
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 

HYPERGRAPH-BASED RESOURCE ALLOCATION IN WIRELESS MESH 
NETWORKS 

 
 
 
 
 
 
 
 

BASHAR KHUDHAIR ABBAS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FK 2018 60 
 
 



© C
OPYRIG

HT U
PM

 

 

 

 

 

 

 

 

 

 

 

 

HYPERGRAPH-BASED RESOURCE ALLOCATION IN WIRELESS MESH 

NETWORKS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By 

 

 

BASHAR KHUDHAIR ABBAS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thesis submitted to the School of Graduate Studies, Universiti Putra Malaysia 

in fulfillment of the Requirements for the degree of Master of Science 

 

 

December 2017 



© C
OPYRIG

HT U
PM

  

 

 

 

COPYRIGHT 

 

 

All material contained within the thesis, including without limitation text, logos, icons, 

photographs, and all other artwork, is copyright material of Universiti Putra Malaysia 

unless otherwise stated. Use may be made of any material contained within the thesis 

for non-commercial purposes from the copyright holder. Commercial use of material 

may only be made with the express, prior, written permission of Universiti Putra 

Malaysia. 

 

 

Copyright © Universiti Putra Malaysia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

  

 

 

 

DEDICATION  

 

 

This thesis is dedicated to 

 

All those I love  
 

Especially  

 

My dearest parents 

 

My family  
 

My brothers and sisters   

 

For their endless encouragement, patience, and support and for being a great 

source of motivation and inspiration 
 

And to all my friends 

 

 

 
 

 



© C
OPYRIG

HT U
PM

  

 

i 

 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 

of the requirement for the degree of Master of Science 

 

 

HYPERGRAPH-BASED RESOURCE ALLOCATION IN WIRELESS MESH 

NETWORKS 

 

 

By 

 

 

BASHAR KHUDHAIR ABBAS AL-ZEYADI 

 

 

December 2017 
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The success of wireless mesh networks (WMNs) is highly contingent on effective 

radio resource management. In conventional wireless networks with heterogeneous 

traffic, system throughput, quality of service (QoS), fairness and complexity are 

usually common performance metrics. Orthogonal Frequency Division Multiplexing 

Access (OFDMA) is the most known modulation technique in wireless networks 

which are largely dependent on the mechanism of resource allocation. Limited 

spectrum resources necessitate that these resources be optimally employed in such a 

way as to satisfy the requirements of WMN users. Therefore, the task of resource 

allocation in this technology should be formulated as a task of allocating resource 

blocks (RBs) to the network stations according to the required traffic demands and 

QoS parameters and should also take into account the interference among them. By 

considering these features in mathematical models using a hypergraph and Koenig 

graphs, we can obtain an accurate description of the network. This enables us to fully 

describe all possible configurations of a mesh network and its individual elements, 

and takes into account the limitations of spectrum resources and interference between 

the network stations.  

 

 

The proposed mathematical model was aimed at improving the performance of a mesh 

network as a whole by balancing the number of resource blocks allocated to individual 

stations. Thus, our algorithm was developed such that the throughput was maximised 

as long as the QoS was guaranteed with low complexity. Finally, a hypergraph-based 

resource allocation in a wireless mesh network with a balanced technique (BA-HBRA) 

was developed for OFDMA downlink RBs allocation to further enhance the system 

performance by satisfying the traffic demands with the least number of RBs and 

simultaneously ensuring the QoS. Algorithms, OFDMA-based channel-width 

adaptation in a wireless mesh network (OBCWA) and QoS-aware channel-width 
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adaptation (QACWA), were compared. The results of simulations showed that the 

throughput of BA-HBRA outperformed OBCWA by 13%, 12%, 8%, 8%, 7% and 

10%, respectively, in six cases with different numbers of RBs. In terms of QoS 

provision with low traffic demands, our algorithm achieved the same results as 

QACWA and it could guarantee the QoS. When the traffic demands increased with 

different services, BA-HBRA throughput achieved about 12%-25% more than 

QACWA, and was close to satisfying the traffic demands in most cases. When the 

traffic was relatively high, QACWA could not satisfy the traffic demands. Finally, in 

