
Investigating molecular interactions for 
therapeutics and disease prevention
High-performing molecular dynamics software such as Nanoscale 
Molecular Dynamics (NAMD) is necessary to expand drug-
discovery capabilities by enabling scientists to investigate the 
details of molecular interactions for new therapeutics and disease 
prevention. NAMD is one of the most widely used applications 
in high-performance computing (HPC). For example, for the 
COVID-19 pandemic, significant resources were dedicated to 
using NAMD and other applications to study the fundamental 
interactions between biomolecules involved in COVID-19 
pathogenesis. To increase simulation rates in NAMD and expand 
the scope of study, engineers turn to HPC systems to accelerate 
processing and time to results.

Intel’s diverse architectures, memory, storage, software, and 
ecosystem provide a framework for accelerated performance 
so scientists can continue to push the boundaries of biomedical 
research. Intel Xeon Scalable processors deliver the performance 
required by NAMD to achieve faster simulation results on fewer 
nodes.1 Intel Xeon Scalable processors boost the performance 
of compute-bound applications like NAMD, increasing the 
computational efficiency of each node by using Intel® Advanced 
Vector Extensions 512 (Intel AVX-512) vector units and a 
large cache.

About NAMD
The NAMD application uses parallel molecular dynamics code 
designed for high-performance simulation of large biomolecular 
systems. Based on Charm++ parallel objects, NAMD scales to 
hundreds of cores for typical simulations, and it can scale beyond 
500,000 cores for the largest simulations.

NAMD Molecular Dynamics Simulation on 
3rd Generation Intel® Xeon® Scalable Processors

Intel for health and life sciences
Intel’s unmatched portfolio and  
broad ecosystem help users:
• Handle complex, diverse workloads 

and growing datasets

• Achieve greater throughput with 
increased system utilization and 
availability

• Drive insight and innovation via 
accelerated computing

Outstanding performance
Intel Xeon Platinum processors 
deliver a 60% geomean improvement 
across top life and material sciences 
applications, compared to previous 
generations.³ 3rd Generation Intel 
Xeon Scalable processors offer up 
to 40 cores per socket with 8 DDR4, 
3,200 megatransfers per second 
(MT/s) memory channels, and they are 
configured to support up to 6 TB of 
system memory per socket. Built-in 
Intel Speed Select Technology supports 
three configurations in one CPU for 
granular control over performance.
Built-in acceleration
Only Intel Xeon processors support 
Intel AVX-512 instructions to handle 
the most demanding computational 
tasks. NAMD on 3rd Generation Intel 
Xeon Scalable processors optimized for 
Intel AVX-512 runs 2.43x faster than the 
non-optimized version on the previous-
generation processors.³ 
Unmatched ecosystem
Intel has engaged for decades with 
software developers who contribute to 
open source scientific applications like 
NAMD and optimize their applications 
for Intel architecture. As a result, users 
can innovate faster on high-performing 
and scalable Intel architecture.
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NAMD uses the popular molecular graphics program 
VMD to run simulations and trajectory analyses, but 
it is also file-compatible with Amber, CHARMM, and 
X-PLOR.

Researchers use NAMD to simulate detailed atomic-
scale models that can illuminate molecular structure 
details. These details provide insight into how a virus 
works and what aspects of its structure offer potential 
targets for vaccines and treatments.

Optimizing NAMD performance 
with Intel
NAMD optimizations on Intel Xeon Scalable processors 
provide significant improvements that can help save 
millions of node hours of time for researchers.¹ These 
optimizations accelerate workload processing by using 
a “tile” algorithm that increases the computational 
efficiency of each node through Intel AVX-512. As a 
result, researchers can achieve longer timescales in 
simulating molecules that are relevant in COVID-19 
research, increasing understanding at the atomic level.

These improvements are due to increased vector 
widths, improved masking support for complex 
nested loops, instructions that expand the 
functionality for vector computation, and an increase 
in vector registers.¹  

NAMD software was optimized using Intel software 
tools that are specifically targeted for providing 
outstanding performance on Intel architecture. Intel 
Math Kernel Library (Intel MKL) simplifies development 
with highly optimized, extensively threaded routines. 
Intel MPI Library and high-performance fabrics also 
help improve scalability. Intel C++ Compiler targets 
CPUs and accelerators, and it aids with efficient tuning 
code for performance.

