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MOTIVATION: COMPUTATIONAL POWER
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LAMMPS on GPUs:
2010: GPU package

Pair style on GPU,
otherwise CPU
Frequent data transfers
Should use multiple MPI
ranks per GPU

2011: USER-CUDA package
GPU resident

2014: KOKKOS package
Based on USER-CUDA
package
Using Kokkos library
Performance portable
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HOW DOES IT WORK?

Input script:
pair_style eam

class PairEAM
virtual void compute(...)

comm->reverse_comm(this);
}
int pack_reverse_comm(...)

pair_style eam/kk class PairEAMKokkos
void compute(...){

commKK->reverse_comm(this);
}
int pack_reverse_comm_kokkos(...)

class AtomVecAtomic
double** x

class AtomVecAtomicKokkos
DualView<double*[3]> x

class Pair
virtual void compute(...)
virtual int pack_reverse_comm(...)

class KokkosBase
virtual int pack_reverse_comm_kokkos(...)

class CommBrick
virtual void reverse_comm(Pair* pair){

pair->pack_reverse_comm(...)
}

class CommKokkos
void reverse_comm(Pair* pair){

(KokkosBase*)pair->
pack_reverse_comm_kokkos(...)

}
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HOW FAST IS IT?
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GPU CHALLENGE: SATURATION
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OPTIONS MATTER: PAIR-WISE POTENTIALS
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LAMMPS AT EXASCALE

100 101 102 103 104

100

101

102

103

107

109 atoms
1011

# GPU nodes

tim
es

te
ps

/s

a) LJ

Eos (4×H100) Frontier (4×MI250X) El Capitan (4×MI300A) Aurora (6×PVC)

7



LAMMPS AT EXASCALE

100 101 102 103 104

100

101

102

103

107

109 atoms
1011

tim
es

te
ps

/s

a) LJ

100 101 102 103 104

100

101

102

106

108 1010

# GPU nodes

b) ReaxFF
Eos (4×H100) Frontier (4×MI250X) El Capitan (4×MI300A) Aurora (6×PVC)

100 101 102 103 104

10−1

100

101

102

103

106

108

1010

c) SNAP

8



WHY ARE H100S SO FAST?

GPU BW FP64 L1 + Shared

NVIDIA H100 3.3 TB/s 34 TF 256 kB
AMD MI250x/2 1.6 TB/s 24 TF 16 + 64 kB
AMD MI300A 5.3 TB/s 61 TF 32 + 64 kB

Intel PVC stack 1.6 TB/s 26 TF n/a + 128 kB
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TRILLION-ATOM MD WITH FLARE

May 2024: Got access to
Frontier, then #1 in the
world

First trillion-atom MD on
GPUs!
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TRILLIONS
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