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Kubernetes Plane Aerodynamics:
Breaking the Architectural Sound Barrier



Cluster Architecture

https://kubernetes.io/docs/concepts/architecture/ 

From the documentation:
The architectural concepts behind 
Kubernetes.

A Kubernetes cluster consists of a control 
plane plus a set of worker machines, called 
nodes, that run containerized applications. 
Every cluster needs at least one worker 
node in order to run Pods.

…

Thrust with
new concepts

Lift with easy 
understanding

V

https://kubernetes.io/docs/concepts/architecture/


you must unlearn what you have learned!
V
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If you want to fly fast and far,
you have to fly high.

S



First, let’s dissect the architecture and 
establish terminology

S



Our Planes

Data Plane

Control Plane

Work Plane
S



Data Plane

Data Plane

Digital Twins Persistency API Server

etcd / 
others
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Data 
Plane

Control Plane

The API Extensions (CRD or built-in) semantically belong to the controllers 
(Control Plane). But they are technically activated in the API Server (Data Plane).

Control Plane

Scheduler Various 
Controllers

Controller

API 
Extensions

Controller
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Work Plane

Control Plane

Kubelet 
Controller

(CRI, CNI, CSI)

Kubelet 
Controller

(CRI, CNI, CSI)

Actuator Actuator

OS OS

Work Plane

Actuators semantically 
belong to the Control Plane.

S
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Ground and Controlled airspace
Logical vs. Physical view

All navigational 
infrastructure is originally 
rooted at the ground,
but not necessarily at 
airports (like the VORs)

VOR
VHF Omnidirectional Range.

TWR
eddm
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Planes in Space (not a Space Oddity!)

Beyond the Edge: Cloud Native Application Management Under Extreme Network Conditions: https://sched.co/2CW6e 
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https://sched.co/2CW6e


Ground Control to Major Tom

Beyond the Edge: Cloud Native Application Management Under Extreme Network Conditions: https://sched.co/2CW6e 
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https://sched.co/2CW6e


Controller Archetypes
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Actuator Controllers

Real-World

Actuators

Kubelet 

OS OS

Kubelet Digital Twins
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Nodes
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Attribute Controller

Attributes

Digital 
Twins

…

Pods

Nodes

Scheduler 
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Cert
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Abstraction
Logical Object Controllers

Abstraction / Logical Objects

Digital Twins
Deployment
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Pods

Nodes
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list
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Deployment
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Deployment 
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Real-World

Primary Controller

Aspects

Service 

Digital Twins
…

Service
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“Between Kubernetes Clusters”
with vCluster as an example

S



Data Plane
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Data Plane

Control Plane

Data Plane

Digital Twins Persistency API Server
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vCluster $ kubectl get pods -A



vCluster $ kubectl get pods -A
NAMESPACE    NAME                            READY   STATUS    RESTARTS         AGE
cert-manager cert-manager-48392k2j43-ka4jh   1/1     Running   0                32d
default      nginx-7b86f8c875-zrjsr           2/2     Running   3 (12m ago)      8d
default      postgres-56876cb887-xx795        1/1     Running   0                52d

vCluster $ 



vCluster $ kubectl get pods -A
NAMESPACE    NAME                            READY   STATUS    RESTARTS         AGE
cert-manager cert-manager-48392k2j43-ka4jh   1/1     Running   0                32d
default      nginx-7b86f8c875-zrjsr           2/2     Running   3 (12m ago)      8d
default      postgres-56876cb887-xx795        1/1     Running   0                52d

vCluster $ 

Terminal

host $ 



vCluster $ kubectl get pods -A
NAMESPACE    NAME                            READY   STATUS    RESTARTS         AGE
cert-manager cert-manager-48392k2j43-ka4jh   1/1     Running   0                32d
default      nginx-7b86f8c875-zrjsr           2/2     Running   3 (12m ago)      8d
default      postgres-56876cb887-xx795        1/1     Running   0                52d

