


LuxProvide’s supercomputing 
platform unleashes the power of 
data through AI, advanced 
analytics and simulation to explore 
the frontiers of the digital 
intelligence.



Over 8 billion Euro for cutting-edge 
supercomputing and quantum computing 
ecosystem in Europe

European High Performance 
Computing Joint Undertaking

European Network of 
Competence Centers in HPC
United network of HPC actors in 33 
European countries to foster adoption 
of HPC

European Master for HPC
Pan-European Master’s program by 
leading educational institutions focused 
on HPC

IN THE HEART OF 
THE EUROPEAN 
SUPERCOMPUTI
NG ECOSYSTEM



+ Modular design -> versatility
+ Liquid cooled -> efficiency
+ External connectivity -> high speed accessibility
+ Optimized software stack & containers
+ Tier IV Data Center -> highest availability



Meluxina runs
25% of all EuroHPC JU projects

Meluxina runs
35% of all EuroHPC JU AI projects





MELUXINA USER SOFTWARE ENVIRONMENT (MUSE)
Compilers , 

Languages  &
Performance Eng.

• AOCC
• GCC
• Intel
• NVIDIA HPC SDK
 incl. PGI

• Support for various  
programming languages
Python
R
J ulia
Go
Rus t

• Performance and debugging 
tools
Intel
NVIDIA
ARM (Forge)
Scalasca
SCORE-P
Extrae
PAPI
Valgrind
GDB
AMD-uProf
 Nsight-Sys tems
 Nsight-Compute
 Vtune
 gperf
 extrap
 Inspector

• Many build & support tools  
(Autotools , CMake, …)

Parallelization tools ,
MPI suites  & 

acceleration libraries

• OpenMPI
• Intel MPI
• ParaStationMPI
• NVHPC
• TBB
• PETSc
• KOKKOS
• cuBLAS
• cuFFT
• cuDNN
• NCCL
• TensorRT

Numerical & data 
libraries

• BLIS
• Intel MKL
• FFTW
• OpenBLAS
• ScalaPACK
• Boos t
• Eigen
• ARPACK
• HDF5
• netCDF
• OpenCV
• CDO

Frameworks , 
runtime & platform 

tools
• PyTorch
• RAPIDSAI
• Torch Text+Vis ion
• TensorFlow + Hub
• Horovod
• Keras
• Theano
• J upyter Lab
• Apache Spark
• Matlab Runtime
• dotNET Core + SDK
• Dakota
• Quantum Computing/AI
• Cirq
• QsimCirq
• CuQuantum
• Pennylane
• Qiskit

End user 
applications

• GROMACS
• OpenFOAM
• FOAM-Extend
• CP2K
• QuantumESPRESSO
• NAMD
• QMCPACK
• NWChem
• HOOMD-blue
• Freud-analys is
• DualSPHys ics
• POV-Ray
• Blender
• MDAnalys is
• BioPython
• QUDA

• Visualisation
ParaView
VMD
OVITO
NCO
 NCView

ISVs license can be implemented, we have 
3 license servers dedicated for that



AI users 
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AI tutorials
• Llama 3 inference using 
NVidia TensorRT and Triton

• Distributed training – 
Resnet50 

• PyTorch inference of pre-
trained model



AI tutorials
Distributed training – Resnet50 



AI tutorials
Distributed training – Resnet50 

get_port.py

resnet50_LXP.py
resnet50_LXP.py



AI tutorials
Distributed training – Resnet50 

resnet50_LXP.py

#!/bin/bash -l
#SBATCH --job-name="restnetDistri"
#SBATCH --nodes=4
#SBATCH --ntasks-per-node=1
…

module load env/s taging/2023.1
module load PyTorch/2.1.2-foss-2023a-CUDA-12.1.1
module load torchvis ion/
…

nodes=($(scontrol show hostnames $SLURM_JOB_NODELIST))
nodes_array=($nodes)
head_node=${nodes_array[0]}
head_node_ip=$(srun --nodes=1 --ntasks=1 -w "$head_node" hostname --ip-
address)
…

export NCCL_SOCKET_IFNAME=ib0
export NCCL_ASYNC_ERROR_HANDLING=1
export OMP_NUM_THREADS=8
…

