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Abstract—Edge computing is a key enabling technology ex-
pected to play a crucial role in beyond 5G (B5G) and 6G
communication networks. The EU-funded VERGE contributes to
the evolution of edge computing by promoting an open, modular
and distributed edge architecture that enhances B5G capabilities
and supports next generation services. This paper highlights the
core features of VERGE’s ""Edge for AI'" pillar, which enables
closed-loop automation and life cycle management (LCM) of
cloud-native applications and network services across a unified
edge-to-cloud compute continuum.

Index Terms—Edge computing architecture; AI/ML life cycle
management; B5SG/6G evolution; edge-to-cloud compute contin-
uum; closed-loop automation

I. INTRODUCTION

The EU-funded research project VERGE introduces an
evolved cloud-native edge architecture [1], powered by trust-
worthy, Artificial Intelligence (AI) solutions for the beyond
5G (B5G) and 6G communications. The VERGE architectural
design is based upon three core conceptual pillars, namely
the “Edge for Al (Edge4Al)”, “Al for Edge (AI4Edge)” and
“Security, Privacy and Trustworthiness for AI (SPT4AI)”. The
Edge4Al pillar provides mechanisms to develop, orchestrate,
and monitor cloud-native applications and network services
across a unified edge-to-cloud compute continuum, leveraging
accelerated platforms. It also supports the life cycle manage-
ment (LCM) of Al/Machine Learning (ML) solutions, devel-
oped within the AI4Edge pillar, for optimizing computing and
network performance. Finally, SPT4AI focuses on ensuring the
trustworthiness of the developed AI/ML models, addressing
aspects on Al robustness, privacy, safety, and explainability.
This short paper presents the key Edge4Al features and the
relevant technological approaches that are adopted.

II. THE EDGE4AI PILLAR FOR EDGE COMPUTING
AUTOMATION, SCALABILITY AND HIGH PERFORMANCE

Fig. 1 outlines the overall Edge4Al pillar design. Its key
components can be grouped as follows: 1) the programming
models and frameworks (top of the figure), which are
software assets that can be leveraged by developers during
the design phase of application and network functions. 2)
the Orchestration, management and control (OMC) layer

models
88% Split Federated FPGA ing Distributed Perform:
P Computing Learning computing (COMPSs) (oneAP))

nnnnnnn

developers § oeptoyment

NearbyOne mum -site orchestrator

[ slice Declslon Multi-site
manager

Engine Orchestrsmr
Alserving &

[

MLOps

Multi-site
monitoring
(Observer)

MLOps&
automation

Edge-site orchestrator (K8S control plane) =N

Eg z
Orchestrator scheduler
.

Orchestration,
Managementand Control
(oMC)

Edge-site

(Observee)

-grained

RU/DU Distr. App Distr. App = Application
functions work ke rs worl ke rs monitoring

I:I: Edge-site Nodes (GPUs/CPUs/FPGAS) Dat
Split Computing
& Federated

E [ Rus ][ enNBs/Cus/DUs |[ relays | <::>
UEs Radio Access Network (RAN) g

Metrics collection

Learning

Fig. 1. Overview of the Edge4Al pillar building blocks

(center of the figure), handling the service LCM and the
network intelligent control from a multi-site, edge-site and
intra-node perspective, and 3) the Cognitive Framework (left
side of the figure), handling the LCM of the AI/ML models
and serving them to the OMC layer for intelligent decision-
making, and the data access layer (right side of the figure)
collecting data from the observability stacks and feeding them
to the CF for Al model training and inference.

The key features of the Edge4Al design are described in
continuation.

1) Edge4Al embraces a novel software abstraction layer to
fully exploit the capabilities of Hardware (HW) accelerated
platforms for ultra-high performance computation: Edge4Al
supports a suite of programming models and frameworks
that: 1) abstract the complexity of the underlying heteroge-
neous hardware infrastructure, facilitating developers in the
implementation of network and application functions, thus
improving programmability; 2) leverage the potential of di-
verse accelerated platforms, such as Graphics Processing Units
(GPUs) and Field-Programmable Gate Arrays (FPGAs), by
exploiting their parallelism and reprogrammability capabili-
ties, thus improving the overall performance and addressing
compute resources underutilisation.



