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Vela(s): Cloud-native AI Training Cluster(s)

• IBM Research needs infrastructure to train ML models
• Large Language Models (LLMs) have billions of parameters

• Can we build a cloud-native training cluster?
• Of-the-shelf GPU-rich host servers added to IBM Cloud

• 200 nodes, 8× NVIDIA A100 / 60 nodes, NVIDIA H100 80GB
• KVM-based Virtual Machines as building blocks
• Standard Ethernet networking

• RoCE for GPU-GPU communication
• Red Hat OpenShift (OCP) for resources and training job management

• MLBatch / Kueeue MLBatch queuing and quota management system
https://github.com/project-
codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users 

• IBM Granite models
• https://huggingface.co/ibm-granite 

https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://github.com/project-codeflare/mlbatch/blob/main/CODEFLARE.md#mlbatch-for-codeflare-users
https://huggingface.co/ibm-granite
https://huggingface.co/ibm-granite
https://huggingface.co/ibm-granite
https://huggingface.co/ibm-granite


Research Blogs and Papers

https://research.ibm.com/blog/
AI-supercomputer-Vela-GPU-cluster 

https://blocksandfiles.com/
2024/08/01/ibm-uses-
storage-scale-in-its-ai-
model-training/ 

https://dl.acm.org/doi/pdf/10.1145/3676641.3716280 

ASPLOS '25: Proceedings of the 30th ACM 
International Conference on Architectural 
Support for Programming Languages and 
Operating Systems
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Data Access in AI workflows
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Storage for Model Training
• Multiple users run concurrent training jobs

• Some jobs for weeks – months

• Native shared storage services in IBM Cloud
• IBM Cloud Object Storage (COS)
• IBM Cloud File Storage (NFS) – 1GB/s per share only
• IBM Cloud Block Storage – no shared namespace

• Typical training job uses
• 1 bucket for input data – read all input data a few times
• 1 bucket for checkpoints – many periodic writes, infrequent reads

• Everything gets bigger
• Input data (more tokens): 1TB → 20TB
• Checkpoints (larger models): 100GB → 1TB
• Cluster size

• Problems
× Slow checkpointing
× Slow training data loading
× Storage backend overload
× Slow restore from checkpointing

Training

Red Hat OpenShift
PyTorch

Training Training

InputInput
Input

InputInputCheck
points

Training
Job

Input

Check
points

1-N

- Extended training times
- Idling GPUs
- Can’t perform checkpoints

as frequently as desired



Multi-user Elastic Cache w/ Storage Scale

Storage Scale Container Native

Storage Scale

Training Jobs

Red Hat OpenShift

Cloud Object Storage (S3)

4. Automated data movement

2. Fast data load from cache

1. Consistently fast checkpoints

Training Jobs
Red Hat OpenShift

Cloud Object Storage (S3)

AFM Data Mover
Essential Component

Large, persistent,
and high-performance
cache dedicated
to the AI cluster

BEFORE NOW

3. No backend overload
200TB+

Users now call it 
“Infinite file system”



Automation for IBM Storage Scale in IBM Cloud

https://cloud.ibm.com/catalog/content/ibm-spectrum-scale 

2. Use Terraform/Ansible from Github

• https://github.com/IBM/ibm-spectrum-scale-cloud-install 
• AWS, GCP, Azure, (IBM Cloud)

• https://github.com/IBM/ibm-spectrum-scale-install-infra 
• More customizable

1. Deploy with IBM Cloud Tile

• IBM Schematics (Terraform) and Ansible based
• UI, CLI, API 

Install
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Storage Cluster Example

VSI: cx3d-48x120 - 96Gbps

vNIC 
1

Block 
1

vNIC
2

Block 
2

Block 
3

Block 
4

Block 
5

Network:
48Gbps

Volumes:
48Gbps

24Gbps24Gbps
8Gbps 8Gbps 8Gbps 8Gbps

Block 
6

6GB/s (48Gbps) per server
96GB/s per 16-node cluster
240TB if 2.5TB volumes used

8Gbps 8Gbps

Every client write results in a networked write to block: split available VSI network 50/50 between block and vNICs

Setup

Scale setup: No ECE, not data replication, 2-way metadata replication

• Use of (new) networked block
storage type in IBM Cloud

• Alternatives
• Baremetal
• ECE / Replication

• Multiple interfaces support
• MROT

• Some nodes are AFM gateways
• Scale GUI / REST API Server



Compute Cluster

• Dynamic OCP clusters
• Failures, node movement

• Largest Container Native Scale cluster – over  200 nodes
• Dedicated non-GPU VSIs for quorum nodes
• Node removal process
• Kernel module compilation adjustments

• First use of Container Native Scale in IBM Cloud



Production Deployment Results
Summary
• 3× faster writes (than COS) and 40× faster reads (than NFS)
• 10+% improvement in training speed
• Consistent training step times

• w/ File – 9-6 seconds, 50% variation
• w/ Scale – 4.8 – 5.2 seconds, only 10% variation
• No ramp down of the training time
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Research: Scale as a Managed Service

• Managing and operating Scale clusters requires 
expertise
• Initial deployment, upgrades, resizing, troubleshooting, etc.