vCluster $ 

Terminal

host $ kubectl get pods -A



vCluster $ kubectl get pods -A
NAMESPACE    NAME                            READY   STATUS    RESTARTS         AGE
cert-manager cert-manager-48392k2j43-ka4jh   1/1     Running   0                32d
default      nginx-7b86f8c875-zrjsr           2/2     Running   3 (12m ago)      8d
default      postgres-56876cb887-xx795        1/1     Running   0                52d

vCluster $ 

Terminal

host $ kubectl get pods -A
NAMESPACE     NAME                                                 READY   STATUS    RESTARTS         AGE
default       traefik-k4k2n4lkjl-j4lk4                             2/2     Running   3 (12m ago)      8d
vc-a          cert-manager-48392k2j43-ka4jh-x-cert-manager-x-vc-a  1/1     Running   0                32d
vc-a          nginx-7b86f8c875-zrjsr-x-default-x-vc-a               2/2     Running   3 (12m ago)      8
vc-a          postgres-56876cb887-xx795-x-default-x-vc-a            1/1     Running   0                52d
vc-a          vc-a-0                                               1/1     Running   0                52d
vc-b          vc-b-0                                               1/1     Running   0                52d
vc-b          vllm-llama-3-23k4oiu3k3-k4kl3-x-default-x-vc-b       8/8

host $



vCluster $ kubectl get pods -A
NAMESPACE    NAME                            READY   STATUS    RESTARTS         AGE
cert-manager cert-manager-48392k2j43-ka4jh   1/1     Running   0                32d
default      nginx-7b86f8c875-zrjsr           2/2     Running   3 (12m ago)      8d
default      postgres-56876cb887-xx795        1/1     Running   0                52d

vCluster $ 

Terminal

host $ kubectl get pods -A
NAMESPACE     NAME                                                 READY   STATUS    RESTARTS         AGE
default       traefik-k4k2n4lkjl-j4lk4                             2/2     Running   3 (12m ago)      8d
vc-a          cert-manager-48392k2j43-ka4jh-x-cert-manager-x-vc-a  1/1     Running   0                32d
vc-a          nginx-7b86f8c875-zrjsr-x-default-x-vc-a               2/2     Running   3 (12m ago)      8
vc-a          postgres-56876cb887-xx795-x-default-x-vc-a            1/1     Running   0                52d
vc-a          vc-a-0                                               1/1     Running   0                52d
vc-b          vc-b-0                                               1/1     Running   0                52d
vc-b          vllm-llama-3-23k4oiu3k3-k4kl3-x-default-x-vc-b       8/8

host $



Multi-Cluster Federation

V



Naive / Direct Implementation

Data Plane

Digital Twins

Control Plane

Work Plane
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Controller
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Payload Cluster 1
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Payload Cluster n

Federated 
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…

kubectl apply …

reconcile

V





Remember the Kubelet Pattern, Anyone?

Data Plane

Digital Twins

Control Plane

Work Plane

Kubernetes Cluster

Controller
Controller

Worker Node

Worker Node

Kubelet

Kubelet

reconcile

V
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Cloud Native Implementation
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Digital Twins

Control Plane

Work Plane
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Controller
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Federation 
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Control Plane
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Payload Cluster 1
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Control Plane
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Payload Cluster n
…

kubectl apply …

Clusterlet

Clusterlet

reconcile

Workload 
Business 

Logic 
implemented 
in Clusterlet

Formal 
Workload 
CRDs for 

Clusterlets

Federation: only 
structure and 

schedule 
workload

V



Hosted Control Planes (HCP)
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Digital Twins

Control Plane
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Mngmt Cluster
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…
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Work Plane

