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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 

 

DEVELOPMENT OF A COMPLEX NETWORK-BASED INTEGRATED 
MULTI-LAYER URBAN GROWTH AND OPTIMISATION MODEL 

FOR EFFICIENT URBAN TRAFFIC NETWORK 
 

By 

DING RUI 

August 2018 

 

Chair: Assoc. Prof. Norsidah Ujang, PhD  
Faculty: Design and Architecture 
 

Nowadays, most cities and urban areas increasingly pay attention to issues 
relating to urban growth, while studies on the urban traffic network 
structure is important to increase the efficiency of urban traffic networks. 
Analysis of the basic properties of the current urban transportation network 
can be used to optimise the urban design process. However, the analyses 
that integrate traffic network and land-use in light of their co-evolution 
process are still very limited, and there is a need to link the rail and the street 
network analysis and to examine the influence of multi-layer networks on 
the structures. This study can give a clear indication for the urban traffic 
network design and growth. The goal of this study is to apply the network 
analysis through simulation and optimisation methods to obtain a more 
efficient urban traffic network. 
 

The study adopts single-layer and multi-layer network representation 
methods to capture traffic networks’ basic characteristics, properties and the 
growth trends. The complexity and impacts of evolving multi-layer network 
and the co-evolution model are discussed, to address the multi-layer 
network and land-use based co-evolution process. Network growth 
methods, robustness methods and some multi-objective methods are used to 
optimise both the single-layer and multi-layer urban traffic networks. This 
study proposed the complex network based integrated multi-layer urban 
growth and optimisation model (CNIMUGOM) to explain the co-evolution 
process of the land-use, urban traffic network and population, and to obtain 
an efficient network structures. 
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The complexity of Kuala Lumpur street networks and worldwide rail 
networks (sampled from 45 cities) are presented to show their basic 
structural properties to guide the future traffic network design. The Public 
Urban Rail Transit Networks of Kuala Lumpur (PURTNoKL) is taken as a 
sample case to capture the network growth process and the change trends of 
a single-layer network more clearly. 
 

The relationships between traffic multi-layer networks and land-uses were 
discussed, and their co-evolution model is established. The study found that 
the rail network growth triggers the variation of urban traffic network 
structure and community partition; the network diameter and the average 
shortest path length are decreasing dramatically, while the highest 
decreasing rate of accessibility is around 12%. The Relative Neighbourhood 
Graph (RNG) and Gabriel Graph (GG) are introduced to represent the multi-
layer traffic network. Considering the cooperation strength and average 
operation speed ratio in different layers, the impacts of these variable 
parameters to the network structures are analysed. 
 

The optimisation methods are proposed based on the maximisation of 
network performance from the growth and robustness. These nodes with the 
biggest shortest path lengths can be treated as the important and potential 
nodes for the future development of the single-layer network. Then these 
methods are expanded to multi-layer networks, and are tested using their 
coupling networks. For those nodes with biggest cluster centrality and 
closeness centrality can be treated as important and potential nodes. Then 
the multi-objective methods based analysis indicated that for a single-layer 
urban traffic network, the scale-free based networks could support more 
traffic flow than other coupling networks. When considering the multi-layer 
urban traffic networks, small-world based networks can support more traffic 
flow than other forms of network. After considering the traffic network 
structure and traffic flow constraints, the small-world based multi-layer 
network co-evolution model is proposed. 
 

The findings of the study afford to improve the current land-use and traffic 
integrated models. Based on the traffic network and urban land-use co-
evolution process, the proposed CNIMUGOM model can save the traffic 
network construction investment, reduce the travel cost and make the urban 
traffic network more efficient. Based on the simulation, the proposed network 
can increase the network efficiency around 30%, and the total traffic flow 
amount is decreased around 30%. 
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This study contributes to the current literature of complex network theory by 
gaining additional insights on multi-layer networks related studies and the 
modelling applications. With the use of the network growth measurement 
method, the multi-layer network co-evolution model, the network 
optimisation method and CNIMUGOM, urban planners and designers can 
provide a better design network structures and optimise the urban traffic 
networks for rail and road networks efficiency. 
 

Keywords: Urban Traffic Networks, Complex Network Theory, Multi-layer 
Networks, Urban Growth, Traffic Network Design, Network Optimisation 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

PEMBANGUNAN BERASASKAN RANGKAIAN KOMPLEKS 
PERTUMBUHAN BANDAR MULTI-LAPISAN BERSEPADU DAN 

MODEL PENGOPTIMUMAN UNTUK RANGKAIAN TRAFIK 
BANDAR EFISEN 

Oleh 

DING RUI 

Ogos 2018 

Pengerusi: Professor Madya Norsidah Ujang, PhD 
Fakulti: Rekabentuk dan Senibina 

Di masakini, kebanyakan bandar raya dan kawasan bandar semakin 
menumpukan perhatian kepada isu-isu berkaitan pertumbuhan bandar. 
Oleh itu, kajian struktur rangkaian lalu lintas bandar adalah penting untuk 
meningkatkan kecekapan jaringan trafik bandar. Analisis sifat asas 
rangkaian pengangkutan bandar sediada boleh digunakan untuk 
mengoptimumkan proses reka bentuk bandar. Bagaimanapun, analisis yang 
menyepadukan rangkaian lalu lintas dan guna tanah berdasarkan proses co-
evolution masih amat terhad. Terdapat keperluan untuk menghubungkan 
analisis rangkaian rel dan jalan raya dan meneliti pengaruh jaringan 
berbilang lapisan terhadap struktur-strukturnya. Kajian ini boleh 
memberikan petunjuk jelas mengenai reka bentuk dan pertumbuhan 
rangkaian trafik bandar. Matlamat kajian ini ialah untuk menggunakan 
analisis rangkaian menerusi simulasi dan kaedah optimum bagi 
menghasilkam rangkaian trafik bandar yang lebih cekap. 

Kajian mengguna pakai kaedah representasi satu lapisan dan berbilang 
lapisan untuk mendapatkan ciri-ciri asas rangkaian lalu lintas, sifat dan 
corak pertumbuhannya. Kompleksiti dan impak perkembangan rangkaian 
berbilang lapis dan model co-evolution diperbincangkan, untuk menangani 
rangkaian berbilang lapis dan guna tanah berdasarkan proses co-evolution. 
Kaedah-kaedah pertumbuhan rangkaian, robustness dan beberapa kaedah 
multi-objektif digunakan untuk mengoptimumkan satu dan berbilang 
lapisan jaringan trafik bandar. Kajian ini mencadangkan rangkaian komplek 
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berdasarkan integrasi bersepadu pertumbuhan bandar dan model 
optimisation (CNIMUGOM) untuk menjelaskan proses co-evolution guna 
tanah, rangkaian trafik bandar dan populasi, dan menghasilkan struktur-
struktur rangkaian yang cekap. 
 

Kompleksiti jaringan jalan raya di Kuala Lumpur dan rangkaian rel seluruh 
dunia (sampel diambil dari 45 buah bandar) dibentangkan untuk 
menunjukkan sifat struktur asas mereka mensimulasi reka bentuk rangkaian 
lalu lintas di masa akan datang. Public Urban Rail Transit Networks of Kuala 
Lumpur (PURTNoKL) dipilih sebagai kes sampel untuk memahami proses 
pertumbuhan rangkaian dan corak perubahan rangkaian satu lapisan 
dengan lebih jelas.  
 

Hubungan antara trafik jaringan berbilang lapisan dan guna tanah telah 
dibincangkan, dan model co-evolution telah dibentuk. Kajian mendapati 
pertumbuhan rangkaian rel menyebabkan variasi struktur rangkaian lalu 
lintas bandar dan sekatan komuniti; diameter jaringan dan purata panjang 
laluan terdekat menurun secara mendadak, manakala penyusutan kadar 
tertinggi kebolehcapaian ialah sekitar 12%. Relative Neighbourhood Graph 
(RNG) dan Gabriel Graph (GG) diperkenalkan untuk mewakili rangkaian lalu 
lintas berbilang lapisan. Dengan mempertimbangkan kekuatan kerjasama 
dan purata nisbah kelajuan pengendalian dalam lapisan berbeza, impak 
parameter boleh ubah terhadap struktur rangkaian telah di analisis. 
 

Kaedah-kaedah pengoptimuman telah dicadangkan berdasarkan 
pemaksimuman prestasi rangkaian dari pertumbuhan dan robustness. 
Nodus ini dengan panjang laluan terdekat terbesar boleh di kira sebagai 
nodus penting dan berpotensi untuk pembangunan masa depan rangkaian 
satu lapisan. Kemudian kaedah-kaedah ini diperluaskan kepada jaringan 
berbilang lapis, dan diuji menggunakan gandingan jaringan mereka. Untuk 
nodus dengan cluster centrality yang terbesar dan closeness centrality boleh di 
kira sebagai nodus penting dan berpotensi. Kemudian, pelbagai kaedah 
objektif berdasarkan analisis menunjukkan bahawa bagi rangkaian trafik 
bandar satu lapisan, jaringan bebas skala boleh menampung lebih banyak 
aliran trafik daripada jaringan gandingan lain. Dengan mempertimbangkan 
jaringan trafik bandar yang berbilang lapisan, jaringan berasaskan small 
world boleh menyokong lebih banyak aliran trafik daripada corak rangkaian 
lain. Setelah mengambil kira struktur rangkaian lalu lintas dan kekangan 
aliran trafik, rangkaian berbilang lapisan berasaskan small-world co-evolution 
model telah dicadangkan. 
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Penemuan kajian ini mampu memperbaiki guna tanah sediada dan model 
trafik bersepadu. Berdasarkan rangkaian lalu lintas dan proses co-evolution 
guna tanah bandar, cadangan model CNIMUGOM boleh menjimatkan 
pelaburan pembinaan rangkaian lalu lintas, mengurangkan kos perjalanan 
dan menjadikan rangkaian trafik bandar lebih efisien. Berdasarkan simulasi, 
rangkaian yang dicadangkan boleh meningkatkan kecekapan jaringan 
sekitar 30%, dan keseluruhan aliran trafik menurun kepada sekitar 30%. 

Kajian ini menyumbang kepada literatur semasa berkaitan teori rangkaian 
kompleks dengan memperoleh perspektif tambahan mengenai kajian 
berkaitan jaringan berbilang lapisan dan aplikasi model. Dengan 
penggunaan kaedah pengukuran pertumbuhan rangkaian, rangkaian 
berbilang lapisan model co-evolution, kaedah pengoptimuman rangkaian 
dan CNIMUGOM, perancang dan pereka bentuk bandar boleh 
menyediakan reka bentuk struktur jaringan yang lebih baik dan 
mengoptimumkan jaringan trafik bandar untuk kecekapan jaringan rel dan 
lalu lintas bandar. 

Kata Kunci: Jaringan Trafik Bandar, Teori Rangkaian Kompleks, Jaringan 
Berbilang Lapisan, Pertumbuhan Bandar, Reka Bentuk Rangkaian Trafik, 
Pengoptimum Rangkaian 
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CHAPTER 1 

INTRODUCTION 

1.1  Background of the Study 

Nowadays, most of cities and urban areas pay progressively more attentions 
to the urban growth related issues. They widely and continually increase the 
investments in transport infrastructures, use those strategies such as 
building new streets, new lines, rebuild and broaden the old paths, build 
some overpasses or flyovers to improve traffic conditions and make the 
urban transport network more efficient. On the other hand, the urban 
population, car ownership, the streets lengths and land-use have increased 
dramatically. However, after decades of enhancement, the traffic situations 
have improved distinctly but still limited in terms of traffic network 
efficiency. To some extent the traffic network structure is still unreasonable, 
and the urban planning is lacking advanced traffic planning theory as their 
guidance. As stated by the relevant information (Lu, Liu et al., 2012), in 
Beijing, commuters spend an average of two hours in commuting for every 
day. Traffic problems have brought a great inconvenience and damage to 
our work and life, also has restricted the sustainable development of urban 
form and national economy. At the beginning of the research of Texas 
Transportation Institute, Schrank and Lomax (2007) state that “Congestion 
caused urban Americans to travel 4.2 billion hours more and to purchase an 
extra 2.9 billion gallons of fuel for a congestion cost of $78 billion… This was 
an increase of 220 million man-hours, 140 million gallons and $5 billion from 
2004” (p.1). Based on the World Bank’s 2015 Malaysia’s Economic Monitor 
report, it shows that “Jams in Greater Kuala Lumpur may be getting bigger; 
Commuters wasted between 270 and 500 million man-hours in the Greater 
KL jams last year. Cars used a possible 1.2 billion litres of fuel idling in traffic; 
Lost hours and fuel for each person in Greater KL came to at least RM3,100 
each year, more than the monthly local average salary (RM2,795); and Total 
cost of traffic in Greater KL is estimated at 1.1% to 2.2% of GDP in 2014.” 
 

From another angle, more people are clustering closer together in the 
restricted large metropolitan areas. The United Nations predicts that the 
world's 3.2 billion urban population will increase to 5 billion in 2030. By 2030, 
there will be 60% even more of the world's population lives in urban areas 
(Lewis, 2007), as Figure 1 shows the urban growth and rural population 
distribution. With the improvement of the social economy and the deeper 
process of urbanization, where the growth of population always company 
with the dramatic increase in traffic demand. The Figure 2a shows the 
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dramatic increasing trend of streets length, railways and highways length, 
and Figure 2b shows the changing trend of vehicle numbers in China since 
1995 to 2015. For Malaysia, the average growth rate of the number of car was 
over 9% during the period of 1986-2003 (Hossain, 2006). 
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Figure 1: The urban and rural population distribution since 1950 to 2050. 

[Source: DESA, Economic et al. (2012)] 
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Figure 2: The changing trends of road length and vehicle numbers. 
a. The changing trend of streets length, railways and highways of China
since 1995 to 2015. b. The changing trend of vehicle numbers in China since 
1995 to 2015. Data from the National Bureau of Statistics of China.  

Hence the urban growth studies mainly focused on the next three parts: the 
urban traffic network growth, the urban land-use growth, and the urban 
population growth (Rui, 2013). Further focusing on their feed backs on each 
other, the co-evolution were studied (D. Levinson, F. Xie et al., 2007; 
Raimbault, 2016; Schweitzer & Nanumyan, 2016; Wegener, 2004; Zhang, Xu 
et al., 2009). The contradiction between the supply and demand is manifested 
in snowballing increase, and the traffic congestion problems become much 
serious, eventually result in urban traffic development bottlenecks.  

The urban form, urban population, and the street networks have increased 
intensely, but these conditions and complications have not solved these 
problems fundamentally. For example the distribution of transportation 
resources and land-use of most cities are not reasonably enough, can hardly 
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be fully and more efficiently utilised (Magnanti & Wong, 1984; McFadden, 
1978); normally the traffic flows are concentrated by a few arterial streets in 
an areas (Lammer, Gehlsen et al., 2006); this cause the impacts of traffic 
congestion, traffic delay and roundabout transport can be serious (Noland 
& Quddus, 2005; Retting, Luttrell et al., 2002; Yang, Li et al., 2004); the 
function, connections, and hierarchies of urban street networks also not that 
clear (Marshall, 2004). From Figure 3, it shows that both cities have some 
unreasonable parts in urban traffic network and land-use distribution, 
which triggered this kind of one-sided traffic congestion in a normal day, 
and make the urban life less efficient. Also, this situation can be seen easily 
in many other cities. For example in Beijing, central urban functions of 
excessive accumulation and intensive land development lead to a large 
concentration of population and employment. With highly concentrated 
transportation, the 3rd ring road centralizes approximately 50% of the total 
amount of traffic flow (Yang, Shao et al., 2006). In the meantime, owing to 
the fact that downtown traffic infrastructure construction of surrounding 
areas and satellite cities lag behind the urban development, it was 
problematic to meet the needs of urban spatial structure and function layout 
of optimisation and adjustment. Moreover, it objectively worsens the circle 
of excessive development trends and accelerates the spread of chaotic 
extension. If the problems are not mitigated, it could be damage to the city 
livability and function efficiency, as the decrease of the future urban traffic 
network efficiency can increase the total travel costs and travel time.  