• Cloud users expect more simplicity
• “I need a highly-available file system volume of size 100TB 

w/ 100GB/s performance (1GB/s/TB)”
• Storage cluster in service account

• Managed by IBM Storage SREs
• NFS – so that client clusters don’t run Scale software
• Clusters not shared between tenants
• Zonal service
• Integrated billing, catalog, monitoring, etc.

Users demand need for more capacity, efficiency, and operational simplicity

SaaMS
Control Plane

IBM Cloud

Tenant Account

Compute

File System
Management

Data
Access

Storage Servers

Storage Clusters 
Management

Resource 
and Services 
Management

SRE

N
F
S

Scale for 
IBM Cloud

Automation

SaaMS 
Service Account



Scale Cache Volumes

Storage Scale Container Native

Storage Scale

Applications

Red Hat OpenShift

Cloud Object Storage (S3)

1 Opens Ticket,
Provides S3 keys provides
(not secure)

I need a 
Cache Volume

Data 
Scientist 

Admin

2 Manually sets up Scale Cache Volume
(Data Scientist waits hours/days)

Manual process & requires AFM expertise

Lacks self-service, does not scale well

Process is NOT secure!

Showstopper for Commercial Uses
(On-prem Vela or Cloud Vela)

Earlier
process

I need a 
Cache Volume

Data 
Scientist 

1 Apply YAML for PVC & Secret for each Bucket*

* - Admin creates StorageClass one-time only

2

CSI Driver

Automates setting up Cache Volume
(Cache Volume ready within Minutes)

Simple interface for non-storage experts!

Reduces setup time from Hours/Days to seconds/minutes

Secure, Self-Service, Scales well



What are Scale Cache Volumes?

13© 2025 IBM Corporation

GPFS Filesystem

fileset
fileset

fileset

fileset
fileset

fileset

fileset
fileset

fileset

S3 API

Scale Cache Volume is PV → Bucket mapping

Mapping: PV → AFM fileset → Bucket

AFM does File → Object translation

remote
mount

Scale CSI

PV PV PV

Buckets

AFM

1. Release Info
▪ 5.2.1 (Tech Preview)
▪ 5.2.3 (General Availability)

2. Maps PV to S3 Bucket
▪ Uses AFM fileset as a caching layer
▪ Most AFM modes are supported

3. Scale CSI driver supports…
▪ Dynamic & Static provisioning
▪ 1:1 or Many:1 (PV → Bucket)

4. Advanced Features (as of release 5.2.3)
▪ Adjust AFM parameters (fine tuning)
▪ Manual cache prefetch / eviction

Client Cluster
Storage Cluster

https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage 

https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage
https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage
https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage
https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage
https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage
https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage
https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage
https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage
https://www.ibm.com/docs/en/scalecontainernative/5.2.3?topic=caching-data-from-object-storage


IBM Research / © 2024 IBM Corporation / IBM Confidential
              

14

Scale Cache Volumes - workflow

Create 
StorageClass 

OCP Admin Data Scientist

Create 
PVC & Secret 

1 2

CSI Driver

Scale S3

Trigger event to 
CSI Driver

replication

Create PVCreate 
AFM Fileset

3

4a 4b

New Automation in CNSA Release 5.2.1

Data Scientist

Create 
Pod

PV

Bind mounted 
into Pod

Pod5
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Interface Design – Storage Class

Create 

OCP Admin
volumeType: cache
-> Means to create AFM Fileset 
(as opposed to non-AFM Fileset)

▪  cacheMode set AFM mode

(optionally set)
▪ Readonly -> RO
▪ Parallel -> IW
▪ Exclusive -> SW
▪ Detached -> LU
If not set, then access mode in PVC
sets the AFM mode.

