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What is Slurm?

● Leading HPC Workload Manager
○ Workload Manager = Scheduler + Resource Manager

■ Roughly equivalent to "Orchestrator"
○ Scheduler:

■ Prioritize and decide which jobs to run on which parts of the cluster
○ Resource Manager:

■ Track node state and resources
■ Launch jobs

● Manages the majority of the TOP500 supercomputers
○ Also manages most AI/ML training workloads
○ Scales beyond 15,000 nodes in the cluster

● Open-Source
○ GPL-v2+



What is Slinky?

Slurm Operator
Managing Slurm running within 
Kubernetes

Slurm-Bridge
Integration with Kubernetes 
scheduling API



Slurm Bridge -  Slurm as a Kubernetes 
Scheduler

● Slurm as a Kubernetes scheduler using the Scheduling Framework
○ Uses PreEnqueue, PreFilter, Filter, and PostFilter for placement decision
○ Uses PreBind to generate DRA ResourceClaims

● Translate pod resources into a Slurm placeholder job
○ Placeholder job in Slurm will determine when and where pod(s) run
○ Placeholder job is an “external job” in Slurm
○ Will leverage new Workload resource coming in 1.36 

● Scheduled by Slurm, launched by kubelet
○ Slurm schedules to nodes running slurmd or “external nodes” without slurmd



Slurm Bridge -  Slurm as a Kubernetes 
Scheduler

Kubernetes Scheduler 
Framework

Slurm-Bridge Mappings



What is Slurm Bridge?

kubelet slurmd

Bridged Node

kubelet slurmd

Bridged Node

Slurm 
Control 
Plane

Slurm 
Accounting

Slurm 
REST APIDatabase

Pod Spec
(k8s)

Slurm Job
(slurm)

K8s 
API

Slurm Bridge 
Scheduler+Controller

Slurm Bridge 
Admission 
Controller

kubelet

K8s Node

kubelet

K8s Node

kubelet

K8s Node slurmd

Slurm Node

slurmd

Slurm Node

slurmd

Slurm NodeBridged Node

kubelet slurmd



CPU DRA Driver



What is DRA ?

Dynamic Resource Allocation (DRA) provides a 
flexible, built-in Kubernetes API for requesting, 
allocating, and sharing hardware resources



Why we built the CPU DRA Driver

The Problem: Kubelet Static CPU Policy for guaranteed CPU allocation is insufficient. Workloads cannot 
dictate specific CPU assignments, and hardware heterogeneity is ignored.



Why we built the CPU DRA Driver

The Problem: Kubelet Static CPU Policy for guaranteed CPU allocation is insufficient. Workloads cannot 
dictate specific CPU assignments, and hardware heterogeneity is ignored.

The Solution: Dynamic Resource Allocation (DRA)

 Expressive
Use CEL expressions to make precise requests, such as 
specific NUMA domains or performance vs. efficiency 
cores.

 Extensible
Expose new hardware properties or intra node topology 
without touching the core kubelet or scheduler logic



apiVersion: v1
kind: Pod
metadata:
  name: my-training-job
spec:
  resources: 
   requests:
     cpu: “5”
     memory: “10Gi”
   limits:
     cpu: “5”
     memory: “10Gi”
  containers:
  - name: app
    image: myapp:0.1
    resources:
     claims:
       - name: "gpus-nic-cpu-request"
   resourceClaims:
    - name: "gpus-nic-cpu-request"
      resourceClaimName: gpu-nic-cpu-claim

apiVersion: resource.k8s.io/v1
kind: ResourceClaim
metadata:
  name: gpu-nic-cpu-claim
spec:
  devices:
    requests:
     - name: gpu
       deviceClassName: gpu.nvidia.com
     - name: nic
       deviceClassName: dranet
     - name: cpu
       deviceClassName: dracpu
       count: 5
       selectors:
       - cel:
         expression: device.attributes["dra.cpu"].coreType == “p-core”

CPU DRA Driver

Request Guaranteed CPUs through DRA ResourceClaims just like GPUs and NICs



CPU DRA Driver

● Installed as a daemonset on the cluster.

● Publishes CPUs through ResourceSlice.

● Workloads use ResourceClaims for requesting 

Guaranteed/Pinned CPUs.

● Disable Kubelet Static CPU Policy. Ensures 

the DRA driver has exclusive control over CPU 

pinning without Kubelet interference.



Resource Representation: Individual 
Mode

● Each CPU  is enumerated as a device in the 

ResourceSlice along with all its 

properties.

● Used by External Schedulers like SLURM 

to inject specific CPU requests when we 

translate from Generic Resource (GRES) to 

ResourceClaim

apiVersion: resource.k8s.io/v1
kind: ResourceSlice
spec:
  driver: dra.cpu
  nodeName: gke-dratest-a2-dratest-pkrishn-a2-8gp-d9fcca48-pcds
  devices:
    - name: "cpudev0"
      attributes:
        "dra.cpu/cpuID": 0
        "dra.cpu/coreID": 0
        "dra.cpu/coreType": “p-core” 
        "dra.cpu/l3CacheID": 0 
        "dra.cpu/socketID": 0            
        "dra.cpu/numaNode": 0
     .
    - name: "cpudev48"
      attributes:
        "dra.cpu/cpuID": 48
        "dra.cpu/coreID": 24
        "dra.cpu/coreType": “p-core” 
        "dra.cpu/l3CacheID": 11 
        "dra.cpu/socketID": 1            
        "dra.cpu/numaNode": 1

Detailed topology 
information using 
device attributes



Resource Representation: Grouped 
Mode

● Uses DRA Consumable Capacity to pool 

CPUs into logical blocks based on  node 

topology or properties (like core-type).

