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What’'s New ot EJ
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Priority-based Stateful Application Workload Affinity and
Scheduling Cluster Failover Support Anti-Affinity Support

DD

Federated Resource Quota Multiple Component
Enforcement Workloads Scheduling
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Stateful Application Cluster Failover 3 B
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Member 1

—— Monitor Cluster Health [ Workload A J [ Workload B J [ Workload C J

Failover workloads to
another cluster

Member 2

Karm ntrol Plan
LR ) AR [— Monitor Cluster Health [ Workload A ] [ Workload B ] [ Workload C ] < 7

N\ S/ Member 3

Monitor Cluster Health
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Stateful Application Cluster Failover

KubeCon | CloudNativeCon

Europe 2026

The cluster failover API has been
extended to support state
preservation!

1. A JSONPath expression targeting
specific pieces of state data to be
preserved during failover events

2. An AliasLabelName serving as a
label key when the preserved data
is passed to the new cluster

apiVersion: policy.karmada.io/vlalphal
kind: PropagationPolicy
metadata:
name: flinkdeployment-propagation-policy
namespace: user-ns

spec:
failover:
cluster:
purgeMode: Directly
statePreservation:
rules:

- aliasLabelName:rb.karmada.io/failover-jobid
jsonPath: '{ .jobStatus.jobId }'
resourceSelectors:
- apiVersion: flink.apache.org/vibetaT
kind: FlinkDeployment
namespace: user-ns
schedulerName: default-scheduler




Federated Quota Enforcement - ES
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ﬂarmada Control Plane \ / \
member 1

belong [ namespace-foo J

apply resource > [ namespace-foo

FederatedResourceQuota

N Y, E

verify if limits ~ schedule / \
exceleded ¢ member 2

[ Karmada Scheduler }—schedule —> { namespace-foo ]

\_ s
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/ Karmada Control Plane \ / Member 1
[ example-namespace

JobA

10 CPU

apply resources ———» belong

JobB
10 CPU

example-namespace }

ResourceQuota
FederatedResourceQuota

Limits:
CPU(10/20)

Limits:
CPU (20/20)

- 7 2N /

verify if limits  allow
exceeded  schedule

Karmada Scheduler

Member 2

example-namespace

schedule jobs ——»

)

ResourceQuota

Limits:
CPU (10/20)




Federated Quota Enforcement

apply resources

Karmada Control Plane

JobA
10 CPU

—> belong

JobB
10 CPU

example-namespace }

FederatedResourceQuota

Limits:
CPU (20/20)

- 7

~

J

verify if limits  allow
exceeded  schedule

Karmada Scheduler

schedule jobs ——»
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Member 1

example-namespace

ResourceQuota

Limits:
CPU (10/20)

Job B rescheduled
after cluster failure

Member 2

example-namespace

ResourceQuota

Limits:
CPU (20/ 20)

CloudNativeCon
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Workload Anti-Affinity
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apiVersion: policy.karmada.io/v1alphaT
kind: PropagationPolicy
metadata:

name: workload-propagation-policy

namespace: user-ns

spec:

resourceSelectors:

- apiVersion: flink.apache.org/vibeta1
kind: FlinkDeployment
labelSelector:

matchLabels:

Karmada Control-Plane

8 Apply both workloads
»
>

User

Karmada Scheduler

ha.enabled:
placement:

“true”

®

Anti Affinity ensures workloads
are scheduled to different clusters!

clusterAffinity:
clusterNames:
- cluster-a
- cluster-b
- cluster-c
workloadAffinity:
antiAffinity:
groupByLabelKey: pipeline-id

Cluster A

Workload 1
pipeline-id: indexing-job

v
Cluster B Cluster C

Workload 2
Ppipeline-id: indexing-job
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Workload Affinity
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apiVersion: policy.karmada.io/v1alphaT
kind: PropagationPolicy
metadata:
name: workload-propagation-policy
namespace: user-ns
spec:
resourceSelectors:
- apiVersion: batch/v1
kind: Job
labelSelector:
matchLabels:
workload.type: training
placement:
clusterAffinity:
clusterNames:
- cluster-a
- cluster-b
- cluster-c
workloadAffinity:
affinity:
groupByLabelKey: app.group