terms of complexity, we found that the processing level of our algorithm was the same 

as QACWA. Although they were at the same level of processing, BA-HBRA achieved 

a remarkable improvement over QACWA in terms of time consumption, where BA-

HBRA took about 82%, 66% and 40% less time than QACWA did. At the same time, 

it also outperformed OBCWA with about 87%, 78% and 63% for three sets of nodes 

(10, 20 and 30, respectively). From the above simulations, we can conclude that our 

proposed algorithm is more suitable for WMNs, especially those with limited-resource 

scenarios 
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Kejayaan rangkaian jaringan tanpa wayar (WMNs) sangat bergantung pada 

pengurusan sumber radio berkesan. Dalam rangkaian tanpa wayar konvensional 

dengan trafik heterogen, sistem pemprosesan, kualiti perkhidmatan (QoS), keadilan 

dan kerumitan adalah persembahan metrik biasa.Pembahagian Akses Berganda 

Frekuensi Ortogon (OFDMA) adalah teknik modulasi yang paling terkenal dalam 

rangkaian wayarles dimana sebahagian besarnya bergantung kepada mekanisma 

pengagihan sumber. Oleh itu, mekanisma pengagihan sumber dalam teknologi ini 

perlu diwujudkan sebagai tugas memperuntukkan blok sumber (RBs) kepada stesen 

rangkaian mengikut bandwidth yang diperlukan dan parameter QoS.Pertimbangan 

ciri-ciri ini dalam model matematik menggunakan hypergraph dan graf Koenig, 

memberikan gambaran yang tepat tentang rangkaian ini. Ini membolehkan penyedian 

keperluan bagi mereka bentuk sepenuhnya semua konfigurasi bagi jaringan rangkaian 

dan elemen-elemen individu, mengambil kira perbatasan sumber spektrum dan 

gangguan antara stesen rangkaian. Model matematik yang dicadangkan bertujuan 

untuk meningkatkan prestasi jaringan rangkaian secara keseluruhan dengan 

menyeimbangkan bilangan blok sumber diperuntukkan kepada stesen individu.Oleh 

itu, algoritma yang dibangunkan kelajuan muat turun tetap makzimum selagi 

kerumitan sistem QoS masih rendah.Akhirnya, peruntukan sumber berdasarkan 

hypergraph masuk rangkaian jaringan tanpa wayar dengan teknik-kira (BA-HBRA) 

dibangunkan untuk OFDMA RBS pautan muat turun untuk meningkatkan lagi prestasi 

sistem. Algoritma, berdasarkan penyesuian OFDMA saluran-lebar dalam jaringan 

rangkaian mesh tanpa wayar (OBCWA) dan QoS adalah bersesuian dengan saluran-

lebar (QACWA) untuk tujuan perbandingan. Keputusan simulasi menunjukkan 

bahawa, kelajuan muat turun BA-HBRA mengatasi setiap satu OBCWA sebanyak 

13%, 12%, 8%, 8%, 7% dan 10%, dan dalam enam kes nombor RBs yang berbeza. 

Bagi  peruntukan QoS dengan keperluan trafik yang rendah, algoritma ini mampu 

mencapai keputusan yang sama seperti QACWA dengan prestasi QoS terjamin. 
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Apabila permintaan trafik meningkat dengan perkhidmatan yang berbeza, BA-HBRA 

pemprosesan mencapai kira-kira 12% -25% lebih daripada QCWA, dan hampir 

memenuhi permintaan trafik dalam kebanyakan kes. Di dalam situasi trafik yang agak 

tinggi QACWA tidak mampu untuk memenuhi permintaan trafik. Akhir sekali, dari 

segi kerumitan, didapati bahawa, tahap pemprosesan algoritma adalah sama seperti 

QACWA.Walaupun, pada tahap yang sama pemprosesan, BA-HBRA mencapai 

peningkatan yang luar biasa ke atas QACWA dalam jangka masa yang lama, di mana 

ia adalah kira-kira 82%, 66% dan 40% lebih rendah. Pada masa yang sama, OBCWA 

mencapai kira-kira 87%, 78% dan 63% untuk tiga set nod 10, 20 dan 30 masing-

masing. Dari simulasi di atas, dapat disimpulkan bahawa algoritma yang dicadangkan 

adalah lebih sesuai untuk WMNs terutamanya, dengan senario sumber terhad. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

