
, Solutions Architect, NVIDIA Korea, 2021 9 7

/
NVIDIA DGX SUPERPOD
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“GPT-3 AI 

NVIDIA DGX SuperPOD”

6 …
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NVIDIA SELENE

running molecular dynamics applications

NVIDIA DGX SuperPOD for internal use

4,480 A100 GPUs

560 DGX A100 systems

850 Mellanox 200G HDR switches

14 PB of high-performance storage

2.8 EFLOPS of AI peak performance

63 PFLOPS HPL @ 24GF/W
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R&D WORKFLOW
vs. Computational simulation

Source: THE INNOVATIVE FORCE OFHIGH PERFORMANCE COMPUTING IN MATERIALS SCIENCE, NVIDIA, Webinar (2021 7 )

https://event.on24.com/eventRegistration/console/EventConsoleApollo.jsp?&eventid=3311169&sessionid=1&username=&partnerref=&format=fhaudio&mobile=&flashsupportedmobiledevice=&helpcenter=&key=CAFC651AC9341D8A6969A569C8DFCFA2&newConsole=true&nxChe=true&newTabCon=true&consoleEarEventConsole=false&text_language_id=en&playerwidth=748&playerheight=526&eventuserid=458995947&contenttype=A&mediametricsessionid=405255538&mediametricid=4640924&usercd=458995947&mode=launch
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. 
vs. Computational simulation

Source: Accelerating Drug Discovery with Clara Discovery's MegaMolBart, NVIDIA, YouTube (2021 4 )

https://www.youtube.com/watch?v=sJd670Y2DXI


88

EROOM’S LAW –
10 | 1 $2B | 90% 

Eroom’s Law
Exponential Decline in Drug Discovery R&D Productivity

Source: Jones, R. & Wilsdon, James. (2018). The Biomedical Bubble: Why UK research and innovation needs a greater diversity of priorities, politics, places and people.
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EROOM’S LAW –
biomedical 

Biomedical Data Explosion
Sequencing, Protein, Imaging

Growth of DNA Sequencing
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Levy et al.
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Wheeler et al.
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Bentley et al.
Wang et al.
Ley et al.
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Chaisson et al.

1000 Genomes
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Current Capacity

DOUBLE EVERY 7 MONTHS 
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10Source: Introducing Clara Discovery: Modular Platform for Computational Drug Discovery, NVIDIA, GTC (2021 4 )

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s32469/


11Source: Introducing Clara Discovery: Modular Platform for Computational Drug Discovery, NVIDIA, GTC (2021 4 )

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s32469/
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?
.

Source: Introducing Clara Discovery: Modular Platform for Computational Drug Discovery, NVIDIA, GTC (2021 4 )

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s32469/
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.
30

Source: Introducing Clara Discovery: Modular Platform for Computational Drug Discovery, NVIDIA, GTC (2021 4 )

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s32469/
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R&D *SIMULATION*
Simulation
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SIMULATION
(1) (HIT) , (2) 

Source: Accelerating Drug Discovery with Advanced Computational Modeling, Schrödinger, NVIDIA GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Accelerating%20Drug%20Discovery%20with%20Advanced%20Computational%20Modeling%20%5BS33182%5D/1_fyk60d1k


16

ASTRAZENECA NVIDIA DGX SUPERPOD
ZINC 10 → hit 

Source: Accelerating Drug Discovery with Clara Discovery's MegaMolBart, NVIDIA, YouTube (2021 4 )

https://www.youtube.com/watch?v=sJd670Y2DXI
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SARS-COV-2 (VIRTUAL SCREENING)
AI 1 4 hit (CPU 7 1 hit )

Source: Accelerating Drug Discovery with Clara Discovery's MegaMolBart, NVIDIA, YouTube (2021 4 )

https://www.youtube.com/watch?v=sJd670Y2DXI
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, hit 

Source: Accelerating Drug Discovery with Clara Discovery's MegaMolBart, NVIDIA, YouTube (2021 4 )

https://www.youtube.com/watch?v=sJd670Y2DXI
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HIT 2
AI hit 

