
⇢(r) EDFT[⇢]

# #

�(r, r0) ERDMFT[�]

# #

�(r1, r2, r01, r
0
2) EExact[�]

# #

 (r, . . . , rN ) E[ ] = h |H| i
h | i

⇢(r) EDFT[⇢]

# #

⇢(r,!) ESDFT[⇢]

# #

G(r, r0,!) ELWK[G]

⇢(r,!)
⇢(r, i)

 (r1, r2, r3, . . . )

NEGF

DFT

RDMFT

HF   MP   CC   CI  QMC

TDDFT

spectral

⇢(r, t)

time & 
non-eq

wave
function

G<(rt, r0t0)

�1(r, r
0) �2(r1, r2, r

0
1, r

0
2)

<latexit sha1_base64="jVsG9xzjBBAOlopoCT+h3RopWRA=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0WooCUpii6LLnRZwT6gCWEynbRDJ5MwMxFKyG+48VfcuFDEpa78GydtFrV6YOBwzj3cucePGZXKsr6N0tLyyupaeb2ysbm1vWPu7nVklAhM2jhikej5SBJGOWkrqhjpxYKg0Gek64+vc7/7QISkEb9Xk5i4IRpyGlCMlJY807rxeM0JkRr5QSoyL7WdQaQkbPDsxIlCMkRz0qmdHXtm1apbU8C/xC5IFRRoeeanjuMkJFxhhqTs21as3BQJRTEjWcVJJIkRHqMh6WvKUUikm04vy+CRVgYwiIR+XMGpOp9IUSjlJPT1ZH6DXPRy8T+vn6jg0k0pjxNFOJ4tChIGVQTzmuCACoIVm2iCsKD6rxCPkEBY6TIrugR78eS/pNOo2+d16+6s2rwq6iiDA3AIasAGF6AJbkELtAEGj+AZvII348l4Md6Nj9loySgy++AXjK8fU5Sf1w==</latexit>

Gn(r1...2n,!1...2n�1)

<latexit sha1_base64="eWV34E6E9TvMIvowWQOV/rl/e+I=">AAACEnicbVA9SwNBEN3zM8avqKXNYhC0CXciaikqaiNESDSQi2FvM4mLe7fH7pwYj/sNNv4VGwtFbK3s/DduPgqNPhh4vDfDzLwglsKg6345Y+MTk1PTuZn87Nz8wmJhafnCqERzqHIlla4FzIAUEVRRoIRarIGFgYTL4Oaw51/egjZCRRXsxtAIWScSbcEZWqlZ2Dy5Sn2EO0x9w7WI0Yh7oEdnx5Usa6ZS8WzDVyF02GazUHRLbh/0L/GGpEiGKDcLn35L8SSECLlkxtQ9N8ZGyjQKLiHL+4mBmPEb1oG6pRELwTTS/ksZXbdKi7aVthUh7as/J1IWGtMNA9sZMrw2o15P/M+rJ9jea6QiihOEiA8WtRNJUdFePrQlNHCUXUuYDcTeSvk104yjTTFvQ/BGX/5LLrZK3k7JO98u7h8M48iRVbJGNohHdsk+OSVlUiWcPJAn8kJenUfn2Xlz3getY85wZoX8gvPxDfR2nkM=</latexit>

GDMFT
loc (!)

Andrea Ferretti  

[CNR-NANO, Modena, Italy]

Code Benchmarking and 

Performance Assessment from the 
Materials Science field

PROPOSAL
Designing the logo



Applying for resources

Relevant technical info required



Applying for resources

Quantify performance on the 
specific use cases to be studied
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Higher accuracy

Improved modelling 
(complexity)

High throughput 
screening

ab initio materials modelling

quantum mechanics based 

atomistic modelling of materials


+

interfacing with multiscale approaches

the exascale opportunity:

Electronic Structure Methods

highly accurate (predictive)

computationally demanding

a case for HPC



Higher accuracy

Improved modelling 
(complexity)

High throughput 
screening

ab initio materials modelling

quantum mechanics based 

atomistic modelling of materials


+

interfacing with multiscale approaches

the exascale opportunity:

