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Slinky Expanded: Slurm,
Kubernetes, and DRA




What is Slurm? ot ES
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e |Leading HPC Workload Manager
o  Workload Manager = Scheduler + Resource Manager
m Roughly equivalent to "Orchestrator"
o Scheduler:
m Prioritize and decide which jobs to run on which parts of the cluster
o Resource Manager:
m Track node state and resources
m Launch jobs
e Manages the maijority of the TOP500 supercomputers

0
o Also manages most Al/ML training workloads . : G : .
o Scales beyond 15,000 nodes in the cluster .08 cy @,
e Open-Source
iied slurm
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Slurm-Bridge Slurm Operator

Integration with Kubernetes Managing Slurm running within
scheduling API Kubernetes



Slurm Bridge - Slurm as a Kubernetes R
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e Slurm as a Kubernetes scheduler using the Scheduling Framework

o Uses PreEnqueue, PreFilter, Filter, and PostFilter for placement decision
o Uses PreBind to generate DRA ResourceClaims

e Translate pod resources into a Slurm placeholder job

o Placeholder job in Slurm will determine when and where pod(s) run
o Placeholder job is an “external job” in Slurm
o  Will leverage new Workload resource coming in 1.36

e Scheduled by Slurm, launched by kubelet

o  Slurm schedules to nodes running slurmd or “external nodes” without slurmd



Slurm Bridge - Slurm as a Kubernetes R
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Pick a Pod from

k Reserve a .
scheduling Ny z':c‘”epf’d to
queus Pod in Cache

PreEnqueue
plugins

Kubernetes Scheduler
Framework

.....

PostBind

New pods gated K Scheduling Cycle / \_ Binding Cycle )

e Does node match yes
have a running e e
placeholder job? annotation?
Slurm-Bridge Mappings yes
g p p g If the placeholder job
is running, annotate
node to pod(s) no

Create placeholder
job to represent the
pod(s) in slurm




What is Slurm Bridge?
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CPU DRA Driver




What is DRA ?

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



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

% align by socket not work when pod using multiple gpu card #122

©Open

%’%' eormingen - Example of HPC application expectations for CPU placement options:
pRathanberery --cores-per-socket --cpus-per-gpu --cpus-per-task
1am running an Al application and expect to achieve the highest performance by using the Topology Manager to establish . . )

NUMA affinity binding between CPU and GPU. --extra-node-info=<sockets>[ :cores|[ :threads]] --gpus-per-node --gpus-per-socket
so1i restart kubelet with such options --gpus-per-task --mincpus --ntasks --ntasks-per-core --ntasks-per-gpu

N ” --ntasks-per-node --ntasks-per-socket --sockets-per-node --threads-per-core

cpu: "1
memory: “2Gi" - .
topalogyManagerPolicy: restricted Even finer-grained layout management for separate processes:
‘topologyManagerPolicyOptiof
prefer-closest-numa-node: o
licy: i . . . ” . . - "
P e --distribution={*|block|cyclic|arbitrary|plane=<size>}[:{*|block|cyclic|fcyclic}[:{*
align-by-socket: "true" X X
; distribute-cpus-across-numa: "true" |block |cyclic|fecyclic}] ][, {Pack|NoPack}]
eatureGates:
CPUManagerPolicyAlphaOptions: true
TopologyManagerPolicyOptions: true
TopologyManagerPolicyAlphaOptions: true

then | use multiple GPU cards,

if the number of GPU cards are more than one socket]| the allocated cpu and gpu are not aligned by socket.

What did you expect to happen?

The CPU cores requested by the pod should be from the NUMA node where the GPUs are located.