 

    

Figure 3: Traffic jams in different places with the same performance – one-
sided traffic congestion.  

For the left image: England, Parramatta road, source from Www.abc.net 
(2016); For the right image: Malaysia, source from Ramanujam (April 2017).  
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The importance of urban traffic network studies to the urban economic and 
social development is self-evident, the development of traffic network 
perfectly provide a guarantee for the steady increase of the urban economy, 
and rational distribution of traffic network can effectively promote the 
movement of urban economic activities (Rodrigue, Comtois et al., 2013). In 
urban planning specifically traffic planning process, normally following this 
basic process: traffic survey, background prediction, traffic forecasting, 
layout scheme design, and project evaluation. Moreover, the urban traffic 
network design is the most crucial point of layout scheme design (Liu, 2001), 
which fundamentally decide the basis of the future urban planning, 
economic development direction, and the operational efficiency. Finally, this 
function layout affects the urban form conspicuously.  
 

According to the irreversibility of urban development and hard to change 
the land-use pattern, the research and prove of how the traffic network 
topology structure to affect urban traffic distribution earned much attention, 
can say very detailed (De Montis, Barthelemy et al., 2007; Lammer, Gehlsen 
et al., 2006; Wu, Gao et al., 2006). Hence the designation and choose of 
networks layout need concern particularly, especially during the assessment 
of land-use distribution, traffic situation improvement, functional zoning, 
population distribution, and the construction process of new areas. Later, 
many studies have been conducted to examine the structure and function 
with respect to different forms of the traffic network, such as public transit 
network (Chen, Huang et al., 2014), marine networks (Kaluza, Kolzsch et al., 
2010), railway networks (Latora & Marchiori, 2002), airport networks (Barrat, 
Barthelemy et al., 2004), and street networks (Lammer, Gehlsen et al., 2006). 
With the analysis of urban traffic networks, the urban growth process can be 
better discussed and then the potential parts of the future development can 
be figured out. With known of its structural characteristics, can provide 
relevant references to the urban planning, design, optimisation, the 
sustainable development and maintenance. 
 

The complex network theory is a multidisciplinary research direction of 
complexity science, which has been widely exposed with a rapid surge of 
interest since Watts and Strogatz (1998b) and Barabasi and Albert (1999) 
described the collective dynamics of small-world networks, and the 
emergence of scaling in random scale-free networks. The small-world 
network is a kind of network structured with high clustering coefficient and 
small average shortest distance, while a scale-free network is a type of 
network in which the degree distribution of nodes obeys the power-law 
distribution. The complex networks theory has been widely used and made 
astonishing achievement in Empirical Science and Basic Science, being 
regarded as a paradigm representative of complexity system science. It 
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mainly concentrates on the following aspects: the empirical research of the 
networks characteristics; network hub nodes detection; dynamical changing 
and spreading processes; the seeking and detection of communities and 
groups; robustness and vulnerability; and multi-layer network method and 
applications. 
 

The research of complex network provides a new method and novel insight 
into analyzing the complex urban traffic networks. The paradigms of the 
small-world and scale-free networks changed the stereotyped thinking of 
traffic networks. Before these two model were proposed, traffic networks 
were normally tackled as either regular networks or ER random networks 
(Erdos & Renyi, 1960), as inherited from the definitions of graph theory. 
Moreover, more and more scholars have recognized the importance of 
complex network science, including Masud, Ravindran et al. (2008), who 
treated this theory as an independent and key chapter in their book 
“Operations Research and Management Science Handbook”. In urban 
studies, Neal (2012) described in “The Connected City: How Networks are 
Shaping the Modern Metropolis” the application of network science related 
indices in this specific direction. Additionally, Batty (2013) published his 
book “The New Science of Cities” concerning his vast experience in urban 
models and complexity research. These works made significant 
contributions to the art of the complex network research related to modern 
urban studies. Hence, the complex network theory has huge potential in the 
urban study. 
 

1.2  Problem Statement  

The propose of problem statement is based on three parts, from the urban 
growth, the traffic network design and the complex network theory point of 
view, in which the lack points of existing studies are shown. Here we discuss 
them respectively. 
 

1.2.1  From the urban growth point of view 

Ioannides and Rossi-Hansberg (2010) defined the urban growth is “the 
growth and decline of urban areas, as an economic phenomenon is 
inextricably linked with the process of urbanization” (p.264). An urban 
system is a complex system comprised of many subsystems (Bretagnolle, 
Daude et al., 2006). Land-use, transportation and population are the most 
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important subsystems when considering the urban growth process, as they 
develop, prosper, and influence each other (Levinson, 2007). 
 

To understand and measure the urban growth phenomena, linear, nonlinear 
and mathematical models which include more complex, dynamic, and 
intelligent elements were proposed in modelling approaches since the mid-
1950s. Although scholars gradually realise the important relationships 
between land-use planning and transport planning in the urban growth 
process, unfortunately in practice, the connections between urban land-use 
and urban traffic network are separated and not clear enough (Li, Wu et al., 
2015; Waddell, 2011). This make the transport planning important to 
strengthen the develop trend of the past, such as satisfying the need of 
private automobile travel habits; or induce the urban land-use development 
to those regions without regional development plans; by contrast, in land-
use planning process scholars normally ignore the influence of traffic 
infrastructure investment to the regional land-use (Parker, 2013; Wu & Li, 
2010). For example in China, urban traffic and land-use stay in disconnect 
status, their co-evolution process is poorly considered and their 
inharmonious interactions are mainly embodied in the following aspects 
(Chen, Xia et al., 2010; Hao & Zhang, 2014; Wu & Yeh, 1999; Yang, Shao et al., 
2006): discordance between the high density of urban land development and 
urban traffic system structure; unreasonable situation between the city 
traffic distribution and the process of urban expansion; disequilibrium 
between the large-scale construction of new districts and inefficient 
transportation facilities; disharmonious gap between the highly traffic 
demands of urban centre and the simple street facilities and stereotyped 
planning supply; dissonance between the advanced traffic facility supplies 
and the inefficient land utilization. While Kuala Lumpur have same 
problems as Hossain (2006) and DBKL (2004) have illustrated that “uneven 
distribution of utilities and facilities; and development has favoured new 
areas at the expense of upgrading older established residential areas”. 
 

Hence, the real need of the connection of land-use and transport together 
based on the network structural analysis and the lack of quantitative analyse 
methods lead us to develop a more effective method to address this gap. 
 

1.2.2  From the traffic network design point of view 

Most of the cities still using old transit network design models and methods 
were basically generated during the quantitative revolution. In fact, the 
traffic data investigation, creation of relevant models, travel forecasts and 
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much more traffic planning process are based on the quantitative scientific 
methods, which make the results reliable. However, the using of the 
traditional transportation planning theories in many countries, are lacking 
the sense of quantitative studies of network structures at the key process of 
planning, and just put forward some qualitative principles to guide the 
design (Wu & Li, 2010). Traditional urban traffic network planning partly 
focused on the integration of urban transport and land-use system, such as 
location theory proposed by Isard (1956), which originally shown the 
fundamental understanding of geographical systems of human is that 
networks consist of interrelating nodes and interactions between 
geographical locations (Andersson, Frenken et al., 2006), but the importance 
of network still not exposed enough. With the improvement of urban form 
and transportation network due to the influence of Transit Oriented 
Development (TOD) (Boarnet & Compin, 1999; Cervero, 2004; Cervero & 
Day, 2008; Cervero, Ferrell et al., 2002; Dittmar & Ohland, 2012; Messenger 
& Ewing, 1996) and Smart City concepts (Bowerman, Braverman et al., 2000; 
Hollands, 2008; Nam & Pardo, 2011; Neirotti, De Marco et al., 2014), more 
researchers realised the importance of network structures (Crucitti, Latora et 
al., 2006a, 2006b; Latora & Marchiori, 2002; Porta, Strano et al., 2009), but still 
lack structural analysis methods to analyse the dynamics and structure 
changing trends of urban traffic networks. 
 

The study of the urban traffic network structure is good for us to understand 
the important role of the traffic network played in urban complex systems; 
analyse the basic properties of the current urban transportation network can 
guide, promote and optimise the urban design process. While the design of 
urban traffic network in Kuala Lumpur is related poor which have caused 
traffic congestion and bottleneck in some area like Sungai Besi, Jalan Tun 
Razak, MRR2 and Jalan Kuching (Thestar.com, 2018). The network 
optimization is widely studied by many researchers (Bertsekas, 1998; Li, Liu 
et al., 2011), as Li, Wang et al. (2017) said “…It can reasonably adjust the 
relationship between traffic demand and traffic supply so as to make better 
use of road resources...Further the traffic flow can be smooth and safety. The 
traffic congestion can be reduced to a certain degree.”(p.1).  
 

Regarding traffic network design and its optimisation, the study need 
quantitative methods to illustrate their network characteristics, and much 
further, to figure out their inner relationships and mechanisms for the base 
of future growth trends, optimisation and co-evolution process (Achibet, 
Balev et al., 2014; Wu, Li et al., 2017). 
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1.2.3  From the complex network theory point of view 

The complex network theory is within the context of network theory with 
the widely study of real-world networks since the paper “Collective 
dynamics of 'small-world' networks” of Watts and Strogatz (1998b) and the 
paper “Emergence of scaling in random networks” of Barabasi and Albert 
(1999) were published. It defined as Papo, Buldu et al. (2014) stated “a 
subfield of statistical physics for structurally disordered, dynamically 
heterogeneous systems with non-trivial topology” (p.2). From the 
Cambridge Dictionary, the definition of “network” is “A large system 
consisting of many similar parts that are connected together to allow 
movement or communication between or along the parts, or between the 
parts and a control centre.” Further Newman (2010) defined “ a network is, 
in its simplest form, a collection of points joined together in pairs by lines” 
while “Many objects of interest in the physical, biological, and social sciences 
can be thought of as networks…” (p.1). Further Aparicio, Ribeiro et al. (2015) 
defined the complex networks as “If a network has topological features that 
are not expected to occur in neither purely random nor purely regular 
graphs it is considered to be a complex network” (p.1). The basic elements 
of a complex network system are multiple nodes and edges. The research 
about traffic intersections, lines is the basis of studying the urban traffic 
networks, its function is not only the simple superposition of these 
subsystems, but the relationships between them.  
 

With many traffic network related researches (Crucitti, Latora et al., 2006a; 
Latora & Marchiori, 2003; Porta, Crucitti et al., 2006a, 2006b, 2008; Porta & 
Latora, 2007; Porta, Latora et al., 2012; Porta, Strano et al., 2009), the 
advantages and disadvantages of the complex network theory are shown 
very clearly. As a favorable practice to help urban and transportation 
planners, the utilizations of the complex network theory are mainly focused 
on the following: By using the definitions of complex network theory, the 
complex connections of street networks can be easily represented as directed 
or undirected graph, their weights of nodes and edges can also be effortlessly 
represented, and some new statistical characteristics could be uncovered. 
Secondly, the change trends of the street network can be shown by the 
research of complex networks, the characteristics of network evolution 
process can be demonstrated clearly and comprehensively. Thirdly, by the 
definitions of the urban street network and public rail network 
characteristics, the real complex systems macro and microscopes properties 
which have not been fully discovered can be explored. The next is that the 
dynamics characteristics can be measured, such as the spreading of traffic 
jams and the robustness of networks. Fifth, it can be used to predict and 
optimise the street network. The disadvantages of the complex network 
theory are with different representation methods, the performances and 

https://dictionary.cambridge.org/dictionary/english/similar
https://dictionary.cambridge.org/dictionary/english/part
https://dictionary.cambridge.org/dictionary/english/allow
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discussions of the same network are different, and some indicators are not 
suitable with the aspect of urban traffic network. Moreover, the analysis of 
network structure are hard to connect with real situations, it need extra 
abilities to explain the results. 
 

Although these traffic network related researches are important and 
necessary, the rail network and street network integrated researches are less 
considered with the lack of quantitative research methods as the layered 
analysis approach is proposed to urban studies very recently (Strano, Shai et 
al., 2015b). As Kuala Lumpur have similar problems as DBKL (2004) have 
shown in the master plan that “the primary objective of achieving a 
significant modal shift from private to public transportation has not been 
achieved mainly because of the lack of integration between the various 
modes of public transportation and between land use planning and the rail-
based public transport network” (p. 157) and “low public transport modal 
share resulting in high demand on road infrastructure and traffic congestion” 
(p.385), which shown the close relationships between the rail network and 
road network were less considered. Especially researchers short of studies 
on the influence of multi-layer networks (Aleta, Meloni et al., 2016; Boccaletti, 
Bianconi et al., 2014; Ducruet, 2017), which illustrate and represent different 
appropriate urban traffic modes and their relationships in different layers, 
with the development of rail and road networks is inseparable in urban 
growth process.  
 

1.3  The Research Gaps 

Therefore, this study was triggered by these recent thinkings of urban traffic 
network design and the advantages and disadvantages of the complex 
network theory. This is because with the study of the traffic network 
structures, understand the performances of these networks and optimise 
them based on different purposes can increase the efficiency of urban 
transportation network.  
 

The research gaps of this study can be obtained. From the urban growth 
models point of view, these researches lack the consideration of traffic 
network and land-use integrated models. From the traffic network design 
point of view, the study need to understand the network structure 
characteristics, to illustrate the inner relationships between urban land-use 
and urban traffic network, to figure out their changing trends and co-
evolution process. From the complex network theory point of view, these 
researches short of considering the integrated research of the rail network 
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and street network, the influence of multi-layer networks. Hence, the 
research gaps clearly as shown in Figure 4:  
 

   

Figure 4: The research gaps. 

 

1.4  Research Questions 

To fulfill those research gaps proposed above, with the advantages of 
complex network theory, the aim of this research is to develop an integrated 
and optimisation model of complex network for a more efficient urban traffic 
network. Hence, this study aims to answer the following questions: 
 

 RQ1: How to capture the urban traffic network’s characteristics, 
properties and their growth trends based on the complex network 
theory? 
 

 RQ2: How to determine the co-evolution relationships between 
urban traffic network and urban land-use? 

 

 RQ3: How to optimise the urban traffic network structure based on 
the urban growth process? 
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 RQ4: How to improve the efficiency of urban traffic network with 
the aspect of complex network theory? 

 

1.5  Research Aim and Objectives  

The main objective of this study is to analyse the single-layer and multi-layer 
network urban traffic network structure characteristics and growth process 
from different aspects, to optimise the urban traffic network structures. To 
answer these research questions, the research objectives are proposed 
respectively: 
 

 RO1: To capture traffic network’s characteristics, properties and 
the growth trends. 
 

 RO2: To analyse the multi-layer network and land-use 
(accessibility) based co-evolution process. 

 

 RO3: To determine the local or global best traffic network 
structures based on the network growth process by comparing 
different optimisation and simulation scenarios. 

 

 RO4: To explain the co-evolution process of the land-use, urban 
traffic network and population, and obtain a much efficient 
network, the complex network based integrated multi-layer urban 
growth and optimisation model (CNIMUGOM) is proposed. 