Karmada Control-Plane

v

Karmada Scheduler

& Apply workloads

User

®

Affinity ensures workloads
are scheduled to the same cluster!

v

Cluster A Cluster B Cluster C
Workload 1
app.group: training1
Workload 2
app.group: training1
Workload 3
app.group: training1

13



Multi-Components Workloads Scheduling ¥ B
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Before v1.16, Karmada’s scheduler
assumed all replicas in a workload were

) . . . apiVersion: flink.apache.org/vibetal
identical. But this assumption does not hold kind: FlinkDeployment
| metadata:
for many CRDs! name: example-flink-job
spec:
. . . . flinkConfiguration:
For instance, examine a FlinkDeployment: taskmanager . number0fTaskSlots: "1
job:
. . parallelism: 2
e Use JM for replica, we underestimate total state: running
resource usage! jobManager :
e Use TM for replica, we overestimate total reigﬂfcﬁ'
resource usage! memory: 1024m
e Either way we get inaccurate federated taﬁgzgzigzr
resource quota usage cpu: 4
memory: 6Gi

14



Multi-Components Workloads Scheduling ¥ B
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apiVersion: work.karmada.io/vi1alpha2
kind: ResourceBinding
metadata: annotations:

name: indexing-job-flinkdeployment
spec:

components :

- name: JobManager

replicas: 1
cpu: 1
memory: 2Gi
name: TaskManager

replicas: 3
cpu: 2 f \

memory: 4Gi Member Cluster 1

Available: 10 CPU, 10 Gi

apiVersion: flink.apache.org/vibetal T
kind: FlinkDeployment extracts k—/
metadata: annotations:

name: indexing-job
namespace: user-namespace
spec: @
JobManager : Member Cluster 2

:i:iﬁﬁ:i ! —— apply —» | Karmada API Server

lcnuET
memory: 2Gi
taskManager :
replicas: 3
resource:
cpu: 1

memory: 4Gi

3 Member Cluster 2
Available: 10 CPU, 20 Gi

-

Karmada Controller

®

select best fit

Member Cluster 3

evaluate clusters

Available: 5 CPU, 20 Gi

Total:
7CPU, 14 Gi

15



Priority-Based Scheduling e 8
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When multiple workloads compete for scheduling, | apiversion: policy.karmada.io/vialphal
ind: PropagationPolicy

priority scheduling ensures critical workloads get | metadata:

. name: critical-app-policy
scheduled first. namespace: default

spec:
. . resourceSelectors:
1. Creatg a st_an.dard k8s PriorityClass with a ~ apiVersion: apps/v1
numeric priority value. kind: Deployment
name: critical-nginx # name of the workload to
. . . propagate
2. In PropagationPolicy, add a schedulePriority
field referencing that PriorityClass. schedulePriority:
priorityClassSource: KubePriorityClass
priority: high — low, FIFO for equal. placement :
clusterAffinity:
4. If no PriorityClass specified — priority = 0. clusterNames:
- member1
- member2

16



Priority-Based Scheduling s B
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apiVersion:
policy.karmada.io/vlalphal
kind: PropagationPolicy
metadata:
name: critical-app-policy
User namespace: default
spec:
resourceSelectors:
i - apiVersion: apps/vl
@ priority: 500 kind: Deployment
name: critical-nginx
# The name of the workload to
‘\\ propagate
schedulePriority:
priorityClassSource:
KubePriorityClass

@ - Schedule priorityClassName:
= high-priority-example #

Reference to the PriorityClass
priority: 10 priority: 20 priority: 1000 defined above
placement:
\\_ 4,/ clusterAffinity:
clusterNames:

- memberl
- member2

hed

/
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Real-World Use Cases




Model Cache & Jupyter Notebook




Model Cache ot EJ
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Caching a model on every node to save startup time.

e Model Cache API on top of Karmada © LocalModelCache: my-70biim

A thin API layer sits above Karmada: request — AP| — —
propagate to all nodes and clusters |
e Every node caches, every cluster covered n‘h

Each cluster member pulls the model to local node
storage — zero per-cluster manual steps.