▪ provisioner-secret-name
▪ Build-in template
▪ Specifies where S3 Bucket access & credentials will be stored

1

3

1

3

2

2
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Interface Design – Secret & PVC

Create 

Data Scientist
S3 Endpoint1

3

1

3

4 4 Bucket Name

4 Bucket Access & 
Secret Keys

Create 

Data Scientist

5

6

2
2 Secret name

(Matches Secret template
In Storage Class)

6

5 Controls AFM mode*

   RWO, RXW, RXOP -> IW mode
   ROX -> RO mode
* If not set in StorageClass

Size of Volume** 
   CSI driver sets Fileset Quota

** StorageClass architecture allows Admins to set 
Storage Resource Quotas (e.g. max storage)
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CacheVolume CR
automatically generated by CNSA after Fileset created

View / Edit 

Data Scientist

2

1

1

2

Users can modify AFM Params

Exposes AFM status & errors



Current architect overview with Kueue

1. User submits job to the OCP/Kubernetes cluster

2. KubeAPI sends job to Kueue for scheduling

3. Kueue 
1. queues workload
2. reserves resources
3. admits workload 

4. Kube-scheduler assign node to pod

5. Pod runs training jobs and fetches dataset from 
storage cluster

6. Storage cluster fetches data from object storage

7. Object storage sends data to storage cluster

8. Storage cluster sends data to training pod

Problem: kueue admits job as soon as GPUs (and 
other resources) are available, but data it needs is not 
yet available in the storage cluster (still needs to be 
fetched from object store).



Custom Admission Check in Kueue
• Job scheduling with Kueue

• Internal check: resource availability
• External check: custom admission

• Admit job (pass job on to Kube job controller and 
scheduler) iff all checks are passed

Admission Check

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


Dataset prefetch 

3a. Kueue triggers prefetch of dataset to storage cluster

4a. Storage cluster fetches data from object storage

5a. Object storage sends data to storage cluster

6a. Kube-scheduler assign node to pod

7a. Pod runs training jobs and fetches dataset from 
storage cluster

8a. Storage cluster sends data to training pod

3b. Kueue admits workloads that passed admission and 
dataset is prefetched 
4b. Kube-scheduler assign node to pod
…

1. User submits job to the Kubernetes cluster
2. KubeAPI sends job to Kueue for scheduling

Job 1

Job 2, 3, 4…

Solution: use external admission check to fetch 
data from object store before admitting the job.



Cluster Setup

• ClusterQueue

• Custom Admission Check

• Job Specification
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Data Access in Data and AI workflows
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Storage for Data Preparation

Storage Scale

Data Processing

Red Hat OpenShift

Cloud Object Storage (S3)

Data Processing
Red Hat OpenShift

Cloud Object Storage (S3)

Compute Cluster (ROKS)

Storage Cluster

Compute Cluster (ROKS)
• Embarrassingly parallel workload for which one 

can deploy larger compute clusters to 
accelerate data preparation

• Problem. When using over 70 compute nodes, 
data preparation applications overload COS 
backend.
Limits the speed of data preparation.

• Deploying cache allows to flatten I/O burst, not 
overload COS, and run data preparation at 
larger scale – 200 nodes (target).
• Lots of data reuse

• Data factory applications require object 
storage interface (S3), not file system. Scale 
provides object storage (S3) interface through 
Noobaa technology
• No need to deploy Scale Cloud Native ☺

• Status
1. Functional PoC completed
2. Performance PoC in progress: 

Larger scale, reduced peak load on 
COS, higher throughput

Noobaa

25

50TB

Storage Scale Container Native



7/1 9/1

AFM-PV

- Scale release

5.2.1

8/1

Major
Cluster
Upgrade
(5.2.0)

12/1 1/111/1

5.2.2

Version 
Upgrade

10/1

Monitoring

- Deployment in Prod Vela

Increase cluster 
capacity and cost-

efficiency

Increase user and admin 
productivity Increase stability, 

serviceability,
enable future research

Version 
upgrade

Node removal 

Perf isolation

Multi-tenancy

Elasticity

Upcoming Major Upgrade
1. Expand capacity to 250TB to accommodate more workloads

2. Reduce operational cost per TB by 50%

3. Automate user data access configuration

4. Improve system serviceability by adding performance,
health, and workload monitoring

Future
1. Elasticity, performance isolation, operational simplicity
2. Holistic multi-tenancy (security, access, administration)
3. Use of local devices in compute nodes (50× potential 

improvement!)





Kueue CRDs: admission check and workload
• Workload

• A job or task to be scheduled and run
• States: created, suspended, running, succeeded, failed, etc.

• AdmissionCheck
• Define rules and conditions for a workload to be admitted
• Configured before taking workloads

• Admission control
➢ User submits a workload
➢ Kueue check and reserves quota for the workload
➢ Admission check evaluates the workload
➢ Kueue only admits the workload if all admission checks are passed
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