 

1.6  Research Scopes and Limitations 

This study is based on the urban traffic networks, which is only focusing on 
the intra-city rail and street networks from the view of network structure, 
other types of networks are not considered here. Here this study only 
consider the network structure topological and geographical characteristics, 
other indicators of traffic system like parking area, road space, car ownership 
and buffer space are not considered. Based on our case study, the rail 
network includes the light rail transport (LRT) system, monorail system, 
commuter rail system and Airport rail link system. In this study the node 
and vertex, and link and edge are respectively synonymous in this context. 
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This research tested the rail network and street network data of Kuala 
Lumpur, but the data of network growth and network optimisation process 
are based on models and simulations. For the simulation of the co-evolution 
of networks, limited by the computation time, this study suppose that a 
square urban area has an initial number of nodes, with an initial population 
and an increasing rate per iteration (include migration), this kind of 
simulation were used in many recent researches. The analysis of urban land-
use is mainly based on the analysis of accessibility, the patterns and the price 
are not considered. This study consider the traffic network structure and the 
accessibility together in the land-use model, however, the related policies are 
not included, which may have a huge influence on the population 
distribution. This study also does not consider the effect of population 
movements on multi-layer networks with GPS data and another big datasets, 
which can make the communities partition different. However, with certain 
simplifications, the main change trends can be figured out very efficiently 
with affordable calculations. 
 

This research also has some obvious limitations, as it does not consider the 
hierarchy of streets, which might make the results of accessibility change 
trends different. Although it used a co-evolution relationship to discuss the 
relationship between multi-layer networks, but this relationship is highly 
simplified, which might hardly describe the real relationships between rail 
networks and street networks. Although the simulation of the multi-layer 
network may include every situation of worldwide cities, this study still 
need more data to apply the heuristic method to real projects, and further 
the network optimisation. 
 

1.7  Significance of the Study 

This study provides a unique sight to discover and analyse the urban rail 
and street traffic multi-layer networks growth process based on the complex 
network theory. With the analysis of traffic network growth process, it is 
more clear of the urban growth process and can make related optimisation 
and prediction. As the existing research limited analysised the great function 
of multi-layer traffic networks, and this research fill the gaps. This study is 
novel in the field of urban planning and transport planning, as the 
connections between Physics and Urban Studies can be partly discovered, 
and it is helpful for the improvement of traffic network accessibility. This 
study do support the application of TOD and Smart city concepts from the 
aspect of traffic network structures, which was partly ignored in previous 
studies.  
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This study contribute to the current literature of complex network theory by 
gaining additional insights into these modelling applications. The 
relationships between traffic multi-layer networks and land-uses, and their 
co-evolution process are also discussed. This study also affords valuable 
information and contribution on the improvement and development of 
current integrated modelling approaches, it combined the accessibility and 
traffic network growth together. 
 

1.8  Study Organisation 

Based on the objectives and research questions, this study is organised as: 
 

In Chapter 1, this study introduced the backgrounds of this research and its 
importance of further this research direction. Focused on those research 
problems, these research questions, research objectives, research significance 
of this study are offered, and illustrated the organisation of this study. 
 

In Chapter 2, a review of the existing literature that their basic concepts, the 
applications of complex network theory to urban traffic network design are 
given, further, it reviewed the urban growth theory, the land-use and 
transportation integrated models and traffic network design models.  
 

In Chapter 3, this study offered the preparation of relevant data and related 
research methods, such as the network representation methods, their 
indicators used both in single-layer network and multi-layer network, and 
some typical analysis process.  
 

In Chapter 4, this study first examined the street networks and rail networks, 
some basic network properties are given. From the discussion of the 
worldwide public urban rail transit networks, with the understanding of 
their performances and properties, strong guidance can be given to our 
study. The example of the Public Urban Rail Transit Networks of Kuala 
Lumpur (PURTNoKL) can clearly show the network growth process and the 
change trends of the complexity of a single-layer network. 
 

Then multi-layer network co-evolution approach for urban traffic network 
design is proposed. The network structure complexity of evolving multi-
layer network is obtained, the impacts of multi-layer network growth to the 
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change of street network accessibility, to the network expansion ability, and 
to the evolution of detected network communities are discussed. A multi-
layer network based co-evolution and optimisation model is given, which 
shown the co-evolution approach, with considering different land-use 
scenarios. The importance of the operation speeds and the cooperation 
strength are discussed.  
 

After that, the optimisation methods are proposed based on the 
maximisation of network performance. Some network growth and network 
robustness based optimisation methods are given. Further, with consider 
these multi-objectives such as construction costs, transportation costs, traffic 
flow and congestion, the better multi-layer network structures are suggested 
for different aims. 
 

The propose of CNIMUGOM make us clearly understand the structural 
relations and co-evolution properties of traffic network and urban land-use. 
From the traffic network and urban land-use co-evolution process, this 
research provided a new vision to design and optimise the urban traffic 
networks. 
 

Chapter 5 is the conclusion and future outlooks of the application of complex 
network theory in urban studies. 
 

These chapters mainly based on these already published, accepted and 
submitted papers:   
 

1. Ding, R., Ujang, N., Bin Hamid, H., & Wu, J. (2015). Complex 
Network Theory Applied to the Growth of Kuala Lumpur’s Public Urban 
Rail Transit Network. PLoS One, 10(10), e0139961. (SCI, IF= 3.057) 

 

2. Ding, R., Ujang, N., Bin Hamid, H., Mohd Shahrudin Abd, M., Li, R., 
Safwan Subhi Mousa, A., . . . Wu, J. (2018). Application of Complex 
Networks Theory in Urban Traffic Network Researches. (Under review). 

 

3. Ding, R., Ujang, N., bin Hamid, H., Manan, M. S. A., Li, R., & Wu, J. 
(2017). Heuristic urban transportation network design method, a multilayer 
coevolution approach. Physica A: Statistical Mechanics and its Applications, 
479, 71-83. (SCI, IF= 2.243) 
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4. Ding, R., Ujang, N., bin Hamid, H., Manan, M. S. A., Li, R., & Wu, J. 
(2017). The complex network theory based urban land-use and transport 
interaction (LUTI) studies, review and research perspectives. (Under review). 

 

5. Ding, R., Ujang, N., bin Hamid, H., Manan, M. S. A., He, Y., Li, R., & 
Wu, J. (2018). Detecting the urban traffic network structure dynamics 
through the growth and analysis of multi-layer networks. Physica A: 
Statistical Mechanics and its Applications, 503, 800-817. (SCI, IF= 2.243) 

 

6. Ding, R., Ujang, N., bin Hamid, H., Manan, M. S. A., He, Y., Li, R., & 
Wu, J. (2018). A simple and effective computational technique for detecting 
the urban traffic network structure dynamics through the growth and 
analysis of multi-layer networks. (Under review).  
 

1.9  Summary 

This chapter highlights the background of this study, underlines its problem 
statement and provides its research gaps, research questions, as well as its 
research aims and objectives. This chapter also includes the research scopes, 
significance and the structure of this study. 
  



© C
OPYRIG

HT U
PM

 

 229  
 

REFERENCES 

Abdullahi, S., Pradhan, B., & Al-sharif, A. A. (2017). Introduction to Urban 
Growth and Expansion Spatial Modeling and Assessment of Urban 
Form (pp. 3-15): Springer. 

 
Abreha, D. A. (2007). Analysing public transport performance using efficiency 

measures and spatial analysis: The case of Addis Ababa, Ethiopia. 
 
Acheampong, R. A., & Silva, E. (2015). Land use–transport interaction 

modeling: A review of the literature and future research directions. 
Journal of Transport and Land Use, 8(3).  

 
Achibet, M., Balev, S., Dutot, A., & Olivier, D. (2014). A model of road 

network and buildings extension co-evolution. Procedia Computer 
Science, 32, 828-833.  

 
Adamidis, P., & Petridis, V. (1996). Co-operating populations with different 

evolution behaviours. Paper presented at the Evolutionary 
Computation, 1996., Proceedings of IEEE International Conference 
on. 

 
Ahuja, R. K., Magnanti, T. L., & Orlin, J. B. (1993). Network flows: theory, 

algorithms, and applications.  
 
Albert, R., Albert, I., & Nakarado, G. L. (2004). Structural vulnerability of the 

North American power grid. Physical Review E, 69(2), 025103.  
 
Albert, R., & Barabási, A.-L. (2002). Statistical mechanics of complex 

networks. Reviews of modern physics, 74(1), 47.  
 
Albert, R., Jeong, H., & Barabási, A.-L. (2000). Error and attack tolerance of 

complex networks. Nature, 406(6794), 378-382.  
 
Albert, S.-R., Sergio, G., & Alex, A. (2016). Congestion induced by the 

structure of multiplex networks. Physical Review Letters, 116(10), 
108701.  

 
Aleta, A., Meloni, S., & Moreno, Y. (2016). A multilayer perspective for the 

analysis of urban transportation systems. arXiv preprint 
arXiv:1607.00072.  

 



© C
OPYRIG

HT U
PM

 

 230  
 

Allen, W. B., Liu, D., & Singer, S. (1993). Accesibility measures of US 
metropolitan areas. Transportation Research Part B: Methodological, 
27(6), 439-449.  

 

Almeida, C. M. D., Monteiro, A. M. V., Câmara, G., Soares‐Filho, B. S., 
Cerqueira, G. C., Pennachin, C. L., & Batty, M. (2005). GIS and 

remote sensing as tools for the simulation of urban land‐use 
change. International Journal of Remote Sensing, 26(4), 759-774.  

 
Almselati, A. S. I., Rahmat, R., & Jaafar, O. (2011). An overview of urban 

transport in Malaysia. Social Sci, 6, 24-33. doi: 
10.3923/sscience.2011.24.33 

 
Anderson, J. R. (1976). A land use and land cover classification system for use with 

remote sensor data (Vol. 964): US Government Printing Office. 
 
Andersson, C., Frenken, K., & Hellervik, A. (2006). A complex network 

approach to urban growth. Environment and Planning A, 38(10), 1941-
1964.  

 
Andersson, C., Hellervik, A., Lindgren, K., Hagson, A., & Tornberg, J. (2003). 

Urban economy as a scale-free network. Physical Review E, 68(3), 
036124.  

 
Anderstig, C., & Mattsson, L. G. (1991). An integrated model of residential 

and employment location in a metropolitan region. Papers in 
Regional Science, 70(2), 167-184.  

 
Aparicio, D., Ribeiro, P., & Silva, F. (2015). Network comparison using 

directed graphlets. arXiv preprint arXiv:1511.01964.  
 
Aspinall, R., & Veitch, N. (1993). Habitat mapping from satellite imagery and 

wildlife survey data using a Bayesian modeling procedure in a GIS. 
Photogrammetric Engineering and Remote Sensing, 59(4), 537-543.  

 
Balijepalli, C., & Oppong, O. (2014). Measuring vulnerability of road 

network considering the extent of serviceability of critical road links 
in urban areas. Journal of Transport Geography, 39, 145-155.  

 
Barabasi, A.-L., & Albert, R. (1999). Emergence of scaling in random 

networks. Science, 286(5439), 509-512.  
 
Barrat, A., Barthelemy, M., Pastor-Satorras, R., & Vespignani, A. (2004). The 

architecture of complex weighted networks. Proc Natl Acad Sci U S 
A, 101(11), 3747-3752. doi: 10.1073/pnas.0400087101 



© C
OPYRIG

HT U
PM

 

 231  
 

 
Barter, P. A. (2004). Transport, urban structure and 'lock-in' in the Kuala 

Lumpur Metropolitan Area. International Development Planning 
Review, 26(1), 1-24. doi: 10.3828/idpr.26.1.1 

 
Barthelemy, M. (2011). Spatial networks. Physics Reports, 499(1-3), 1-101. doi: 

10.1016/j.physrep.2010.11.002 
 
Barthelemy, M., Bordin, P., Berestycki, H., & Gribaudi, M. (2013). Self-

organization versus top-down planning in the evolution of a city. Sci 
Rep, 3, 2153.  

 
Barthelemy, M., & Flammini, A. (2006). Optimal traffic networks. Journal of 

Statistical Mechanics: Theory and Experiment, 2006(07), L07002.  
 
Barthelemy, M., & Flammini, A. (2008). Modeling urban street patterns. 

Physical Review Letters, 100(13), 138702.  
 
Bartier, P. M., & Keller, C. P. (1996). Multivariate interpolation to incorporate 

thematic surface data using inverse distance weighting (IDW). 
Computers & Geosciences, 22(7), 795-799.  

 
Batty, M. (2007). Cities and complexity: understanding cities with cellular 

automata, agent-based models, and fractals: The MIT press. 
 
Batty, M. (2009). Urban modeling. International Encyclopedia of Human 

Geography. Oxford, UK: Elsevier.  
 
Batty, M. (2013). The new science of cities: Mit Press. 
 
Batty, M., Couclelis, H., & Eichen, M. (1997). Urban systems as cellular 

automata. Environment and Planning B: Planning and design, 24(2), 
159-164.  

 
Batty, M., & Mackie, S. (1972). The calibration of gravity, entropy, and related 

models of spatial interaction. Environment and Planning A, 4(2), 205-
233.  

 
Berge, C. (1962). The theory of graphs: Courier Corporation. 
 
Bertolini, L., Le Clercq, F., & Kapoen, L. (2005). Sustainable accessibility: a 

conceptual framework to integrate transport and land use plan-
making. Two test-applications in the Netherlands and a reflection 
on the way forward. Transport Policy, 12(3), 207-220.  

 



© C
OPYRIG

HT U
PM

 

 232  
 

Bertsekas, D. P. (1998). Network optimization: continuous and discrete models: 
Citeseer. 

 
Blondel, V. D., Guillaume, J.-L., Lambiotte, R., & Lefebvre, E. (2008). Fast 

unfolding of communities in large networks. Journal of Statistical 
Mechanics: Theory and Experiment, 2008(10), P10008.  

 
Boarnet, M. G., & Compin, N. S. (1999). Transit-oriented development in San 

Diego County: the incremental implementation of a planning idea. 
Journal of the American Planning Association, 65(1), 80-95.  

 
Boccaletti, S., Bianconi, G., Criado, R., del Genio, C. I., Gómez-Gardeñes, J., 

Romance, M., . . . Zanin, M. (2014). The structure and dynamics of 
multilayer networks. Physics Reports, 544(1), 1-122. doi: 
10.1016/j.physrep.2014.07.001 

 
Boccaletti, S., Latora, V., Moreno, Y., Chavez, M., & Hwang, D.-U. (2006). 

Complex networks: Structure and dynamics. Physics Reports, 424(4), 
175-308.  

 
Boeing, G. (2017). A multi-scale analysis of 27,000 urban street networks.  
 
Bossard, E. G., Hobbs, J., Hondorp, B., Kelly, T., Plembaeck, S., Salazar, D., . . . 

Wang, P.-Y. (2002). Envisioning neighborhoods with transit-oriented 
development potential: Citeseer. 

 
Bowerman, B., Braverman, J., Taylor, J., Todosow, H., & Von Wimmersperg, 

U. (2000). The vision of a smart city. Paper presented at the 2nd 
International Life Extension Technology Workshop, Paris. 

 
Bracey, H. E. (1956). A rural component of centrality applied to six southern 

counties in the United Kingdom. Economic Geography, 32(1), 38-50.  
 
Bretagnolle, A., Daude, E., & Pumain, D. (2006). From theory to modelling: 

urban systems as complex systems. CyberGeo: European Journal of 
Geography.  

 
Brueckner, J. K. (2000). Urban sprawl: diagnosis and remedies. International 

Regional Science Review, 23(2), 160-171.  
 
Bruton, M. J. (1985). Introduction to transportation planning. 
 