Karmada Orchestrator

“createdAt”: ¢2025-02-27T20:04:49Z” o — . W
“gpuTypes”: [“gpu-cv”, “gpu-nlp”], L) | B \ ] | |
“modelSize”: “100Gi” ’ Local Disk  Local Disk i Local Disk Local Disk
“model"ame” : “'l'lm—']@b” g NVMe 14TB NVMe 14TB NVMe 14TB NVMe 1478
“modelSourceUri”: “s3://models/1lm-70b” ; 8x 8x 8x ~ B
“status”: { 3 ) ) &)

“failedNodes”: 0,
“readyNodes”: “NodeDownloaded”

s

“tier”: “dev”

GPU Cluster 1 GPU Cluster 2

21
Ref: Open Source Summit NA 2025 — youtu.be/uUjUWaMn5K4 — Rituraj Singh & Jin Dong, Bloomberg



http://youtu.be/uUjUWaMn5K4

Model Cache ot EJ

Europe 2026

Caching a model on every node to save startup time.
e Model Cache API on top of Karmada
A thin API layer sits above Karmada: request — APl — propagate to all nodes and clusters.
e Every node caches, every cluster covered

Each cluster member pulls the model to local node storage — zero per-cluster manual steps.

22



Why Karmada for Model Cache?
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Multi-Cluster
Propagation

Karmada natively fans out
resources to all registered
clusters — no custom fan-out
logic or per-cluster scripts
needed.

Zero fan-out boilerplate

Flexible Placement
Control

PropagationPolicy targets
caches by cluster profile,
GPU availability, region, or
any label — decide where
each model lives.

Policy-driven placement

Karmada’s multi-cluster federation is the natural fit for model caching at scale.

Metrics-Driven
Caching (Roadmap)

Future: feed inference traffic
metrics into scheduling
decisions to prioritize caching
where demand is highest.

Demand-aware scheduling

23



Out-of-the-Box Karmada Features v

KubeCon | CloudNativeCon
Europe 2026

The ModelCache CRD gets these Karmada capabilities for free.

A tedStatus i
Query model cache state across ggregatedstatus in

R Bindi rf;
Global all clusters from a single Aggregated "°%°V° inding surfaces
Karmada control plane — no per-cluster state in one API call —
Status P Status instant federation-wide health
per-cluster kubectl needed. )
view.

. When a cluster fails, Karmada . Update a PropagationPolicy and
Disaster auto-detects and reconciles — Dynamlc Karmada reschedules the model
Recovery model cache rescheduled to Reschedule cache to new target clusters

healthy clusters automatically. without any manual steps.

24



Jupyter Notebook s B
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Scheduling a Jupyter Notebook on any cluster that has available resources.

lp:l.)hrlion ds. hlomrg com/v1

. priorityclusume, dev

distributionSpec:
single:
size: GpuSmall
What does that mean?
N ) jupyternotebook-
s interpreter
ST =TT
PY Y YT
“replicas": 1,
rephcaRequlrements {
“resour 5
" Seputeat;
notebook-dev tier ..
m - "‘riorit lassName"”: "dev"
inotebook-dev-pw-01 notebook-dev-tt-02 P ye ane
V100 cluster A100 cluster
status: status:
capacity: capacity:
nvidia.com/gpu: 4 nvidia.com/gpu: 4
nvidia.com/tesla-v108-sxm2-32gb: 4 nvidia.com/nvidia-a18@-sxm3-8agb: 4
allocatable: allocatable:
nvidia.com/gpu: 4 nvidia.com/gpu: 4
nvidia.com/tesla-v16@-sxm2-32gb: 4 nvidia.com/nvidia-a1@@-sxm3-8@gb: 4




Why Karmada for Jupyter Notebooks?

Intelligently placing a Jupyter Notebook given resource requirements.

Smart
Propagation

Karmada natively picks a
suitable cluster to federate
the resource to — no custom
scheduling logic or per-cluster
scripts needed.

Zero scheduling logic

Flexible Placement
Control

PropagationPolicy targets by
cluster profile, GPU
availability, region, or any
label — decide where a
notebook lives.

Policy-driven placement

wr

KubeCon

X

CloudNativeCon

Europe 2026
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Out-of-the-Box Karmada Features S B
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The JupyterNotebook CRD gets these Karmada capabilities for free.