Control + Data Planes
as a Service

IaaS V



Data Plane
Gardener 
API Server

Hosted Control Planes (HCP):
NeoNephos Gardener for large scale

Digital Twins
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IaaS

EU Technical Sovereignty Package

⇒ EU Open Source Strategy

IaaS V



https://gardener.cloud/ 
https://github.com/gardener/gardener/blob/master/docs/deployment/getting_started_locally.md 

https://gardener.cloud/
https://github.com/gardener/gardener/blob/master/docs/deployment/getting_started_locally.md


$ less example/provider-local/shoot.yaml 
apiVersion: core.gardener.cloud/v1beta1
kind: Shoot
metadata:
  name: local
  namespace: garden-local
  annotations:
    shoot.gardener.cloud/cloud-config-execution-max-delay-seconds: "0"
    authentication.gardener.cloud/issuer: "managed"
spec:
  cloudProfile:
    name: local
  secretBindingName: local # dummy, doesn't contain any credentials
  region: local
  networking:
    type: calico
    nodes: 10.10.0.0/16
  provider:
    type: local
    workers:
    - name: local
      machine:
        type: local
      cri:
        name: containerd
      minimum: 1
:

Garden 
Cluster



$ kubectl apply -f example/provider-local/shoot.yaml
shoot.core.gardener.cloud/local created
 
$ kubectl get shoot local --watch # specify `-o yaml` for detailed output
NAME    CLOUDPROFILE   PROVIDER   REGION   K8S VERSION   HIBERNATION   LAST OPERATION            STATUS    
AGE
local   local          local      local    1.32.0        Awake         Create Processing (13%)   healthy   
100s
…
local   local          local      local    1.32.0        Awake         Create Processing (96%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (97%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (98%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (100%)  healthy     
9m32s

$ 

Garden 
Cluster



$ kubectl apply -f example/provider-local/shoot.yaml
shoot.core.gardener.cloud/local created
 
$ kubectl get shoot local --watch # specify `-o yaml` for detailed output
NAME    CLOUDPROFILE   PROVIDER   REGION   K8S VERSION   HIBERNATION   LAST OPERATION            STATUS    
AGE
local   local          local      local    1.32.0        Awake         Create Processing (13%)   healthy   
100s
…
local   local          local      local    1.32.0        Awake         Create Processing (96%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (97%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (98%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (100%)   healthy     
9m32s

$ 

Garden 
Cluster

Terminal
shoot $ kubectl get pods -A



$ kubectl apply -f example/provider-local/shoot.yaml
shoot.core.gardener.cloud/local created
 
$ kubectl get shoot local --watch # specify `-o yaml` for detailed output
NAME    CLOUDPROFILE   PROVIDER   REGION   K8S VERSION   HIBERNATION   LAST OPERATION            STATUS    
AGE
local   local          local      local    1.32.0        Awake         Create Processing (13%)   healthy   
100s
…
local   local          local      local    1.32.0        Awake         Create Processing (96%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (97%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (98%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (100%)   healthy     
9m32s

$ 

Garden 
Cluster

Terminal
shoot $ kubectl get pods -A
NAMESPACE     NAME                                                 READY   STATUS    RESTARTS        AGE
kube-system   apiserver-proxy-97kks                                2/2     Running   0               5m20s
kube-system   blackbox-exporter-5c5fb44564-57mv7                   1/1     Running   0               6m1s
kube-system   blackbox-exporter-5c5fb44564-jg2f9                   1/1     Running   0               3m26s
kube-system   calico-kube-controllers-84486f8668-vw5k8             1/1     Running   0               4m26s
kube-system   calico-node-plm9f                                    2/2     Running   0               5m20s
kube-system   calico-node-vertical-autoscaler-7745c448fb-hj8rs     1/1     Running   0               6m1s
kube-system   calico-typha-deploy-649749c4b8-pfdqk                 1/1     Running   0               4m26s
kube-system   calico-typha-horizontal-autoscaler-6dc777958-qbh7n   1/1     Running   0               6m1s
kube-system   calico-typha-vertical-autoscaler-856fd9b944-bn6vd    1/1     Running   0               6m
kube-system   coredns-56686ddc8f-nrlb6                             1/1     Running   0               6m1s
kube-system   coredns-56686ddc8f-xbncv                             1/1     Running   0               6m1s
kube-system   kube-proxy-local-v1.32.0-jlzhv                       2/2     Running   0               26s
kube-system   local-path-provisioner-569dcbcdc-mbgc7               1/1     Running   2 (3m52s ago)   6m1s
kube-system   metrics-server-5576c57f69-4xdt8                      1/1     Running   0               6m1s
kube-system   metrics-server-5576c57f69-9c94w                      1/1     Running   0               3m26s
kube-system   node-exporter-4j4rk                                  1/1     Running   0               4m26s