The advent of cost-effective wireless mesh networks (WMN) based on Orthogonal 

Frequency Division Multiple Access (OFDMA) technology [1], [2] has significantly 

changed the process of organization of both wireless access networks and traffic radio 

networks. The mesh mode allows the user equipment (UE) to communicate not only 

via the base station (eNodeB) but also directly with each other. As a result, the UE 

that is located at a considerable distance from the eNodeB can be connected by 

multiple hops via other user equipment. Figure 1.1 represents a typical WMN, which 

consists of a group of different user equipment (UEs) connected to one or more base 

stations (eNodeB) by wireless connections [3]. Most of the users are connected to each 

other where they are located in the same channel frequency area or perhaps they share 

two or more channels. These connections provide multi-links and enable the user to 

send and receive data through any other neighbouring link in case of a link failure [4]. 

Most networks suffer from a limited number of links because of spectral limited 

resources which are reflected in low network performance and user dissatisfaction. In 

order to guarantee user satisfaction with limited spectrum resources, resource 

allocation must be done using an efficient method which enhances the network 

performance and Quality of Service (QoS). Channel information must be considered 

in the trade-off among these parameters during the transmitting stage. Optimisation of 

the throughput, QoS and complexity are key parameters in the evaluation of any 

resource allocation algorithm in frequency and time domain. The mathematical 

solution of frequency and time resources (Resource Block) is considered as a low-cost 

solution as it can be done using simulation. Therefore, we set forth to design a 

mathematical solution to solve the problem of allocating RBs.  

 

Figure 1.1 : Wireless Mesh Network 
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1.2 Problem Statement 

Among the various requirements for WMN, the main one is to provide high 

performance (throughput) and to ensure the quality of service (QoS) of the network as 

a whole with low complexity. Our Problem Statement is depicted in Figure 1.1 above, 

where every node in WMN is equipped with one or more radios that are assigned 

channels which are overlapping or orthogonal in nature. Therefore, we have to counter 

this issue by developing a new approach to distribute and allocate the frequency-time 

resources and interference mitigation using hypergraph representation, which enables 

us to save frequency resources as compared with frequency channels allocation. The 

issue of frequency planning can be presented as a problem of resource blocks 

allocation in the OFDMA technology (WiMAX, LTE) mesh network. On the basis of 

the requirements, an RBs distribution model of one frequency channel is proposed. 

The proposed model is aimed at improving the performance of mesh networks as a 

whole by improving the performance of each station, that is, balancing the RBs 

number allocated to individual stations. This, in turn, should help to create a wireless 

network with no "bottlenecks", that is, a network that requires minimum bandwidth 

and gives maximum performance to ensure QoS. Thus, the OFDMA technology mesh-

network simulation will use more efficient ways to present mesh networks using 

hypergraph, allowing us to produce a theoretical description of the RBs allocation 

problem.  

1.3 Aim and Objectives 

1. To design a theoretical mathematical model of resource blocks (RBs) allocation in 

LTE wireless mesh network, based on hypergraph representation.  

2. To satisfy the traffic demands requirements in terms of throughput, Quality of 

Service (QoS) and complexity with least-number of RBs as well as balancing these 

RBs among the stations. 

 

 

1.4 Scope of Thesis 

Furthermore, this research focuses on a theoretical mathematical solution where it is 

inexpensive. So, the present study offers an algorithm of a mathematical model of the 

optimal solution to satisfy the traffic demands with least-number of RBs as well as 

balancing these RBs among the stations. 
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The study is based on the following assumptions: -  

1. All nodes in topologies are fixed. 

2. The base station eNodeB was considered as an interface to the radio frequency. 

3. Omni-antenna was considered where the transmission/reception would be in all 

directions. 

