Ha nyT1 K aTOMUCTUYECKOMY MOAENTMPOBaAHMIO

TYpOYNEHTHOro NOTOKa XXUOKOCTW: NOBbILLIEHNE

9P EKTUBHOCTU NapanfienbHbIX MOSIEKYIAPHO-
OWHaAMWNYECKNUX pacyeToB

FanurepoB Bnagucnae Cepreesny3,
[MaenoB [JaHuun mebosuny'2, Cterannos Bnagnmmp Bnagnmmnposmnyt.2:3




Re<<1
source
A range
inertial Re~10
log E(k) o
viscous Re >~90
dissipative
(a) . range
g * Re ~10* -~10° .
Big whirls have little whirls that feed on their velocity,
5
Re>"~10

and little whirls have lesser whirls and so on to viscosity.
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E. R. Smith, “A molecular dynamics simulation of the turbulent Couette minimal flow unit”

// Physics of Fluids 27, 115105 (2015)
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OpenMM

High performance molecular dynamics library
Is able to very efficiently utilize a single GPUs
Convenient C++ and Python APls

Easy to customize and extend

qul

OpenMM

LAMMPS

High performance molecular dynamics library
Is able to efficiently utilize multiple GPUs
Custom scripting interface

Possible to customize and extend

DS 000 0PS99 09 35902604698
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BHyTpeHHUU anroputm OpenMM

class OPENMM_EXPORT OpenBoundary : public Force {
public:
Atoms ——> /%*

* Create an OpenBoundary.

*
* @param defaultTemperature the default temperature at the boundary (in Kelvin)
* @param defaultVelocity the default velocity at the boundary (in nm/ps)

* @param axis the axis at which to apply open boundary

<«—— Atoms

* @param internalBoundaries an array of extra internal boundaries in (o, 1)
*/
OpenBoundary(double defaultTemperature, double defaultVelocity, char axis, const std::ve

- Force objects define the behavior of the particles
in a System. The Force class is actually slightly
more general than its name suggests. A Force
can, indeed, apply forces to particles, but it can
also directly modify particle positions and

Eastman, Pande velocities in arbitrary ways.

(Computing in science and engineering, 2010)




BHyTpeHHUU anroputm OpenMM

[MomeyeHbl Kak “B3anmogencrayrowime”

Atoms ——>

<«—— Atoms

+650 -586 HEEE

unsigned int* _ restrict_ interactionCount

Eastman, Pande
(Computing in science and engineering, 2010)



LAMMPS

e

In LAMMPS, a “fix” is any operation that is
applied to the system during timestepping or
minimization.

fix wall/flow pgns noaaepxaHus
CTaLMOHapHOro noToka

compute property/grid gna obpaboTku
Ha neTty

class FixWallFlow : public Fix {
public:
enum FlowAxis {AX_X = @, AX.Y = 1, AX Z = 2};

FixWallFlow(class LAMMPS *, int, char **);
~FixWallFlow() override;

int setmask() override;

void init() override;

void end_of_step() override;

void grow_arrays(int) override;

void copy_arrays(int, int, int) override;

int pack_exchange(int, double *) override;

int unpack_exchange(int, double *) override;



LAMMPS/Kokkos

template<class DeviceType>

Kokkos
Tools

[

Science and Engineering Applications

Trilinos

Kokkos EcoSystem

(Kokkos Remote Spaces Kokkos Kernels

Kokkos
Support

L

class FixWallFlowKokkos : public FixwallFlow, public KokkosBase {

public:

typedef DeviceType device type;

typedef ArrayTypes<DeviceType> AT;

struct MassTag{};

struct RMassTag{};

FixwallFlowKokkos(class LAMMPS *, int, char **);
~FixWallFlowKokkos();

void init() override;
void end_of_step() override;
void grow_arrays(int) override;

void copy_arrays(int, int, int) override;

void sort_kokkos(Kokkos::BinSort<KeyviewType, BinOp> &Sorter) override;

int pack_exchange(int, double *) override;

int unpack_exchange(int, double *) override;

Many-Core APU CPU + GPU




LAMMPS/Kokkos Kokkos exchange comm for fixes #1394

InR VGl akohlmey merged 69 commits into lammps:develop from valleymouth:granular-kokkos (B on Apr12

template<class DeviceType>
class FixWallFlowKokkos : public FixwallFlow, public KokkosBase {
public:
typedef DeviceType device type;
typedef ArrayTypes<DeviceType> AT;
struct MassTag{}; int pack_exchange_kokkos(const int &nsend,DAT::tdual_xfloat_2d &buf,
struct RMassTag{}; DAT::tdual_int_1d k_sendlist,
DAT::tdual_int_1d k_copylist,

FixwallFlowKokkos(class LAMMPS *, int, char **);

