Software-Defined Networks:

Architecture for Extended SDN Applications and

Resource Optimization in Cloud Data Centers

Minh Pham

Supervisor

Professor Doan B. Hoang

A thesis submitted to Faculty of Engineering and Information Technology
University of Technology Sydney

in fulfillment of the requirements for the degree of Doctor of Philosophy

04/2020



DEDICATION

I dedicated this thesis to my parents, Bay Tan Pham and Dao Thi Nguyen, who always encourage
me to study to have a better life, to my brothers Thanh Minh Pham, Xuan Tu Pham and Minh Nhut

Pham for their support and encouragement me to complete my study.



Architecture for extended SDN applications and Resource Optimization in Cloud Data Centers

ACKNOWLEDGEMENT

I sincerely express my deepest gratitude to my principal supervisor, Professor Doan B. Hoang, for
his supervision and continuous encouragement, enthusiasm, technical comments, and constructive
criticism throughout my whole PhD study. His full support, guidance, wisdom, and enthusiasm
have made me both more mature as a person and more confident to be a good researcher. He has
been outstanding in providing insightful feedback and guidance in each step of the creating of the
research engagement. I admire his encouragement and determination to help me conquer all
difficulties to achieve all results and to complete the thesis. Without his guidance, I would be in
struggle in the research career. I feel so fortunate to have him as my supervisor for the past four

and half years.

I thank Dr. Zenon Chaczko to co-supervise me. I am very thankful to him for his valuable feedback
in research papers and the thesis. He is always there to help me when I need it, it does not matter
it is a technical issue or other research-related issues. I believe that he is the most helpful person I

ever known.

I thank the Australian Government to offer me the position of an HDR student and for all supports

to help me in the study process.

I thank UTS Librarians to be so helpful in providing the books that I need during my time of
studying. They are always there to help with the best books and journals when required. I always

feel confident every time I go to UTS Library as I always can get the materials that I need.

I thank the SEDE School, SEDE Research and the Faculty Engineering and IT in supporting me in
the research journey in the past four years. I realize that I can study in every corner of UTS as long

as | feel comfortable. And UTS is a huge place where students can study to gain knowledge.

I thank Ms. Sarah Lok and the Counsellors at Student Services for their support. They are always
so helpful with precious advices to support my study all the way.

I thank Dr. Marie Manidis, my GRS tutor since 2016 until now even when she did not work at UTS
anymore. She is always there, very helpful in helping me out any questions that I have in my

research journey.

I thank Prof. Robert Steele in giving the seeds to become a researcher to contribute to the Research

Communities.



Architecture for extended SDN applications and Resource Optimization in Cloud Data Centers

CERTIFICATE OF ORIGINAL AUTHORSHIP

I, Minh Nguyet Thi Pham, declare that this thesis, is submitted in fulfilment of the requirements
for the award of Doctor of Philosophy, in the School of Electrical and Data Engineering Faculty of
Engineering and IT at the University of Technology Sydney.

This thesis is wholly my own work unless otherwise reference 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 of student:

Date:




Architecture for extended SDN applications and Resource Optimization in Cloud Data Centers

THE AUTHOR’S PUBLICATIONS

International Conferences Publications and Proceedings

Hoang, Doan & Pham, Minh, 2015, “On software-defined networking and the design of SDN
controllers”, presented at International conference of Network of the Future 2015, Montreal, Sep

30— Oct 2, 2015, as a Poster

Pham, Minh & Doan, Hoang, 2016, “SDN applications - the intent- based Northbound interface
realisation for extended applications”, presented at IEEE conference on Network Softwarization

2016, Seoul, June 6 - Junel0, 2016

Pham, Minh, Hoang, Doan & Chaczko, Zenon, 2019, “Realization of Congestion-aware Energy-
aware virtual link embedding”, presented at International Telecommunications Networks and

Applications Conference (ITNAC), Nov 27% 2019, Auckland, New Zealand

International Peer Review Journals

Pham, Minh, Hoang, Doan & Chaczko, Zenon, 2019, “Congestion- aware energy-aware virtual
network embedding”, IEEE/ACM Transactions on Networking, Vol. 28, Issue 1, Feb. 2020, pp
210-223

Pham, Minh, Hoang, Doan & Chaczko, Zenon, 2019, “Resource allocation optimization of latency
aware network slicing in 5G core network”, IEEE Transactions on Service and Network

Management, submitted after peer reviewed



Architecture for extended SDN applications and Resource Optimization in Cloud Data Centers

ABSTRACT

Virtualization is the main mechanism to share resources to many customers by creating virtual
resources on the common physical resources. The challenge is to search for an optimal resource
allocation mechanism that maximizes the capacity of the virtual resources. Network virtualization
needs a new virtual network embedding (VNE) mechanism that focuses concurrently on control
congestion, cost saving, energy saving; a link embedding mechanism needs to select actively based
on multiple objectives the physical link resources, network slicing requires a new resource
allocation mechanism that satisfies latency constraints of 5G mobile system. This research
investigated and developed solutions for resource request delivery, and optimal resource allocation

in network virtualization and 5G core network slicing applying SDN technology.

In the research, firstly, the three-tier architecture applying micro-service architecture for extended
SDN application is presented to facilitate the flexibility, in which new services are created or
composed, existing services are reused. The evaluation is the prototype of the Dynamic resource

allocation using the proposed architecture.

Secondly, the multiple-objective VNE that focuses on congestion avoidance, energy saving and
cost saving (CEVNE) is presented. The novelty lies in the CEVNE mathematical model for
multiple-objective optimization problems, and its nodes and link embedding algorithms. The
evaluation showed that CEVNE outperformed The-State-Of-The-Art in acceptance ratio in the

challenged, near-congestion scenarios.

Thirdly, the architecture to realize virtual link mapping in CEVNE is presented. The novelty is in
the SDN-based heuristic algorithm, and the applying of the architecture for extended SDN
applications. The research results in the realization of the active virtual link embedding process
that focuses on multi-objective concurrently. The evaluation showed that the solution outperformed

the traditional link mapping in all three objectives.

Fourthly, the mathematical model of the resource allocation optimization in latency-aware 5G core
network slicing is presented. The novelties lie in the satisfaction of different latency requirements
of 5G applications: eMBB, uRLLC, and mMTC, and the solution strategy to linearize, convex-

relax and decompose the program into sub-problems. The evaluation shows that the solution
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outperformed the The-State-Of-The-Art in resource allocation, execution time, latency satisfaction

and the arrival rates.

In this thesis, the resource optimization problem and the architecture for extended SDN
applications have been studied comprehensively. The results of this thesis can readily be applied
to 5G vertical applications where resource optimization and network routing problems exist
naturally in multiple domains and require software defined networking logically centralized control

architecture for efficient and dynamic solutions.

Vi
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