Buhl, J., Gautrais, J., Reeves, N., Solé, R., Valverde, S., Kuntz, P., & Theraulaz, 

G. (2006). Topological patterns in street networks of self-organized 



© C
OPYRIG

HT U
PM

 

 233  
 

urban settlements. The European Physical Journal B-Condensed Matter 
and Complex Systems, 49(4), 513-522.  

 
Buldyrev, S. V., Parshani, R., Paul, G., Stanley, H. E., & Havlin, S. (2010). 

Catastrophic cascade of failures in interdependent networks. Nature, 
464(7291), 1025-1028.  

 
Cao, X.-B., Hong, C., Du, W.-B., & Zhang, J. (2013). Improving the network 

robustness against cascading failures by adding links. Chaos, Solitons 
& Fractals, 57, 35-40.  

 
Cardei, M., & Wu, J. (2004). Coverage in wireless sensor networks. Handbook 

of Sensor Networks, 21, 201-202.  
 
Cats, O. (2017). Topological evolution of a metropolitan rail transport 

network: The case of Stockholm. Journal of Transport Geography, 62, 
172-183.  

 
Cervero, R. (2004). Transit-oriented development in the United States: Experiences, 

challenges, and prospects (Vol. 102): Transportation Research Board. 
 
Cervero, R. (2007). Transit-oriented development's ridership bonus: a 

product of self-selection and public policies. Environment and 
Planning A, 39(9), 2068-2085.  

 
Cervero, R., & Day, J. (2008). Suburbanization and transit-oriented 

development in China. Transport Policy, 15(5), 315-323.  
 
Cervero, R., Ferrell, C., & Murphy, S. (2002). Transit-oriented development 

and joint development in the United States: A literature review. 
TCRP research results digest(52).  

 
Chan, S. H., Donner, R. V., & Lämmer, S. (2011). Urban road networks—

spatial networks with universal geometric features? The European 
Physical Journal B, 84(4), 563-577.  

 
Chatterjee, A., Manohar, M., & Ramadurai, G. (2016). Statistical analysis of 

bus networks in India. PLoS One, 11(12), e0168478.  
 
Chen, A., Kim, J., Lee, S., & Kim, Y. (2010). Stochastic multi-objective models 

for network design problem. Expert Systems with Applications, 37(2), 
1608-1619.  

 



© C
OPYRIG

HT U
PM

 

 234  
 

Chen, D., Huang, X., Wang, D., & Jia, L. (2014). Public Transit Hubs 
Identification Based on Complex Networks Theory. IETE Technical 
Review, 31(6), 440-451.  

 
Chen, J., & Chang, Z. (2015). Rethinking urban green space accessibility: 

Evaluating and optimizing public transportation system through 
social network analysis in megacities. Landscape and Urban Planning, 
143, 150-159.  

 
Chen, J., & Yang, D. (2013). Estimating Smart Card Commuters Origin-

Destination Distribution Based on APTS Data. Journal of 
Transportation Systems Engineering & Information Technology, 13(4), 
47-53.  

 
Chen, X., Xia, X., Zhao, Y., & Zhang, P. (2010). Heavy metal concentrations 

in roadside soils and correlation with urban traffic in Beijing, China. 
Journal of hazardous materials, 181(1), 640-646.  

 
Chen, X., & Zhan, F. B. (2008). Agent-based modelling and simulation of 

urban evacuation: relative effectiveness of simultaneous and staged 
evacuation strategies. Journal of the Operational Research Society, 59(1), 
25-33.  

 
Chi, G., Voss, P. R., & Deller, S. C. (2006). Rethinking highway effects on 

population change. Public Works Management & Policy, 11(1), 18-32. 
doi: 10.1177/1087724X06292336 

 
Chorley, R. J. H. (1967). Models in geography. 
 
Chunchun, H., Nianxue, L., Xiaohong, Y., & Wenzhong, S. (2011). Traffic 

flow data mining and evaluation based on fuzzy clustering 
techniques. International Journal of Fuzzy Systems, 13(4), 344.  

 
Clark, S. C., Starr, J., Foresman, T., Prince, W., & Acevedo, W. (1996). 

Development of the temporal transportation database for the analysis of 
urban development in the Baltimore–Washington Region. Paper 
presented at the Proceedings, ASPRS/ACSM Annual Convention 
and Exhibition, Baltimore, MD. 

 
Clauset, A., Shalizi, C. R., & Newman, M. E. (2009). Power-law distributions 

in empirical data. SIAM review, 51(4), 661-703.  
 
Cocchia, A. (2014). Smart and digital city: A systematic literature review 

Smart city (pp. 13-43): Springer. 
 



© C
OPYRIG

HT U
PM

 

 235  
 

Colson, B., Marcotte, P., & Savard, G. (2007). An overview of bilevel 
optimization. Annals of operations research, 153(1), 235-256.  

 
Cordera, R., Ibeas, A., dellOlio, L., & Alonso, B. (2017). Land Use–Transport 

Interaction Models: CRC Press. 
 
Crucitti, P., Latora, V., & Marchiori, M. (2004). Model for cascading failures 

in complex networks. Physical Review E, 69(4), 045104.  
 
Crucitti, P., Latora, V., Marchiori, M., & Rapisarda, A. (2003). Efficiency of 

scale-free networks: error and attack tolerance. Physica A: Statistical 
Mechanics and its Applications, 320, 622-642.  

 
Crucitti, P., Latora, V., Marchiori, M., & Rapisarda, A. (2004). Error and 

attack tolerance of complex networks. Physica A: Statistical Mechanics 
and its Applications, 340(1-3), 388-394. doi: 
10.1016/j.physa.2004.04.031 

 
Crucitti, P., Latora, V., & Porta, S. (2006a). Centrality in networks of urban 

streets. Chaos: an interdisciplinary journal of nonlinear science, 16(1), 
015113.  

 
Crucitti, P., Latora, V., & Porta, S. (2006b). Centrality measures in spatial 

networks of urban streets. Physical Review E, 73(3), 036125.  
 
Curtis, C., & Scheurer, J. (2009). Network city activity centres Developing an 

Analysis, Conception and Communication Tool for Integrated Land Use 
and Transport Planning in the Perth Metropolitan Area. Department of 
Planning and Infrastructure (DPI) and Curtin University of Technology, 
Perth (WA). 

 
Curtis, C., & Scheurer, J. (2010). Planning for sustainable accessibility: 

Developing tools to aid discussion and decision-making. Progress in 
Planning, 74(2), 53-106.  

 
Daganzo, C. F. (2010). Structure of competitive transit networks. 

Transportation Research Part B: Methodological, 44(4), 434-446.  
 
Daganzo, C. F., & Sheffi, Y. (1977). On stochastic models of traffic assignment. 

Transportation Science, 11(3), 253-274.  
 
David Matthew, L., Feng, X., & Shanjiang, Z. (2007). The co-evolution of land 

use and road networks. Transportation and traffic theory, 839-859.  
 



© C
OPYRIG

HT U
PM

 

 236  
 

DBKL. (2004). Kuala Lumpur Structure Plan 2020: A World Class City: City Hall 
Kuala Lumpur. 

 
de Arruda, H. F., Comin, C. H., & da Fontoura Costa, L. (2016). Minimal 

paths between communities induced by geographical networks. 
Journal of Statistical Mechanics: Theory and Experiment, 2016(2), 023403.  

 
de Dios Ortuzar, J., & Willumsen, L. G. (1994). Modelling transport: Wiley 

New Jersey. 
 
De la Barra, T. (1989). Integrated land use and transport modelling. Decision 

chains and hierarchies. 
 
De La Barra, T. (2001). Integrated land use and transport modeling: the 

TRANUS experience. Planning Support Systems: Integrating 
Geographic Information Systems, Models and Visualization Tools Eds RK 
Brail, RE Klosterman (ESRI Press, Redlands, CA) pp, 129-156.  

 
De La Barra, T., Perez, B., & Vera. (1984). TRANUS-J: putting large models 

into small computers. Environment and Planning B: Planning and 
design, 11(1), 87-101.  

 
De Montis, A., Barthelemy, M., Chessa, A., & Vespignani, A. (2007). The 

structure of interurban traffic: a weighted network analysis. 
Environment and Planning B: Planning and design, 34(5), 905-924.  

 
Deng, Y., Li, Q., Lu, Y., & Yuan, J. (2013). Topology Vulnerability Analysis 

and Measure of Urban Metro Network: The case of Nanjing. Journal 
Of Networks, 8(6), 1350-1356.  

 
Derrible, S. (2012). Network centrality of metro systems. PLoS One, 7(7), 

e40575.  
 
Derrible, S., & Kennedy, C. (2010a). Characterizing metro networks: state, 

form, and structure. Transportation, 37(2), 275-297.  
 
Derrible, S., & Kennedy, C. (2010b). The complexity and robustness of metro 

networks. Physica A: Statistical Mechanics and its Applications, 389(17), 
3678-3691. doi: 10.1016/j.physa.2010.04.008 

 
Derrible, S., & Kennedy, C. (2010c). Evaluating, Comparing, and Improving 

Metro Networks: Application to Plans for Toronto, Canada. 
Transportation Research Record: Journal of the Transportation Research 
Board(2146), 43-51.  

 



© C
OPYRIG

HT U
PM

 

 237  
 

Derrible, S., & Kennedy, C. (2011). Applications of graph theory and network 
science to transit network design. Transport reviews, 31(4), 495-519.  

 
DESA, Economic, D. o., & Division, S. A. P. (2012). World urbanization 

prospects: the 2011 revision. New York: Population Division, 
Department of Economic Social Affairs. United Nations. 

 
Dittmar, H., & Ohland, G. (2012). The new transit town: best practices in transit-

oriented development: Island Press. 
 
Dixon, P. M., Weiner, J., Mitchell-Olds, T., & Woodley, R. (1987). 

Bootstrapping the Gini coefficient of inequality. Ecology, 68(5), 1548-
1551.  

 
Domenech, A. (2009). A topological phase transition between small-worlds 

and fractal scaling in urban railway transportation networks? 
Physica A: Statistical Mechanics and its Applications, 388(21), 4658-4668.  

 
Donetti, L. (2004). Detecting network communities: a new systematic and 

efficient algorithm. Journal of Statistical Mechanics: Theory and 
Experiment, 2004(10), P10012.  

 
Du, W.-B., Zhou, X.-L., Chen, Z., Cai, K.-Q., & Cao, X.-B. (2014). Traffic 

dynamics on coupled spatial networks. Chaos, Solitons & Fractals, 68, 
72-77.  

 
Du, W.-B., Zhou, X.-L., Jusup, M., & Wang, Z. (2016). Physics of 

transportation: Towards optimal capacity using the multilayer 
network framework. Sci Rep, 6, 19059.  

 
Duan, Y., & Lu, F. (2014). Robustness of city road networks at different 

granularities. Physica A: Statistical Mechanics and its Applications, 411, 
21-34. doi: 10.1016/j.physa.2014.05.073 

 
Ducruet, C. (2017). Multilayer dynamics of complex spatial networks: The 

case of global maritime flows (1977–2008). Journal of Transport 
Geography, 60, 47-58.  

 
Ducruet, C., & Beauguitte, L. (2014). Spatial science and network science: 

review and outcomes of a complex relationship. Networks and Spatial 
Economics, 14(3-4), 297-316.  

 
Dwivedi, A., & Yu, X. (2013). A maximum-flow-based complex network 

approach for power system vulnerability analysis. IEEE Transactions 
on Industrial Informatics, 9(1), 81-88.  



© C
OPYRIG

HT U
PM

 

 238  
 

 
Dwivedi, A., Yu, X., & Sokolowski, P. (2010). Analyzing power network 

vulnerability with maximum flow based centrality approach. Paper 
presented at the 2010 8th IEEE International Conference on 
Industrial Informatics. 

 
Dziauddin, M. F., Alvanides, S., & Powe, N. (2013). Estimating the effects of 

light rail transit (LRT) system on the property values in the Klang 
Valley, Malaysia: A hedonic house price approach. Jurnal Teknologi, 
61(1). doi: 10.11113/jt.v61.1620 

 
Echenique, M. H., Flowerdew, A. D., Hunt, J. D., Mayo, T. R., Skidmore, I. J., 

& Simmonds, D. C. (1990). The MEPLAN models of Bilbao, Leeds 
and Dortmund. Transport reviews, 10(4), 309-322.  

 
Eisenstat, D. (2011). Random Road Networks: The Quadtree Model. Paper 

presented at the ANALCO. 
 
Eladaway, I. (2014). Analyzing Traffic Layout Using Dynamic Social 

Network Analysis. Traffic Congestion.  
 
Ellens, W., & Kooij, R. E. (2013). Graph measures and network robustness. 

arXiv preprint arXiv:1311.5064.  
 
Eradus, P., Schoemakers, A., & van der Hoorn, T. (2002). Four applications 

of the TIGRIS model in the Netherlands. Journal of Transport 
Geography, 10(2), 111-121.  

 
Erdos, P., & Renyi, A. (1960). On the evolution of random graphs. Publ. Math. 

Inst. Hung. Acad. Sci, 5(17-61), 43.  
 
Expert, P., Evans, T. S., Blondel, V. D., & Lambiotte, R. (2011). Uncovering 

space-independent communities in spatial networks. Proceedings of 
the National Academy of Sciences, 108(19), 7663-7668.  

 
Farahani, R. Z., Miandoabchi, E., Szeto, W. Y., & Rashidi, H. (2013). A review 

of urban transportation network design problems. European Journal 
of Operational Research, 229(2), 281-302.  

 
Ferber, J. (1999). Multi-agent systems: an introduction to distributed artificial 

intelligence (Vol. 1): Addison-Wesley Reading. 
 
Foresman, T. W. (2000). The Baltimore-Washington regional collaboratory 

land-use history research program. Perspectives on the Land Use 



© C
OPYRIG

HT U
PM

 

 239  
 

History of North America: A Context for Understanding Our Changing 
Environment, 33.  

 
Fortunato, S., Latora, V., & Marchiori, M. (2004). Method to find community 

structures based on information centrality. Physical Review E, 70(5), 
056104.  

 
Frank, M., & Wolfe, P. (1956). An algorithm for quadratic programming. 

Naval Research Logistics (NRL), 3(1‐2), 95-110.  
 
Freeman, L. C. (1977). A set of measures of centrality based on betweenness. 

Sociometry, 35-41. doi: 10.2307/3033543 
 
Friesz, T. L., Bernstein, D., Smith, T. E., Tobin, R. L., & Wie, B. (1993). A 

variational inequality formulation of the dynamic network user 
equilibrium problem. Operations Research, 41(1), 179-191.  

 
Friesz, T. L., Luque, J., Tobin, R. L., & Wie, B.-W. (1989). Dynamic network 

traffic assignment considered as a continuous time optimal control 
problem. Operations Research, 37(6), 893-901.  

 
Frumin, M., & Zhao, J. (2012). Analyzing passenger incidence behavior in 

heterogeneous transit services using smartcard data and schedule-
based assignment. Transportation Research Record: Journal of the 
Transportation Research Board(2274), 52-60.  

 
Fujita, M., & Ogawa, H. (1982). Multiple equilibria and structural transition 

of non-monocentric urban configurations. Regional science and urban 
Economics, 12(2), 161-196.  

 
Fukushima, M. (1984). A modified Frank-Wolfe algorithm for solving the 

traffic assignment problem. Transportation Research Part B: 
Methodological, 18(2), 169-177.  

 
Gabaix, X., & Ioannides, Y. M. (2004). The evolution of city size distributions. 

Handbook of regional and urban economics, 4, 2341-2378.  
 