University of Illinois at Urbana-Champaign and Intel 
developers are collaborating to support oneAPI in 
future NAMD releases. oneAPI support will allow 
heterogeneous execution on a variety of platforms 
using accelerators in addition to CPUs.⁴

NAMD also benefits from the increased instructions 
per clock (IPC) and increased core counts of 3rd 
Generation Intel Xeon Scalable processors. Intel 
Xeon Platinum 8300 processors and Intel Xeon Gold 
6300 processors offer up to 40 cores per CPU socket 
at varying frequencies, providing high performance 
through multithreading capabilities.

Image courtesy of Theoretical and Computational Biophysics Group, NIH Center for Macromolecular Modeling and Bioinformatics, at the Beckman Institute, University of Illinois at Urbana-Champaign⁵
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Intel Xeon Platinum 8380 (40 cores per socket)
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Figure 2. NAMD performance on systems powered by AMD EPYC 7763 processors compared to systems powered
by 3rd Generation Intel Xeon Scalable processors2

Figure 1. NAMD normalized performance with and without tiles optimization, running benchmark tests on systems
powered by Intel Xeon Scalable processors; performance increases significantly with each successive generation3
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Learn more
For more information about 3rd Generation Intel Xeon Scalable processors for HPC, visit intel.com/hpc.

For details on Intel software tools and libraries, visit  
intel.com/content/www/us/en/software/software-overview.html.

For more information about NAMD, visit ks.uiuc.edu/research/namd.

Conclusion
Only Intel combines a comprehensive hardware and software portfolio with a mature global ecosystem to help 
the scientific community solve complex problems like COVID-19 faster and gain new insights. In particular, the 
increased core counts and IPC of 3rd Generation Intel Xeon Scalable processors provide the performance needed 
for HPC applications like NAMD. In addition, collaborations between Intel and the University of Illinois at Urbana-
Champaign have produced Intel AVX-512 optimizations for NAMD that save data centers millions of CPU node 
hours.¹ Users of the Frontera supercomputer at Texas Advanced Computing Center (TACC) are already using NAMD 
to accelerate COVID-19 research on nearly half a million cores of Intel Xeon Scalable processors to accelerate 
research into the pathology and treatment of COVID-19.

1 HPCwire. “Intel Speeds NAMD by 1.8x: Saves Xeon Processor Users Millions of Compute Hours.” August 2020. 
hpcwire.com/2020/08/12/intel-speeds-namd-by-1-8x-saves-xeon-processor-users-millions-of-compute-hours/.

2  See [36] at intel.com/3gen-xeon-config. Results may vary.
3  See [107] at intel.com/3gen-xeon-config. Results may vary.
4 Intel Advanced Vector Extensions 512 (Intel AVX-512) has double the width of data registers, double the number of registers, and double the width of FMA units, compared to Intel Advanced 

Vector Extensions 2 (Intel AVX2). Source: Intel. “Accelerate Your Compute-Intensive Workloads.” intel.com/content/www/us/en/architecture-and-technology/avx-512-overview.html.
5 This image was made with VMD and is owned by the Theoretical and Computational Biophysics Group, NIH Center for Macromolecular Modeling and Bioinformatics, at the Beckman Institute, 

University of Illinois at Urbana-Champaign. Source: John Stone. “VMD: Preparation and Analysis of Molecular and Cellular Simulations.” NIH Center for Macromolecular Modeling and Bioinfor-
matics, University of Illinois at Urbana-Champaign. 2017. ks.uiuc.edu/Research/vmd/publications/VMD-PRACE2017.pdf.
Performance varies by use, configuration and other factors. Learn more at www.Intel.com/PerformanceIndex.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. See backup for configuration details. No product or component 
can be absolutely secure.

Your costs and results may vary.

Intel technologies may require enabled hardware, software or service activation.

Intel Advanced Vector Extensions (Intel AVX) provides higher throughput to certain processor operations. Due to varying processor power characteristics, utilizing AVX instructions may cause 
a) some parts to operate at less than the rated frequency and b) some parts with Intel Turbo Boost Technology 2.0 to not achieve any or maximum turbo frequencies. Performance varies 
depending on hardware, software, and system configuration and you can learn more at http://www.intel.com/go/turbo.

Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.
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