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Current Development Efforts

What are you currently working on or planning to work on?

❖ CP2K HFX ERI acceleration (FPGA, GPU) ongoing
❖ ERI on FPGA: Xilinx U280 implementation accepted at FPL conference
❖ Hutter: PASC Harris functional in CP2K
❖ Kühne: Discussion with NVIDIA on library for multicenter-integrals (AMD is 

also interested in ERIs)
❖ Brehm: On-the-fly force fields in CP2K (NHR project granted)



CASUS

- support for DFT-D4
- integrated the github package by Grimme
- gradient / stress tensor working

- i-Pi master code committed to the trunk
- refactor FFT backend

- GPU offloading with SpFFT (already used by SIRIUS)
- introduce 2D-FFTs (building block for parallel FFTs)
- later: MPI capabilities of FFTW/SpFFT

- Finite-Temperature RPA: currently testing energies
- Sigma-RPA by A. Görling
- planned: GFN2-xTB  (Anna Hehn also working on GFN2-xTB, also Jürg Hutter is working 

on the non-SCF GFN0) + ev. “GFN3” & gTB
- future: k-points
- Interaction/Cooperation with Nvidia (start with generalized EVP), also the case for 

DLA-Futures from CSCS



Regensburg

- real-time GW-BSE 

(analog to RT-TDDFT but with screened exchange self-energy instead of 
exchange-correlation potential, by Stepan Marek, first implementation gives 
correct numbers for molecules, todo: more benchmark calculations)

- GW with full k-point sampling for band structures for small cells (gives correct 
numbers, todo: more benchmark calculations)

- RI basis sets for TZV(2)P-MOLOPT, whole periodic table 

- to be started in August: RT-TDDFT with k-points for small cells



What is MiMiC

Open-source framework for multiscale modelling 

● Loosely couples external programs

● Computes interactions (currently QM/MM)

● Adopts MPMD model with MPI-based 
communication

Key features

● Implemented functionalities 
easily transferable

● Avoids overheads

● Flexible in terms of resource 
allocation

● Each program can be 
optimized independently

J. Chem. Phys., 2024, 161, 022501

https://doi.org/10.1063/5.0211053


How does it work

Client implementation 

Launch

MiMiC



Current status (in CP2K) Currently implemented
● Electrostatic embedding 

QM/MM with long-range   
via multipole expansions

● Clients
○ GROMACS
○ CPMD
○ OpenMM

In progress
● Polarizable embedding
● GPU Offloading
● DRESP charges
● Clients

○ CP2K
○ TinkerHP
○ QuantumESPRESSO

…and more

MiMiC

It works with GPW!

3k

30k

140k

# atoms

(...and in MiMiC)

Δt ~0.5 fs



DBCSR Update (Alfio)

● Current workflow:
○ GPU kernels require autotuning, otherwise fall-back to CPU if kernels are not available (but we 

do move data to the GPU!)
○ Users should run the autotuning procedure to add more kernels, and then recompile CP2K. 

This is not feasible for a centralized CP2K installation.
● New workflow (intermediate solution):

○ Provide a generic kernel for any missing tuned kernel
○ Print a warning to inform users that the generic (not optimized) kernel is used
○ Waiting CSCS people (thanks a lot to Augustin and Rocco) for testing it on Alps (H100), then 

release a new DBCSR version for the next CP2K release
○ Thanks to everyone who have contributed to DBCSR!

● Next workflow:
○ Rely on vendor batched optimized libraries, possible drop autotuning entirely



OpenCL based GPU support in DBCSR and DBM/DBT
DBCSR: benchmarks/QS_DM_LS/H2O-dft-ls.NREP4.inp

CPU baseline also represents the host system for any of the 
GPU results. No matter of the individual best case, always 
16 MPI-ranks have been used. CPU relied on DDR5 DIMMs. 
Superscaling, e.g., from 110s to 80s can be due to fit in LLC.

*H100 based on CUDA/HIP in DBCSR&DBM (OCL result in 
braces). Results for DBCSR use parameters tuned for A100.

DBM/DBT: benchmarks/QS_low_scaling_GW/GW.inp

HPC fabric (beside of GPU2GPU) was HDR200 in all cases 
like for multi-node result (2 or 4 systems).

All results are total time to solution [s].

Systems 1 2 4

4xPVC (8T) 177 110 64

2xPVC (4T) 231 135 80

2xH100pci* 247

2xSPR-56c 393 225 121

Systems 1 2 4

4xPVC (8T) 307 166 107

2xPVC (4T) 398 212 132

2xH100pci* 491 (510)

2xSPR-56c 464 229 138

Performance is only representative for above workloads (not for GPU vs CPU or in general)



OpenCL based GPU support, next steps, etc.
Status

● On-par or better than CUDA based 
implementation on Nvidia GPUs

● Fully interoperable/tested with CUDA code 
on Nvidia GPUs (similarly for HIP based 
code-path; not tested)

● DBCSR: hard-coded rules for default 
kernels and comprehensive set of tuned 
parameters (P100, V100, A100, H100, 
Mi250, PVC); tuning ~3min. per kernel)

● OpenCL BE in DBCSR: GPL → BSD-3
● DBM/DBT: perf. on par with CUDA based 

implementation

Next steps

● CMake based toggles/build, and 
ARCH-file for LRZ SMUCp2

● OpenCL BE from DBCSR to be recycled 
(separate hfp/libxstream repository)

● Support for SpLA, ELPA, local GEMM, and 
CP2K's GRID component

● Tuned parameters for DBM/DBT?