Gabriel, K. R., & Sokal, R. R. (1969). A new statistical approach to geographic 

variation analysis. Systematic Biology, 18(3), 259-278.  
 
Gallotti, R., Bazzani, A., Rambaldi, S., & Barthelemy, M. (2015). How 

transportation hierarchy shapes human mobility. arXiv preprint 
arXiv:1509.03752.  

 



© C
OPYRIG

HT U
PM

 

 240  
 

Gao, J., Barzel, B., & Barabási, A.-L. (2016). Universal resilience patterns in 
complex networks. Nature, 530(7590), 307-312.  

 
Gao, S., Wang, Y., Gao, Y., & Liu, Y. (2013). Understanding urban traffic-flow 

characteristics: a rethinking of betweenness centrality. Environment 
and Planning B: Planning and design, 40(1), 135-153.  

 
Gao, Z., Wu, J., & Sun, H. (2005). Solution algorithm for the bi-level discrete 

network design problem. Transportation Research Part B: 
Methodological, 39(6), 479-495. doi: 10.1016/j.trb.2004.06.004 

 
Gao, Z., Zhang, H., & Sun, H. (2004). Bi-level programming models, 

approaches and applications in urban transportation network 
design problems Commun Transp Syst Eng Inf, 4(1), 35-44.  

 
Gao, Z., Zhao, X., Huang, H.-j., & Mao, B. (2006). Research on problems 

related to complex networks and urban traffic systems. Journal of 
Transportation Systems Engineering and Information Technology, 6(3), 
41-47.  

 
Garrison, W. L. (1960). Connectivity of the interstate highway system. Papers 

in Regional Science, 6(1), 121-137.  
 
Garrison, W. L., & Marble, D. F. (1961). The structure of transportation networks: 

Transportation Center at Northwestern University. 
 

Garrison, W. L., & Marble, D. F. (1964). Factor‐ analytic study of the 
connkctivity of a transportation network*. Papers in Regional Science, 
12(1), 231-238. doi: 10.1111/j.1435-5597.1964.tb01269.x 

 
Gastner, M. T., & Newman, M. E. (2006a). Shape and efficiency in spatial 

distribution networks. Journal of Statistical Mechanics: Theory and 
Experiment, 2006(01), P01015.  

 
Gastner, M. T., & Newman, M. E. (2006b). The spatial structure of networks. 

The European Physical Journal B-Condensed Matter and Complex 
Systems, 49(2), 247-252.  

 
Gattuso, D., & Miriello, E. (2005). Compared analysis of metro networks 

supported by graph theory. Networks and Spatial Economics, 5(4), 395-
414.  

 
Geurs, K. T., & Van Wee, B. (2004). Accessibility evaluation of land-use and 

transport strategies: review and research directions. Journal of 
Transport Geography, 12(2), 127-140.  



© C
OPYRIG

HT U
PM

 

 241  
 

 
Giuliano, G. (2004). Land use impacts of transportation investments. The 

geography of urban transportation, 237-273.  
 
Gleyze, J.-F. (2013). Topological clustering for geographical networks 

Methods for Multilevel Analysis and Visualisation of Geographical 
Networks (pp. 33-53): Springer. 

 
Graham, R. L., & Hell, P. (1985). On the history of the minimum spanning 

tree problem. Annals of the History of Computing, 7(1), 43-57.  
 
Grammenos, F., Pogharian, S., & Tasker-Brown, J. (2002). Residential street 

pattern design. Socio-economic Series, 75, 22.  
 
Gu, C.-G., Zou, S.-R., Xu, X.-L., Qu, Y.-Q., Jiang, Y.-M., Liu, H.-K., & Zhou, 

T. (2011). Onset of cooperation between layered networks. Physical 
Review E, 84(2), 026101.  

 
Guillier, S., Munoz, V., Rogan, J., Zarama, R., & Valdivia, J. (2017). 

Optimization of spatial complex networks. Physica A: Statistical 
Mechanics and its Applications, 467, 465-473.  

 
Gutierrez-Jarpa, G., Laporte, G., Marianov, V., & Moccia, L. (2017). Multi-

objective rapid transit network design with modal competition: The 
case of Concepción, Chile. Computers & Operations Research, 78, 27-
43.  

 
Gutierrez-Jarpa, G., Obreque, C., Laporte, G., & Marianov, V. (2013). Rapid 

transit network design for optimal cost and origin–destination 
demand capture. Computers & Operations Research, 40(12), 3000-3009.  

 
Gutierrez, J., Monzon, A., & Piñero, J. M. (1998). Accessibility, network 

efficiency, and transport infrastructure planning. Environment and 
Planning A, 30(8), 1337-1350.  

 
Haggett, P., & Chorley, R. J. (1969). Network analysis in geography. London: 

Edward Arnold. 
 
Haggett, P., Cliff, A. D., & Frey, A. (1977). Locational analysis in human 

geography. Tijdschrift Voor Economische En Sociale Geografie, 68(6).  
 
Haklay, M. (2010). How good is volunteered geographical information? A 

comparative study of OpenStreetMap and Ordnance Survey 
datasets. Environment and Planning B: Planning and design, 37(4), 682-
703.  



© C
OPYRIG

HT U
PM

 

 242  
 

 
Haklay, M., & Weber, P. (2008). Openstreetmap: User-generated street maps. 

IEEE Pervasive Computing, 7(4), 12-18.  
 
Hall, K. L. C. (2004). Kuala Lumpur structure plan 2020. KLCH, Kuala Lumpur.  
 
Han, Z., Zhang, X., Zhang, H., & You, f. (2001). Study on the Development 

of Main Economic Belts along Free ways in China. Journal of Liaoning 
Normal University (Natural Science Edition), 4, 415-422.  

 
Hao, W.-w., & Zhang, M.-q. (2014). The Analysis on the Coordinated 

Development between Beijing Industrial Layout and Transport 
System. Journal of Beijing Jiaotong University (Social Sciences Edition), 
1, 005.  

 
Hensher, D. A., & Ton, T. (2002). TRESIS: A transportation, land use and 

environmental strategy impact simulator for urban areas. 
Transportation, 29(4), 439-457.  

 
Hillier, B. (2007). Space is the machine: a configurational theory of 

architecture.  
 
Hillier, B., & Iida, S. (2005a). Network and psychological effects in urban 

movement Spatial information theory (pp. 475-490): Springer. 
 
Hillier, B., & Iida, S. (2005b). Network and psychological effects in urban 

movement. Paper presented at the International Conference on 
Spatial Information Theory. 

 
Hillier, B., Leaman, A., Stansall, P., & Bedford, M. (1976). Space syntax. 

Environment and Planning B: Planning and design, 3(2), 147-185.  
 
Hochbaum, D. S. (1996). Approximation algorithms for NP-hard problems: PWS 

Publishing Co. 
 
Hollands, R. G. (2008). Will the real smart city please stand up? Intelligent, 

progressive or entrepreneurial? City, 12(3), 303-320.  
 
Holme, P., Kim, B. J., Yoon, C. N., & Han, S. K. (2002). Attack vulnerability 

of complex networks. Physical Review E, 65(5), 056109.  
 
Hossain, M. (2006). Integrated management of Malaysian road network operations 

through ITS Initiatives: issues, potentials and challenges. Paper 
presented at the International Seminar on Intelligent Transport 



© C
OPYRIG

HT U
PM

 

 243  
 

Systems (ITS) in Road Network Operations, Kuala Lumpur, 
Malaysia. 

 
Hu, K., Liu, C., Hu, T., & Tang, Y. (2010). Enhancing traffic capacity for scale-

free networks by the one-way links. Journal of Physics A: Mathematical 
and Theoretical, 43(17), 175101.  

 
Hu, M.-B., Jiang, R., Wu, Y.-H., Wang, W.-X., & Wu, Q.-S. (2008). Urban 

traffic from the perspective of dual graph. The European Physical 
Journal B, 63(1), 127-133.  

 
Huang, W., & Chow, T. W. (2010). Effective strategy of adding nodes and 

links for maximizing the traffic capacity of scale-free network. Chaos: 
an interdisciplinary journal of nonlinear science, 20(3), 033123.  

 
Hugill, P. J. (1995). World trade since 1431: Geography, technology, and capitalism: 

JHU Press. 
 
Hunt, J. D. (2003). DESIGN AND APPLICATION OF THE PECAS LAND 

USE MODELLING SYSTEM.  
 
Iacono, M., Levinson, D., & El-Geneidy, A. (2008). Models of transportation 

and land use change: a guide to the territory. Journal of Planning 
Literature, 22(4), 323-340.  

 
Iles, R. (2005). Public transport in developing countries (Vol. 478): Elsevier 

Amsterdam. 
 
Ioannides, Y. M., & Rossi-Hansberg, E. (2010). Urban growth Economic 

Growth (pp. 264-269): Springer. 
 
Irwin, E. G., & Bockstael, N. E. (2002). Interacting agents, spatial externalities 

and the evolution of residential land use patterns. Journal of Economic 
Geography, 2(1), 31-54.  

 
Isard, W. (1956). Location and space-economy.  
 
Ismail, M., & Said, M. (2014). Integration of geospatial multi-mode transportation 

Systems in Kuala Lumpur. Paper presented at the IOP Conference 
Series: Earth and Environmental Science. 

 
Jaggi, M. (2013). Revisiting Frank-Wolfe: Projection-Free Sparse Convex 

Optimization. Paper presented at the ICML (1). 
 



© C
OPYRIG

HT U
PM

 

 244  
 

Jantz, C. A., Goetz, S. J., Donato, D., & Claggett, P. (2010). Designing and 
implementing a regional urban modeling system using the SLEUTH 
cellular urban model. Computers, Environment and Urban Systems, 
34(1), 1-16.  

 
Jian, F. (2003). Spatial-temporal Evolution of Urban Morphology and Land 

Use Structure in Hangzhou. Acta Geographica Sinica, 3, 002.  
 
Jiang, B. (2007). A topological pattern of urban street networks: universality 

and peculiarity. Physica A: Statistical Mechanics and its Applications, 
384(2), 647-655.  

 
Jiang, B., & Claramunt, C. (2004a). A structural approach to the model 

generalization of an urban street network. GeoInformatica, 8(2), 157-
171.  

 
Jiang, B., & Claramunt, C. (2004b). Topological analysis of urban street 

networks. Environment and Planning B: Planning and design, 31(1), 
151-162.  

 
Jiang, Z.-Y. (2014). An incremental optimal routing strategy for scale-free 

networks. International Journal of Modern Physics C, 25(09), 1450044.  
 
Jiang, Z.-Y., Liang, M.-G., Zhang, S., Zhou, W., & Jin, H. (2013). Enhancing 

Traffic Capacity of Two-Layer Complex Networks. International 
Journal of Modern Physics C, 24(08), 1350051.  

 
Johnston, R., Shabazian, D., & Gao, S. (2003). UPlan: a versatile urban growth 

model for transportation planning. Transportation Research Record: 
Journal of the Transportation Research Board(1831), 202-209.  

 
Jozefowiez, N., Semet, F., & Talbi, E.-G. (2008). Multi-objective vehicle 

routing problems. European Journal of Operational Research, 189(2), 
293-309.  

 
Kalapala, V., Sanwalani, V., Clauset, A., & Moore, C. (2006). Scale invariance 

in road networks. Physical Review E, 73(2), 026130.  
 
Kaluza, P., Kolzsch, A., Gastner, M. T., & Blasius, B. (2010). The complex 

network of global cargo ship movements. Journal of The Royal Society 
Interface, 7(48), 1093-1103.  

 
Kansky, K. J. (1963). Structure of transportation networks: relationships between 

network geometry and regional characteristics. Ph.D. Thesis, University 
of Chicago.    



© C
OPYRIG

HT U
PM

 

 245  
 

 
Karduni, A., Kermanshah, A., & Derrible, S. (2016). A protocol to convert 

spatial polyline data to network formats and applications to world 
urban road networks. Scientific data, 3.  

 
Karp, B., & Kung, H.-T. (2000). GPSR: Greedy perimeter stateless routing for 

wireless networks. Paper presented at the Proceedings of the 6th 
annual international conference on Mobile computing and 
networking. 

 
Kermanshah, A., Derrible, S., & Berkelhammer, M. (2017). Using Climate 

Models to Estimate Urban Vulnerability to Flash Floods. Journal of 
Applied Meteorology and Climatology(2017).  

 
Kii, M., Nakanishi, H., Nakamura, K., & Doi, K. (2016). Transportation and 

spatial development: An overview and a future direction. Transport 
Policy, 49, 148-158.  

 
Kleinberg, J. (2000). The small-world phenomenon: An algorithmic perspective. 

Paper presented at the Proceedings of the thirty-second annual 
ACM symposium on Theory of computing. 

 
Kocur-Bera, K. (2014). Scale-free network theory in studying the structure of 

the road network in Poland. PROMET-Traffic&Transportation, 26(3), 
235-242.  

 
Ksiazkiewicz, S. (2012). Quantitative or qualitative transport planning? An 

interdisciplinary geographic perspective. Prace Geograficzne, 
2012(Zeszyt 130), 131-139.  

 
Kuby, M., Barranda, A., & Upchurch, C. (2004). Factors influencing light-rail 

station boardings in the United States. Transportation Research Part A: 
Policy and Practice, 38(3), 223-247.  

 
Kurant, M., & Thiran, P. (2006). Layered complex networks. Physical Review 

Letters, 96(13), 138701.  
 
Lammer, S., Gehlsen, B., & Helbing, D. (2006). Scaling laws in the spatial 

structure of urban road networks. Physica A: Statistical Mechanics and 
its Applications, 363(1), 89-95.  

 
Landis, J. (2001). CUF, CUF II, and CURBA: a family of spatially explicit 

urban growth and land-use policy simulation models. Planning 
Support Systems, Integrating Geographic Information Systems, Models 



© C
OPYRIG

HT U
PM

 

 246  
 

and Visualization Tools Eds R Brail, R Klosterman (ESRI Press, Redlands, 
CA) pp, 157-200.  

 
Lankford, P. M. (1969). Regionalization: theory and alternative algorithms. 

Geographical Analysis, 1(2), 196-212.  
 
Latora, V., & Marchiori, M. (2001). Efficient behavior of small-world 

networks. Physical Review Letters, 87(19), 198701.  
 
Latora, V., & Marchiori, M. (2002). Is the Boston subway a small-world 

network? Physica A: Statistical Mechanics and its Applications, 314(1), 
109-113.  

 
Latora, V., & Marchiori, M. (2003). Economic small-world behavior in 

weighted networks. The European Physical Journal B-Condensed Matter 
and Complex Systems, 32(2), 249-263.  

 
Latora, V., & Marchiori, M. (2007). A measure of centrality based on network 

efficiency. New Journal of Physics, 9(6), 188.  
 
LeBlanc, L. J., Helgason, R. V., & Boyce, D. E. (1985). Improved efficiency of 

the Frank-Wolfe algorithm for convex network programs. 
Transportation Science, 19(4), 445-462.  

 
LeBlanc, L. J., Morlok, E. K., & Pierskalla, W. P. (1975). An efficient approach 

to solving the road network equilibrium traffic assignment problem. 
Transportation Research, 9(5), 309-318.  

 
Levinson, Xie, F., & Zhu, S. (2007). The co-evolution of land use and road 

networks. Transportation and traffic theory, 839-859.  
 
Levinson, D. (2007). Density and dispersion: the co-development of land use 

and rail in London. Journal of Economic Geography, lbm038.  
 
Levinson, D., Xie, F., & Zhu, S. (2007). The co-evolution of land use and road 

networks. Transportation and traffic theory, 839-859.  
 