Source: Accelerating Drug Discovery with Clara Discovery's MegaMolBart, NVIDIA, YouTube (2021 4 )

https://www.youtube.com/watch?v=sJd670Y2DXI
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ASTRAZENECA HIT 
*MegaMolBART*, transformer generative AI (NVIDIA AstraZeneca )

Source: Accelerating Drug Discovery with Clara Discovery's MegaMolBart, NVIDIA, YouTube (2021 4 )

https://www.youtube.com/watch?v=sJd670Y2DXI
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ASTRAZENECA HIT 
*MegaMolBART*, transformer generative AI (NVIDIA AstraZeneca )

Source: Introducing Clara Discovery: Modular Platform for Computational Drug Discovery, NVIDIA, GTC (2021 4 )

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s32469/
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ASTRAZENECA HIT 
*MegaMolBART*, transformer generative AI (NVIDIA AstraZeneca )

Source: Introducing Clara Discovery: Modular Platform for Computational Drug Discovery, NVIDIA, GTC (2021 4 )

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s32469/
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ASTRAZENECA HIT 
*MegaMolBART*, transformer generative AI (NVIDIA AstraZeneca )

Source: Introducing Clara Discovery: Modular Platform for Computational Drug Discovery, NVIDIA, GTC (2021 4 )

https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s32469/
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ASTRAZENECA HIT 
*RAPIDS* ELT 

Source: Accelerating Drug Discovery with Clara Discovery's MegaMolBart, NVIDIA, YouTube (2021 4 )

https://www.youtube.com/watch?v=sJd670Y2DXI
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ASTRAZENECA HIT 
*RAPIDS* ELT 
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ASTRAZENECA HIT 

Reading 60 million records, entire population of England and Wales from official UK census data

*RAPIDS* ELT 
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SIMULATION
NAMD SARS-Cov-2 simulation (CUDA, NVIDIA GPU, NVIDIA DGX )

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

SC20 Gordon Bell Special Prize 

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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SIMULATION – VASP ( S/W)

Source: THE INNOVATIVE FORCE OFHIGH PERFORMANCE COMPUTING IN MATERIALS SCIENCE, NVIDIA, Webinar (2021 7 )

https://event.on24.com/eventRegistration/console/EventConsoleApollo.jsp?&eventid=3311169&sessionid=1&username=&partnerref=&format=fhaudio&mobile=&flashsupportedmobiledevice=&helpcenter=&key=CAFC651AC9341D8A6969A569C8DFCFA2&newConsole=true&nxChe=true&newTabCon=true&consoleEarEventConsole=false&text_language_id=en&playerwidth=748&playerheight=526&eventuserid=458995947&contenttype=A&mediametricsessionid=405255538&mediametricid=4640924&usercd=458995947&mode=launch
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VASP 

Source: THE INNOVATIVE FORCE OFHIGH PERFORMANCE COMPUTING IN MATERIALS SCIENCE, NVIDIA, Webinar (2021 7 )

https://event.on24.com/eventRegistration/console/EventConsoleApollo.jsp?&eventid=3311169&sessionid=1&username=&partnerref=&format=fhaudio&mobile=&flashsupportedmobiledevice=&helpcenter=&key=CAFC651AC9341D8A6969A569C8DFCFA2&newConsole=true&nxChe=true&newTabCon=true&consoleEarEventConsole=false&text_language_id=en&playerwidth=748&playerheight=526&eventuserid=458995947&contenttype=A&mediametricsessionid=405255538&mediametricid=4640924&usercd=458995947&mode=launch
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VASP 
, VASP computational screening 

Source: THE INNOVATIVE FORCE OFHIGH PERFORMANCE COMPUTING IN MATERIALS SCIENCE, NVIDIA, Webinar (2021 7 )

https://event.on24.com/eventRegistration/console/EventConsoleApollo.jsp?&eventid=3311169&sessionid=1&username=&partnerref=&format=fhaudio&mobile=&flashsupportedmobiledevice=&helpcenter=&key=CAFC651AC9341D8A6969A569C8DFCFA2&newConsole=true&nxChe=true&newTabCon=true&consoleEarEventConsole=false&text_language_id=en&playerwidth=748&playerheight=526&eventuserid=458995947&contenttype=A&mediametricsessionid=405255538&mediametricid=4640924&usercd=458995947&mode=launch
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VASP SIMULATION
Zr( ) H2O simulation ( )