Other

● LIBXSMM for ARM64 ready (SHA can be 
shared; release model changed)

● LIBINT code-gen flow (script)

OpenCL is an industry standard with broad/native vendor support (AMD, ARM, Intel, Nvidia). 
Major diff. with CUDA is it is practically JIT-only (but no special compiler needed), also C++ 
support was only added in OpenCL 3.0 (as an extension); otherwise C99/C11 standard.



Current Issues when Running CP2K

● mpiwrap: get number of processes per system (issue #3565)
○ Enables hints on perf/comm. constraints like "total number of ranks to be square number", etc.
○ Enables MAX_MEMORY=auto (-1) in various input sections aka max. memory per process

● Improve assertions
○ Require reference to documentation for typical issues (aka landing page)

■ Example: Cholesky decomposition failed → typical causes can be documented
■ Collect issues occuring relatively often (according to Google groups/forum)

○ Introduce backtrace plus "phone home", etc. (even online service for crashes)
○ Distinction between "cannot continue" vs. "development expectation not met"

is not tested (NDEBUG or CPABORT vs CPASSERT)
■ Ban CPASSERT from innermost loops?

● Embrace Open Source
○ Reward contributions to amplify CP2K's importance (beyond GitHub stats)
○ Revive https://www.cp2k.org/performance?



Feature Deprecation

- PW implementation of HFX: deprecate in a later release
- debug code XC (not tested anymore): deprecate in a later release
- -D__SCALAPACK vs -D__parallel: check if redundant, remove if redundant, 

prefer -D__parallel
- PEXSI: mark as deprecated in this release, then drop
- QUIP: mark as deprecated in this release, then drop



Optimization Ideas: A Glimpse into AMD’s MI300A APU and 
its benefit for CP2K

● A brief presentation by Gina Sitaraman, AMD























manual.cp2k.org
Input Reference

● Input descriptions support Latex-formulas, Markdown, and unicode incl. emoji.
● Special treatment for XC_SECTIONS.
● Highlighting of mentioned keywords ⭐.
● New precommit check for missing spaces in multi-line descriptions.

Methods Section

● Curated structure, see e.g. the section on X-Ray or HFX.
● Lot's of great new pages, e.g. about metadynamics and GW.
● Getting started: README.md
● Still missing: (contributions needed)

○ DFTB, Implicit Solvation, NMR, Raman, Nudged elastic band, Path Integrals
○ Overview pages that, e.g. Optical Spectroscopy

Example Inputs

● Currently: moving from wiki to GitHub

Search engine:

- either improve sphinx internal search or hook in external search, e.g. Algolia (contribution needed). See also #343.

Live preview for pull requests

https://manual.cp2k.org/trunk/CP2K_INPUT/FORCE_EVAL/DFT/XC/XC_FUNCTIONAL.html
https://manual.cp2k.org/trunk/methods/properties/x-ray/index.html
https://manual.cp2k.org/trunk/methods/dft/hartree-fock/index.html
https://github.com/cp2k/cp2k/blob/master/docs/README.md
https://manual.cp2k.org/trunk/methods/semiempiricals/dftb.html
https://manual.cp2k.org/trunk/methods/qm_mm/implicit_solvation.html
https://manual.cp2k.org/trunk/methods/properties/nmr.html
https://manual.cp2k.org/trunk/methods/properties/raman.html
https://manual.cp2k.org/trunk/methods/optimization/nudged_elastic_band.html
https://manual.cp2k.org/trunk/methods/sampling/path_integrals.html
https://manual.cp2k.org/trunk/methods/properties/optical/index.html
http://github.com/cp2k/cp2k-examples
https://github.com/cp2k/cp2k/issues/343


Current status of references              Ideas for optimization
https://manual.cp2k.org/trunk/bibliography.html Unify reference format in Phys. Rev. style:

A. Author, B. Author, Title of the paper, Abbrev. 
J. Name VOL, pages (year)

Every entry could provide exclusively:

• Authors
• Title
• Abbreviated journal name, large & small caps
• Volume
• Pages (one entry)
• Year
• doi

Ole might adjust common/bibliography.F and 
routines to generate the bibliography webpage

Jan can volunteer to clean old references and 
to bring them to updated format



Regtest Improvements

● Done: No more false positive slow test (#3534)

● Ongoing: Names instead of numbers for test types (please help)

● Planned: Check other outputs besides the stdout

● Planned: Allow for multiple checks after running an input file

● Discussion: #2996

https://github.com/cp2k/cp2k/pull/3534
https://docs.google.com/spreadsheets/d/1V8f4GPddVgvqMbkbjMZ4a3fpUdE0LcYcO3eyWg57MFY/edit?usp=sharing
https://github.com/cp2k/cp2k/issues/2996


CP2K-Release

- waiting for dbcsr-alps validation (1-2 weeks)



Open CP2K-Related Positions

- position at CASUS: see slide CP2K@CASUS
- two positions at PC2:

- Postdoc as HPC expert (f/m/d) for atomistic simulation - Focus on Plane-Wave DFT 
(https://pc2.uni-paderborn.de/fileadmin/pc2/job_offers/6463.pdf)

- Postdoc as HPC expert (f/m/d) for quantum chemistry (https://pc2.uni-paderborn.de/fileadmin/pc2/job_offers/6462.pdf)

https://pc2.uni-paderborn.de/fileadmin/pc2/job_offers/6463.pdf
https://pc2.uni-paderborn.de/fileadmin/pc2/job_offers/6462.pdf


CP2K-Related Events:

Plans: 

● Paderborn+CASUS/HZDR:
○ ~Q1/25: Gromacs & CP2K on QM/MM (school with tutorial, 3-4 days in person)


