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Introduction

•  Context

•  BigDFT

•  The PSolver module and its backends
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Context

L_Sim

Grenoble

Maison de la Simulation

Saclay

YEAR 1 · THIS TALK

Implement a Kokkos backend in BigDFT's Fortran Poisson solver
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BigDFT

Big :

500k – 1M lines ~20 developers up to 100 users

core-upstream-suite client-upstream-suite

libABINIT chess psolver liborbs PyBigDFT

atlab

futilelibyaml

GaIn libxc ntpoly PyYAML
psolverkokkos

6.8+12 0.2.4 1.10 0.1 1.0.9

1.0

1.90.2.5

1.0 7.0.0 3.1.1 6.0.2
in psolver 1.10

bigdft

1.9.5

gold: psolver, and its new Kokkos library · an arrow points to the modules that use it ·

versions from the sources

DFT :

A QM Density Functional Theory

code

→ predicts atomistic and

molecular behaviour

Distributed on supercomputers

Optimised on GPUs

→ in use since 2008

Example: 1400 residues (one

monoclonal antibody), 22 thousand

atoms, 1.2 h of walltime on 32

nodes (Irene – Rome)
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The psolver  module and its backends

psolver :

A generalized Poisson solver for various BC

→ computational heart of BigDFT

Orchestrated in Fortran

Distributed via MPI

Optimised on GPUs

Screened Poisson equation

Generalized Poisson equation

Backends :

Backend Language / model Hardware

SGFFT Fortran / OpenMP any CPU

ONEMATHCPU SYCL + oneMKL (TBB) x86 CPUs; used mostly on AMD hardware

ONEMATHGPU SYCL + cuFFT / rocFFT / oneMKL NVIDIA, AMD, Intel GPUs; used mostly on AMD

DBFFTCPU / DBFFT SYCL (bbfft, OpenCL-JIT callbacks) Intel GPUs, and CPUs through OpenCL

CUDA pure CUDA (cuFFT) NVIDIA GPUs only

KOKKOSCPU /

KOKKOSGPU
Kokkos any CPU and any GPU, one implementation
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1. It works, how and why

1.1  Fortran ↔ C++ interoperability: hourglass interface

1.2  Autotools ↔ CMake interoperability

1.3  Validation

1.4  Exact exchange

1.5  The FFT algorithm
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1.1 Fortran ↔ C++ interoperability: hourglass interface

subroutine kokkos_HtoD(nelems, h_data, d_data) bind(C, name='kokkos_HtoD')
    integer(kind=c_int), intent(in), value :: nelems
    real(kind=c_double), intent(in) :: h_data(*)
    integer(f_address), intent(in), value :: d_data
end subroutine kokkos_HtoD

C layer
extern "C" {
void kokkos_HtoD(int nelems, double const *hData, intptr_t dData);
}

void kokkos_HtoD(int nElems, double const *hData, intptr_t dData) {
   auto *dViewPtr = reinterpret_cast<View1D<double> *>(dData);
   Kokkos::View<const double *, Kokkos::HostSpace,
                Kokkos::MemoryTraits<Kokkos::Unmanaged>>
       hView(hData, nElems);
   auto dSubview = Kokkos::subview(*dViewPtr, std::make_pair(0, nElems));
   Kokkos::deep_copy(dSubview, hView);
}

Fortran

BigDFT / psolver

ISO-C binding

C++

CUDA

SYCL

Kokkos
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Fortran

BigDFT / psolver

ISO-C binding

C++

CUDA

SYCL

Kokkos

rho

3D Fortran array

pointer

+ handle

unmanaged

host view

deep_copy

device View

8



1.1 Fortran ↔ C++ interoperability: hourglass interface

subroutine kokkos_HtoD(nelems, h_data, d_data) bind(C, name='kokkos_HtoD')
    integer(kind=c_int), intent(in), value :: nelems
    real(kind=c_double), intent(in) :: h_data(*)
    integer(f_address), intent(in), value :: d_data
end subroutine kokkos_HtoD

C layer
extern "C" {
void kokkos_HtoD(int nelems, double const *hData, intptr_t dData);
}

void kokkos_HtoD(int nElems, double const *hData, intptr_t dData) {
   auto *dViewPtr = reinterpret_cast<View1D<double> *>(dData);
   Kokkos::View<const double *, Kokkos::HostSpace,
                Kokkos::MemoryTraits<Kokkos::Unmanaged>>
       hView(hData, nElems);
   auto dSubview = Kokkos::subview(*dViewPtr, std::make_pair(0, nElems));
   Kokkos::deep_copy(dSubview, hView);
}

