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Molecular Dynamics

• Molecular Dynamics – a form of computer simulation that simulate 

the interactions between atoms and molecules. The simulation 

provides approximations based on what we know about the 

physics of their interactions

• Examples/Applications: Molecular Dynamics can be applied to the 

study of protein misfolds

• Molecular Dynamics is computationally intensive- requires a lot of 

computing power and takes an extreme amount of time as the 

number of atoms increase on classical computers



Parallel Computing with SGI

• Molecular Dynamics simulation runs reasonably fast on parallel 

processes. Therefore, MD simulations are best run on machines 

that have parallel computation potential

• SGI Altix 3700 Bx2 system:

– Motherboard Processor(s): 64 x Intel Itanium 2 Processors 

(1.5GHz with 4MB cache)

– RAM: 64 GB Memory

– Hard Disk: 1 x 146 GB 10K RPM SCSI Hard Drive (System Disk)

– Other Disk(s): 4 x 300 GB 10K RPM Ultra320 SCSI Hard Drives

• How does a program utilize parallelization?



MPI

• MPI – stands for Message Passing Interface

• An interface that allows processors to communicate with each 

other (through messages)

• Instead of having one processor do everything, split the job so 

that multiple processors can work on the solution to the problem 

in PARALLEL (Example: planted motif search)

• Problem: what if a supercomputer is proposed a difficult problem 

that requires a lot of communication among processors? How will 

this high message traffic affect performance?



Fast Fourier Transform (FFT)

• Fourier Transform – decompose a complex wave form into sine 

waves or other oscillatory functions

• Example: a sound or your voice can be broken up into frequencies

• Fast Fourier Transform is an algorithm to compute discrete 

Fourier Transform

• FFTs are often used in MD simulations to calculate point-

charge/forces on the atom (Coulomb forces)

• However, it is significantly time consuming



Quantum Computation Platform

• Quantum Computation: using quantum mechanics to perform 

operations on data

• Current computer architecture is reaching its limit, as it becomes 

difficult to physically pack more transistors every year. Quantum 

computing is an alternative to our limited computing structure

• Example works and breakthroughs with Quantum Computing 

capabilities: There is a device described in the article “Ultrafast 

Fourier Transform with a Femtosecond-Laser-Driven Molecule” 

that can perform really fast Fourier transforms - O(n log n) to O(n)!



Recap

• MD simulations

• Benefits of MD Simulations

• MD Simulations - computationally intensive (MPI, 

force calculations)

• FFT calculations are time consuming

• Quantum device: speed up FFTs



The Goal

• How can we make a MD algorithm run faster? If we can make the 

MD code run faster, we can write more complex but accurate 

algorithms from the time saved

• We know that calculating FFTs in MD simulations are significantly 

time consuming, but with quantum computation, FFTs can run 

really fast, from O(n log n) to O(n)!

• Assuming that we have this device and we are interacting with it, 

how much faster can our MD simulation run?



The Process

• Assume we have the quantum device to calculate 

“ultra-fast” FFTs

• Run the program and time it

• Modify the program to simulate or “mimic” the 

use of the device

• Run the modified program and time it

• Calculate change in time before/after



LAMMPS

• LAMMPS - Large-scale Atomic/Molecular Massively Parallel 

Simulator

• LAMMPS is pre-written MD code from Sandia National 

Laboratories. LAMMPS provides an example input molecule for us 

to use, timing statement printouts already written for us, and a 

manual for reference (runs on SGI Altix)

• First, assume that we have this special hardware. In the LAMMPS 

code, comment out the calls to FFT. Since we don’t have this 

special hardware to calculate FFT, replace it with a MPI message 

call as if we are using this hardware. We do not care how 

inaccurate our simulation would be, but we do care how fast the 

MD code would run without FFT.



Procedure

• Record the time it takes for the LAMMPS code to run the 

Molecular Dynamics simulation with calls to the FFT functions 

over 10 trials and average the times

• Comment out the calls to the FFT functions (because we believe 

they are time consuming). Commenting just tells the program not 

to use FFT functions

• Replace each call of the FFT function with something else (like a 

MPI function) that mimics the call to this special device and record 

the simulation times over 10 trials and average the times

• Calculate the change in times from before and after code 

modification



Code Modification

• Make program run as if it has the quantum device

• Replace FFTs with O(n) operation [Remember: 

FFT speed-up from O(n log n) to O(n)!]

• First Attempt: MPI Functions (Fail!)

• Second Attempt: Data movement of FFT 

coefficients (Success!)



Results

• Before code 

modification

• Average over ten 

trials

• All units are CPU 

seconds per 

simulation time 

step

Avg FFT 

time

Avg

Kspace

time

Avg loop 

time

0.1966904 0.8542359 4.551987



Results

• After code 

modification

• Calculations

– 16% speed up in 

FFT time

– 4% speed up in 

Kspace time

– 1.2% speed up in 

loop time

Avg FFT

time

Avg

Kspace

time

Avg loop 

time

0.166172 0.8228612 4.499752



Conclusion

• We expected a significant speed up of FFT time with our naïve 

O(n) operation

• The code modification made little improvement in Kspace time 

and overall loop time

• With faster MD simulations, researchers can implement complex, 

but more accurate algorithms from the time saved. With more 

accurate algorithms, we can enrich our studies of proteins and 

protein folding in hopes of finding treatment for many 

neurodegenerative diseases



Future Work

• Experimenting with buffers in MPI messages

• Designating one machine as the “quantum 

computing device”

• Look at other ways to improve force field 

calculation runtimes

• Look at ways to improve LAMMPS code itself
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