$ kubectl apply -f example/provider-local/shoot.yaml
shoot.core.gardener.cloud/local created
 
$ kubectl get shoot local --watch # specify `-o yaml` for detailed output
NAME    CLOUDPROFILE   PROVIDER   REGION   K8S VERSION   HIBERNATION   LAST OPERATION            STATUS    
AGE
local   local          local      local    1.32.0        Awake         Create Processing (13%)   healthy   
100s
…
local   local          local      local    1.32.0        Awake         Create Processing (96%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (97%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (98%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (100%)   healthy     
9m32s

$ 

Garden 
Cluster

Terminal
shoot $ kubectl get pods -A
NAMESPACE     NAME                                                 READY   STATUS    RESTARTS        AGE
kube-system   apiserver-proxy-97kks                                2/2     Running   0               5m20s
kube-system   blackbox-exporter-5c5fb44564-57mv7                   1/1     Running   0               6m1s
kube-system   blackbox-exporter-5c5fb44564-jg2f9                   1/1     Running   0               3m26s
kube-system   calico-kube-controllers-84486f8668-vw5k8             1/1     Running   0               4m26s
kube-system   calico-node-plm9f                                    2/2     Running   0               5m20s
kube-system   calico-node-vertical-autoscaler-7745c448fb-hj8rs     1/1     Running   0               6m1s
kube-system   calico-typha-deploy-649749c4b8-pfdqk                 1/1     Running   0               4m26s
kube-system   calico-typha-horizontal-autoscaler-6dc777958-qbh7n   1/1     Running   0               6m1s
kube-system   calico-typha-vertical-autoscaler-856fd9b944-bn6vd    1/1     Running   0               6m
kube-system   coredns-56686ddc8f-nrlb6                             1/1     Running   0               6m1s
kube-system   coredns-56686ddc8f-xbncv                             1/1     Running   0               6m1s
kube-system   kube-proxy-local-v1.32.0-jlzhv                       2/2     Running   0               26s
kube-system   local-path-provisioner-569dcbcdc-mbgc7               1/1     Running   2 (3m52s ago)   6m1s
kube-system   metrics-server-5576c57f69-4xdt8                      1/1     Running   0               6m1s
kube-system   metrics-server-5576c57f69-9c94w                      1/1     Running   0               3m26s
kube-system   node-exporter-4j4rk                                  1/1     Running   0               4m26s

Terminal

seed $ kubectl get pods -n shoot--local--local



$ kubectl apply -f example/provider-local/shoot.yaml
shoot.core.gardener.cloud/local created
 
$ kubectl get shoot local --watch # specify `-o yaml` for detailed output
NAME    CLOUDPROFILE   PROVIDER   REGION   K8S VERSION   HIBERNATION   LAST OPERATION            STATUS    
AGE
local   local          local      local    1.32.0        Awake         Create Processing (13%)   healthy   
100s
…
local   local          local      local    1.32.0        Awake         Create Processing (96%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (97%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (98%)   healthy     
9m32s
local   local          local      local    1.32.0        Awake         Create Processing (100%)   healthy     
9m32s