~FixWallFlowkokkos(); ExecutionSpace space) override;

void unpack_exchange kokkos(DAT::tdual xfloat_2d &k_buf,

void init() override; DAT::tdual_int_1d &indices,int nrecv,

void end_of_step() override; ExecutionSpace space) override;
void grow_arrays(int) override;

void copy arrays(int, int, int) override;

void sort_kokkos(Kokkos::BinSort<KeyviewType, BinOp> &Sorter) override;

| int pack_exchange(int, double *) override;

| int unpack_exchange(int, double *) override; J



1520 15255 1530's 1535s  1540s 1545

Master thread:0

Vaster thread:0

Timeline
3625s 3.630s 3635s 3.640s 3645s

YL AMMPS_NS::Input::file()

initi...grate

3.650s

1555s

3.655s

Accumulated Exclusive Time per Function

Oms
_ hipDeviceSynchronize gpu / aware on
11.098 ms- hipFuncGetAttributes
6.718 ms Others (375)
~- =5.502 ms, LAMMpﬁ,Nsigyeﬂpmo*km::mn(im]
5155 ms l hipMemcpyAsync ]
1

I

|

| 4.851 ms. MPI_Wait N
I

1

3.238 msj§ MPI_Send 1
= =3:066 msT ~void EAMMPS “NI=( A excha..vi Experimental::HIP>()
2.419 ms| void Kokk lel_ft R: Kk I::HIP, 0> const&)

2.365 ms} LAMMPS_NS:FixWallFlowKokkos<Kok...0id>, LAMMPS_NS::ExecutionSpace)

2.261ms _PackC kh i HIP, 0, 0>
2.244 ms| LAMMPS_NS:AtomVecKokkos::pack_com..d> const&, int const&, int const*)

2.22ms| void Kokkos::parallel_fi Ran...Kokkos::Experi I::HIP, 1> &)
2195 ms ;_PackC d ZHIP, 1, 0>
r ~2J53ms § atomVerAtomicKokkos. YnpackExch ctor<Kokkos::Experi 1::HIP, 1>
1 1907 msf§ MPI_Sendrecv I
- “ 1695 r7|s' Void LAMMPS_NS:-Com = ::forwar...ce<Kokkos::E: i I::HIP>(int)

Function Summary
Accumulated Exclusive Time per Function

25 ms 0ms
PP2002me 2| naosvicssunatvanize gpu/aware off
1 _ hipMemcpyAsync 1

e o O eV a
5.418 ms hipFuncGetAttributes

5.277 ms . LAMMPS_NS::CommBrick::exchange()

5.254 ms LAMMPS_NS::VerletKokkos::run(int)

4.431ms LAMMPS_NS::CommBrick::borders()
2.866 ms = LAMMPS_NS:Domain::pbc()
— . 2239ms vgid_l(olko_s::garillel__ffr Ran...Kokkos::Experil ::HIP, 0> const&)
! 2.071ms | MPI_wait |
: 1.913 msl LAMMPS_NS::Run::coo!lmand(im. char**)
1 177 msj§ MPI_Sendrecv |
Y- Esl Others (196)

1.683ms LAMMPS_NS::AtomVec::pack_exchange(int, double*)

1.603 msl LAMMPS_NS::FixNV L.ctor Experil HIP, 0>
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CunbHoe
MacLiTabnpoBaHue

Nsteps = 10000
Natoms = 60480000

1010 Natoms* Nisteps i (BonbLue 3HauUT ny4iue)
N TR

Time
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XXX
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GPUs

MIS0 wall/flow off
gpu/aware on

, MI50 wall/flow on

gpu/aware on
MI50 wall/flow off
gpu/aware off
A100 wall/flow off
gpu/aware on
A100 wall/flow on
gpu/aware on
A100 wall/flow on
gpu/aware off
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Cnacunbo 3a BHMMaHue!

NToro:

- BbINKn co3aaHbl ABe peanusaumm npeanioXxXeHHoro Mmetoaa
NoAAepPXXaHUs CTaLMOHaPHOro NoToka XUOKOCTW.

- Peanusauyum 6binn noptuposaHbl Ha GPU yckoputenu

- bnarogaps aHanusy y3kux MecT Bbinia 4OCTUrHyTa
maclwtabupyemocTtb peanusauum ans LAMMPS/Kokkos

McxoagHbIn Ko HaxoanTca B OTKPbITOM OOCTYre:
e https://qithub.com/vladgl/lammps/tree/develop
e https://qgithub.com/Dann239/openmm/tree/open-boundary

My6nuvkauumn no pesynbtatam paboThbi:

Pavlov D., Kolotinskii D., Stegailov V. GPU-Based Molecular Dynamics of Turbulent Liquid Flows with OpenMM // International Conference on Parallel
Processing and Applied Mathematics. — Cham : Springer International Publishing, 2022. — C. 346-358.

D. Pavlov, V. Galigerov, D. Kolotinskii, V. Nikolskiy and V. Stegailov, “GPU-based Molecular Dynamics of Fluid Flows: Reaching for Turbulence” (in press)


https://github.com/vladgl/lammps/tree/develop
https://github.com/Dann239/openmm/tree/open-boundary

