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Abstract

In the ever-evolving landscape of computing, recent years have seen the integration of cloud and edge
computing, fundamentally reshaping the deployment of applications and the delivery of services. How-
ever, a groundbreaking player has emerged on this stage: 6G technology. As the sixth generation of wireless
technology, 6G promises revolutionary advancements in connectivity and computation, propelling us
into a new era of technological possibilities.

But alongside 6G’s rise, in-network computing has become a pivotal concept. This approach capitalizes
on the computational prowess of network devices, effectively erasing the line that traditionally separated
networking from computing. Within this dynamic evolution, the optimization of service placement takes
center stage. It plays a vital role in ensuring peak system performance and efficient resource utilization.

This thesis embarks on a comprehensive exploration of the intricate interplay between service placement
and the paradigm of in-network computing, with a particular focus on how 6G technology is poised to
transform this landscape. By rigorously analyzing the challenges and formulating innovative strategies,
we unveil how service placement seamlessly aligns with this emerging paradigm. This research not only
bridges the gap between established knowledge and novel requirements but also serves as a visionary
roadmap for the future of distributed systems, where 6G technology is set to drive unprecedented levels
of efficiency and innovation.

Keywords:

In-Network Computing, Service Placement Optimization, 6G Technology, P4 Programming Language.
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Résumé

Dans le paysage constamment en évolution de 'informatique, ces dernieres années ont vu l'intégration
de I'informatique en nuage et de I'informatique de périphérie, remodelant fondamentalement le dé-
ploiement des applications et la prestation de services. Cependant, un acteur révolutionnaire a émergé
sur cette scéne : la technologie 6G. En tant que sixiéme génération de technologie sans fil, la 6G promet
des avancées révolutionnaires en matiere de connectivité et de calcul, nous propulsant dans une nouvelle
ére de possibilités technologiques.

Mais parallelement a ’essor de la 6G, I'informatique en réseau est devenue un concept essentiel. Cette
approche capitalise sur les compétences de calcul des dispositifs réseau, effacant efficacement la frontiére
qui séparait traditionnellement le réseau de I'informatique. Au sein de cette évolution dynamique,
'optimisation du placement des services prend une place centrale. Elle joue un role vital dans la garantie
des performances optimales du systeme et de I'utilisation efficace des ressources.

Cette these entreprend une exploration approfondie de 'interaction complexe entre le placement des
services et le paradigme de I'informatique en réseau, en mettant particulierement I’accent sur la maniére
dont la technologie 6G est sur le point de transformer ce paysage. En analysant rigoureusement les défis
et en élaborant des stratégies innovantes, nous dévoilons comment le placement des services s’aligne
parfaitement avec ce paradigme émergent. Cette recherche comble non seulement I'écart entre les
connaissances établies et les exigences nouvelles, mais sert également de feuille de route visionnaire
pour 'avenir des systemes distribués, ot la technologie 6G est destinée a stimuler des niveaux d’efficacité
et d’'innovation sans précédent.

Mots-clés :

In-Network Computing, Optimisation du Placement des Services, Technologie 6G, Langage de Program-
mation P4.
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Abbreviations and Notations

INC In - Net Work Computing

MC Mist Computing

FC Fog Computing

DC Data Centers

QOS Quality Of Service

FPGAs Field Programmable Gate Arrays
NICs Network Interface Cards

NFV Network Function Virtualization
SDN Soft Ward - Defined Networking
APIs Application Programming Interfaces
VMs Virtual Machines

PISA Protocol Independent Switch Architecture
PHVs Packet Header Vectors

TCAM Ternary Content Addressable Memory
ALUs Arithmetic Logic Units

FPGA Field-Programmable Gate Arrays
CLBs Compute Logic Blocks

WGs Working Groups

ICN Information-Centric Networking
ULL Ultra-Low-Latency

NDN Named Data Networking

BYOD Bring Your Own Device

RAN Radio Access Network

COIN Computing In The Network

VR Virtual Reality

AR Augmented Reality

PLCs Programmable Logic Controllers
CFAAs Compute-Fabric-as-a Service

Al Artificial Intelligence

PNDs Personal Network devices



SPP
VMs
DAGs
CR

CN
QOE
ILP
INLP
MILP
MINLP
MIQP
MDP
PEC
EC
MEC
WDs
BS
PTPNs
DRL
DDPG
SlAs
RRU
SDN
SLA
TN
URLLC
V-CRAN
VIM

Service Placement Problem

Virtual Machines

Directed Acyclic Graphs

Resource Constraints

Network Constraints

Quality Of Experience

Integer Linear Programming

Integer Non Linear Programming
Mixed Integer Linear Programming
Mixed integer Non Linear Programming
Mixed Integer Quadratic Programming
Markov Decision Process

Pervasive Edge Computing

Edge Computing

Mobile Edge Computing

Wireless Devices

Base Station

Priced Timed Petri Nets

Deep Reinforcement Learning

Deep Deterministic Policy Gradients
Service Level Agreement

Remote Radio Head

Software Defined Networking

Service Level Agreement

Transport Network

Ultra Reliable Low Latency Communication
virtualized Cloud Radio Access Network
Virtual Infrastructure Manager

Virtual Machine

Virtual Network Function
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