Fortran

BigDFT / psolver

ISO-C binding

C++

CUDA

SYCL

Kokkos

rho

3D Fortran array

pointer

+ handle

unmanaged

host view

deep_copy

device View

computation

9



1.1 Fortran ↔ C++ interoperability: hourglass interface

subroutine kokkos_HtoD(nelems, h_data, d_data) bind(C, name='kokkos_HtoD')
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Fortran

BigDFT / psolver

ISO-C binding

C++

CUDA

SYCL

Kokkos
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3D Fortran array

pointer

+ handle

unmanaged

host view

deep_copy

device View

computation
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1.2 Autotools ↔ CMake interoperability
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CMake Autotools



1.2 Autotools ↔ CMake interoperability
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CMake Autotools

libpsolverkokkos

psolver

pkg-config

A B: A produces B



1.2 Autotools ↔ CMake interoperability
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CMake

Kokkos-free API

Autotools

libpsolverkokkos

psolver

psolver

Kokkos-free API

pImpl

pkg-config

what to link against,

and where it is

A B: A produces B

A B: A and B are related somehow



1.3 It works: extensively validated

Level Test Covers

libpsolverkokkos

24 public-API

tests

memory, transfers, pad / unpad, pre / post, exchange,

reductions

8 internal kernel

tests
transposes, spread, fused transpose+spread, multiply

psolver

PS_Program Solves : 

Fock

Computes  , where 

→ Fock  is also the application every benchmark in part 2 runs (explained next)
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1.4 Exact exchange

j →

i

↓

1 n

1

n

i ≤ j

by symmetry

n(n+1)/2 Poisson solves per evaluation

n = 128 orbitals (H2O-32): 8256

the FFT algorithm (next slide) Kokkos kernels

for i in orbitals:
  for j in orbitals, j ≥ i:

    pre_computation()     ρij = φi·φj
    pad_data()            grid → FFT work array
    PoissonSolve()        ∇²Vij = −4π ρij
    unpad_data()          FFT work array → grid
    reduction()           Eij = ∫ ρij Vij
    accumulate_eexctx()   Ex −= ½ fi fj Eij
    post_computation()    Dφi −= fj Vij φj

for each exact-exchange evaluation

pre_computation post_computation accumulate_eexctx element-wise on the grid

pad_data unpad_data data movement: grid ↔ FFT work array

reduction the energy of the pair, and ρij ← Vij

the kernels around the solve
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1.5 The FFT algorithm and its kernels

KokkosFFT Kokkos kernels

for axis in [X,Y,Z]:
    <transpose,Spread>(axis)
    FFT(axis)

forward

multiplyKernel():
    data[i] *= scale * kernel[i]

Fourier space computation

for axis in [Z,Y,X]:

    FFTInv(axis)
    <transpose,Spread>Inv(axis)

backward

x
0

x
1

… x
N-1

x
0

x
1

… x
N-1

0 0 … 0

spread

spreadInv

0 N−1 N 2N−1

[X,Y,Z] [Y,Z,X] [Z,X,Y]

transpose transpose

transposeInv transposeInv

spread spreadInverse transpose transposeSpread transposeSpreadInverse pure data movement

multiplyKernel the only computation

the kernels
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2. Performance

2.1  What we measured

2.2  What we compared

2.3  CPU results

2.4  GPU results

2.5  Where the gap comes from

2.6  Memory bandwidth, and beyond

2.7  Performance portability
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2.1 What we measured

Software Kokkos 5.2.2 KokkosFFT 2.0.0

Cluster CPU GPU

Ruche
2 × (Intel Xeon Gold 6230 · 20 cores · 2.1 GHz)

4 MPI ranks × 10 OpenMP threads

1 × (NVIDIA A100 · 40 GB HBM2 · 1555 GB/s)

CUDA 13.0.2

Adastra
2 × (AMD EPYC 9654 · 96 cores · 2.4 GHz)

12 MPI ranks × 16 OpenMP threads

1 × (GCD AMD MI250X · 64 GB HBM2e · 1638 GB/s)

ROCm 6.4.3

System BC Grid Orbitals Poisson solves

H2O-32 periodic 96³ 128 8256

Aflatoxin free 209×191×145 58 1711

Graphene-H surface 216×91×216 40↑ + 40↓ 1640

UO2_2 periodic 108³ 90↑ + 90↓ 8190

Backends SGFFT ONEMATHCPU ONEMATHGPU CUDA KOKKOSCPU KOKKOSGPU

Method exclusive nodes 5 runs on GPU, 3 on CPU

Metrics Fock wall time GPU time memory consumption
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2.2 What we compared