4. Random topology was employed. 

5. The interference occurs among the nodes. 

6. Different bandwidth and traffic demands were applied. 

7. Different services (voice, live streaming, real-time and video) are investigated. 

 

 

It is important to state that, the scenario above is carried out by Matlab (R2015a) 

simulator in perfect conditions, where the channel state information (CSI) is excellent. 

In a practical implementation, CSI must be considered in such a way that the improper 

channels must be neglected and the algorithm will be applied to the perfect channels. 

The scope of this research concentrates on the distribution of spectrum resources to 

the WMN stations (nodes) by means of RBs allocation in OFDMA technology. The 

management of the distribution of these RBs can be done in the media access 

control (MAC) layer which is concerned with RBs allocation. In addition, a physical 

layer translates logical communications requests from the media access 

control (MAC) sublayer into hardware-specific operations to cause transmission or 

reception of signals 

1.5 Motivation  

The high performance of WMN can be achieved by improving the relevant network 

mechanisms responsible for the resources allocation. Further, the use of OFDMA 

allows for the management of the frequency and time resources[5]. Thus, RBs can be 

used as the time-frequency resource [5][6]. Furthermore, in OFDMA networks, one 

radio can support multiple links at the same time where the spectrum band is not 

consecutive. In the joint management of the frequency and time resources, resource 

blocks (RBs) are used as control elements, which motivated us to adopt a new 

approach for the time-frequency resources allocation to reduce interference and 

increase the throughput of WMNs in order to satisfy the various requirements to 

achieve the conditions of a good quality of service (QoS), improved mesh-network 

performance as a whole, and low complexity. Thus, we assumed a mathematical 

model of WMNs, where all decisions are computed to optimize the best configuration 

to reduce the computation complexity burden but with high performance of the 

network configuration and cost of implementation. There is a fairly wide range of 

approaches [7-11] for increasing performance and ensuring QoS by addressing the 

issues of both frequency and time-resource allocation. They primarily focus on the 

dynamic nature of frequency and time-resources allocation, maximizing networks, and 

other indicators of performance in order to ensure better QoS. The use of a distributed 

or centralized resource management mode minimises the impact of primary and 

https://en.wikipedia.org/wiki/Media_access_control
https://en.wikipedia.org/wiki/Media_access_control
https://en.wikipedia.org/wiki/Media_access_control
https://en.wikipedia.org/wiki/Media_access_control
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secondary interference among the user equipment of the WMN. The coordinated 

addressing of radio channel allocations between mesh-stations and assigning sub-

channels focuses on the use of efficient routing protocols. Considerations of the 

technological features of the network involve communications range, the intensity of 

the user traffic received by the network, the volume of used frequency and time 

resources, the number of supported transceivers at WMN stations, channel width, and 

a number of sub-channels, among others. In most cases, incomplete consideration of 

these factors in mathematical descriptions results in complications in implementing 

the protocols. All these issues led us to design a model of resource assignment that 

further assumes increased interference. 

1.6 Thesis Organisation 

This thesis shows how to design and develop a model of resource allocation in WMNs 

mathematically with the consideration of interference. The organization of this thesis 

is as follows: 

In Chapter 1, we give an introduction to the RBs allocation issue in OFDMA- WMNs 

and its challenges, the problem statement and the contributions. Chapter 2 introduces 

the literature review. We first provide a broad overview regarding wireless mesh 

networks. Then we describe in detail the WMN architecture and its corresponding 

structure, followed by the LTE-OFDMA structure and modulation and its 

characteristics. Next, we introduce interference and RBs assignment and their effects 

on WMN and also show how to represent these using a graph and hypergraph model. 

Lastly, we introduce the related work models and show how our work is distinguished 

from the others.  

Chapter 3 introduces our methodology in developing a mathematical model of 

resource allocation that considers interference, and we test it. Next, we apply the 

algorithm in order to enhance the performance of the network and ensure the QoS by 

maximizing user bandwidth and minimizing interference in addition to evaluating 

complexity. In Chapter 4, we present our results and analysis with the proper diagrams. 

Chapter 5 introduces our conclusion as well as implementations for future study. 
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