RT stochastic sampling strategies

« Optimize GPU scene DMA and BVH regen speed for
time-varying geometry, e.g. MD trajectories

« Continue tuning of GPU-specific RT intersection
routines, memory layout

« GPU-accelerated movie encoder back-end

 Interactive RT combined with remote viz on HPC
systems, much larger data sizes
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