CPU

Intel Xeon Gold 6230

KOKKOSCPU

<OpenMP>

KokkosFFT<FFTW>

SGFFT

<OpenMP>

built-in FFT

VS

H2O-32 Aflatoxin Graphene-H UO2_2

AMD EPYC 9654

KOKKOSCPU

<OpenMP>

KokkosFFT<FFTW>

SGFFT

<OpenMP>

built-in FFT

VS

H2O-32 Aflatoxin Graphene-H UO2_2

AMD EPYC 9654

KOKKOSCPU

<OpenMP>

KokkosFFT<FFTW>

ONEMATHCPU

<SYCL<TBB>>

MKL

VS

H2O-32 Aflatoxin Graphene-H UO2_2

GPU

NVIDIA A100

KOKKOSGPU

<CUDA>

KokkosFFT<cuFFT>

CUDA

pure CUDA

cuFFT

VS

H2O-32 Aflatoxin Graphene-H UO2_2

AMD MI250X (one GCD)

KOKKOSGPU

<HIP>

KokkosFFT<hipFFT>

ONEMATHGPU

<SYCL<ROC>>

rocFFT

VS

H2O-32 Aflatoxin Graphene-H UO2_2

×3 ×3 ×3

×5 ×5
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2.3 CPU: indicative results

† indicative only: not reproducible against the group's published SGFFT (our build: −O3 −march=znver4, theirs: −O2)
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2.4 GPU results
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2.4 GPU results: One full Fock iteration
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2.5 Where the gap comes from: MI250X

GPU idle (loop) = loop time gap − GPU gap · gaps between the kernels, per solve, mean over the run: ONEMATH ≈ 270 µs, psolverkokkos ≈ 80 µs ·

setup = wall time outside the loop of solves, mostly FFT plan creation on this GPU (extra slide), not GPU work

Graphene-H, Aflatoxin: fused and spread kernels, no shared-memory tiling yet (inferred)
23



2.5 Where the gap comes from: A100

GPU idle (loop) = loop time gap − GPU gap · gaps between the kernels, per solve, mean over the run: psolverkokkos ≈ 80 µs (fence, scalar copy),

CUDA ≈ 24 µs · setup = wall time outside the loop of solves (A100: at most 0.1 s), not GPU work

Graphene-H, Aflatoxin: fused and spread kernels, no shared-memory tiling yet (inferred)
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2.6 Memory bandwidth, and beyond

dashed line: bandwidth measured on the same GPU (copy kernel; triad for multiplyKernel ) 25



2.7 Performance portability: the Pennycook metric

Pennycook PP, application-efficiency flavour · † EPYC baseline: our own SGFFT build, possibly too slow · all four platforms: PP 0.94
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3. Conclusion

Recap and outlook
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3.1 Recap

24 + 8
library tests, plus PS_Program and Fock

hourglass interface: Fortran

↔ C ↔ Kokkos

one library, two build

systems

one implementation, 4

platforms

same energies on every

backend

It works
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3.1 Recap

24 + 8
library tests, plus PS_Program and Fock

hourglass interface: Fortran

↔ C ↔ Kokkos

one library, two build

systems

one implementation, 4

platforms

same energies on every

backend

PP 0.92 · 0.96
GPUs · CPUs

A100 vs CUDA, MI250X vs

ONEMATHGPU

Xeon, EPYC vs SGFFT

GPU PP ≥ 0.98 on 3 of 4

systems

Aflatoxin 0.77
GPU PP, the one outlier

fused transposeSpread
and spread  kernels

GPU idle time

It works It performs The gap
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3.2 Outlook

Close the gap
optimise transposeSpread  and spread  kernels reduce GPU idle time

expected, not measured
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3.2 Outlook

Close the gap
optimise transposeSpread  and spread  kernels reduce GPU idle time

expected, not measured

Go beyond
FFT callbacks (KokkosFFT)

by analogy, not measured

Clean up psolverkokkos  + futilekokkos a label per View errors through the interface
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Thanks

Questions?

The slides

this Kokkos Tea Time page

downloadable there soon

The repository behind them

gitlab.com/thibaultcimic/kokkos-tea-time

build the slides, and the benchmark and

profiling data

BigDFT psolver papers
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GPU results: One full Fock iteration
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GPU results: One full Fock iteration
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GPU results: One full Fock iteration
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Setup on the AMD GPU: FFT plan creation

Aflatoxin, MI250X: the same 6 rocFFT kernels in both backends · pauses of about 1 s before the first solve: 7 with ONEMATH, 13 with

psolverkokkos
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