Levinson, D., & Yerra, B. (2005). How land use shapes the evolution of road 

networks. Available at SSRN 1736160.  
 
Levinson, D., & Yerra, B. (2006). Self-organization of surface transportation 

networks. Transportation Science, 40(2), 179-188.  
 
Lewis, M. (2007). Megacities of the Future. Forbes Magazine.  
 



© C
OPYRIG

HT U
PM

 

 247  
 

Li, D.-M., Liu, B., & Qu, Y. (2011). Study on method for public traffic network 
optimization and adjustment based on cluster analysis. Paper presented 
at the Machine Learning and Cybernetics (ICMLC), 2011 
International Conference on Machine Learning and Cybernetics. 

 
Li, D., Lu, X., & Su, J. (2004). Graph-theoretic analysis of Kautz topology and DHT 

schemes. Paper presented at the NPC. 
 
Li, F., Zhang, S., Bu, K., Yang, J., Wang, Q., & Chang, L. (2015). The 

relationships between land use change and demographic dynamics 
in western Jilin province. Journal of Geographical Sciences, 25(5), 617-
636.  

 
Li, G., Reis, S., Moreira, A., Havlin, S., Stanley, H., & Andrade Jr, J. (2010). 

Towards design principles for optimal transport networks. Physical 
Review Letters, 104(1), 018701.  

 
Li, H.-J., & Daniels, J. J. (2015). Social significance of community structure: 

Statistical view. Physical Review E, 91(1), 012801.  
 
Li, H., Wang, Y., Wu, L., Liu, Z., Chen, L., & Zhang, X. (2012). Community 

structure detection based on Potts model and network's spectral 
characterization. EPL (Europhysics Letters), 97(4), 48005.  

 
Li, H., Wang, Y., Wu, L., Zhang, J., & Zhang, X. (2012). Potts model based on 

a Markov process computation solves the community structure 
problem effectively. Physical Review E, 86(1), 016109.  

 
Li, L., Sato, Y., & Zhu, H. (2003). Simulating spatial urban expansion based 

on a physical process. Landscape and Urban Planning, 64(1), 67-76.  
 
Li, S.-b., Wang, G.-m., Wang, T., & Ren, H.-l. (2017). Research on the Method 

of Traffic Organization and Optimization Based on Dynamic Traffic 
Flow Model. Discrete Dynamics in Nature and Society, 2017.  

 
Li, T., Wu, J., Sun, H., & Gao, Z. (2015). Integrated co-evolution model of land 

use and traffic network design. Networks and Spatial Economics, 1-25.  
 
Lin, J., & Ban, Y. (2013). Complex network topology of transportation 

systems. Transport reviews, 33(6), 658-685.  
 
Lin, S., De Schutter, B., Xi, Y., & Hellendoorn, H. (2011). Fast model 

predictive control for urban road networks via MILP. IEEE 
Transactions on Intelligent Transportation Systems, 12(3), 846-856.  

 



© C
OPYRIG

HT U
PM

 

 248  
 

Liu, C. (2001). Advanced traffic planning. Beijing: People Traffic Publication. 
 
Liu, C. (2003). Study on traffic network design model and algorithm. Journal 

of Highway and Transportation Research and Development, 20(2), 57-62.  
 
Liu, Y.-Y., Slotine, J.-J., & Barabási, A.-L. (2011). Controllability of complex 

networks. Nature, 473(7346), 167-173.  
 
Liu, Y., Sui, Z., Kang, C., & Gao, Y. (2014). Uncovering patterns of inter-

urban trip and spatial interaction from social media check-in data. 
PLoS One, 9(1), e86026.  

 
Liu, Y., Wang, H., Jiao, L., Liu, Y., He, J., & Ai, T. (2015). Road centrality and 

landscape spatial patterns in Wuhan Metropolitan Area, China. 
Chinese Geographical Science, 25(4), 511-522.  

 
Liu, Z., Hu, M.-B., Jiang, R., Wang, W.-X., & Wu, Q.-S. (2007). Method to 

enhance traffic capacity for scale-free networks. Physical Review E, 
76(3), 037101.  

 
Lowry, I. (1964). A model of metropolis. Tachricil Repor RM-4035-RC, The 

IRAND CODOration, California: Santa monica.  
 
Lu, G., Zhou, M., Niu, X., She, K., Tang, Y., & Qin, K. (2008). A survey of 

proximity graphs in wireless networks. Journal of Software, 19(4), 888-
911.  

 
Lu, G. Y., & Wong, D. W. (2008). An adaptive inverse-distance weighting 

spatial interpolation technique. Computers & Geosciences, 34(9), 1044-
1055.  

 
Lu, X. (2008). Study on the planning of road network. (PhD Thesis), Dalian 

maritime university.    
 
Lu, X., Liu, J., Deng, X., & Huang, J. (2012). A Survey: Research on the 

Application of The Complex Network Theory in The Urban Transport 
System. Paper presented at the The 7th China intelligent 
transportation conference proceedings.  

 
Lutz, W., Sanderson, W., & Scherbov, S. (2008). The coming acceleration of 

global population ageing. Nature, 451(7179), 716-719.  
 
Lv, Y.-q., Qin, Y., Jia, L.-m., DONG, H.-h., JIA, X.-b., & SUN, Z.-y. (2010). 

Dynamic traffic zone partition based on cluster analysis of taxi gps 
data. Logistics Technology, 29(9), 86-88.  



© C
OPYRIG

HT U
PM

 

 249  
 

 
Ma, J., Han, W., Guo, Q., & Wang, Z. (2016). Traffic dynamics on two-layer 

complex networks with limited delivering capacity. Physica A: 
Statistical Mechanics and its Applications, 456, 281-287.  

 
Ma, J., Han, W., Guo, Q., & Zhang, S. (2016). Enhancing traffic capacity of 

scale-free networks by link-directed strategy. International Journal of 
Modern Physics C, 27(03), 1650028.  

 
Mackett, R. L. (1983). Leeds Integrated Land-Use Transport Model (LILT) 

TRRL Supplementary Report (Transport and Road Research Laboratory. 
Great Britain. 

 
Magnanti, T. L., & Wong, R. T. (1984). Network design and transportation 

planning: Models and algorithms. Transportation Science, 18(1), 1-55.  
 
Manheim, M. L. (1979). Fundamentals of Transportation systems analysis. 
 
Manley, E., Dennett, A., & Batty, M. (2015). Using Mobile Phone Traces to 

Understand Activity and Mobility in Dakar, Senegal.  
 
Marchiori, M., & Latora, V. (2000). Harmony in the small-world. Physica A: 

Statistical Mechanics and its Applications, 285(3), 539-546.  
 
Marco, t. B., Carey, C., Anders, L., & Dimitris, M. (2016). Strengths and 

weaknesses of accessibility instruments in planning practice: 
technological rules based on experiential workshops. European 
Planning Studies, 24(6), 1175-1196.  

 
Marshall, S. (2004). Streets and patterns: Routledge. 
 
Masucci, A. P., Smith, D., Crooks, A., & Batty, M. (2009). Random planar 

graphs and the London street network. The European Physical Journal 
B, 71(2), 259-271.  

 
Masucci, A. P., Stanilov, K., & Batty, M. (2014). Exploring the evolution of 

London's street network in the information space: A dual approach. 
Physical Review E, 89(1), 012805.  

 
Masud, A., Ravindran, A., & Ravindran, A. (2008). Operations Research and 

Management Science Handbook: CRC Press, chapter Multi Criteria 
Decision Making. 

 



© C
OPYRIG

HT U
PM

 

 250  
 

Matthews, R. B., Gilbert, N. G., Roach, A., Polhill, J. G., & Gotts, N. M. (2007). 
Agent-based land-use models: a review of applications. Landscape 
Ecology, 22(10), 1447-1459.  

 
Mattsson, L.-G., & Jenelius, E. (2015). Vulnerability and resilience of 

transport systems–A discussion of recent research. Transportation 
Research Part A: Policy and Practice, 81, 16-34.  

 
McFadden, D. (1978). Modeling the choice of residential location. 

Transportation Research Record(673).  
 
McNally, M. G. (2007). The four step model. Handbook of transport modelling, 

1, 35-41.  
 
Messenger, T., & Ewing, R. (1996). Transit-oriented development in the sun 

belt. Transportation Research Record: Journal of the Transportation 
Research Board(1552), 145-153.  

 
Miller, E. J., & Salvini, P. A. (2001). The integrated land use, transportation, 

environment (ILUTE) microsimulation modelling system: 
description and current status. Travel Behaviour Research: The Leading 
Edge, 711-724.  

 
Min, J., Park, J., Oh, S., & Sohn, M. Finding a Real Passenger Path in a Complex 

Transit Network Using a Smart Card Record. Paper presented at the 
International Conference on Railway Technology: Research, 
Development and Maintenance. 

 

Minor, E. S., & Urban, D. L. (2008). A graph‐ theory framework for 
evaluating landscape connectivity and conservation planning. 
Conservation biology, 22(2), 297-307.  

 
Mohajeri, N., & Gudmundsson, A. (2014). The evolution and complexity of 

urban street networks. Geographical Analysis, 46(4), 345-367.  
 
Mohamad, H. (2003). Rail Transportation in Kuala Lumpur. Japan Railway 

and Transport Review, 35, 21-27.  
 
Molin Zhao, L. C., & Li, F. (2016). Railway Network Evaluation Based on 

Complex Network Analysis. Advances in Applied Mathematics, 5(3), 
560-566.  

 
Mooney, P., Corcoran, P., & Winstanley, A. C. (2010). Towards quality metrics 

for OpenStreetMap. Paper presented at the Proceedings of the 18th 



© C
OPYRIG

HT U
PM

 

 251  
 

SIGSPATIAL international conference on advances in geographic 
information systems. 

 
Morlok, E. K. (1967). An analysis of transport technology and network 

structure.  
 
Morris, J. M., Dumble, P., & Wigan, M. R. (1979). Accessibility indicators for 

transport planning. Transportation Research Part A: General, 13(2), 91-
109.  

 
Morris, R. G., & Barthelemy, M. (2012). Transport on coupled spatial 

networks. Physical Review Letters, 109(12), 128703.  
 
Motter, A. E., & Lai, Y.-C. (2002). Cascade-based attacks on complex 

networks. Physical Review E, 66(6), 065102.  
 
Motter, A. E., & Toroczkai, Z. (2007). Introduction: Optimization in networks. 

Chaos: an interdisciplinary journal of nonlinear science, 17(2), 026101.  
 
Mukherjee, T., Veremyev, A., Kumar, P., & Pasiliao Jr, E. (2017). The 

Minimum Edge Compact Spanner Network Design Problem. arXiv 
preprint arXiv:1712.04010.  

 
Muller, M. R., & Middleton, J. (1994). A Markov model of land-use change 

dynamics in the Niagara Region, Ontario, Canada. Landscape Ecology, 
9(2), 151-157.  

 
Murawski, L., & Church, R. L. (2009). Improving accessibility to rural health 

services: The maximal covering network improvement problem. 
Socio-Economic Planning Sciences, 43(2), 102-110.  

 
Nam, T., & Pardo, T. A. (2011). Conceptualizing smart city with dimensions of 

technology, people, and institutions. Paper presented at the 
Proceedings of the 12th Annual International Digital Government 
Research Conference: Digital Government Innovation in 
Challenging Times. 

 
Neal, Z. P. (2012). The connected city: How networks are shaping the modern 

metropolis. London: Routledge. 
 
Neirotti, P., De Marco, A., Cagliano, A. C., Mangano, G., & Scorrano, F. 

(2014). Current trends in Smart City initiatives: Some stylised facts. 
Cities, 38, 25-36.  

 



© C
OPYRIG

HT U
PM

 

 252  
 

Neis, P., Zielstra, D., & Zipf, A. (2011). The street network evolution of 
crowdsourced maps: OpenStreetMap in Germany 2007–2011. Future 
Internet, 4(1), 1-21.  

 
Neis, P., & Zipf, A. (2012). Analyzing the contributor activity of a 

volunteered geographic information project—The case of 
OpenStreetMap. ISPRS International Journal of Geo-Information, 1(2), 
146-165.  

 
Newman, M. (2010). Networks: an introduction. Oxford: Oxford university 

press. 
 
Newman, M., Barabasi, A.-L., & Watts, D. J. (2011). The structure and dynamics 

of networks. New Jersey: Princeton University Press. 
 
Newman, M. E. (2002). Assortative mixing in networks. Physical Review 

Letters, 89(20), 208701.  
 
Newman, M. E. (2004). Fast algorithm for detecting community structure in 

networks. Physical Review E, 69(6), 066133.  
 
Newman, M. E. (2012). Communities, modules and large-scale structure in 

networks. Nature Physics, 8(1), 25-31.  
 
Newman, M. E., & Girvan, M. (2004). Finding and evaluating community 

structure in networks. Physical Review E, 69(2), 026113.  
 
Noland, R. B., & Quddus, M. A. (2005). Congestion and safety: A spatial 

analysis of London. Transportation Research Part A: Policy and Practice, 
39(7), 737-754.  

 
Oikonomou, P., & Cluzel, P. (2006). Effects of topology on network evolution. 

Nature Physics, 2(8), 532-536.  
 
Oliveira, C. L., Morais, P. A., Moreira, A. A., & Andrade Jr, J. S. (2014). 

Enhanced Flow in Small-World Networks. Physical Review Letters, 
112(14), 148701.  

 
Ore, O. (1963). Hamilton connected graphs. J. Math. Pures Appl, 42(9), 21-27. 
  
Osaragi, T., & Hiraga, Y. (2014). Street network created by proximity graphs: Its 

topological structure and travel efficiency. Paper presented at the 
Huerta, Schade, Granell (Eds): Connecting a Digital Europe through 
Location and Place. Proceedings of the AGILE' 2014 International 
Conference on Geographic Information Science, Castellón.  



© C
OPYRIG

HT U
PM

 

 253  
 

 
Othman, N. B., Legara, E. F., Selvam, V., & Monterola, C. (2014). Simulating 

Congestion Dynamics of Train Rapid Transit Using Smart Card Data. 
Procedia Computer Science, 29, 1610-1620.  

 
Over, M., Schilling, A., Neubauer, S., & Zipf, A. (2010). Generating web-

based 3D City Models from OpenStreetMap: The current situation 
in Germany. Computers, Environment and Urban Systems, 34(6), 496-
507.  

 
Paola, J. D., & Schowengerdt, R. A. (1995). A detailed comparison of 

backpropagation neural network and maximum-likelihood 
classifiers for urban land use classification. IEEE Transactions on 
Geoscience and remote sensing, 33(4), 981-996.  

 
Papo, D., Buldu, J. M., Boccaletti, S., & Bullmore, E. T. (2014). Complex 

network theory and the brain. Philosophical Transactions of the Royal 
Society B: Biological Sciences, 369(1653).  

 
Parker, C. (2013). Appraising transport strategies that induce land use changes. 

Paper presented at the 2012 NZ Association of Economists 
conference, Palmerston North.  

 
Parker, D. C., Manson, S. M., Janssen, M. A., Hoffmann, M. J., & Deadman, 

P. (2003). Multi-agent systems for the simulation of land-use and 
land-cover change: a review. Annals of the Association of American 
Geographers, 93(2), 314-337.  

 
Parsons, B. (1996). Quade & Douglas. Inc., Cervero, R., Howard/Stein-Hudson 

Associates, Inc., Zupan, J., & Seskin, S.  
 
Pas, E. I., & Principio, S. L. (1997). Braess' paradox: Some new insights. 

Transportation Research Part B: Methodological, 31(3), 265-276.  
 