$ 

Garden 
Cluster

Terminal
shoot $ kubectl get pods -A
NAMESPACE     NAME                                                 READY   STATUS    RESTARTS        AGE
kube-system   apiserver-proxy-97kks                                2/2     Running   0               5m20s
kube-system   blackbox-exporter-5c5fb44564-57mv7                   1/1     Running   0               6m1s
kube-system   blackbox-exporter-5c5fb44564-jg2f9                   1/1     Running   0               3m26s
kube-system   calico-kube-controllers-84486f8668-vw5k8             1/1     Running   0               4m26s
kube-system   calico-node-plm9f                                    2/2     Running   0               5m20s
kube-system   calico-node-vertical-autoscaler-7745c448fb-hj8rs     1/1     Running   0               6m1s
kube-system   calico-typha-deploy-649749c4b8-pfdqk                 1/1     Running   0               4m26s
kube-system   calico-typha-horizontal-autoscaler-6dc777958-qbh7n   1/1     Running   0               6m1s
kube-system   calico-typha-vertical-autoscaler-856fd9b944-bn6vd    1/1     Running   0               6m
kube-system   coredns-56686ddc8f-nrlb6                             1/1     Running   0               6m1s
kube-system   coredns-56686ddc8f-xbncv                             1/1     Running   0               6m1s
kube-system   kube-proxy-local-v1.32.0-jlzhv                       2/2     Running   0               26s
kube-system   local-path-provisioner-569dcbcdc-mbgc7               1/1     Running   2 (3m52s ago)   6m1s
kube-system   metrics-server-5576c57f69-4xdt8                      1/1     Running   0               6m1s
kube-system   metrics-server-5576c57f69-9c94w                      1/1     Running   0               3m26s
kube-system   node-exporter-4j4rk                                  1/1     Running   0               4m26s

Terminal

seed $ kubectl get pods -n shoot--local--local
NAME                                            READY   STATUS    RES
cluster-autoscaler-69d5b97d69-7krb4             1/1     Running   0  
etcd-events-0                                   2/2     Running   0  
etcd-main-0                                     2/2     Running   0  
gardener-resource-manager-85cd5b469b-452z7      1/1     Running   0   
kube-apiserver-7c486d689f-77jcr                 1/1     Running   0  
kube-controller-manager-f7fc6cb7d-l6nx5         1/1     Running   0  
kube-scheduler-777c47f666-hqqn9                 1/1     Running   0  
machine-controller-manager-5f5f7b768d-pxj4w     2/2     Running   0  
machine-shoot--local--local-local-7fcc6-pbz4l   1/1     Running   0  
plutono-85754f9597-7b746                        2/2     Running   0  
prometheus-shoot-0                              2/2     Running   0  
vpa-admission-controller-68ff59848f-zpvs8       1/1     Running   0  
vpa-recommender-57d76b6659-g5gv8                1/1     Running   0 
vpa-updater-56d88d99cf-dcvcn                    1/1     Running   0
vpn-seed-server-775b858d95-5vlgk                2/2     Running   0





Retrospective on Clusterlet



An Architectural Observation!

Data Plane

Digital Twins

Central Cluster

Control Plane

Work Plane

Clusterlet

Data Plane

Digital Twins

Payload Cluster

1. Source for:
Business Order

2. Target for:
Workload

3. Cluster also is 
Infrastructure for 
Controller itself

S



Laptop

Generalization of our Observation
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Digital Twins

Business Source
Controller

Payload Cluster

Payload Cluster 2

Payload Cluster n

Anything 
with an API

…

Controller 
Infrastructure

1
2

3

S



Multi-Cluster-Aware Reconcilers

Run reconcilers that listen to some cluster(s) and operate other clusters

Multi-Cluster Runtime

https://github.com/kubernetes-sigs/multicluster-runtime 

Controller

S

https://github.com/kubernetes-sigs/multicluster-runtime


Breaking the Architectural Sound 
Barrier
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Separation of Concerns
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Digital Twins