Why we built the CPU DRA Driver h-AML=
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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)

— n u

3= Expressive % Extensible
Use CEL expressions to make precise requests, such as Expose new hardware properties or intra node topology
specific NUMA domains or performance vs. efficiency without touching the core kubelet or scheduler logic

cores.
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(Request Guaranteed CPUs through DRA ResourceClaims just like GPUs and NICs

/

apiVersion: vl
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"
f( TesourceClaims: . . . = T
| - name: '"gpus-nic-cpu-request"
resourceClaimName: gpu-nic-cpu-claim

N e e e e e e e e e e e e -

=TT

e

apiVersion: resource.k8s.io/vl
kind: ResourceClaim
metadata:

name: gpu-nic-cpu-claim
spec:

devices:

requests:
- name: gpu

deviceClassName: gpu.nvidia.com

- name: nic

— deviceClassName: dranet
7 - name: cpu
| deviceClassName: dracpu

count: 5
/I selectors:
- cel:
‘ expression: device.attributes["dra.cpu"] .coreType == “p-core”

S i




CPU DRA Driver s B
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e Installed as a daemonset on the cluster.
e Publishes CPUs through ResourceSlice.
e \Workloads use ResourceClaims for requesting
Guaranteed/Pinned CPUs. Q kubernetes-sigs / dra-driver-cpu
e Disable Kubelet Static CPU Policy. Ensures
the DRA driver has exclusive control over CPU

pinning without Kubelet interference.



Resource Representation: Individual R
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apiVersion: resource.k8s.io/vl
kind: ResourceSlice
e Each CPU is enumerated as a device inthe | === =~
. . . nodeName: gke-dratest-a2-dratest-pkrishn-a2-8gp-d9fcca48-pcds
ResourceSlice along with all its el
- name: "cpudevO"

attributes:

"dra.cpu/cpuID": 0

. "dra.cpu/coreID": 0
e Used by External Schedulers like SLURM "dra.cpu/coreType": “p-core”
"dra.cpu/1l3CacheID": 0
"dra.cpu/socketID": 0

to inject specific CPU requests when we "dra. cpu/numaNode" : 0

. == Detailed topolo
translate from Generic Resource (GRES) to { - name: "cpudevds" informatio:usir?gy

attributes:
device attributes

properties.

"dra.cpu/cpulD": 48
I "dra.cpu/coreID": 24
"dra.cpu/coreType": “p-core”
I "dra.cpu/l3CacheID": 11
|

ResourceClaim

_—_,

"dra.cpu/socketID": 1

"dra.cpu/numaNode": 1 /

‘_______




Resource Representation: Grouped R

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.

.
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apiVersion: resource.k8s.io/vl
kind: ResourceSlice
spec:
driver: dra.cpu
nodeName: gke-dratest-a2-dratest-pkrishn-a2-8gp-d9fcca48-pcdsl
devices:
- name: cpudevsocketO
attributes:
dra.cpu/socketID: 0
dra.cpu/numaNodeID: 0
dra.cpu/smtEnabled: true

capacity: .
dra.cpu/cpu: One device

value: "32" per CPU

mm el Ovihisa ] tain] il O uieiti OB MME mmm  mmy, el

- name: cpudevsocketl
attributes:
dra.cpu/socketID: 1
dra.cpu/numaNodeID: 1
dra.cpu/smtEnabled: true
capacity:
dra.cpu/cpu:
value: "32"
allowMultipleAllocations: true
\_________

- o = oy,
\————



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

Resource Alighment oo | e
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Better Performance through Resource Alignment across CPUs/Accelerators/NICs

apiVersion: resource.k8s.io/vl
kind: ResourceClaim

metadata:
name: gpu-nic-cpu-request CPU, GPU and
spec: NIC from same
devices: NUMA domain NUM&ﬁsz
requests:

- name: gpu
deviceClassName: gpu.nvidia.com
- name: nic
deviceClassName: dranet
- name: cpu
deviceClassName: dracpu

count: 5 ~</
- L] [ | R L] | L] | L] | L] | L] |
l constraints:
- matchAttribute: 'z rce.kubern A ieRoot' I
I requests: ["gpu", "nic"]
- matchAttribute: 'dra.net/numaNode I
requests: ["cpu", "nic"] J



http://k8s.io/pcieroot
http://k8s.io/numaNode

Architecture 8
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Two Core Components

1. DRA Kubelet Plugin

o Topology Discovery
o Claim Processing
o Runtime Communication through

CRI-API 5
CDI
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Two Core Components | CPU DRA Driver Pod |

2. Node Resource Interface (NRI) Plugin

DRAAPI 2

Y

I
I
|

& |
I
I
I

o Intercept container lifecycle events A
and modify resource configuration. ) f
o Enforces exclusive CPU pinning /

based directly on the CRI-API 5

ResourceClaim allocation.
o Dynamically updates the shared m 6—:_[ NRI ]