Penn, A., Hillier, B., Banister, D., & Xu, J. (1998). Configurational modelling 

of urban movement networks. Environment and Planning B-Planning 
& Design, 25(1), 59-84. doi: 10.1068/b250059 

 
Poorzahedy, H., & Turnquist, M. A. (1982). Approximate algorithms for the 

discrete network design problem. Transportation Research Part B: 
Methodological, 16(1), 45-55.  

 
Porta, S., Crucitti, P., & Latora, V. (2006a). The network analysis of urban 

streets: a dual approach. Physica A: Statistical Mechanics and its 
Applications, 369(2), 853-866.  



© C
OPYRIG

HT U
PM

 

 254  
 

 
Porta, S., Crucitti, P., & Latora, V. (2006b). The network analysis of urban 

streets: a primal approach. Environment and Planning B: Planning and 
design, 33(5), 705-725.  

 
Porta, S., Crucitti, P., & Latora, V. (2008). Multiple centrality assessment in 

Parma: a network analysis of paths and open spaces. urban design 
International, 13(1), 41-50.  

 
Porta, S., & Latora, V. (2007). 11 Multiple centrality assessment: mapping 

centrality in networks of urban spaces. Urban Sustainability Through 
Environmental Design: Approaches to Time-People-Place Responsive 
Urban Spaces, 101.  

 
Porta, S., Latora, V., Wang, F., Rueda, S., Strano, E., Scellato, S., . . . 

Cormenzana, B. (2012). Street centrality and the location of economic 
activities in Barcelona. Urban Studies, 49(7), 1471-1488.  

 
Porta, S., Strano, E., Iacoviello, V., Messora, R., Latora, V., Cardillo, A., . . . 

Scellato, S. (2009). Street centrality and densities of retail and 
services in Bologna, Italy. Environment and Planning B: Planning and 
design, 36(3), 450-465.  

 
Porter, M. A., Onnela, J.-P., & Mucha, P. J. (2009). Communities in networks. 

Notices of the AMS, 56(9), 1082-1097.  
 
Pradhan, B. (2017). Spatial Modeling and Assessment of Urban Form (B. Pradhan 

Ed. 1 ed.): Springer. 
 
Putman, S. (1983). Integrated Urban Models: Policy Analysis of 

Transportation and Land Use, London: Pion. Transportation, 3(3), 
193-224.  

 
Qin, J., He, Y., & Ni, L. (2014). Quantitative Efficiency Evaluation Method for 

Transportation Networks. Sustainability, 6(12), 8364-8378.  
 
Qu, D., Wang, W., & Wang, D. (1999). On urban land use & traffic planning 

system. URBAN PLANNING REVIEW, 6, 008.  
 
Quintero, L., Sayed, T., & Wahba, M. M. (2013). Safety models incorporating 

graph theory based transit indicators. Accid Anal Prev, 50, 635-644. 
doi: 10.1016/j.aap.2012.06.012 

 



© C
OPYRIG

HT U
PM

 

 255  
 

Quintero, L., Sayed, T., & Wahba, M. M. (2013). Safety models incorporating 
graph theory based transit indicators. Accident Analysis & Prevention, 
50, 635-644.  

 
Radke, J., & Flodmark, A. (1999). The use of spatial decompositions for 

constructing street centerlines. Geographic Information Sciences, 5(1), 
15-23.  

 
Raimbault, J. (2016). Models coupling urban growth and transportation 

network growth: An algorithmic systematic review approach. arXiv 
preprint arXiv:1605.08888.  

 
Ramanujam, M. K. (April 2017). Illegal for motorcycles to use the fast lane in 

Malaysia?   Retrieved Nov, 2017, from 
https://paultan.org/2017/04/28/illegal-for-motorcycles-to-use-
the-fast-lane-in-malaysia/ 

 
Retting, R. A., Luttrell, G., & Russell, E. R. (2002). Public opinion and traffic 

flow impacts of newly installed modern roundabouts in the United 
States. Institute of Transportation Engineers. ITE Journal, 72(9), 30.  

 
Rodrigue, J.-P., Comtois, C., & Slack, B. (2013). The geography of transport 

systems. London: Routledge. 
 
Rodriguez-Nunez, E., & Garcia-Palomares, J. C. (2014). Measuring the 

vulnerability of public transport networks. Journal of Transport 
Geography, 35, 50-63.  

 
Roth, C., Kang, S. M., Batty, M., & Barthelemy, M. (2012). A long-time limit 

for world subway networks. Journal of The Royal Society Interface, 
rsif20120259.  

 
Rui, Y. (2013). Urban Growth Modeling Based on Land-use Changes and Road 

Network Expansion. (Ph.D. thesis), KTH Royal Institute of 
Technology, Stockholm.    

 
Rui, Y., & Ban, Y. (2011). Urban growth modeling with road network 

expansion and land use development Advances in Cartography and 
GIScience. Volume 2 (pp. 399-412): Springer. 

 
Santos, B. F., Antunes, A. P., & Miller, E. J. (2010). Interurban road network 

planning model with accessibility and robustness objectives. 
Transportation Planning and Technology, 33(3), 297-313.  

 



© C
OPYRIG

HT U
PM

 

 256  
 

Scellato, S., Cardillo, A., Latora, V., & Porta, S. (2006). The backbone of a city. 
The European Physical Journal B-Condensed Matter and Complex 
Systems, 50(1-2), 221-225.  

 
Scheurer, J., Curtis, C., & Porta, S. (2008). Spatial Network Analysis of 

Multimodal Transport Systems: Developing a Strategic Planning Tool to 
Assess the Congruence of Movement and Urban Structure: a Case Study 
of Perth Before and After the Perth-to-Mandurah Railway: GAMUT, 
Australasian Centre for the Governance and Management of Urban 
Transport, University of Melbourne. 

 
Schrank, D. L., & Lomax, T. J. (2007). The 2007 urban mobility report: Texas 

Transportation Institute, Texas A & M University. 
 
Schweitzer, F., Ebeling, W., Rose, H., & Weiss, O. (1997). Optimization of 

road networks using evolutionary strategies. Evolutionary 
computation, 5(4), 419-438.  

 
Schweitzer, F., & Nanumyan, V. (2016). A conceptual approach to model co-

evolution of urban structures. International Journal of Space Structures, 
31(1), 43-51.  

 
Sen, P., Dasgupta, S., Chatterjee, A., Sreeram, P., Mukherjee, G., & Manna, S. 

(2003). Small-world properties of the Indian railway network. 
Physical Review E, 67(3), 036106.  

 
Sevtsuk, A., & Mekonnen, M. (2012). Urban network analysis. Revue 

internationale de géomatique–n, 287, 305.  
 
Shamsuddin, S., & Ujang, N. (2008). Making places: The role of attachment 

in creating the sense of place for traditional streets in Malaysia. 
Habitat International, 32(3), 399-409.  

 
Shaw, S.-L. (1991). Urban transit accessibility analysis using a GIS: a case 

study of Florida's Tri-Rail System. Southeastern Geographer, 31(1), 15-
30.  

 
Sheffi, Y. (1985). Urban transportation networks: Prentice-Hall, Englewood 

Cliffs, NJ. 
 
Shepard, D. (1968). A two-dimensional interpolation function for irregularly-

spaced data. Paper presented at the Proceedings of the 1968 23rd 
ACM national conference. 

 



© C
OPYRIG

HT U
PM

 

 257  
 

Shuang, Q., Zhang, M., & Yuan, Y. (2014). Node vulnerability of water 
distribution networks under cascading failures. Reliability 
Engineering & System Safety, 124, 132-141. doi: 
10.1016/j.ress.2013.12.002 

 
Sienkiewicz, J., & Hołyst, J. A. (2005). Statistical analysis of 22 public 

transport networks in Poland. Physical Review E, 72(4), 046127.  
 
Silva, E., & Wu, N. (2012). Surveying models in urban land studies. Journal 

of Planning Literature, 27(2), 139-152.  
 
Silva, E. A., & Clarke, K. C. (2002). Calibration of the SLEUTH urban growth 

model for Lisbon and Porto, Portugal. Computers, Environment and 
Urban Systems, 26(6), 525-552.  

 
Singha, M. R., & Kalita, B. (2013). Mapping Mobile Phone Network onto 

Urban Traffic Network. Lecture Notes in Engineering & Computer 
Science, 2202(1), 245-250.  

 
Smailes, A. E. (1946). The urban mesh of England and Wales. Transactions 

and Papers (Institute of British Geographers)(11), 87-101.  
 
Soh, H., Lim, S., Zhang, T., Fu, X., Lee, G. K. K., Hung, T. G. G., . . . Wong, L. 

(2010). Weighted complex network analysis of travel routes on the 
Singapore public transportation system. Physica A Statistical 
Mechanics & Its Applications, 389(24), 5852-5863.  

 
Solé-Ribalta, A., Gómez, S., & Arenas, A. (2016a). Decongestion of urban 

areas with hotspot-pricing. arXiv preprint arXiv:1604.07729.  
 
Solé-Ribalta, A., Gómez, S., & Arenas, A. (2016b). A model to identify urban 

traffic congestion hotspots in complex networks. arXiv preprint 
arXiv:1604.07728.  

 
Steenbrink, P. A. (1974). Transport network optimization in the Dutch 

integral transportation study. Transportation Research, 8(1), 11-27.  
 
Steinberg, R., & Zangwill, W. I. (1983). The prevalence of Braess' paradox. 

Transportation Science, 17(3), 301-318.  
 
Strano, E., Nicosia, V., Latora, V., Porta, S., & Barthélemy, M. (2012). 

Elementary processes governing the evolution of road networks. Sci 
Rep, 2.  

 



© C
OPYRIG

HT U
PM

 

 258  
 

Strano, E., Shai, S., Dobson, S., & Barthelemy, M. (2015a). Multiplex networks 
in metropolitan areas: generic features and local effects. J R Soc 
Interface, 12(111), 20150651. doi: 10.1098/rsif.2015.0651 

 
Strano, E., Shai, S., Dobson, S., & Barthelemy, M. (2015b). Multiplex 

networks in metropolitan areas: generic features and local effects. 
Journal of The Royal Society Interface, 12(111), 20150651.  

 
Su, Z., Li, L., Peng, H., Kurths, J., Xiao, J., & Yang, Y. (2014). Robustness of 

interrelated traffic networks to cascading failures. Sci Rep, 4, 5413. 
doi: 10.1038/srep05413 

 
Sun, H., Gao, Z., & Wu, J. (2008). A bi-level programming model and solution 

algorithm for the location of logistics distribution centers. Applied 
Mathematical Modelling, 32(4), 610-616. doi: 
10.1016/j.apm.2007.02.007 

 
Sun, H., & Wu, J. (2005a). Scale-free characteristics of supply chain 

distribution networks. Modern Physics Letters B, 19(17), 841-848.  
 
Sun, H., & Wu, J. (2005b). Urban traffic congestion spreading in small world 

networks. International Journal of Modern Physics B, 19(28), 4239-4246.  
 
Sun, L., & Jin, J. G. (2015). Modeling Temporal Flow Assignment in Metro 

Networks Using Smart Card Data. Paper presented at the IEEE 
International Conference on Intelligent Transportation Systems. 

 
Sun, L., Lu, Y., & Lee, D.-H. (2015). Understanding the Structure of Urban Bus 

Networks: The C-Space Representation Approach. Paper presented at the 
15th COTA International Conference of Transportation 
Professionals. 

 
Sun, T. (2008). The Influence of High Rail Road to the City Development. 

Modern Urban Research, 7, 82-87.  
 
Sun, Y., & Xu, R. (2012). Rail transit travel time reliability and estimation of 

passenger route choice behavior: Analysis using automatic fare 
collection data. Transportation Research Record: Journal of the 
Transportation Research Board(2275), 58-67.  

 
Taaffe, E., Gauthier, H., & O'Kelly, M. (1996). Geography of Transportation: 

Upper Saddle River, NJ: Prentice Hall. 
 
Tang, J., Wang, Y., Wang, H., Zhang, S., & Liu, F. (2014). Dynamic analysis 

of traffic time series at different temporal scales: A complex 



© C
OPYRIG

HT U
PM

 

 259  
 

networks approach. Physica A: Statistical Mechanics and its 
Applications, 405, 303-315. doi: 10.1016/j.physa.2014.03.038 

 
Taylor, M. A. (2008). Critical Transport Infrastructure in Urban Areas: 

Impacts of Traffic Incidents Assessed Using Accessibility‐Based 
Network Vulnerability Analysis. Growth and Change, 39(4), 593-616.  

 
Taylor, M. A., Sekhar, S. V., & D'Este, G. M. (2006). Application of 

accessibility based methods for vulnerability analysis of strategic 
road networks. Networks and Spatial Economics, 6(3-4), 267-291.  

 
Thestar.com. (2018). Poor design cause of bottlenecks in KL.   Retrieved 21 

Jul 2018, 2018 
 
Tobin, R. L., & Friesz, T. L. (1988). Sensitivity analysis for equilibrium 

network flow. Transportation Science, 22(4), 242-250.  
 
Tom, C., & Miller, L. (1984). An automated land-use mapping comparison of 

the Bayesian maximum likelihood and linear discriminant analysis 
algorithms. Photogrammetric Engineering and Remote Sensing(50), 193-
207.  

 
Torrens, P. M., & O'Sullivan, D. (2001). Cellular automata and urban 

simulation: where do we go from here? Environment and Planning B: 
Planning and design, 28(2), 163-168.  

 
Ujang, N. (2008). Place attachment towards shopping districts in Kuala Lumpur 

City Centre, Malaysia. Universiti Putra Malaysia.    
 
Ujang, N. (2010). Place attachment and continuity of urban place identity. 

Asian Journal of Environment-Behaviour Studies, 1(2), 61-76.  
 
Ujang, N. (2012). Place attachment and continuity of urban place identity. 

Procedia-Social and Behavioral Sciences, 49, 156-167.  
 

Ulungu, E. L., & Teghem, J. (1994). Multi ‐ objective combinatorial 

optimization problems: A survey. Journal of Multi‐Criteria Decision 
Analysis, 3(2), 83-104.  

 

Urban, D., & Keitt, T. (2001). Landscape connectivity: a graph‐theoretic 
perspective. Ecology, 82(5), 1205-1218.  

 
Verburg, P. H., de Nijs, T. C., van Eck, J. R., Visser, H., & de Jong, K. (2004). 

A method to analyse neighbourhood characteristics of land use 
patterns. Computers, Environment and Urban Systems, 28(6), 667-690.  



© C
OPYRIG

HT U
PM

 

 260  
 

 
Verburg, P. H., van Eck, J. R. R., de Nijs, T. C., Dijst, M. J., & Schot, P. (2004). 

Determinants of land-use change patterns in the Netherlands. 
Environment and Planning B: Planning and design, 31(1), 125-150.  

 
Verhoef, E. T., & Rouwendal, J. (2004). Pricing, capacity choice, and financing 

in transportation networks. Journal of Regional Science, 44(3), 405-435.  
 
Von Neumann, J., & Morgenstern, O. (2007). Theory of games and economic 

behavior: Princeton university press. 
 
Vragović, I., Louis, E., & Diaz-Guilera, A. (2005). Efficiency of informational 

transfer in regular and complex networks. Physical Review E, 71(3), 
036122.  

 
Waddell, P. (2011). Integrated land use and transportation planning and 

modelling: addressing challenges in research and practice. Transport 
reviews, 31(2), 209-229.  

 
Walker, W., Gao, S., & Johnston, R. (2007). UPlan: Geographic information 

system as framework for integrated land use planning model. 
Transportation Research Record: Journal of the Transportation Research 
Board(1994), 117-127.  