Source: THE INNOVATIVE FORCE OFHIGH PERFORMANCE COMPUTING IN MATERIALS SCIENCE, NVIDIA, Webinar (2021 7 )

https://event.on24.com/eventRegistration/console/EventConsoleApollo.jsp?&eventid=3311169&sessionid=1&username=&partnerref=&format=fhaudio&mobile=&flashsupportedmobiledevice=&helpcenter=&key=CAFC651AC9341D8A6969A569C8DFCFA2&newConsole=true&nxChe=true&newTabCon=true&consoleEarEventConsole=false&text_language_id=en&playerwidth=748&playerheight=526&eventuserid=458995947&contenttype=A&mediametricsessionid=405255538&mediametricid=4640924&usercd=458995947&mode=launch
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VASP SIMULATION
Zr( ) H2O simulation ( )

Source: THE INNOVATIVE FORCE OFHIGH PERFORMANCE COMPUTING IN MATERIALS SCIENCE, NVIDIA, Webinar (2021 7 )

https://event.on24.com/eventRegistration/console/EventConsoleApollo.jsp?&eventid=3311169&sessionid=1&username=&partnerref=&format=fhaudio&mobile=&flashsupportedmobiledevice=&helpcenter=&key=CAFC651AC9341D8A6969A569C8DFCFA2&newConsole=true&nxChe=true&newTabCon=true&consoleEarEventConsole=false&text_language_id=en&playerwidth=748&playerheight=526&eventuserid=458995947&contenttype=A&mediametricsessionid=405255538&mediametricid=4640924&usercd=458995947&mode=launch
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SIMULATION COMPUTATIONAL WORK
force calculation

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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SIMULATION ( ) 
( ) Patch → (Simulation) →

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc


35

VASP SIMULATION INPUT FILES
*POSCAR* ( . 200 , 2000 , LAMMPS 80M ) 

Source: Running a DFT calculation in VASP, Laalitha Liyanage, ICME (2012 )
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VASP SIMULATION INPUT FILES
*POSCAR* ( . 200 , 2000 , LAMMPS 80M ) 

Source: Running a DFT calculation in VASP, Laalitha Liyanage, ICME (2012 )
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SIMULATION MULTI GPU GPU
patch GPU , iteration GPU

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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VASP COMPUTATION ENVIRONMENT

H/W : NVIDIA Selene

S/W

VASP 6.2.0 & 6.2.1

NVIDIA HPC SDK

CUDA 11.0: FFT libs – cuFFT, cuBLAS, cuSolver 11.0

Communication - openMPI 4.0.6rc1 using UCX 1.10.x branch; NCCL 2.9.9

GPU
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VASP SIMULATION MULTI GPU 
NVIDIA DGX SuperPOD
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SIMULATION
NAMD , GPU-Offload GPU-Resident 

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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GPU-OFFLOAD 
GPU force calculation, CPU

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc


42

GPU-OFFLOAD 
NVIDIA Pascal GPU force calculation CPU overlap 

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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GPU-OFFLOAD 
GPU NAMD . ?

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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GPU-OFFLOAD 
GPU, force calculation CPU idle time 

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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*GPU-RESIDENT* 
CPU GPU ! ( GPU , “GPU-Resident”)

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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*GPU-RESIDENT* 
GPU-Offload 

Source: Molecular Dynamics Simulations on GPU-Dense Architectures with NAMD, University of Illinois at Urbana-Champaign, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Molecular%20Dynamics%20Simulations%20on%20GPU-Dense%20Architectures%20with%20NAMD%20%5BS31529%5D/1_znsuv1wc
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SIMULATION 
AMOEBA (Sorbonne Université & Institut Universitaire de France)

Source: Accelerating Next-Generation Molecular Dynamics Simulations Using the Multi-GPU Tinker-HP Infras, Sorbonne Université, GTC (2021 4 )

https://gtc21.event.nvidia.com/media/Accelerating%20Next-Generation%20Molecular%20Dynamics%20Simulations%20Using%20the%20Multi-GPU%20Tinker-HP%20Infras%20%5BS32297%5D/1_zs0bwhxi
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S/W 
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GPU 3