Global
Status

Disaster
Recovery

A tedStatus i
Query JupyterNotebook status ggregatedstatus in

R Bindi rf
across all clusters from a single Aggregated esource mdmg suriaces
Karmada control plane = no per-cluster state in one API call —
P Status instant federation-wide health

per-cluster kubectl needed. )
view.

When a cluster fails, Karmada
auto-detects and reconciles —
model cache rescheduled to

healthy clusters automatically.

27



Cluster Baseline Rollout, Resilient Architecture,
and Smooth Migration




What We Built with Karmada ¢ B

KubeCon | CloudNativeCon

Automated Baseline
Rollout

Roll out operators, monitoring,
and logging consistently after a
new cluster is provisioned.

Faster onboarding

Resilient Architecture

Keep services available when a
member cluster fails through
traffic failover and local HPA
recovery.

Higher availability

Karmada became the policy-driven layer for rollout, resilience, and migration across member clusters.

Smooth Migration

Shift workloads by policy weights
instead of asking application
owners to redeploy manually.

Multi-cluster elasticity

Europe 2026
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Automated Baseline Rollout v

KubeCon | CloudNativeCon
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® New clusters were previously slowed Base Operator
Monitori
down by manual rollout of operators, ) Loaging.
itori - PropagationPolicy | e
monitoring, and other platform add-ons { Wik J ‘ ))
® \With Karmada, platform teams update b ‘

YTS YT
policy once and distribute the baseline i
components in a unified way.

® Faster baseline readiness and much Cluster A Cluster B Cluster C

. . OverridePolicy OverridePolicy OverridePolicy
less cross-team coordination for every

new cluster.

| |
Cluster A Cluster B Cluster C

OverridePolicies

|
Other Clusters

<4 hour

Version 2 Version 2 Version 1 Version 1

new-cluster baseline ready

34



Resilient Architecture

Stateless applications run across two or
more member clusters, and each cluster
keeps its own HPA active.

When one cluster fails, traffic fails over to
healthy clusters based on health checks.

At the same time, local HPA scales out in the
surviving clusters to complete self-healing.

Even if the federation control plane is briefly

unavailable, normal workload scaling
continues.

Traffic failover + local HPA

= service continuity

wr

X

CloudNativeCon
Europe 2026

KubeCon

N

Global Load Balancer Traffic

@@@@

! Traffic Failover

© 0 K
1 y “

Propagate HPA specs
and aggregate status

Cluster A Cluster B
Trip

Fed HPA

Controller

)

KARMADA

35



Smooth Cross-Cluster Migration e B
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® Some production clusters grew too big,

splitting workloads into new clusters
became a frequent operational task.

® Instead of asking application owners to
redeploy, operators adjust weights in | ‘
Karmada PropagationPolicy. B i S — '

® The target cluster scales out gradually ~ &=38 T i """ ' l ) 2NN
while the source cluster scales in, Clusier A @*Sﬁ:'e— Cluster 8 @‘- o —‘{ server
enabling smooth migration with minimal | (_H_\v (_)ﬁ—) )
service disruption. @ @ @ @ @ @

______________________________________________________________________________________________________

Trip
Fed HPA Controller

300K pods migrated

36



Impact with Karmada e B

Europe 2026

These capabilities are already running across multiple regions in production.

< 4 hour Baseline components ready after a 40+ Baseline components consistently
new cluster is provisioned. clusters distributed with Karmada.

300K Workloads moved stably across Failure Temporary federation control-plane
clusters using rebalance . issues do not block normal workload

pOdS g ' isolated scaling.

37
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C O m m u n Ity KubeCon | CloudNativeCon
e Milestones e SIG-Scalability
o 2021.04 Open Source o v1.14 Controller code start 7min -> 4min
o 2021.09 CNCF Sandbox project o v1.15 Scheduler QPS +46%
o 2023.12 CNCF Incubating project o v1.16 Large Scale processing
e Community e SIG-Ul (Dashboard)
o 5K+ GitHub Stars o 2025.02v0.1.0
© 900+ contributors o 2025.10v0.2.0

© 44 Public Adopters (In production) o 2026.03 v0.3.0

o 8 Cloud Vendors

38



Public Adopters In Production
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RoadMap 2026

o Priority-Based-Seheduting and Preemption

e Multi-cluster Queue
e Extended Cluster Affinities

e Precise Cluster Resource-Aware Scheduling

e More

40
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