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Machine Learning Service

Providing access to ML-related services and accelerators
Integration with CERN services: identity, networking, storage, compute

Heterogeneous Infrastructure

CPU, GPU (Nvidia & AMD) and FPGA flavors

($ rchiores (owner) ¥
Profiles and Quotas

. All namespaces
Personal and Team profiles

mlops

Personal profiles quotas 1 GPU, 30GB of scratch space storage

rchiores (Owner)

Team profiles for higher quotas, on demand
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Architecture
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One shared pool: multi-vendor GPUs, FPGAs, varied CPU profiles, fast
interconnects — across on-prem, cloud, and HPC




Compute Resources

NVIDIA GPU (H100, H200, L40S)

AMD GPU (Mi300X, RadeonPro W7900)
CPU (high memory & core & frequency)
Node Interconnects (IB & RoCEv2)
FPGAs

Heterogeneous Cluster
Different Topologies

PCle switch

H100 SXM with Infiniband Interconnect




Workload Offloading

Local Kubernetes Cluster

Pending Workloads

MultiKueue
Admission & Dispatching

@ local-gpu-node

Local capacity: 2/2 GPUs used

MultiKueue
AdmissionCheck

InterLink
Virtual Kubelg}

Cloud Worker Cluster
GKE / EKS / AKS - Kueue Worker

® h200-node-01

® h200-node-02

hpc pool-01

HPC Center
SLURM/ PBS - InterLink + Virtual Kubelet
hpc pool-02




MLOps with Kubeflow

Notebooks

Machine Learning Pipelines

AutoML - Hyperparameter Optimization
Distributed Training

Tensorboards

Model Serving




Kubeflow Notebooks

Extensive Features
Fully customizable environments
Select resources (CPU,MEM,GPU)
Selectable GPU flavors
Integrated EOS, CVMFS storage

Use Cases
Quick prototyping
Exploratory data analysis
Small Model training
Entrypoint to interact with other Kubeflow components

Name

D

Jupyter
Sa 1 2
JupyterLab VisualStudio Code RStudio

Custom Notebook v

CPU/RAM @

Resources will be set automatically based on the number and type of GPUs.

v Advanced Options

GPUs

1 b [NVIDIA H100 NVL (94GB)
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Customizing Notebooks

Curated Images

PyTorch
TensorFlow
SciPy

Customization

pip install additional packages
Build custom images for specific needs

Custom Notebook

( Image

kubeflow/kubeflownotebookswg/jupyter-scipy:v1.9.2
kubeflow/kubeflownotebookswg/jupyter-pytorch-full:v1.9.2
kubeflow/kubeflownotebookswg/jupyter-pytorch-cuda-full:v1.9.2
kubeflow/kubeflownotebookswg/jupyter-tensorflow-full:v1.9.2

u  kubeflow/kubeflownotebookswg/jupyter-tensorflow-cuda-full:v1.9.2

Configurations

r Configurations

Set EOS as home directory

Inject The Oauth2Token

[ Inject The Oauth2Token for Kubeflow Pipelines
Mount CVMFS

Mount EOS

Mount a serviceAccountToken to authenticate with Kubeflow Pipelines API




Kubeflow Pipelines

What Are Pipelines?
Directed acyclic graph (DAG) workflows for ML tasks
Flexible dependency management (e.g. parallel training, data streams)

Compared to Notebooks
Reproducioility 0 e
Parallelism for time efficiency

Scalability for large datasets and models
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Model Training %

T 1
Two Approaches to Model Training o /{E} :[.E'j:
Single-Node Training 1 1
Useful for prototyping {E} {E}

Suitable for smaller datasets and models
Limited by single node resources, e.g. number of GPUs

Distributed Training
Scales across multiple nodes and multiple GPUs
Suitable for large datasets and models

Requires changes to your code (e.g. torchrun from PyTorch)
or usage of frameworks for communication (e.g. Horovod)
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Hyperparameter Optimization =~

Parameters that define model and training:

Learning rate
Number of layers/nodes e

Activation functions

« Create an Experiment

Why is HPO Important? :
Improves model accuracy and performance .
Reduces training time by finding optimal values O
Improves hardware efficiency

Multivariate Tree of Parzen Estimators

Population Based Training
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Model Serving

Once a model is brewed, it needs to be served

Different model flavours
TorchScript, TensorFlow, ONNX, SciKit-Learn, custom, ...

Different serving needs
Autoscaling, configurations, revision management, ...

Model observability
Status, metrics, logs

What is this image?
Model
Server
Car (0.89)




Model Management with MIFlow m|f[)W

% Model Storage
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Model Versioning
Metadata Tracking ‘ ¢ ’ Stage Transitioning
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Monitoring

Alertmanager

é—send—[ idle resource alert ]
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Detailed workload usage to give insights

Monitoring to users
(Power Consumptlon GPU/CPU/Memory

usage)
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Monitorin

83 General / [DEMO] Cluster Global Usage ¥ <

All v

Detailed workload usage to give insights

to users

Power consumption, GPU/CPU/Memory

Cluster Usage

This dashboard shows overall metrics on resources usage in the Next Generation Triggers cluster.

You can filter the data by selecting a specific node.

Average GPU Utilization Average GPU Memory Usage

(N (.

Average CPU Utilization Average Memory Utilization

Cluster Power Usage Average Power Usage

3.5k 533w

GPU Workloads

G 88 General / Cluster Global Usage =8

Allocated GPUs per Namespace

NVIDIA HIU NV
NVIDIA H100 80GB HBM3
NVIDIA H100 NVL
NVIDIA H100 NVL
NVIDIA H100 NVL
AMD Instinct MI300X OAM
Navi 31 [Radeon Pro W7900]
Navi 31 [Radeon Pro W7900]
~
- NVIDIA H100 NVL-3g.47gb
A ] NVIDIA L40S
NVIDIA H100 80GB HBM3

NVIDIA H100 NVL
i Average

NVIDIA H100 NVL
e MBe Idle Sessions

el-worker-0
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NVIDIA H100 NVL

1d025
NVIDIA H100 NVL
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1.50 kW
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500W

Idie Sessions 4h
NVIDIA H100 NVL
NVIDIA L40S
Navi 31 [Radeon Pro W7900]
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