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Highly adaptive Edge-Cloud
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a unique, smart, and cross-layer orchestration considering
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ASSETS AND USE-CASES

Open toolkits and smart Apps
Advanced management of

2' containerized applications across
far Edge to Cloud, federated and
single cluster environments

Edge-Cloud Use-cases

) 6 Use-cases across 4 domains
" (Smart Cities, Energy,
Manufacturing, Mobility)

P1: Smart Monitoring of the Public
N Infrastructure

Lead: Univ Gottingen/City of
Gottingen, DE

VP: Improved QoE

Domain: Smart Cities

S P4:Decentralized Grids Collective
Z B Demand Side Management
| Lead: Univ Politecnica de Madrid, SP

V4 VP: Smart monitoring of the energy
B generation, consumption,availability

Domain: Energy

Open-source Eclipse repository

https://gitlab.eclipse.org/eclipse-
research-labs/codeco-project

R&I Engagement Programme

Community engagement via
hands-on events

VP: Increasing road safety
Domain: Mobility

| —

~ =

- Lead: fortiss, DE

Domain: Manufacturing

b
P5:Decentralised, wireless AGV

Control for Flexible Factories

VP: Increased AGV autonomy and
scalability via decentralized control

> CODECO

Training Database

Training tools and events, to
support the development of
services based on the CODECO
framework.

™
<

Open Experimentation Framework

CODECO components, accessible
to the wide research community

BN P3: Decentralized Edge MDS

bl

"ntﬂ ;‘,j | Lead: Telefonica, SP
a%é JQ VP: cross-layer resource

4 optimization for MDS

4 . "
B Domain: Smart Cities

AW P6:Smart Buildings

#48 Lead: Almende, NL

%@ VP: far Edge management of
& Crownstone meshes and their
W appliances
Domain: Energy



CODECO’S DATA-COMPUTE-NETWORK APPROACH Q CODEC

. Data storage, processing .
\ . CODECO data-compute network perspective
Placement based on realistic CEl infrastructure
. Computational nodes (CPU, memory, etc) .
Computational . .
infrastructure
(K8s) O . :: >
. Networking nodes (routers, switches)
Network
Infrastructure \‘

Data-Compute-Network Approach for Cloud-Edge-loT
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CODECO’S FUNCTIONAL REPRESENTATION

ACM: Automated Configuration Management and Security

OCM / K8s control plane

Application and
infrastructure status

“«-->

I
!
v

CO

> CODEC

«—» lIsolated clusters

Monitors

Monitoring <— Prometheus/Thanos

1
Data-compute";network metrics

PDLC

Privacy-preserving
decentralised learning
and context-awareness

Data Processing

Context-
awareness

Privacy-preserving
learning

MLOps

Application 4,‘

i 1

PRPEP requirements, user v
preferences Automated

ﬁﬁﬁ : & Secure Deployment/CAM
Setup and maintenanc"tle

User DEV , ¥
v |
Meta-data E
. Management !
Non-K8s systems Interoperability :
Graph DB !
MDM AP !
Discovers |
Data catalogs, data | ¢ojjects ,
stores, data Connectors !
sources !

Network-awareness,

',' Gets/provides CODECO metrics

Placemen
estimate

SWM

Scheduling and
workload migration

SWNM controllers/QoS
scheduler

Workload
placement solver

QoS model

| Reservations - ac
¥

NetMA: Network Management and Adaptation

Network exposure

Secure connectivity (L2S-M)

Network state management

+ Captures, reserves

Heterogeneous Networks (5G, Wi-Fi, Ethernet, etc.)

Functional Representation

CODECO Experimentation Framework (CODEF)

ilnfrastructure design and application constrains
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CODEF ARCHITECTURE

Experiment Definition

Deploy VMs + OS

v

Experiment Manager

Infrastructure
Manager

22/01/2025

Deploy Resource

Resource

Manager A

\ 4

Master Node

‘_

Managers

Resource

Manager B

\ 4

Worker Node
1

Deploy CODECO

Execute Experiment

»
>

Resource

Manager C

\ 4

Worker Node
2

ACM

Output Results

Experiment

Controller

Results
Processor

CODECO EXPERIMENTATION FRAMEWORK (CODEF)

2 C

EC

* Infrastructure Managers: cluster nodes
allocation over heterogeneous test-beds

* Resource Managers: node-level automation
abstraction & software deployment

« Experiment Controller: experiments execution
based on the defined parameters

» Result processor: management of results

Integration with CODECO components via
ACM
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A QUICK LOOK ON KUBERNETES

User DEV

K8s control plane (master node) .g

[ J
[ I

Controller-manager Scheduler

!

API server (REST)

Users

1§80

=
(=]
o
(1]

K8s worker node

Cubslet Jiuverpron ]

v A\ 4

K8s worker node

A

v

[__kubelet J3{ Kube-proxy |

Pod 1 Pod 2
Container 1 Container 1
Container 2

Pod 1

Container 1

Network Overlay

Kubernetes High-Level Operation
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CODECO’S SINGLE-CLUSTER ARCHITECTURE

+ Prometheus/Thanos |

———> External interface

===+ Interface between CODECO components CAM/Automated

orns | o

-—---» Sub-component interface S:::re
Nor-K8s systems deployment OCM - K8s control plane

1-ACM-MDM-1

| I-NET-PDLC-1 I-SWM-ACM-2 |
L)
PDLC-DP
Data pre-processing

PDLC-CA
Performance target

f‘
1 -SWM-ACM-1

L.