 
Wang, F. (1998). Urban population distribution with various road networks: 

a simulation approach. Environment and Planning B: Planning and 
design, 25(2), 265-278.  

 
Wang, J., Jiang, C., & Qian, J. (2014). Robustness of Internet under targeted 

attack: A cascading failure perspective. Journal of Network and 
Computer Applications, 40, 97-104. doi: 10.1016/j.jnca.2013.08.007 

 
Wang, K., Zhang, J., Xu, Z., & Xu, Y. (2012). Coordinative and transition-

oriented technical regulations for land-use planning: An analysis on 
the code for classification of urban land use and planning standards 
of development land (GB 50137-2011). City Planning Review, 36(4), 
42-48.  

 
Wang, P., Hunter, T., Bayen, A. M., Schechtner, K., & González, M. C. (2012). 

Understanding road usage patterns in urban areas. Sci Rep, 2, 1001.  
 
Wang, X., You, S., & Wang, L. (2017). Classifying road network patterns 

using multinomial logit model. Journal of Transport Geography, 58, 
104-112.  

 



© C
OPYRIG

HT U
PM

 

 261  
 

Watts, D. J. (2002). A simple model of global cascades on random networks. 
Proceedings of the National Academy of Sciences, 99(9), 5766-5771.  

 
Watts, D. J., & Strogatz, S. H. (1998a). Collective dynamics of ‘small-world’ 

networks. Nature, 393(6684), 440-442. doi: 10.1038/30918 
 
Watts, D. J., & Strogatz, S. H. (1998b). Collective dynamics of ‘small-

world’networks. Nature, 393(6684), 440-442.  
 
Wegener, M. (1994). Operational urban models state of the art. Journal of the 

American Planning Association, 60(1), 17-29.  
 
Wegener, M. (1998). The IRPUD model: overview. Website of the institute of 

spatial planning, University of Dortmund.  
 
Wegener, M. (2004). Overview of land-use transport models. Handbook of 

transport geography and spatial systems, 5, 127-146.  
 
Weidner, T., Donnelly, R., Freedman, J., Abraham, J., & Hunt, J. (2006). 

TLUMIP—Transport Land Use Model in Portland—Current State. 
Stadt Region Land, 81, 91-102.  

 
Weng, Q. (2002). Land use change analysis in the Zhujiang Delta of China 

using satellite remote sensing, GIS and stochastic modelling. Journal 
of Environmental Management, 64(3), 273-284.  

 
White, R., & Engelen, G. (1993). Cellular automata and fractal urban form: a 

cellular modelling approach to the evolution of urban land-use 
patterns. Environment and Planning A, 25(8), 1175-1199.  

 
Widhalm, P., Yang, Y., Ulm, M., Athavale, S., & González, M. C. (2015). 

Discovering urban activity patterns in cell phone data. 
Transportation, 42(4), 597-623.  

 
Wolfram, S. (1986). Theory and applications of cellular automata (Vol. 1): World 

scientific Singapore. 
 
Wolfram, S. (1994). Cellular automata and complexity: collected papers (Vol. 1): 

Addison-Wesley Reading. 
 
Wu, F., & Yeh, A. G.-O. (1999). Urban spatial structure in a transitional 

economy: the case of Guangzhou, China. Journal of the American 
Planning Association, 65(4), 377-394.  

 



© C
OPYRIG

HT U
PM

 

 262  
 

Wu, J., Gao, Z., & Sun, H. (2004). Simulation of traffic congestion with SIR 
model. Modern Physics Letters B, 18(30), 1537-1542.  

 
Wu, J., Gao, Z., & Sun, H. (2007). Effects of the cascading failures on scale-

free traffic networks. Physica A: Statistical Mechanics and its 
Applications, 378(2), 505-511. doi: 10.1016/j.physa.2006.12.003 

 
Wu, J., Gao, Z., & Sun, H. (2008a). Optimal traffic networks topology: A 

complex networks perspective. Physica A: Statistical Mechanics and its 
Applications, 387(4), 1025-1032. doi: 10.1016/j.physa.2007.10.014 

 
Wu, J., Gao, Z., & Sun, H. (2008b). Statistical Properties of Individual Choice 

Behaviors on Urban Traffic Networks. Journal of Transportation 
Systems Engineering and Information Technology, 8(2), 69-74. doi: 
10.1016/s1570-6672(08)60019-7 

 
Wu, J., Gao, Z., Sun, H., & Huang, H. (2004). Urban transit system as a scale-

free network. Modern Physics Letters B, 18(19n20), 1043-1049.  
 
Wu, J., Gao, Z., Sun, H., & Huang, H. (2006). Congestion in different 

topologies of traffic networks. EPL (Europhysics Letters), 74(3), 560.  
 
Wu, J., Li, R., Ding, R., Li, T., & Sun, H. (2016). City expansion model based 

on population diffusion and road growth. Applied Mathematical 
Modelling.  

 
Wu, J., Li, R., Ding, R., Li, T., & Sun, H. (2017). City expansion model based 

on population diffusion and road growth. Applied Mathematical 
Modelling, 43, 1-14.  

 
Wu, J., Sun, H., & Gao, Z. (2007). Cascading failures on weighted urban 

traffic equilibrium networks. Physica A: Statistical Mechanics and its 
Applications, 386(1), 407-413. doi: 10.1016/j.physa.2007.08.034 

 
Wu, J., Xu, M., & Gao, Z. (2013). Coevolution dynamics model of road 

surface and urban traffic structure. Nonlinear Dynamics, 73(3), 1327-
1334.  

 
Wu, J., Xu, M., & Gao, Z. (2014). Modeling The Coevolution Of Road 

Expansion And Urban Traffic Growth. Advances in Complex Systems, 
17(01), 1450005.  

 
Wu, J. J., Sun, H. J., & Gao, Z. Y. (2008). Dynamic urban traffic flow behavior 

on scale-free networks. Physica A: Statistical Mechanics and its 
Applications, 387(2-3), 653-660. doi: 10.1016/j.physa.2007.09.020 



© C
OPYRIG

HT U
PM

 

 263  
 

 
Wu, Z., & Li, D. (2010). fundamentals of city planning: Beijing: China building 

industry press. 
 
Www.abc.net. (2016). Parramatta Road Traffic.   Retrieved Nov, 2017 
 
Xiaoyan, H., Shuang, Z., & Xiaoshu, C. (2014). Spatial-temporal evolution of 

Guangzhou subway accessibility and its effects on the accessibility 
of public transportation services. Progress in geography, 33(8), 1078-
1089.  

 
Xie, F., & Levinson, D. (2007). Measuring the structure of road networks. 

Geographical Analysis, 39(3), 336-356.  
 
Xie, F., & Levinson, D. (2009a). Modeling the growth of transportation 

networks: a comprehensive review. Networks and Spatial Economics, 
9(3), 291-307.  

 
Xie, F., & Levinson, D. (2009b). Topological evolution of surface 

transportation networks. Computers, Environment and Urban Systems, 
33(3), 211-223. doi: 10.1016/j.compenvurbsys.2008.09.009 

 
Xie, F., & Levinson, D. (2011). Evolving transportation networks: Springer 

Science & Business Media. 
 
Xie, X. (2008). Calibration method and comparison of gravity model. 

Commun Stand, 8, 17-20.  
 
Xie, Y., Batty, M., & Zhao, K. (2007). Simulating emergent urban form using 

agent-based modeling: Desakota in the Suzhou-Wuxian region in 
China. Annals of the Association of American Geographers, 97(3), 477-
495.  

 
Xu, X., Hu, J., Liu, F., & Liu, L. (2007). Scaling and correlations in three bus-

transport networks of China. Physica A: Statistical Mechanics and its 
Applications, 374(1), 441-448.  

 
Yaacob, N. A., Hamsa, K., & Azeez, A. (2013). The effect of road hump in 

reducing speed of motorcars in a residential area in Kuala Lumpur. 
Journal of Design and Built Enviornment, 13, 1-13.  

 
Yan, X., & Mao, J. (2004). The Mutual Relationship between Urban Transport 

System and Land Use in Highly-Densely Developed Cities: a Case 
Study of Guangzhou. Acta Geographica Sinica, 5, 001.  

 



© C
OPYRIG

HT U
PM

 

 264  
 

Yang, H., & H. Bell, M. G. (1998). Models and algorithms for road network 
design: a review and some new developments. Transport reviews, 
18(3), 257-278.  

 
Yang, L., Shao, C., Liu, Z., & Nie, W. (2006). A study on Mechanism of 

Interactions between Urban Transport and Land Use. Urban 
Transport of China, 4(4), 21-25.  

 
Yang, X.-H., Wang, B., Chen, S.-Y., & Wang, W.-L. (2012). Epidemic 

dynamics behavior in some bus transport networks. Physica A: 
Statistical Mechanics and its Applications, 391(3), 917-924.  

 
Yang, X., Li, X., & Xue, K. (2004). A new traffic-signal control for modern 

roundabouts: method and application. IEEE Transactions on 
Intelligent Transportation Systems, 5(4), 282-287.  

 
Yang, Y., Tian, L., Yeh, A. G. O., & Li, Q. Q. (2014). Zooming into individuals 

to understand the collective: A review of trajectory-based travel 
behaviour studies. Travel Behaviour & Society, 1(2), 69-78.  

 
Yerra, B. M., & Levinson, D. M. (2005). The emergence of hierarchy in 

transportation networks. The Annals of Regional Science, 39(3), 541-
553.  

 
Yin, H.-y., & Xu, L.-q. (2010). Measuring the structural vulnerability of road 

network: A network efficiency perspective. Journal of Shanghai 
Jiaotong University (Science), 15, 736-742.  

 
Zeydan, E., Bastug, E., Bennis, M., Kader, M. A., Karatepe, I. A., Er, A. S., & 

Debbah, M. (2016). Big data caching for networking: moving from 
cloud to edge. IEEE Communications Magazine, 54(9), 36-42.  

 
Zhang, G.-Q., Wang, D., & Li, G.-J. (2007). Enhancing the transmission 

efficiency by edge deletion in scale-free networks. Physical Review E, 
76(1), 017101.  

 
Zhang, H. (2011). Uncovering road network structure through complex network 

analysis. The Hong Kong Polytechnic University.    
 
Zhang, H., & Gao, Z. (2009). Bilevel programming model and solution 

method for mixed transportation network design problem. Journal of 
Systems Science and Complexity, 22(3), 446-459.  

 



© C
OPYRIG

HT U
PM

 

 265  
 

Zhang, H., Jiang, Z.-Y., He, X., & Zhang, S. (2015). Exploring highly-efficient 
routing strategy on scale-free networks with limited and diverse 
node capacity. Modern Physics Letters B, 29(17), 1550085.  

 
Zhang, J., Wang, S., & Wang, X. (2017). Comparison analysis on vulnerability 

of metro networks based on complex network. Physica A: Statistical 
Mechanics and its Applications.  

 
Zhang, J., Xu, X., Hong, L., Wang, S., & Fei, Q. (2011). Networked analysis of 

the Shanghai subway network, in China. Physica A: Statistical 
Mechanics and its Applications, 390(23-24), 4562-4570. doi: 
10.1016/j.physa.2011.06.022 

 
Zhang, J., Xu, X., Hong, L., Wang, S., & Fei, Q. (2012). Attack vulnerability of 

self-organizing networks. Safety Science, 50(3), 443-447. doi: 
10.1016/j.ssci.2011.10.005 

 
Zhang, J., Zhao, M., Liu, H., & Xu, X. (2013). Networked characteristics of the 

urban rail transit networks. Physica A: Statistical Mechanics and its 
Applications, 392(6), 1538-1546. doi: 10.1016/j.physa.2012.11.036 

 
Zhang, L., & Levinson, D. (2005). Road pricing with autonomous links. 

Transportation Research Record: Journal of the Transportation Research 
Board(1932), 147-155.  

 
Zhang, L., Xu, W., & Li, M. (2009). Co-evolution of transportation and land 

use: modeling historical dependencies in land use and 
transportation decision-making OTREC-09-07 (Vol. TREC Final 
Reports). Portland: OR: Transportation Research and Education 
Center (TREC). 

 
Zhang, S., Liang, M.-G., Jiang, Z.-Y., & Wu, J.-J. (2014). Effective strategy of 

adding links for improving network transport efficiency on complex 
networks. International Journal of Modern Physics C, 25(06), 1450014.  

 
Zhang, S., Liang, M.-G., & Li, H.-J. (2014). Method to enhance traffic capacity 

for two-layer complex networks. Canadian Journal of Physics, 92(12), 
1599-1605.  

 
Zhang, Y., Wang, X., Zeng, P., & Chen, X. (2011). Centrality characteristics of 

road network patterns of traffic analysis zones. Transportation 
Research Record: Journal of the Transportation Research Board, 2256, 16-
24.  

 



© C
OPYRIG

HT U
PM

 

 266  
 

Zhao, F., Sun, H., Wu, J., & Gao, Z. (2014). Urban Road Network Evolution 
to Maximize the Capacity. Procedia - Social and Behavioral Sciences, 138, 
251-258. doi: 10.1016/j.sbspro.2014.07.202 

 
Zhao, F., Sun, H., Wu, J., Gao, Z., & Liu, R. (2016). Analysis of road network 

pattern considering population distribution and central business 
district. PLoS One, 11(3), e0151676.  

 
Zhao, F., Wu, J., Sun, H., Gao, Z., & Liu, R. (2015). Population-driven Urban 

Road Evolution Dynamic Model. Networks and Spatial Economics, 1-
22.  

 
Zhao, J., Zhang, F., Tu, L., Xu, C., Shen, D., Tian, C., . . . Li, Z. (2016). 

Estimation of Passenger Route Choice Pattern Using Smart Card 
Data for Complex Metro Systems. IEEE Transactions on Intelligent 
Transportation Systems, 18(4), 790-801.  

 
Zheng, J.-F., Gao, Z.-Y., & Zhao, X.-M. (2007). Properties of transportation 

dynamics on scale-free networks. Physica A: Statistical Mechanics and 
its Applications, 373, 837-844.  

 
Zhong, C., Arisona, S. M., Huang, X., Batty, M., & Schmitt, G. (2014). 

Detecting the dynamics of urban structure through spatial network 
analysis. International Journal of Geographical Information Science, 
28(11), 2178-2199.  

 
Zhou, J., Xu, W., Guo, X., & Ma, X. (2015). Railway faults spreading model 

based on dynamics of complex network. International Journal of 
Modern Physics B, 29(06), 1550038.  

 
Zhou, X., Erdogan, S., & Mahmassani, H. (2006). Dynamic Origin—

Destination Trip Demand Estimation for Subarea Analysis. 
Transportation Research Record: Journal of the Transportation Research 
Board(1964), 176-184.  

 
Zhuo, C., & Fengjun, J. (2016). Scope, shape, and structural characteristics of 

traffic circles of equal travel time in Beijing. Progress in geography, 
35(3), 389-375.  

 
Zondag, B., de Bok, M., Geurs, K. T., & Molenwijk, E. (2015). Accessibility 

modeling and evaluation: The TIGRIS XL land-use and transport 
interaction model for the Netherlands. Computers, Environment and 
Urban Systems, 49, 115-125.  

 



© C
OPYRIG

HT U
PM

 

 267  
 

Zondag, B., & De Jong, G. (2011). The development of the TIGRIS XL model: 
A bottom-up approach to transport, land-use and the economy. 
Research in Transportation Economics, 31(1), 55-62.  

 
Zongxin, L. D. Z. A. W. (1999). Urban land use and the sustainable 

development of urban transport. CHINA POPULATION, 
RESOURCES AND ENVIRONMENT, 4, 008.  

 
  


	Blank Page
	Blank Page



