
High-Performance Computing 
in Molecular Dynamics-based 

Drug Discovery
CS455: Graduate Project GP00

Siddhant Agarwal



HPC Across Domains

Various applications of HPCs:

● AI
● Healthcare
● Defense
● Finance
● And so on…



● A key application area - 

Drug Discovery through Molecular 

Dynamic (MD) simulations. [1]

● Run simulations on millions of 
compounds to search for inhibitors 
against a target. 

HPC for Drug Discovery

Source: [5]



● MD simulations demand high compute power
● GPU clusters now enable simulations on usable timescales
● Moderate-sized clusters ≈ effective, cost-efficient

Limiting Factor in MD Simulation:
Compute. [4]

Source: [4]



● Conventional MDVS takes 

months/years

● HPC (e.g., Tianhe-1A) ≈ 600x 

speedup [3]

● Example: 6 years → 7 hours

● Speed (through GPUs/HPCs)does not 

compromise accuracy

Speedup with HPC [3]

Source: [4]



● Automated molecular dynamic virtual 
screening pipeline [6] implemented with 
MPI [2]

● Thousands of CPUs via MPI in 
master-slave model

● Master is responsible for dispatching 
jobs, inputs and outputs

● slave process are busy running the 
simulation calculations

Massively Parallel MPI Framework

Source: [6]



● Huge time efficiency gains

● Scalability across diseases & compound libraries

● Automation = reproducibility and less bias

Strengths



● High computational costs still a barrier

● Limited access for small labs/startups

● HPC usage often restricted by job queues and quotas

Weaknesses



● Precision Medicine: patient-specific virtual screening

● Deep Learning + HPC: smarter compound suggestions

● Cloud HPC: democratized access (e.g., AWS, Google Cloud)

Future Directions



● HPC is transforming drug discovery via MD simulations

● Feasibility of screening millions of compounds

● Still facing accessibility issues

● Future: HPC as a central pillar of modern pharmacology

Conclusion



Thanks! Questions?
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