TABLE I

KEY FEATURES OF THE EDGE4Al PROGRAMMING MODELS AND FRAMEWORKS

Abstraction

Distributed computation

Split Computing Framework

Unified interface for implementing splittable DNN mod-
els while hiding the complexity of the underlying hard-
ware heterogeneity and distribution mechanisms.

Split computation vertically, enabling to split complex
DNNs in two segments, which can run at the UE and
the edge.

Federated Learning
framework

(FL)

Federated learning across multiple UEs and aggregation
at the edge, mitigating the wireless channel variability
and node heterogeneity.

FPGA SoC reprogramma-
biltiy (reproAccel)

Seamless reconfiguration for interconnected software
and FPGA-accelerated functions running on FPGA SoC
devices deployed at the far and extreme edge, by
abstracting reconfiguration complexity and managing
hardware-software interdependencies.

FPGA SoC resource management layer that enables the
offloading of functions in different processing elements
of FPGA SoC devices based on metrics and/or context
events.

Distributed computing
framework (COMPSs)

Application abstraction: facilitate the development of
distributed workflows through simple task annotation
Infrastructure abstraction: Application development is
abstracted from infrastructure through the COMPSs run-
time environment (which is deployed over Kubernetes).

Distributed computation of workflows horizontally, en-
abling execution of tasks across multiple computing
nodes within the same edge cluster.

oneAPI programming model

Unified programming model for application optimiza-

tion across different architectures

2) Edge4Al adopts and enhances split and distributed com-
puting frameworks to develop and flexibly distribute compu-
tation tasks across the compute continuum: The Edge4Al
programming models and frameworks also enable split and
distributed computing. This is achieved by facilitating the
decomposition of heavy workflows into smaller tasks that are
deployed across different processing nodes of the compute
continuum, including the User Equipment (UE) in some cases,
so as to better match the computing capabilities of the available
infrastructure and meet the application requirements.

Table 1 outlines the Edge4Al programming models and
frameworks and their contribution to the first two objectives.

3) Edge4Al designs a unified compute continuum ecosys-
tem, integrating the heterogeneous communication and net-
working components with the computing and storage resources
that span from the edge to the cloud: Edge4Al builds a
unified compute continuum ecosystem by: 1) leveraging cloud-
native technologies such as Docker and Kubernetes to de-
velop containerized network and application services, ensuring
seamless interoperability across the compute continuum com-
ponents; 2) enabling hierarchical service orchestration across
the compute continuum, while also supporting intelligent net-
work management and control. The modularity and flexibility
of the OMC layer is reflected at the different granularity
with which decisions are made. From a compute continuum
perspective, Edge4Al supports orchestration both at multi-
site and edge-site level, as well as fine-grained orchestration
of distributed workflows, and intra-node micro-orchestration
applied to FPGA System on Chip (SoC) devices. From a
time-scale perspective, decisions may involve non real-time
operations (>1000 ms), e.g. for multi-site infrastructure pro-
visioning and service deployment, near real-time operations,
e.g., for mobility control (10-1000 ms), or even decisions
moving closer to the real-time domain (<10 ms) when function
micro-orchestration is involved.

4) Edge4Al enables an Al-driven zero-touch closed-loop
network automation: This is achieved by: 1) introducing the
Cognitive Framework, a software asset developed in VERGE
to facilitate the complete LCM of the AI4Edge AI/ML models
by adopting and extending ML Operations (MLOps) principles
and tools and providing intelligent AI model and dataset
recommendations to the model developers; 2) creating a uni-
fied observability stack, collecting different metrics across the
compute continuum and executed services and making them
accessible to the AI/ML models through the cognitive frame-
work interfaces; 3) integrating the different key components
of the Edge4Al pillar through the necessary interfaces and
adaptations, driven by requirements of the project use case
demonstrations.

III. CONCLUSION

This paper discussed the features of the Edge4Al pillar
design within the VERGE architecture, built to deliver the nec-
essary building blocks for the flexible and efficient deployment
and execution of B5G and 6G applications over an Al-powered
edge computing infrastructure.
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