Applications

Libraries

“Drop-in” 

Acceleration

Programming 

Languages
OpenACC

Directives

Maximum

Flexibility

Easily Accelerate

Applications
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OpenACC DIRECTIVES EXAMPLE

!$acc data copy(A,Anew)
iter=0

do while ( err > tol .and. iter < iter_max )

iter = iter +1

err=0._fp_kind

!$acc kernels
do j=1,m

do i=1,n

Anew(i,j) = .25_fp_kind *( A(i+1,j  ) + A(i-1,j  ) &

+A(i ,j-1) + A(i ,j+1))

err = max( err, Anew(i,j)-A(i,j))

end do

end do

!$acc end kernels
IF(mod(iter,100)==0 .or. iter == 1)    print *, iter, err

A= Anew

end do

!$acc end data

Copy arrays into GPU memory 

within data region

Parallelize code inside region

Close off parallel region

Close off data region, 

copy data back



51Source: CUDACast #3 - Your First OpenACC Program, NVIDIA, YouTube (2013 7 )

https://www.youtube.com/watch?v=_do2Dwa29EM


52Source: CUDACast #3 - Your First OpenACC Program, NVIDIA, YouTube (2013 7 )

https://www.youtube.com/watch?v=_do2Dwa29EM


53OpenACC 78 Source: CUDACast #3 - Your First OpenACC Program, NVIDIA, YouTube (2013 7 )

https://www.youtube.com/watch?v=_do2Dwa29EM
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VASP ON GPU

VASP has organically grown over more than 25 years (450k+ lines of Fortran code)

Previous VASP5.4.4 release: some features were ported with CUDA C

Current VASP6.1.X releases: re-ported to GPU using OpenACC

The OpenACC port is more complete already than the CUDA port.
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VASP

For VASP, OpenACC is the way 

forward for GPU acceleration. 

Performance is similar and in some 

cases better than CUDA C, and 

OpenACC dramatically decreases GPU 

development and maintenance 

efforts. We’re excited to collaborate 

with NVIDIA and PGI as an early 

adopter of CUDA Unified Memory.

Prof. Georg Kresse
Computational Materials Physics
University of Vienna
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NVIDIA ACCELERATES COMPUTATIONAL CHEMISTRY
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CAMBRIDGE-1
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ANNOUNCING CAMBRIDGE-1 AI SUPERCOMPUTER

HEALTHCARE & 
LIFE SCIENCE RESEARCH

LARGE-SCALE AI & 
DATA SCIENCE RESEARCH

COLLABORATION WITH UK INDUSTRY, 
UNIVERSITIES, STARTUPS

EDUCATE FUTURE 
AI PRACTITIONERS

80 NVIDIA DGX A100 | 400 PETAFLOPS AI COMPUTE | 20 TERABYTES/SEC INFINIBAND | 2PB NVME | 500KW
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6363

COMPUTATIONAL DRUG 
DISCOVERY CALCULATOR

Mix Traditional HPC + New AI Workloads

Specify Experiment Turn Around Time

Customize AI Models per Project

Plan for Future Compute Needs

Sizing DGX A100 Infrastructure

Contact NVIDIA Account Executive
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INDUSTRIAL HPC AT THE TIPPING POINT

Source: THE INNOVATIVE FORCE OFHIGH PERFORMANCE COMPUTING IN MATERIALS SCIENCE, NVIDIA, Webinar (2021 7 )

https://event.on24.com/eventRegistration/console/EventConsoleApollo.jsp?&eventid=3311169&sessionid=1&username=&partnerref=&format=fhaudio&mobile=&flashsupportedmobiledevice=&helpcenter=&key=CAFC651AC9341D8A6969A569C8DFCFA2&newConsole=true&nxChe=true&newTabCon=true&consoleEarEventConsole=false&text_language_id=en&playerwidth=748&playerheight=526&eventuserid=458995947&contenttype=A&mediametricsessionid=405255538&mediametricid=4640924&usercd=458995947&mode=launch



