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Soft Matter Simulations Pair Potentials, Bonds, and Methods

The rheological, thermodynamic, and selt-assembly behavior ot liquids, colloids, polymefs] pair notentials, Bonds, and Computational Methods used to study Soft Mafe
foams, gels, granular materials and biological systems are often studied in simulation by | I systems have been added to the library of available modules.

using coarse-grained models based on molecular dynamics algorithms. The open sourcg

general purpose particle dynamics code HOOMD-BIlue has been expanded to include th —— Shifted Lennard-Jones/
simulation techniques and pair potentials used to study this class of problems. Weeks-Chandler-Anderson Pair Potential
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Phase from Groot, Madden, Tildesley, 104 35-70x faster than a (1) CPU version The GPU version of the code Is

of the code. Compared to LAMMPS, 30-45x faster than a (1) CPU
which uses a better neighbor list version of the code. Compared
building algorithm, HOOMD-Blue iIs to LAMMPS, HOOMD-Blue is

surface forming stripes. Pons, Singh,
Glotzer, 2010

Phase colored blue and maize to distinguish thg
two halves . (polymers not shown)

Soft Matter Coarse-Grained Integration Methods Beyond Benchmarks

equivalent to 6-26 CPU cores. equivalent to 32-100 CPU cores Using the HOOMD-BI J ‘ h
In Molecular Dynamics (MD), particles move in response to forces, usually de ned betwde I I ~sing the LU-BlU€ CcOUE pactkage, the
pairs of particles, by integrating Newton’s equations of motions at each time step. i a0 [HOOMD s ] enxaso [HOONDEEES : S 940 - mhuencde_ of polydlspe:s,l;y c()jn t:_f Stibg'ty of T_NS(‘:I
: : _ _ o S 1 GPU | _ 1 GPU | | _ pnase diagram was Studied. IS Study require
Brownian Dynamics (BD) Solvent particles are modeled implicitly by subjecting vl a6 > ] s e T 21500 simulation runs or ~50.000 GPU hours
each particle to a temperature-dependent stochastic force and drag force at each time s§p. o 1CPUE554)] .
N . . coe} 908 core 59 -
Dissipative Particle Dynamics (DPD)- Momentum is conserved by applying | fe cv e Gamms 1471 | 60 v cores [Gaiis 1 geo | |1 A small amount of
the stochastic and drag force between particle pairs. a1 1010 | Vs 4 . oolydispersity was: |
8CPUE;5£ z 458 : SCPUEOSFE;L: 17 _ found to stabllize § v
E5510 , | | | ; E5510 | | | | | . 10|
GPU (SIMT) ChallengeBb and DPD require thousands of independent streams §fl 1cuce | 66 | t1ouwe] 279 || the Double Gyroid~.,
random numbers used in small batches over many kernels calls. 0 300 600 900 1200 1500 180 0 200 400 600 800 1000 120 Phase.
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Solution : Rather than store thousands of PRNG states or bank and distribute a singlg
PRNG stream, at each kernel call, random numbers are generated by hashing three intepd
for each force calculation and then using this to seed a PRNG and produce a small batc
uniformly distributed random numbers.
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