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NAMD as a Molecular Dynamics Engine

e Simulates the movement of biological systems according to Newton’s Equations
of motion

0
F,=— _67 il X5 s e o5 1), = 12N
Utotal Ubond + U angle T Udihedml + U vdW + U coulomb

e \erlet mtegratlon method in order to propagate the system in time:

A

Vit12 = Vn+M Fn?

Vsl = Ty T Vi 1/2At Al‘ = 1 or 2 femtosseconds usually
Fn+1 = I'(r +1)

_ —1
Vsl = Vpgip T M F, 4

Zika Virus 2




Parallelism for MD Simulation Limited to Each Timestep

Computational workflow of MD: update about 1% of
positions computational work
m
of timesteps
o article article
initialize —» P . P
positions forces
occasional force about 99% of
output calculation computational work

reduced quantities (energy, temperature, pressure)
position coordinates (trajectory snapshot)




NAMD 2.14 Decomposes Force lerms in Fine-
Grained Objects for Scalability




NAMD 2.14 Decomposes Force lerms in Fine-
Grained Objects for Scalability

Integration
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NAMD 2.14 Excels at Scalable Parallelism on
CPUs and GPUs

Replications of the
Satellite Tobac_co Mosaic Virus (STMV)

= 5x2x2 grid = 21M Atoms

v - 7Xx6x5 grid = 224M Atoms

O
—
|

Y0 ~100
number of nodes




Benchmarks on single nodes and Newer GPUs

Reveals Problems

NAMD 2.12 vs 2.13 CUDA comparison

ApoAl (92K atoms) - constant energy Peak Performance in TELOPS
16

“2.12

RPN WD U1 O NN O
ololloeloloeololololle

Performance (ns/day)

Pascal (P100) Volta (V100)

NAMD 2.13 (2018) has ~20% perf improvement from P100 to V100 Hardware has ~70% perf improvement!

National Institutes
of Health




Profiling on Modern GPUs

Profiling ApoA1, 92k atoms
NAMD 2.13, 16 cores and 1
GPU Volta

L Iy |
o |

Gaps in the blue strip = GPU is idle!

National Institutes
of Health




NAMD 2.13 had Limited GPU Performance

e (Offloading force calculation was not enough!

=

S
O
S ALy

e Qverall utilization of modern GPUs is limited

e We want better single GPU performance

- Majority of MD users run system sizes < 1M il

atoms on a single GPU The DGX-2 has 16 V100 GPUs but only
48 CPU cores: We need to do more GPU

e work with less
e Must transition from GPU-accelerated to GPU- CPU Power

resident!




NAMD 3.0: GPU-Resident NAMD

e Fetches GPU force buffers directly from the force module

e Bypass any CPU-GPU memory transfers - only call GPU
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e Convert forces in a structure-of-arrays (SOA) data structure
using the GPU

e Invoke GPU Integration Tasks Once

Fetch GPU Force Integrate all the

atoms

Convert buffers to

Calculate Forces >

National Institutes
of Health

Buffers

SOA




NAMD 3.0 has Better GPU Utilization

NAMD 2.14
GapS between GPU TaSkS Integration Integration
T
1N 3 | I " ‘mx . . DR .
Forces Forces
NAMD 3.0 : : : g g |

No CPU Bottlenecks

IR

Forces Forces

Integration Integration




NVE
12A Cutoff 260
2fs timestep

195

R e A K3
R, D 32
.
)
-

(intel')

Xeon® £5-2650v2 | [

Nvidia Titan V 65

Intel Xeon E5-2650
V2 w/ 16 physical
cores 0

254.4

JAC (23K)

ns/day

102.5

41.4

ApoA1 (92k)

B NAMD 2.14

25.7

12.2

F1-ATPase(327k)

B NAMD 3.0

NAMD 3.0: Performance on Different Systems

38 (.8

STMV (1.06M)




MD 3.0: Multi-Copy Performance - Aggregate
Throughput With DGX-2

ApoA1

92k atoms 2000 ns/day

3,005.65

3000

viainu

1,924.36

2000

1000

283.7 283.84

16 Replicas
for each NVIDIA V100 ] oA Cutoft 8A Cutof

B NAMD 2.14 B NAMD 3.0

National Institutes
of Health
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Challenge: Feature-Complete GPU-resident
scheme

'y

e Supports a subset of NAMD features
so far

* Incorporate external biasing libraries =2
(Mainly Colvars) e

e |ntroduce support to different GPU
Vendors
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