Electronic Structure Methods

highly accurate (predictive)

computationally demanding

a case for HPC

Machine Learning &

Artificial Intelligence



exascale opportunity: complexity

GrCoFeIr,


U(Fe)=2, U(Co)=4,


cell: 10x10
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Graphene / Transition Metal / Ir (111)

clear experimental evidence for moire’ pattern (lattice 
mismatch) and Gr corrugation

10x10 Graphene, 9x9 Iridium => 605 atoms / unit cell

Precise treatment of the structure is important for 
modelling

Avvisati et al, J Phys. Chem. C 121, 1639 (2017)


Avvisati et al, Nano Lett. 18, 2268 (2018)

Calloni et al, J. Chem. Phys. 153, 214703 (2020)

Cardoso et al, Phys. Rev. Mat. 5, 014405 (2021)

Pacile’ et al, Appl. Phys. Lett. 118, 121602 (2021)



exascale opportunity: high throughput screening

G. Prandini, G.M. Rignanese, 
N. Marzari, npj Comput. 
Materials 5, 129 (2019)  



Adv methods in electronic structure
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applications ranging from materials modelling, to quantum 
chemistry and drug design 

compatible with high performance computing and high-
throughput screening

Density functional theory (DFT):

multiple hierarchies can be climbed

wavefunction-based methods

many-body perturbation theory and spectral methods

time-dependent and non-equilibrium methods

ensembles

beyond DFT:



parallel optimization and 
performance portability are key to 
keep exploiting HPC resources


All MaX flagship codes released for 
production with GPU support 


large effort on education and training:  
hands-on schools and hackathons

http://www.max-centre.eu/

widely used open source, 
community codes in electronic 
structure

hardware-software codesign vehicles

energy-efficiency of codes

SELECTED ACTIVITIES



Jupiter (@FZJ-JSC): > 1 ExaFlops

~ 6000 nodes with 4 Nvidia GH200/node

~ 24,000 GPUs in total

runs: up to 3000 nodes about 
87% of the whole machine (3456 
nodes)

Leonardo @ CINECA: 

4 Nvidia A100 next / node

GOAL: turn MaX flagship codes 
into exascale-enabled applications


large scale MPI parallelism 
(order of 10,000 tasks)


combined with GPU awareness

Codes



… more about benchmarking



Benchmarking and profiling

Using the JUBE benchmarking environment, to


create benchmark sets

run benchmarks on different computer systems

evaluate and display the results

benchmarks are collected in a dedicated repo


work coordinated by CINECA

https://gitlab.com/max-centre/JUBE4MaX 


https://gitlab.com/max-centre/benchmarks-max3/ 

• JUBE adopted as a standard for benchmarks production

• Objectives: standardization, reproducibility, accessibility 

• Benchmark repository available incl data inspection interface 

https://gitlab.com/max-centre/JUBE4MaX


PLATFORM

platform.xml

APPLICATIONS

applications.xml

WORKLOAD

workload.xml

SCRIPT

script.xml

QuantumESPRESSO

Yambo

Siesta

Fleur

QE (PW/PH)

Yambo

Siesta

Fleur

HDEEM

MERIC

Nsys

Nvidia-smi

Scorep

Tau

CINECA/Leonardo(Booster, DCGP)  

CINECA/G100

LUMI (C/G)

MareNostrum/4

MareNostrum/5 (ACC,GPP)

IT4I/Barbora

IT4I/Karolina(CPU/GPU)

IT4I/Power10

Meluxina(CPU/GPU)

Deucalion(CPU/GPU)

Discoverer

Sling/Vega (CPU/GPU)

Sling/Arnes(CPU/GPU)


Benchmark repository

https://gitlab.com/max-centre/JUBE4MaX 

https://gitlab.com/max-centre/JUBE4MaX


https://tinyurl.com/max3-benchmarks

Benchmark portal

https://tinyurl.com/max3-benchmarks


Metrics

Multiple Metrics



Roofline model



MaX Codes Spack 
support

Spack Repository type EasyBuild 
support

EasyBuild Repository type

QuantumEspresso CPU

GPU

Spack dev

https://github.com/spack/spack

CPU

GPU

EB Repo

https://github.com/easybuilders/easybuild-
easyconfigs

Yambo CPU

GPU


Local repo

https://github.com/nicspalla/my-repo

CPU

GPU wip

Local Repo

https://github.com/nicspalla/my-repo

Siesta CPU

GPU


Local repo

https://gitlab.com/siesta-project/ecosystem/
build-tools

CPU

GPU

EB Repo and Local Repo


https://github.com/AnthoniAlcaraz/easybuild-
easyconfigs/tree/develop/easybuild/easyconfigs/
s/Siesta