CPU pool for other containers &) cri-o N Plugin ;

across all pods ne ————— - /
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Slurm-Bridge with DRA



What Changed with Slurm Bridge e 8
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e External node support was added to Slurm, so the controller can schedule nodes it doesn’t manage (ie,
no slurmd)

e DRAddrivers 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

e 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 ... 2 _B_
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e Each node can run both Slurm and Kubernetes workloads, retbeth-conecurrently
o The kubelet will manage on-node resource assignment for all workloads
e Node controller can now add and remove external nodes
e Can now handle multiple pods per node (alpha at this moment)
e Device plugins are wiltbe supported, butretByramie-Resourece-Altocation(BRAY
DRA s stilhin-atol T letieAPE |
e DRAIs supported
o CPU DRA Driver
o GPU Example Driver
o NVIDIA GPU Driver (alpha)
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What’s Next ot ES
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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
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Questions?
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Demo Slides



/bin/bash 108x26 - as! Ox’
ob-s1 ira-wk8s 3 RS F Lo e 2 S FEPOS/SIURREBRIEEEN - k delete -f hack/examples/dra/gpu-exanple/

job-sleep-dra" deleted from slurm-bridge namespace
B S o2 eposSIUFREBREasN - k apply -f hack/examples/dra/gpu-example/3j
ob.yaml
tch/job-sleep-dra created
&l « marlow/fix-demo {2} U:1 ?: BIFERoS/SIURREBREEEN - kubectl get resourceclaim -n slurm-bridge

STATE AGE
jmjc8-extended-resources-6nflx allocated,reserved 1s
B SR e FEpos/SIUrREBRIEa8N - k describe -n slurm-bridge resourceclaim j
ob-sleep-dra-jmjc8-extended-resources-6nflx
Name: job-sleep-dra- jmjc8-extended-resources-6nflx
Namespace:  slurm-bridge
Labels: <none>
Annotations: resource.kubernetes.io/extended-resource-claim: true
API Version: resource.k8s.io/vl
Kind: ResourceClaim
Metadata:
Creation Timestamp: 2026-03-23710:16:16Z
Generate Name: job-sleep-dra-jmjc8-extended-resources-
Owner References:
API Version: vl
Block Owner Deletion: true
Controller: true
Kind: Pod
o I S eep e
In/baSh86x S—— 17 p Ul a6a652ac-7c01-4b14-b7d8-6909b96fOf8f
- o - . ‘ : Resource Version: 7300
UID: 4151c802-5656-41d5-90fa-92ebfad52737
Spec:
found in slurm B . Devices:

ocation Mode: ExactCount
Device Class Name: dra.cpu
Selectors:
Cel:
Expression: device.attributes['dra.cpu'].cpulD in [0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15]
Name: cpu
Exactly:
Allocation Mode: ExactCount
Count:
Device Class Name: gpu.example.com
Selectors:
Cel:
Expression: device.attributes['gpu.example.com'].index in [0,1,2,3,4,5,6,7,8]
Name: gpu
Status:
Allocation:
Allocation Timestamp: 2026-03-23T10:16:16Z
Devices:
Results:

JOB STATUS




.
Name :
Status:
Allocation:
Allocation Timestamp: 2026-03-23710:16:16Z
Devices:
Results:
Device: cpudev0o®
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
Request: cpu
Device:  cpudeveol
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
Request: cpu
Device:  cpudev0o2
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
Request: cpu
Device:  cpudevoe3
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
Request: cpu
Device:  cpudev0ed
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
I Request: cpu
Device:  cpudevoes
dra.cpu
slurn-bridge-demo-workers
cpu
cpudevooé
dra.cpu
slurm-bridge-demo-worker8
Request: cpu
IDGE PODS (1 t 0 Device:  cpudeveo7
A C Driver: dra.cpu
NOMINATED NODE I GA Pool: slurm-bridge-demo-worker8
Request: cpu
Device:  cpudev0es
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
PODGROUP STATUS REqUPSE: cpl
N Device:  cpudev0e9
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
Request: cpu
Device: cpudev010
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
Request: cpu
Device: cpudevO1ll
Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
Request: cpu

