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CODECO Overview

A novel Edge-Cloud orchestration framework, focusing on data-

compute-network adaptability
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Main Challenges

5G/6G smart services
Dense environments

Mobility Far Edge to

High portability Cloud
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$

$

Vision

Highly adaptive Edge-Cloud
management framework (TRL4-5) that integrates
a unique, smart, and cross-layer orchestration considering
decentralised data flow, computation, and adaptive networking
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Main Outcome 9 CODECO

Eclipse KuDECO

Open-source Orchestration
Toolkits
Apps
Synthetic Data Generator
loT-Edge-Cloud infrastructure

CODEF: Experimentation Use-cases
Framework
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Approach loT-Edge-Cloud infrastructure > CODECO

Data-Compute-Network _
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CODECO Components 5?3 ODECO

e ACM: E ntrypoint to ACM: Automated Configuration Managementand Security |
user, life CyC le OCM / K8s control plane 4—» Isolated clusters
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|y ecure Deployment/CAM
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e MDM: Data status and stores, data " Connectors i QoS model
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CODECO Architecture

Single Cluster Operation

Architectural design and principles:

R. C. Sofia (Ed.) et al., (2024). CODECO Deliverable D10 - Technological
Guidelines, Reference Architecture, and Open-source Ecosystem Design.
Zenodo. https://doi.org/10.5281/zenodo.12819444

I Prometheus
B X | I
'
: F;.‘lata -::ad’ra:;'.-gs_dma || ‘I II > Monitoring
Discovers, collects slores, datd sources User {Prometheus OCM Hub
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and Secure 4 &
deployment 5
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L)
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Heterogeneous Networks (5G, Wi-Fi, Ethernet, etc.)

Software companion document:
Georgios, S. (Ed . ) . et. al . (2024). CODECO D12 - Basic Operation Components and
Toolkit version 2.0. Zenodo. https://doi.org/10.5281/zenodo.12819424

% CODECO
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CODECO Architecture

Federated Operation

CODECO Operator
(wia ACM UI)

602

CODECO

Rute C. Sofia, Josh Salomon, Ray Carrol, Luis Garces-Erice, Peter Urbanetz, Jurgen Gesswein , Rizkallah Touma, Alejandro Espinosa, Luis M. Contreras, Vasileios Theodorou, George Papathanail, Georgios Koukis, Vassilis
Tsaoussidis, Alberto del Rio, David Jimenez, Efterpi Paraskevoulakou, Panagiotis Karamolegkos, John Soldatos, Borja Dorado Nogales, and Alejandro Tjaarda, Towards Scalable Federated Container Orchestration: the
CODECO approach. Jan 2026, https://doi.org/10.48550/arXiv.2601.1335
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CODECO Application Model
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https://doi.org/10.48550/arXiv.2601.13351

CODECO Architecture Federated Operation

21.06.2026

CODECO approach. Jan 2026, https://doi.org/10.48550/arXiv.2601.1335

> CODECO

Rute C. Sofia, Josh Salomon, Ray Carrol, Luis Garces-Erice, Peter Urbanetz, Jurgen Gesswein , Rizkallah Touma, Alejandro Espinosa, Luis M. Contreras, Vasileios Theodorou, George Papathanail, Georgios Koukis, Vassilis
Tsaoussidis, Alberto del Rio, David Jimenez, Efterpi Paraskevoulakou, Panagiotis Karamolegkos, John Soldatos, Borja Dorado Nogales, and Alejandro Tjaarda, Towards Scalable Federated Container Orchestration: the

Context-Awareness and Energy-Aware Management
=
(- Context-Aware Metrics f — D)
g 4 .J-x
e Computational { \) ;
Collected from Kubernetes environments \ Appllcatlons @ Computationy
(CPU and memory utilization) EanTEt®Aware Orchestration @ Network
® Network @) Application
i Captures QoS and energy expenditure, v ©) Data Observability
' latency, bandwidth, etc. ' E
Computational ~ Context 9 User Behavior
e Application ———, Profiies . z
De5cribes QoS and non-functior'lal ‘ SWA PDLC ( M —-m | C fggegy;ﬂxware
requirements, latency, CO?2., certification, — i pat : 1.
£ ustering, uling urce awar: ;
and compliance Scheduling ~ Migration  Identity, & f_ﬂi&EEnergy Me(®
| e Data Observability o \hCerﬂﬁcates J @ LIink Energy I.i,j)
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‘ = 25 B
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® Node Ener i) : Edge Nodes J s % \ oy
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: @ Cloud Dynamic, Decentralized :
e Link Energy (;11,j);E=> Edge Management ® Node Energy (n. ()
® Network Energy L.(i) = 3, | energy all links > Dynamic Orchestration Decisions ® Link Energy,(izt.1)
® Network Energy L_(7)
CODECO incorporates context & energy awareness to optimize offloading, 2 Mo Eneren Rl
scheduling, and application management.