CUDA_VISIBLE_DEVICES="0,1,2,3" srun --cpus-per-task=8 --wait=60 --ntasks-per-node=1 --kill-on-bad-exit=1 torchrun --max_restarts  3 --
nnodes ${SLURM_NNODES} --nproc_per_node ${NGPUS_PER_NODE} --rdzv_id 10000 --rdzv_backend c10d --rdzv_endpoint $endpoint --log_dir 
${PWD}/log_torch resnet50_LXP.py 4 1 32

SLURM directives

Loading software

Setting up distributed architecture

Enabling optimized communications

Run



AI tutorials
Distributed training – Resnet50 

resnet50_LXP.py

Setting up 
Distributed Data Parallel 

Prepare data loader 
w.r.t batch s ize

Launch
 distributed trainingLoad training dataset

Instantiate trainer with 
model, data and optimizer



Troubleshooting (recent example from a real user)
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• User reporting that his  workload (face recognition software) is  taking 2x longer than expected

• First investigations point to an issue with how user is  launching the software with SLURM.

• Constant communication with end user

• Further investigations show that with minimal changes to code (1 line), and  optimized pinning/binding, 
the us er could ge t 8.8x performance  improvement. 

 

In the face_detector_deepsparse.py file, I modified again on line 34 the following code

with self._compiled_model = Engine(model=onnx_filepath, batch_size=batch_size)

self._compiled_model = Engine(model=onnx_filepath, batch_size=batch_size*4,num_cores=256,scheduler="multi_stream", num_streams=8)

I basically increase the batch size by 4, increase the num_cores to match the hyperthreaded cpu cores and fix the number of concurrent streams to match the numa domains, 8

and then with the following command to run it
NM_BIND_THREADS_TO_CORES=1 numactl --physcpubind=0-255 python3 pipeline_manager.py --mp4_dir ../mp4_25fps/ --saving_dir ../results/

I manage to get it from 8min24 sec to 57 secs on my 4 videos dataset. 

Extract from the ticket



Profiling
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Run in 
productio

n
Optimize  

Run 
through 

the 
profiler

• Module load Linaro-forge
• For DDT and MAP

• Module load NVHPC
• For Nsight-systems and Nsight-compute

https://docs.lxp.lu/hpc/profiling/

https://docs.lxp.lu/hpc/profiling/


AI-oriented profilers: Scalene and NVidia DLProf
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1. Links  to the tools
- Scalene: https :/ /github.com/plasma-umass / scalene
- NVidia DLProf: https :/ /docs .nvidia.com/deeplearning/ frameworks /dlprof-user-guide/ index.html 

2. Ins talling the tools

pip3 ins tall s calene 
pip3 ins tall nvidia-pyindex
pip3 ins tall nvidia-dlprof
pip3 ins tall nvidia-dlprofviewer

https://github.com/plasma-umass/scalene
https://docs.nvidia.com/deeplearning/frameworks/dlprof-user-guide/index.html


AI-oriented profilers: Scalene

17

scalene python3 train_1gpu.py

Time spent in
Python interpreter

Time spent in
native code

Time spent on
GPU 

Data movement



AI-oriented profilers: Scalene
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Zooming on GPU usage

Time spent on
GPU



AI-oriented profilers: Scalene
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scalene --json --outfile profile_scalene.json python3 train_1gpu.py

Using the scalene GUI (http:/ /plasma-
mass .org/ scalene-gui/ ), You can view 
the .json profile and ask ChatGPT for 
some optimizations  

http://plasma-umass.org/scalene-gui/
http://plasma-umass.org/scalene-gui/


AI-oriented profilers: NVidia DLProf
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Profiling with Nvidia DLProf requires  some light modifications  to the source code

1. Import the library 
 
import nvidia_dlprof_pytorch_nvtx as  nvtx

2. Modify the main function
add the following initialization code : 

nvtx.init(enable_function_s tack=True) 

Wrap the train function with this  code: 

with torch.autograd.profiler.emit_nvtx(): 



AI-oriented profilers: NVidia DLProf
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Once you have done the modifications , jus t run: 

dlprof python3 train_1gpu.py 

This  will create a couple of files , two sqlite files  and one nsys -rep. 



