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VMDT AVI sual Mol ec L

A Visualization and analysis of:
I Molecular dynamics simulations
I Lattice cell simulations
I Quantum chemistry calculations
i Cryo-EM densities, volumetric data
I Sequence information

A User extensible scripting and plugins |
A http://www.ks.uiuc.edu/Research/vmd/ Cell-Scale Modeling MD Simulation

+ Parallel
Analysis

Structure {Parameterizatiun] { Analysis } MD/Cell
: = Simulation

[ Refinement J : [ Preparation J

with MDFF with QwikMD

X-ray, cryo-EM, cryo-ET, NMR




10 Years of GPU Computing in VMD,
5 Years of OptiX

A Has stood the test of time Blast from the past
. ] ) ) CUDA starting with version 0.7 !l!
A Modelmg VISU&“Z&'[IOH Quad core Intel QX6700, three NVIDIA
Rendermg and Ana|y3|3 GeForce 8800GTX GPUs, RHELA4 Linux

Theoretical and Comput: t IB jophysics Group
ckman |

Accelerating molecular modeling applications with graphics
processors J. Stone, J. Phillips, P. Freddolino, D. Hardy, L. Trabu
K. SchultenJ. Comp. Chem28:26182640, 2007.




Goal: A Computational Microscope

Study the molecular machines in living cells

Ribosome: target for antibiotics Poliovirus

ey




Lighting Comparison

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







Computational Bi ol ogyodos I nsat.

o 4 gt -
— o S i P O
oo R F e ®
*“Ei i~ Ay = 7 L4
AT T Ty o O, G Ry o Pl
o N T g o M E R EE
; r = 1@- - :.-iﬂ;.f-.n.
o % ey ol
. 5 Wi R
ik i ._- x & ¥
B ! PHE
. 57 ¥ -

) .-." i Ao %.
T M A l e T T
g ; .-i : i. -

[ .‘ : g e BF 1 "
L A I

Ribosome

N umber of atoms
H
%
I

10° | lysozyme ~ APOAL @

0‘ .

104 ] ] ] ] ] ] |
1986 1990 1994 1998 2002 2006 2010 201¢




Why Built-In VMD Ray Tracing Engines?
A No disk I/0 or communication to outboard renderers

A Eliminate unnecessary data replication and host  -GPU
memory transfers

A Directly operate on VMD internal molecular scene,
guantized+compressed geometry and texture data

A Implement all curved surface primitives , volume rendering,
texturing, special cameras, shading features required by VMD

A Same scripting, analysis, atom selection , and rendering
features are available on all platforms, graceful CPU fallback

NIH BTRC for Macromolecular Modeling and Bioinformatics Beckman Institute,
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VMD Molecular Structure Data and Global State

-

(" Scene Graph h
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Graphical
Representations
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DrawMolecule

Non-Molecular

User Interface
Subsystem

Tcl/Python Scripting

Mouse + Windows

DisplayDevice

\_

V-t

FileRenderer

N

) Geometry ) VR I nput ﬁ)
4 VMDDisplayList Display Subsystem Windowed OpenGL GPU
‘ . . OpenGL Pbuffer GPU
OpenGLDisplayDevice

Tachyon CPU RT

TachyonL -OptiX GPU RT
Batch + Interactive

o




VMD  HIV-1 Parallel Movie Rendering on
1.9.3 Blue Waters Cray XE6/XK7

New VMD 1.9.3: TachyonL-OptiX on XK7 vs. Tachyon on XEG6,

K20X GPUs yield up to twelve times geom-+ray tracing speedup

Ray Tracer Node Type
Version and Count

New TachyonL-OptiX [2] 64 XK7 Tesla K20X GPUs
New TachyonL -OptiX [2] 128 XK7 Tesla K20X GPUs

TachyonL-OptiX [1] 64 XK7 Tesla K20X GPUs
TachyonL-OptiX [1] 128 XK7 Tesla K20X GPUs
TachyonL -OptiX [1] 256 XK7 Tesla K20X GPUs
Tachyon [1] 256 XE6 CPUs
Tachyon [1] 512 XE6 CPUs

Script
Load

2s
3s
2s
4s
7S
7s

13 s

State
Load

39s
62s
38s
74 s
110 s

160 s
211s

Geometry +
Ray Tracing

435 s
230s
655 s
331ls
171s

1,374 s
808 s

[1] GPU-Accelerated Molecular Visualization on Petascale Supercomputing Platformsl. E. Stone, K. L. Vandivort, and K. Schulten.
UltraVis'13: Proceedings of the 8th International Workshop on Ultrascale Visualization, 468,62D13.
[2] Atomic Detail Visualization of Photosynthetic Membranes with GPUAccelerated Ray Tracing. J. E. Stone et al., J. Parallel Computin

2016 (inpress)