BigDFT CPU

GPU wip

Spack dev

https://github.com/spack/spack-packages

CPU

GPU wip

EB Repo

https://github.com/easybuilders/easybuild-
easyconfigs

Fleur CPU

GPU

Local repo

https://iffgit.fz-juelich.de/fleur/fleur/-/tree/
develop/packaging/spack?ref_type=heads

CPU Local Repo

https://repo.sling.si/aprah/easyconfigs

EasyBuild and Spack support

https://github.com/spack/spack
https://github.com/easybuilders/easybuild-easyconfigs
https://github.com/nicspalla/my-repo
https://github.com/nicspalla/my-repo
https://github.com/spack/spack-packages
https://github.com/easybuilders/easybuild-easyconfigs
https://iffgit.fz-juelich.de/fleur/fleur/-/tree/develop/packaging/spack?ref_type=heads


Deployment on 
EuroHPC 
machines



Selected results



Performance tracking



GPUS

Performance tracking



HPCX-MPI
HPCX-MPI showed to outperform OpenMPI on NVLink 
networks, thanks to the support to GPUdirect 
communications.

higher is 
better



Precision emulation

https://developer.nvidia.com/blog/unlocking-tensor-core-performance-with-floating-point-emulation-in-cublas/ 

FP64 emulation of GEMMs


From the Nvidia website

https://developer.nvidia.com/blog/unlocking-tensor-core-performance-with-floating-point-emulation-in-cublas/


Yambo-cuSOLVERMp interface

Nvidia cuSOLVERMp interfaced and validated  

   (Courtesy of S. Orlandini and M. Montagna — CINECA)



MPS (Multi Process Service)  
MPS for small workloads minimizes the costs in terms of energy  and improves the time to solution

lower is 
better



Yambo @ Leonardo
linear algebra, FFTs on GPUs, specialized 
backends, custom kernels. data mapping

CUDAF
OpenACC

OpenMP

devxlib

● yambo offers fairly  independent parallelization layers

● porting to new programming model streamlined by devxlib



Yambo @ LUMI
Featuring AMD MI250

Comparison with Nvidia A100

Initial support of Cray v15 extended 
to Cray v17



Yambo @ MareNostrum-V

MPS off MPS on

Data: courtesy of J. Gutierrez and R. Grima (BSC)Featuring Nvidia H100

Use of Nvidia MPS tested

Test relevant also for porting on Jupiter



Yambo @ ARM-based chips
Runs on Deucalion featuring Fujitsu A64FX

Similar runs also on Fugaku

Comparison with x86 chips (Leonardo DCGP, LUMI-C, 
Deucalion-x86) (Courtesy of Costanza Borghesi and 

Nicola Spallanzani)



Fleur @JEDI / JUPYTER



Performance portability: Yambo



Test cases identified early on and regularly updated 

data available at:   https://gitlab.com/max-centre/benchmarks-max3/ 


Adoption of JUBE 


Mostly TIME-TO-SOLUTION so far, but also COST-VS-TIME

Access to hardware counters and different metrics

Analysis and tuning of ENERGY-TO-SOLUTION


Used to validate the parallel performance and performance portability 
on the codes across different architectures

Significant bulk of data collected and made available


Non-maturity and inhomogeneity of the software stacks need to be 
taken into account 

Additional assessment needed when dealing with workflows

Benchmarking: summary

https://gitlab.com/max-centre/benchmarks-max3/


Thanks !

PROPOSAL
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Follow us on:


@max_center2


http://www.max-centre.eu/

youtube/channel/MaX Centre eXascale

Special thanks to:
F. Affinito, L. Bellentani, I. Carnimeo, N. Spallanzani 
for sharing slides and information

All MaX developers

https://twitter.com/max_center2
https://twitter.com/max_center2