AI-oriented profilers: NVidia DLProf
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Once you have run the application with dlprof, you can use the dlprofviewer to 
view the reports . 

dlprofviewer -b 0.0.0.0 -p 8081 dlprof_dldb.sqlite

This  will launch a local web server on the node itself. Us ing a s imple SSH tunnel, 
you can browse it locally. Note: make sure to bind on 0.0.0.0 because by default it 
will launch it with localhost on the node itself.  

s sh – NL 8081:mel2101.meluxina.lxp.lu:8081 fbongiovanni@login.lxp.lu



AI-oriented profilers: NVidia DLProf
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AI-oriented profilers: NVidia DLProf
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DLProf also generates  some good advice that you may want to take into 
account. 



AI-oriented profilers: NVidia DLProf
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DLProf gives  you a very detailed view on the ops  in your model, how many times  there were called…



Further optimizations
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AI 
Data

AI
Training

AI
Inference

DEEP LEARNING



Further optimizations
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AI 
Data

AI
Training

AI
Inference

DEEP LEARNING

• Lustre-friendliness
• Avoid lots  of small files
• PyTorch + HDF5 

• https://github.com/mvsjober/pytorch-hdf5
• https://blade6570.github.io/soumyatripathy/hdf5_blog.html

• Use of local disk on GPU nodes (each GPU node has one 1.92TB SSD  disk)
• Use of Scratch tier  (>400 GB/s in read/write throughput) 

https://github.com/mvsjober/pytorch-hdf5
https://blade6570.github.io/soumyatripathy/hdf5_blog.html


Further optimizations

28

AI 
Data

AI
Training

AI
Inference

DEEP LEARNING

TRANSFOMER model
• Embedding
• Attention
• Multi-Layer Perceptrons (MLPs)
• Unembedding



Further optimizations
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AI 
Data

AI
Training

AI
Inference

DEEP LEARNING

TRANSFOMER model
• Embedding
• Attention
• Multi-Layer Perceptrons (MLPs)
• Unembedding

FlashAttention v2/v3  - https://github.com/Dao-AILab/flash-
attention

https://github.com/Dao-AILab/flash-attention
https://github.com/Dao-AILab/flash-attention


Further optimizations
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AI 
Data

AI
Training

AI
Inference

DEEP LEARNING

TRANSFOMER model
• Embedding
• Attention
• Multi-Layer Perceptrons (MLPs)
• Unembedding

• DaceML -  https://daceml.readthedocs.io/en/latest/
• Thunder - https://github.com/Lightning-AI/lightning-thunder
• DeepSpeed - https://www.deepspeed.ai/
• ColossalAI - https://github.com/hpcaitech/ColossalAI

https://daceml.readthedocs.io/en/latest/
https://github.com/Lightning-AI/lightning-thunder
https://www.deepspeed.ai/
https://github.com/hpcaitech/ColossalAI


Further optimizations
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AI 
Data

AI
Training

AI
Inference

DEEP LEARNING

Poss ible  optimizations
• Quantization
• Pruning 
• Knowledge Distillation 
• Specialized hardware FPGAs 



Current investigations around AI
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• AI infe rence  on CPUs

• AI infe rence  on FPGAs llamafile lets you distribute 
and run LLMs with a single 
file.



Current investigations around AI

Deployed on cloud node



Execute Ollama server

Run Llama2:70b model

Current investigations around AI

Running on GPU node



Current investigations around AI
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