ra-jmj / unning




/bin/bash 108x26

Driver: dra.cpu
Pool: slurm-bridge-demo-worker8
cpu
gpu-0
gpu.example.com
slurm-bridge-demo-worker8
gpy
gpu-1
gpu.example.com
slurm-bridge-demo-worker8
gpu
gpu-2
gpu.example.com
slurm-bridge-demo-worker8
gpu
gpu-3
gpu.example.com
: slurn-bridge-demo-workers
Request: gpu
Device: gpu-4
Drive gpu.example.com
Pool: slurm-bridge-demo-worker8
Request: gpu
Device: gpu-5
Driver: gpu.example.com
slurm-bridge-demo-worker8
gpu
gpu-6
gpu.example.com
slurm-bridge-demo-worker8
SLURM PODS T gpu
No resources f in slurm namespace. ioogpu-7
iver:  gpu.example.com
f A ST & N ol slurm-bridge-demo-worker8
SLURM BRIDGE POD otal, 0 pending) Request: gpu
NAME AD > F \GE N Devic gpu-8
NOMINATED 3 ADI S GATES Driver:  gpu.example.com
job-sleep-dra-jmjc8 / Running 0 87s 0.244.9. Pool: slurm-bridge-demo-worker8
Request: gpu
Node Selector:
Node Selector Terms:
PODGROUP STA Match Fields:
) urces found in rm-bridge nam e. Key: metadata.name
Operator: In
. B Values:
STATUS / JOBSET STATUS slurm-bridge-demo-workers
esources found in slurm-brid v Reserved For:
STATUS ION ) \ \ E Name : job-sleep-dra-jmjc8
job-sleep-dra  Running 0/1 3 3 Resource: pods £
UID: a6a652ac-7c01-4b14-b7d8-6909b96fOf8F

o-workeré <none

Events: <none>
SINFO RS RO 2 EpoSSIUFREBREEEN - kubectl get resourceclaim -n slurm-bridge
AVAI TIME S I E de
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Slurm <-> K8S Resources Translation

Europe 2026

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.

o Translates resource request in the pod spec into a Slurm placeholder job.

o Map slurm's allocation into Kubernetes using Dynamic Resource Allocation (DRA)

ResourceClaims
m Uses Common Expression Language (CEL) selectors in ResourceClaims to request
the exact resources that slurm chooe.
o  On the node, the GPU and the CPU DRA driver simply honors that claim.



DRA CPU Driver - Architecture S B
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API Server kubelet CPU DRA Driver CRI NRI Plugin

Add Pod

v

PrepareResourceClaims()

Create CDI File * ‘

CDIDevicelD

CreateContainer(..,CDIDevicelD)

’ Apply container envvar from CDI File * ‘

CreateContainer()

»
>

e 2

‘ Compute CPUSet based on envvar

CPU Adjustment and CPU Update

API Server kubelet CPU DRA Driver CRI NRI Plugin



- Option 1

# Example: Pod Level Resources
spec:
resources: # Pod Level Resources

# 10 (exclusive cpu's for claiml) + 4 (exclusive cpu's for claim2) + 2 (sha

containers:
— name: main-app
image: ...
resources:
# Omit CPU requests/limits, or set both to 10
claims:
— name: claiml
name: worker
image: ...
resources:
# Omit CPU requests/limits, or set both to 4
claims:
— name: claim2
name: sidecarl
image: ...
# Omit CPU resources, or ensure the combined requests/limits for sidecarl
name: sidecar2
image: ...
# Omit CPU resources, or ensure the combined requests/limits for sidecarl
resourceClaims:
— name: claiml
resourceClaimName: cpu-claim-10 # Requests 10 CPUs
— name: claim2
resourceClaimName: cpu— im-4 # Requests 4 CPUs

- Option 2

# Example: Container Level Mirroring
spec:
containers:
- name: my-container
image: .
resources:
requests:
cpu: "10" # Must match the CPU count in "claiml"
limits
cpu: "10" # Must match the CPU count in "claiml"
claims:
— name: claiml
resourceClaims:
- name: claiml
resourceClaimName: cpu-claim-10 # Requests 10 CPUs




