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Edge Computing (can be …)

• Constrained small footprint hardware

• Heterogeneous and specialized

o CPU/GPU architectures (x86/ARM/…)

o Networking (WiFi/ethernet/cellular)

o Connectivity (public/private)

• Owned by different operators in different environments

• Support different virtualization/runtimes



• Applications are complex and composed of
many microservices

• Management and coordination of
microservices across the available resources

Applications leveraging Edge Computing
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• Applications are complex and composed of
many microservices

• Management and coordination of
microservices across the available resources
• Resources and services monitoring
• Replicas scale-up/down
• Workload migration
• Services networking
• … and more

• Control plane + Nodes
• Kubernetes (K8s) family

Kubernetes



Challenges of Service Orchestration at the Edge 

4

Agr

Obj

Obj

Obj

Trk

Trk

Trk

Control Plane

Node1

Node2

Node3
Node4

Node5

• Multiple infrastructure providers
• Solutions designed for datacenter environments

• Strong consistency of cluster status and 

resources limits performance at the Edge [3]
• Lightweight distributions like K3s, MicroK8s 

inherit the same design assumptions of K8s. 

• Global state transfer requirement for networking

[1] Andrew Jeffery, Heidi Howard, and Richard Mortier. 2021. Rearchitecting Kubernetes for the Edge. 4th ACM EdgeSys (2021)

Kubernetes
many clones



Hierarchical orchestration

Fine-grained extensible SLA primitives

Lightweight Implementation

Consolidation of multiple edge providers

Semantic overlay networking

Deployment across geography

Delegated service scheduling

Site-to-Site tunnelingResource aggregation

Multi-virtualization support

5oakestra.io
@oakestra Oakestra
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Root Orchestrator
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• Multiple architectures
• Multiple execution runtimes

o Default: containerd
• Distributed networking management
• Resource/service monitoring

Worker Node
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• Deployed service instances
• Service‘s resources utilization
• Node‘s system and real time info
• Periodical cluster updates

Worker Node
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• Autonomously manages service
addressing and traffic tunneling

• Creates the network 
namespaces for the services

• More details later…

Worker Node
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Worker Node

A cluster can be composed of multiple nodes



Worker1 Worker2 Workern
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Periodical status updates to the cluster

MQTT



Cluster1 Cluster2 Clustern
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Cluster1 Cluster2 Clustern

• Different clusters can be administrated by different providers
• Resource aggregation preserves minute details about internal infrastructure make-up



Services
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Implementation
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Support for heterogeneity and hardware constraints by implementation

• Open source

• Currently some 19,000 LOC

• Mainly Python and GoLang

• Modular and extensible

• Lightweight to embrace low end edge devices

• Support for Linux and Docker container-ized services;
unikernels in progress

• Performance compares favorably to k8s, k3s, MicroK8s



System Performance
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• 6x CPU% reduction at worker level 

compared to K3s

• 10x CPU% reduction at master level 

compared to K3s
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Constrained Hardware
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This presentation

Questions?