Control Plane

Work Plane

Central Cluster

ControllerFederation 
Controllers

Data Plane

Controller Cluster
Digital Twins

V



Separation of Concerns

Data Plane

Digital Twins

Control Plane

Work Plane

Central Cluster

ControllerFederation 
Controllers

Data Plane
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Controller Cluster

23

Digital Twins
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Pure Data Planes with kcp

Control Plane

Work Plane

ControllerFederation 
Controllers

Data Plane

Digital Twins

1 23
Data Plane

Data Plane-aaS

Data Plane

Digital Twins

Data Plane

Digital Twins

…

Tenant 1

Tenant 2

Tenant n

Controller Cluster

Clusterlet

reconcile

Clusterlet

Provider Cluster

Digital Twins

S



Platform Engineering

Data Plane

Digital Twins

Data Plane-aaS

Data Plane

Digital Twins

Data Plane

Digital Twins

…

Tenant 1

Tenant 2

Tenant n

Platform-Mesh

V

OpenFGA for reBAC

KeyCloack for OIDC

OpenMFP for Micro-Frontend Platform

Luigi for Micro-Frontend Framework 

…



Platform Engineering

Data Plane

Data Plane

Digital Twins

Data Plane-aaS

Digital Twins

Data Plane

Digital Twins

…

Workspace 1

Workspace 2

Workspace n
kcp can hierarchically 
structure Data Planes.

They are called 
kcp Workspaces

kube-bind

api-syncagent

multi-controller

There are various 
techniques to integrate 

with Data Planes

V



Platform Engineering with Providers

Provider

Provider

Provider

…

Data Plane

Data Plane

Digital Twins

Data Plane-aaS

Digital Twins

Data Plane

Digital Twins

…

Workspace 1

Workspace 2

Workspace n

V



Provider

Provider

Provider

…

Data Plane

Data Plane

Digital Twins

Data Plane-aaS

Digital Twins

Data Plane

Digital Twins

…

Workspace 1

Workspace 2

Workspace n

Platform Engineering with Providers

Controller

Clusterlets

V



Ecosystem Building / Engineering

… Own Dev & Product Teams

External Contract w/ API & SLA

External Contract w/ API & SLA

Internal

External

External

…

Data Plane

Data Plane

Digital Twins

Data Plane-aaS

Digital Twins

Data Plane

Digital Twins

…

Workspace 1

Workspace 2

Workspace n

Digital Twin = Order Contract:
Kubernetes Resource Model &

Status Feedback

Business 
Contract

Technical 
Contract

V



Ecosystem Building / Engineering

… Own Dev & Product Teams

External Contract w/ API & SLA

External Contract w/ API & SLA

Internal

External

External

…

Data Plane

Data Plane

Digital Twins

Data Plane-aaS

Digital Twins

Data Plane

Digital Twins

…

Workspace 1

Workspace 2

Workspace n

Platform-Mesh.io
Digital Twin = Order Contract:
Kubernetes Resource Model &

Status Feedback

Business 
Contract

Technical 
Contract

Consumer

V

http://platform-mesh.io


Breaking the Architectural Sound 
Barrier:
Demo with Platform-Mesh



Demo

CNPG

Data Plane

Data Plane

Digital Twins

Data Plane-aaS

Digital Twins

demo

tenantConsumer

V

1
2



Why is it called Platform-Mesh?

Infra Provider 1

Infra Provider n
Consumer Product 

Vendor(s)

Order 
Executi

on 
System

Cloud Native KRM = Reduced Cognitive Load

Marketplaces

apiVersion: cloud/v1
kind: SaaS
metadata:
  name: my-order-X
spec:
...

€€€
Order 

Fulfillment

…

IDP

V



RSVP to kcpCON (virtual), Oct 1st

https://community2.cncf.io/events/details/cncf-virtual-project-events-hosted-by-cncf-presents-kcpcon-2026/ V

https://community2.cncf.io/events/details/cncf-virtual-project-events-hosted-by-cncf-presents-kcpcon-2026/


Thank 
You!