Disclaimer: Al-generated image for illustration purposes.
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CODECO Architecture Federated Operation O,Q CODECO

Rute C. Sofia, Josh Salomon, Ray Carrol, Luis Garces-Erice, Peter Urbanetz, Jurgen Gesswein , Rizkallah Touma, Alejandro Espinosa, Luis M. Contreras, Vasileios Theodorou, George Papathanail, Georgios Koukis, Vassilis
Tsaoussidis, Alberto del Rio, David Jimenez, Efterpi Paraskevoulakou, Panagiotis Karamolegkos, John Soldatos, Borja Dorado Nogales, and Alejandro Tjaarda, Towards Scalable Federated Container Orchestration: the
CODECO approach. Jan 2026, https://doi.org/10.48550/arXiv.2601.1335
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ACM | CODECO Application Model 5:‘?) CODECO

Spec
spec codecoapp-msspec serviceChannels
appName A serviceName ’m"m-i_____________channeIName
gosClass 5 otherService
prmmsmsmssmssssmssees -===1securityClass P S serviceClass
! complianceClass
appEnergyLimit ’
appFailureTolerance ]
performanceProfile
5 advancedChannelSettings _
! PodSpec (1.-'.‘1 podspec) UNIVERSITY OF PIRAEUS
; ' minBandwidth RESEARCH CENTER
5 maxDelay
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* sendinterval
CodecoApp
Status
¢
: serviceMetrics
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CODECO In the Edge-Cloud Continuum

Examples

21.06.2026

> CODECO
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CODECO In the Edge-Cloud Continuum

Examples

loT data sources far Edge

2 Ol
oote MDM |
-

Cluster 1
P

near Edge

Federated Clusters
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CODECO Comparison with other Approaches

Dimension

CODECO

Liqul

PHARE

Karmada

Primary focus
Federation model

Governance

Cross-layer co-orchestration
Bounded neighborhoods

Hybrid (central policy, local
exec.)

Resource sharing, of-
floading
Peer-to-peer
clusters

virtual

Decentralized peering

Federated edge place-
ment
Federated edge clusters

Centralized per deploy-
ment

Multi-cluster propaga-
tion
Hub-and-spoke

Centralized hub

Scheduling scope

Scheduling strategy

Neighborhood-scoped

Deterministic + Al guidance

Local + remote offload-
ing

Scheduler extensions

Cross-cluster

Heuristic / optimization

Cross-cluster

Policy-driven

Al / learning Decentralized, privacy- None None None
preserving

Network awareness First-class (metrics, cost Basic connectivity Limited / implicit Limited (policy hints)
maps)

Inter-cluster networking Secure overlays, SDN- Gateway-based External / assumed External (e.g.., Sub-
assisted mariner)

Data / metadata awareness  Explicit metadata graph None Limited None

Privacy and sovereignty

Local telemetry, protected
exchange

Trust-based sharing

Not addressed

Not addressed

Edge autonomy
Multi-provider support
Runtime adaptation
Kubernetes integration

Designed for intermittency
Explicitly targeted
Proactive + reactive

Native (CRDs, OCM-based)

Partial
Implicit
Reactive
Native

Limited
Research-oriented
Reactive
Prototype

Limited
Enterprise / cloud
Reactive

Native
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CODECO | Get Engaged! ,«"(ﬁ) CODECO

o2 CODECO Booth 23

Cognitive Decentraliseq °YOUTUhe Website Publications
Edge Cloud Orchestration

Al-Powered Kubernetes Orchestration

For Cloud-Edge-loT applications ENGAGE and GET AWARDS!

Learning Hub Toolkits Experimentation Framework Eclipse KUuDECO Use-cases 531?

Funded by I RCEP

the European Union =
INNOVATION AND RESEARCH

under Grant Agreement 101092696 COMMUNITY ENGAGEMENT

Until 28.02.2026: Experimentation & Validation Challenges
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