● Advanced CPU Allocation strategies like 

packing or spreading cores based on the 

grouping.

apiVersion: resource.k8s.io/v1
kind: ResourceSlice
spec:
  driver: dra.cpu
  nodeName: gke-dratest-a2-dratest-pkrishn-a2-8gp-d9fcca48-pcds1
  devices:
    - name: cpudevsocket0
      attributes:
        dra.cpu/socketID: 0
        dra.cpu/numaNodeID: 0
        dra.cpu/smtEnabled: true
      capacity:
        dra.cpu/cpu:
          value: "32"
      allowMultipleAllocations: true
    - name: cpudevsocket1
      attributes:
        dra.cpu/socketID: 1
        dra.cpu/numaNodeID: 1
        dra.cpu/smtEnabled: true
      capacity:
        dra.cpu/cpu:
          value: "32"
      allowMultipleAllocations: true

One device 
per CPU 
socket 

https://github.com/kubernetes/enhancements/tree/master/keps/sig-scheduling/5075-dra-consumable-capacity


Resource Alignment

apiVersion: resource.k8s.io/v1
kind: ResourceClaim
metadata:
  name: gpu-nic-cpu-request
spec:
  devices:
    requests:
      - name: gpu
        deviceClassName: gpu.nvidia.com
      - name: nic
        deviceClassName: dranet
      - name: cpu
        deviceClassName: dracpu
        count: 5   
    constraints:
      - matchAttribute: 'resource.kubernetes.io/pcieRoot'
        requests: ["gpu", "nic"]
      - matchAttribute: 'dra.net/numaNode
        requests: ["cpu", "nic"]

CPU, GPU and 
NIC from same 
NUMA domain

 Better Performance through Resource Alignment across CPUs/Accelerators/NICs

http://k8s.io/pcieroot
http://k8s.io/numaNode
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1. DRA Kubelet Plugin

○ Topology Discovery

○ Claim Processing

○ Runtime Communication through 

CDI
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2.   Node Resource Interface (NRI) Plugin

○ Intercept container lifecycle events 

and modify resource configuration.

○ Enforces exclusive CPU pinning 

based directly on the 

ResourceClaim allocation.

○ Dynamically updates the shared 

CPU pool for other containers 

across all pods



Slurm-Bridge with DRA 



What Changed with Slurm Bridge

● External node support was added to Slurm, so the controller can schedule nodes it doesn’t manage (ie, 
no slurmd)

● DRA drivers have become available (such as CPU DRA driver) to allow us to propagate the chosen 
fine-grained assignment specified in the controller to the node

● Result: We no longer need to have slurmd on every node. Combined with DRA, we get with all the 
nice features of Slurm scheduling down to the resource!



With DRA changes Slurm-Bridge has …

● Each node can run both Slurm and Kubernetes workloads, not both concurrently
○ The kubelet will manage on-node resource assignment for all workloads

● Node controller can now add and remove external nodes
● Can now handle multiple pods per node (alpha at this moment)
● Device plugins are will be supported, but not Dynamic Resource Allocation (DRA)

○ DRA is still in alpha and has a volatile API, currently
● DRA is supported

○ CPU DRA Driver
○ GPU Example Driver
○ NVIDIA GPU Driver (alpha)



Demo



What’s Next 

1. Extend this effort to include memory.

2. Enable Native understanding of DRA managed CPU/Memory in Scheduler, 

Kubelet - KEP-5517

3. Better CPU/Memory modelling with newer DRA features like Partitionable 

Devices (KEP-4815), List Type Attributes (KEP-5698) etc. to better 

represent node micro-topology.

https://github.com/kubernetes/enhancements/issues/5517
https://github.com/kubernetes/enhancements/issues/4815
https://github.com/kubernetes/enhancements/pull/5698


Slinky     CPU DRA Driver     



Questions?





Demo Slides
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Extra



Slurm <-> K8S Resources Translation

● Slurm tracks hardware using the Generic Resource (GRES) model
● The Slurm-Bridge handles Kubernetes Pod scheduling, allows Slurm to make the complex 

topological decisions using GRES, and then dynamically injects those decisions back into 
Kubernetes using DRA ResourceClaims.

○ Translates resource request in the pod spec into a Slurm placeholder job.
○ Map slurm's allocation into Kubernetes using Dynamic Resource Allocation (DRA) 

ResourceClaims
■ Uses Common Expression Language (CEL) selectors in ResourceClaims to request 

the exact resources that slurm chooe. 
○ On the node, the GPU and the CPU DRA driver simply honors that claim.



DRA CPU Driver - Architecture



Workload Configuration Requirements

- Option 1 -    Option 2