VMD 1.9.x Interactive GPU Ray Tracing

A Ray tracing heavily used for VMD
oublication-quality images/movies

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

A VMD provides i interactive 1 ray
tracing on laptops, desktops,
remote clouds, supercomputers

NIH BTRC for Macromolecular Modeling and Bioinformatics
http://mww.ks.uiuc.edu/
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VMD TachyonL -OptiX Interactive RT w/
OptiX Progressive RT API

ﬁT Progressive Subframe \

rtContextLaunchProgressive2D()

|

Check for User Interface Inputs,
Update OptiX Variables

v

(" Scene Graph
P o

( Terh rtBufferGetProgressiveUpdateReady()
RT Acceleration ¥ AP
Structure rtContextStopProgressive() Draw Output
\ \ / Framebuffer

][ NIH BTRC for Macromolecular Modeling and Bioinformatics Beckman Institute,
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VMD TachyonL -OptiX:

Multi -GPU on a Desktop or Single Node

4 VMD ene

Scene Data Distributed/Replicated,
Image Space Parallel Decomposition
onto GPUs

GPUO

GPU 1

\__
( TrBvh
RT Acceleration
Structure
\_

GPU 2

GPU 3

\_

~
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VMD TachyonL -OptiX:
Multi -GPU on NVIDIA VCA Cluster

" VMD ene N Scene Data Replicated, \

Image Space + Sample Space Parallel
Decomposition onto GPUs, VCA nodes

VCA 0:
\_ Yy, 8 K6000 GPUs | 7
VCAN:
8 K6000 GPUs |

\_
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To o Do o To To Do

VMD w/ OptiX 4.1

Interactive RT on laptops, desktops, and cloud

Large-scale parallel rendering: in situ or post hoc visualization tasks
Remote RT on NVIDIA VCA clusters

Stereoscopic panoramic and full-dome projections

Omnidirectional VR for YouTube, VR HMDs

Top-end Pascal Tesla GPUs roughly 2x faster than Kepler, based
on early tests on CSCS Piz Daint Cray XC50

GPU memory sharing via NVLink on Quadro GP100, Tesla P100

GPU-Accelerated Molecular Visualization on ~ Petascale Supercomputing Platforms.
J. E. Stone, K. L. Vandivort, and K. Schulten. Ul t r ppV6e:16:8,2@13.
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 Y
Remote Rendering J. E. Stone, W. R. Sherman, and K. HPDAYV, IPDPSW, pp. 1048-1057, v

2016, VMD/OptiX GPU Ray Tracing of
all-atom Chromatophore w/ lipids.




| Stereoscoplc Panorama Ray Tracmg w/ Opth

A Render 360 ° images and movies for VR
headsets such as Oculus Rift, Google
Cardboard

A Ray trace panoramic stereo spheremaps or
cubemaps for very high-frame-rate display via
OpenGL texturing onto simple geometry

A Stereo requires spherical camera projections
poorly suited to rasterization

A Benefits from OptiX multi-GPU rendering and
load balancing, VCA remote rendering




VMD Planetarium Dome Master Camera

A Trivial to implement in OptiX

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

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

other special purpose
projections are similarly easy




CADENS nBirth of P
Planetarium Dome Master Test Frames

Beckman Institute,
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Preparation, Visualization, Analysis
of All-Atom Cell-Scale Simulations

Interactive rasterization w/ OpenGL/EGL A 200 nm spherical envelope
. A Membrane with ~50% occupancy by proteins
now, Vulkan in future releases of VMD A 63M atoms in envelope model

Interactive ray tracing on CPUs and GPUs

Support for large host memory (TB), up to
2 billion atoms per i

A Parallel analysis, visualization w/ MPI

o o o

Atomic Detail Visualization of Photosynthetic Membranes with GPU -Accelerated
Ray Tracing. J . E. St o 8caultengl,Par#llel Computing, 55:17-27, 2016.

High Performance Molecular Visualization: In  -Situ and Parallel Rendering with EGL.
J.E. Stone, ..., K. Schulten. IEEE High Performance Data Analysis and Visualization,
IPDPSW, pp. 1014-1023, 2016.

Biomedical Technology Research Center for Macromolecular Modeling
NIH Beckman Institute, University of lllinois at Urbana-Champaign - ww




Proto-Cell Rendered with VM D+OtiX

A 113M particles

A 1,397 copies of
14 different
membrane
proteins

A Preparing for
simulations on
pre-exascale
computers

NIH BTRC for Macromolecular Modeling and Bioinformatics Beckman Institute,
http://mww.ks.uiuc.edu/ . lllinois at UrbanaChampaign
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Interactive Ray Tracing of Cells

High resolution cellular
tomograms

Multi-billion voxels

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

24GB Quadro M6000s used for
Interactive RT of cellular
tomograms of this size

Latest Quadro GP100 GPUs
benefit from OptiX 4.1 support
for NVLink and distribution of
scene data across multiple

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

3881, 2017.
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