
Multi-hop Device-to-Device Routing 
Protocols for Software-Defined 
Wireless Networks

by Mahrokh Abdollahi Lorestani 

Thesis submitted in fulfilment of the requirements for 
the degree of  

Doctor of Philosophy 

under the supervision of A/Professor Mehran Abolhasan 
and Dr. Negin Shaiati 

University of Technology Sydney 
Faculty of Engineering and Information Technology 

February 2022 



STATEMENT OF ORIGINALITY

I, Mahrokh Abdollahi Lorestani declare that this thesis, is submitted in fulfilment of the require-

ments for the award of the degree of doctor of philosophy, in the faculty of Engineering and Infor-

mation Technology at the University of Technology Sydney. This thesis is wholly my own work

unless otherwise referenced or acknowledged. In addition, I certify that all information sources

and literature used are indicated in the thesis.

This document has not been submitted for qualifications at any other academic institution.

This research is supported by the Australian Government Research Training Program.

Signature:

Mahrokh Abdollahi Lorestani

October 16, 2021

Production Note:
Signature removed prior to publication.



ABSTRACT

Multi-hop device-to-device (MD2D) communications are an integral part of future wireless net-

works. Multi-hop communications enable mobile devices in close proximity to communicate

directly or through multi-hop connections instead of traversing through a network infrastructure.

This provides numerous benefits for cellular networks, such as low-cost communications, en-

hanced cellular coverage and capacity, reduced total power consumption in devices, and improved

spectral efficiency. Consequently, service providers can leverage the advantages of both D2D and

cellular networks to enhance the quality of their services. However, tight coupling of control and

data functions in cellular equipment and the utilization of proprietary interfaces and protocols in

existing cellular infrastructure make integration difficult and rigid. Hence, there is a need for

open and reprogrammable frameworks to make the network more flexible and scalable. Software-

defined networking (SDN) is a promising technology for future wireless networks that provides

an open and reprogrammable framework wherein the control functions are taken from network

devices and are logically centralized in a control entity. The open framework of SDN provides an

opportunity for service providers to manage networks more intelligently and develop services in a

more agile manner.

This thesis introduces an SDN-based framework for cellular networks, referred to as virtual ad hoc

routing protocol framework (VARP), capable of developing different types of multi-hop routing

protocols. In the proposed framework, an SDN controller determines the mode of communication

for mobile devices (i.e., cellular or multi-hop modes). Two different multi-hop routing protocols

are designed for the proposed framework: source-based virtual ad hoc routing protocol (VARP-S)

and SDN-based multi-hop D2D routing protocol (SMDRP). In both protocols, a source of data

packet sends a route request to the controller and receives the forwarding information from the

controller in response. This thesis then presents a multi-protocol framework capable of develop-

ing multiple routing protocols under a single framework. In the proposed framework, an SDN

controller logically divides a cell into multiple clusters based on its knowledge of the entire cell.

The controller determines which multi-hop routing protocol can provide the best performance

for each cluster. The simulation results show that the proposed multi-protocol framework pro-

vides better performance than traditional single-protocol architectures. Finally, the thesis presents

a novel software-defined adaptive routing algorithm for multi-hop multi-frequency communica-

tions in wireless multi-hop mesh networks. The simulation results indicate that the proposed

algorithm improves the end-to-end throughput of multi-hop connections by considering the sur-



rounding WiFi traffic and adaptive selection of frequencies and routes.
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