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Who am I

Lead Platforms Infrastructure @ CERN

Kubernetes & Cloud Native, Machine Learning

Cloud Native Computing Foundation (CNCF)

Previously in the Technical Oversight Committee (TOC)

Currently chair of the End User Technical Advisory Board (TAB)

Member of the Governing Board (GB)
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Motivation(s)

Strong need to simplify and streamline infrastructure management

A growing need for distributed, heterogeneous resources (CPUs, GPUs, TPUs, …)

A trend for those resources to be available remotely, more than on-premises

Consolidation of scarce resources among multiple services

Consolidation of multiple workloads types, interactive computing, batch or ML
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Declarative API

Automatic reconciliation

Standardization across multiple providers

A very large ecosystem, a very large community
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Sustainability

A lot of the governance hard work is handled in the foundation

A good stamp on project maturity … but not enough

e.g. At CERN we use several sandbox projects in production

We adapt our internal due diligence accordingly
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November 2024

Project Status Criticality Exit Complexity Maturity Lottery Factor Comments

helm OK High High Graduated Low Some kustomize usage but mostly helm across our deployments

etcd OK High High Graduated Low Troubled times with maintainership in 2023. CNCF came forward to fix them

containerd OK High Medium Graduated Low Possible to move to a different container runtime (if ever needed)

prometheus OK High High Graduated Low De facto standard. Separation between the format and the tool (in principle)

cilium OK Low Low Graduated Low Criticality can change if we start using cluster mesh extensively. Not yet the case

argo-cd OK Medium High Graduated Low Tendency for criticality to increase. Project lock-in but healthy vendor diversity

coredns OK High Medium Graduated Low Building block. Barely noticeable but a critical component

kubernetes OK High High Graduated Low The core of the stack

OK FOLLOW REACT



Quick History
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2016

2017

2018

2019

2020

2021

2022

Pilot Service

Kubernetes, Swarm

No obvious around this time which 
orchestrator would win. Scalability and 

performance tests.

Investigations

“Production” Service

Kubernetes, Swarm, Mesos

Integration with the CERN and WLCG 
environments. Certificates, Storage.

20 122 276 342 330 334 411

CephFS, Manila, CVMFS

CSI everywhere. Developed initial drivers for 
CephFS and Manila. Improvements for 

CVMFS.

Work done fully upstream, taken later by 
multiple other companies.

GitOps and Secret Management, 
Dissemination. Helm and Flux/ArgoCD.

HA improvements with Node Groups, Cluster 
Auto Scaling, Auto Healing, LBaaS for 

serviceType: LB.

Dissemination, Security 

Container Webinars on infrastructure and 
use cases, popular elsewhere as well.

Re-thinking with Security Team security 
aspects of containerized deployments, 

policies, best practices.

Clusters

Disaster Recovery

Volume Snapshots, Automated Backups and 
Restore.

Round one and multiple items to work 
together with the community.High Availability, GitOps, 

Public Cloud



OpenStack Magnum70 TB Dataset Job Results Interactive
Visualization

Aggregation

25000 Kubernetes Jobs



Kubecon Higgs Analysis: 70TB in 5min

Throughput up to 32Gb per VM

In memory storage used to handle this

Peak at close to 200GB/s
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High Throughput



A flagship project: Next Generation Triggers
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https://nextgentriggers.web.cern.ch
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Distributed Processing & Pipelines
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Available directly or via pipelines / workflows

Training Operators, Ray, Spark on Analytix

Shared workflows, pre-built for common scenarios

Examples: HEPScore23, hls4ml synthesis, (soon) model quantization
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Infrastructure

CPU, memory and scratch space automatically assigned per flavor

Improved workload isolation (NUMA awareness, CPU / GPU affinities, CPU pinning)

Up to 30% gains depending on the workload
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Infrastructure

CPU, memory and scratch space automatically assigned per flavor

Improved workload isolation (NUMA awareness, CPU / GPU affinities, CPU pinning)

Up to 30% gains depending on the workload

Support for low latency interconnects (Infiniband, RoCEv2)

30NGT MPI bandwidth benchmark with different multi-node interconnects - Infiniband, RDMA over 
Converged Ethernet (RoCEv2), etc.



31

Session Access
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Demo
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Lessons Learned

A paradigm shift (workloads, not nodes) with a significant learning curve

Upstream first, community first (and that takes effort and time)

Internal due diligence still needed, not a one size fits all

In the era of the GPU… cloud is no longer on-demand, though that might change

Hiring and onboarding new people greatly improved

The same stack now usable for services, scientific computing and ML workloads
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Q & A
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