QoS
scheduler

Workload
placement
solver

PDLC-GNN
Resource
consumption
forecasting

PDLC-RL

Pod placement
recommendations

MLOps
Model
training,
selection and
workflow

MDM AP GraphDB
ller

Connectors

QoS Model

heuristics/weighting

Data
catalogs,
data stores,
data sources

1-SWM-PDLC-1

-

>

DE
Isolated clusters
----- "t 1-ACM-NET-1 I-SWM-NET-1

SDN controller

Network service
orchestrator

Secure

connectivity
Network State Monitoring

Based on L25-M

Heterogeneous Networks (5G, Wi-Fi, Ethernet, etc.)

Single-Cluster Architecture

CODECO Experimentation Framework (CODEF) 11
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CODEF WORKFLOW

22/01/2025

Cluster
7'2?!232: Configuration—
Parameters

)

|

Resource Manager |
/ Custom i

Playbooks

CODECO Experimentation Framework

o

@ Jdocker

Automation Features

O
&
e SSH ansieLe  kubeadm
L

Abstraction Layers

Infrastructure Manager

: ${admin_username and password}
: ${node

: ${cloud_operator:=infrastr-manager}

Configuration file

le_osaccount}
: ${cloud_name and IP}

: ${kubernetes_type and
networkfabric}
: ${node_osimage}
: ${master_hosts, IP and MAC}
: ${worker_hosts, IP and MAC}
: ${app_names and scopes}

CODECO Oss
via ACM
Standalone
components

3rd party SW/
Applications

G

Prometheus. Grafana

Ata?
argo  MNA

°kube-burner

Experiment
Parameters

/ Experiment Controller \

Experiment | *
parameters

$experiment_name
$benchmark_tool
$run_id

Metrics Benchmarks
Definition K8s-bench-suite
CPU, RAM, BW
Protocol
Deploy Time
Accuracy
KNB-Client pod

$replications
$rest_time

KNB-Server pod

Automated

Execution
EE
Output
Storage

$output_format Iperf3 images
BW, CPU, RAM
usage

_ Clust

ter Deployment

o

__Userlnput

CODEF
Execution

s

L2,
swnuom/output-results

4 Results Processor

il

Post-processing

Report Generation

Latex-based PDF

Cluster Deployment
s e T i

swnuom/
infrastructure-manager-xcpn

swnuom/

infrastructure-manager-virtualbox

Infrastructure XCP-ng

swnuom/

infrastructure-manager-aws

Infrastructure AWS

App
Installation

Control
plane

De

ﬂfnsﬁumu VirtualBox

ployed cluster

Control
plane

Worker X

Worker Y

Worker X

Worker Y

VM - XCPw1

VM - X

CPw2

VM - VBwi VM - VBw2

-

5 e

Deployed cluster

Control
plane

Worker X Worker Y

VM - AWSw1 VM - AWSw2

<

>

ATH testbed

Personal Computer

<

AWS shared cluster

CODEF abstraction layers and workload

CODECO EXPERIMENTATION FRAMEWORK (CODEF)
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CODEF USER INTERACTION & SYSTEM ACTIONS

CODEF @

Clone
repository

®

®

®

:@ Define Cluster

— & Experiment
Parameters

& ® Prerequisites

@Conﬁguration File

User credentials

User  |ubuntu22.04

Docker

Ja

Password-less SSH

Inf ture Manager

Node Name, IP, MAC

@ Metrics

Exper. Name, Benchmark
Runs, Replications, Sleep

Delete and Re-deploy

Run one-liner
script

Experiment
script

Configuration File

K8s distribution & network

Application / SW & scope

Experiment configuration

@ Ansible
Visualizer
Cluster deployment
& Execution Phase

i’ Infrastacture Manager

Cluster Allocation

Output format
Setup Phase
a Local
Installation
{c}
e oSCUDPhese
{:8(} Run Script

CODEF Images Build {61

Application / SW
installation

Cluster Configuration

Node OS, boot, SSH

(=R E=NRE

Container-1 IM Container-X

*_Resource Manager
Application / SW deployment

Experiment
Execution

Debug Messages
Tasks Execution

Process
Completion

Cluster deployment
& Execution Phase

Ansible playbooks
One per node deployment

{3‘\

* Experiment Controller

Cluster Configuration
Metrics

Get results

Y

Metrics
Report
Visualization

Results gathering &

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e B e A b e A LA Lo & LSO E R A o B R L A s

5 {e} —
i —Locally-> docker build image

ﬁ Experiment
Execution

Results files

@ Results Processor

Statistics (runtime & post-deploy)

Plots

Visualization

PDF LateX

o Report
Generation

Results gathering &
reporting Phase

22/01/2025

CODEF sequence diagram for users and system
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