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Cluster
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ssh lxplus.cern.ch

openstack coe cluster create --cluster-template kubernetes-1.30.5-1 --node-count 1 csc-demo

openstack coe cluster list

openstack coe cluster config csc-demo

export KUBECONFIG=`pwd`/config



Sessions

Services for Machine Learning (Part 1), Ricardo Rocha

Available services and hardware, use cases, containerization, scaling

Services for Machine Learning (Part 2), Diana Gaponcic

Efficient usage of shared GPU resources, partitioning, slicing, …

Services for Machine Learning (Part 3), Raul Chiorescu

Managing your ML lifecycle with ml.cern.ch
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Use Cases

2nd ML Infrastructure Workshop

https://indico.cern.ch/event/1298990/
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Services

CERN IT ML Infrastructure Workshop

https://indico.cern.ch/event/1253881/timetable/#20230310
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Hardware
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Scaling
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26https://openai.com/index/scaling-kubernetes-to-2500-nodes/

https://openai.com/index/scaling-kubernetes-to-2500-nodes/


27https://openai.com/index/scaling-kubernetes-to-7500-nodes/

https://openai.com/index/scaling-kubernetes-to-7500-nodes/
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Best Practices
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Code and Datasets Storage

Containers are ephemeral, notebook servers can crash

Keep code and datasets on persistent storage that can be easily accessed

Code - Github or GitLab, commit regularly, generate container images

Datasets - EOS or S3 object storage
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Model Training

Develop models with scalability in mind

Develop model training to be distributed across multiple GPUs

Only prototype using a single GPU

TF Distributed - TFJob 

Pytorch Distributed - PyTorchJob

Ray, MPI, PaddlePaddle, …
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https://www.tensorflow.org/guide/distributed_training
https://www.kubeflow.org/docs/components/training/tftraining/
https://pytorch.org/tutorials/beginner/dist_overview.html
https://www.kubeflow.org/docs/components/training/pytorch/


Containerised Workloads

Build Docker images for your ML workloads

Allows for reproducibility

Mobility - build once, run anywhere

Fast deployment

Integration with other ML components

Pipelines

Distributed training

Hyperparameter optimization

Serving
32

K8s

TFJob

Docker

Image

Node

Script



Demo & Exercises
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Cluster
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ssh lxplus.cern.ch

openstack coe cluster create --cluster-template kubernetes-1.30.5-1 --node-count 1 csc-demo

openstack coe cluster list

openstack coe cluster config csc-demo

export KUBECONFIG=`pwd`/config



Basic Job
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wget https://kubernetes.io/examples/controllers/job.yaml

kubectl apply -f job.yaml

https://kubernetes.io/examples/controllers/job.yaml


Job Parallelism
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https://kubernetes.io/docs/concepts/workloads/controllers/job/

spec:

  completions: 10

  parallelism: 3

https://kubernetes.io/docs/concepts/workloads/controllers/job/


Indexing and Failure Policy 
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https://kubernetes.io/docs/concepts/workloads/controllers/job/#pod-backoff-failure-policy

https://kubernetes.io/docs/concepts/workloads/controllers/job/#pod-backoff-failure-policy


Training Operator
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https://www.kubeflow.org/docs/components/training/overview/

https://www.kubeflow.org/docs/components/training/overview/


Training Operator
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https://www.kubeflow.org/docs/components/training/user-guides/

TFJob: TensorFlow Training

PyTorchJob: PyTorch Training

PaddleJob: PaddlePaddle

XGBoostJob: XGBoost

JAXJob: JAX Training

MPIJob: MPI Training

https://www.kubeflow.org/docs/components/training/user-guides/


PyTorch Job
$ kubectl apply -k "github.com/kubeflow/training-operator.git/manifests/overlays/standalone?ref=v1.8.0"

$ wget https://raw.githubusercontent.com/kubeflow/training-operator/master/examples/pytorch/simple.yaml

$ kubectl apply -f simple.yaml

$ kubectl -n kubeflow get pytorchjobs

$ kubectl -n kubeflow logs -f pytorch-simple-worker-0

2024-11-07T08:50:33Z INFO     Train Epoch: 1 [0/60000 (0%)] loss=2.2975

2024-11-07T08:50:36Z INFO     Train Epoch: 1 [640/60000 (1%)]loss=2.2965

2024-11-07T08:50:40Z INFO     Train Epoch: 1 [1280/60000 (2%)] loss=2.2948

2024-11-07T08:50:43Z INFO     Train Epoch: 1 [1920/60000 (3%)] loss=2.2833
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https://raw.githubusercontent.com/kubeflow/training-operator/master/examples/pytorch/simple.yaml


Queues and Multi-Cluster

https://kueue.sigs.k8s.io/docs/concepts/

Local Queue

Cluster Queue

Resource Flavor

Workload Priority

MultiKueue and MultiKueueCluster
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https://kueue.sigs.k8s.io/docs/concepts/


Ongoing Work
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Ongoing Work
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Improved documentation on availability and access to GPUs

Consolidation of GPU pools among services

Integration with public cloud providers



Q & A
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