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Abstract A larger and larger proportion of the world’s growing population lives in 
towns and cities. Cities can often be the places where work and related 
opportunities are available in concentrated forms. Besides the positive 
factors several negative externalities emerge. Cities are the drive of growth. 
The reason for this lies in the concentration of human knowledge in 
permanent human interaction, which is obviously concentrated in big cities 
and towns [1]. In our article besides the overview of the developments of 
cities and the connection of economic models we are looking for an answer 
to the questions, is it worth dealing with the optimal form of cities? And 
what kind of mathematical instruments can be used to sort the factors? Our 
hypothesis is: the problem can be modelled by fuzzy neural nets because 
they are able to integrate subjective and uncertain factors as well.  
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1. Introduction 

Recently, beside the analysis of the region, the successfulness of cities has been put into 
the centre of regional researches. It is not by chance, since a greater part of the 
population lives in towns and cities. „Nowadays there are more than 300 cities (city-
regions) on the Earth having a population over one million, there are almost twenty 
among them having more than ten million inhabitants” [2]. Not only science, but also 
politics are looking for factors, which can help in the competition or to improve market-
positions.  

Cities are not optimal in itself, a closer or wider environment of the city determinates 
the functions of the city. Regional policy’s task is to develop the optimal approximate 
opportunities 

During the development of mankind the first farmers created bigger communities, 
which had its impact on population density and on special organizations as well. Trade 
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also started at this time as well, first inside the town, but later on among towns as well. 
This had the social effect that isolated people got in touch with each other and the 
population density became concentrated in some places. We can find a lot of studies and 
works dealing with the evolution of towns and how they fit in the development line, 
which was supported by several scientific discussions. Haggett mentions 4 levels in 
development: primitive hunting and collecting, having herds, agriculture and urbanized 
way of life. They are connected to three processes: domestication of animals, growing 
of cereals while settling down and an urban way of life [3]. 

Because of the development of towns a major part of mankind is concentrated in these 
places. It has several advantages and disadvantages. It is not easy to typify towns and 
cities at all. It is the task of each country to create the legal or administrative definition 
for cities, but it is connected mostly to the size of its population, to its functions, and 
services. These are significantly different. In the process of urbanization agriculture has 
an important role and trade is held in high esteem. This is due to the surplus of products 
and in the end the urban way of life develops an important role. The developments of 
economic theories also show a similar path in the development process, which has an 
obvious connection.  

 

2. Basic economic trends and theories about sites  

As population, cities, technical development and the way of life are changing, so are the 
trends of economics. If we examine the economic family tree, we can see that 
economics is still a young field of science among the sciences. The classical school was 
formed by the works of Adam Smith after the physiocrats and mercantilists [4].  

The physiocrats derived their theory from the order of nature and they considered 
agriculture as the source of national wealth. Their school was formed at the end of the 
16th century in France and England. One of their main principles was that the economy 
is free from state intervention since its operation is predestined by God. From the 15th 
century the mercantilists also played an important role with their theories. They 
considered the accumulation of money to be important and money as a determining 
factor of economic growth. They thought the state should play an important role in 
economy.  

Keynesian economics and the formation of econometrics had a great impact on the 
development of growth theories. The combined work of a mathematician and an 
economist resulted in a basic formula [5] for the production function: 

 Q=A•L•K  (1) 

(Q= quantity of production, L= labour input, K= capital input). While the main aim of 
the production function is to use resources optimally, the essence of the Cobb-Douglas-
function as a model of econometrics is to reveal the characteristics of recourse-
utilization of a country, region, town, economic sector etc. in a certain period.  

In connection to this was the creation of the calculation of marginal productivity, 
marginality of labour and capital. The formula of the Euler- thesis [6] is:  
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 αQ/αL•L+αQ/αK•K=Q (2) 

Robert M. Solow attempted to create an extension to the Cobb-Douglas-theorem, he 
added technological progress as a new factor. In his model he typified growth only by 
the progress of time, (t):  

 Y=f(K, L, t) (3) 

Polónyi analyzed the connections of education and economics in his book and he 
emphasized the role of knowledge and technological growth [7]. 

We can group the theories on choosing a site as follows: 

- In the first third of the 19th century the school of Thünen on spacial settling of 
agriculture. The factors: production – minimizing (of) transport costs.  

- Years of 1900-20 (Weber, Predöhl, Palander) theories of industrial sites. 
Factors: production – minimizing (of) the main production costs. 

- Years of 1930-40’s (Lösch, Hotelling) theory of monopolistic competition. 
Factors: consumption – maximizing of revenues.  

- Years of 1950-70’s (Isard, Greenhut, Smith) theories of regional production 
functions. Factors: production, consumption, infrastructure, optimizing of 
mathematical models. 

- From the 1970’s on: Stöhr, Maleczki Scott: complex, interdependent locating-
decisions. Factors: innovation, qualified labour, high-tech industries [9]. 

 

The fifth stage among the site-theories (Stöhr, Malecki, Scott) from the 1970’s 
emphasizes the importance of innovations based on microelectronics and informatics 
due to the improvement of infrastructure. That’s why factors, which are hard to define 
in numbers, have a more and more important role in site-decisions, e.g., creative and 
highly qualified labour, the state of the environment, and the service of settlements. As 
a conclusion we can say that nowadays complex, interdependent site-decisions are made 
[9]. 

Similar to the formation of site-choosing models there is also a tendency for creating an 
optimal city model. The definition of an optimal town/city could be different in different 
ages. Today a number of complex, sometimes independent, but mostly interacting 
factors together can make an optimal city.  

 

3. Methods to compare or typify cities  

Several researches dealt with the competitiveness and comparison of cities. Let’s see a 
few examples.  

A study in 2008 analyzed 60 cities [10]. The author was the first to make an analysis 
based on a so-called Global City Index. The aim of this study was to get an answer to 
the following question: how shall a city become global? His answer and conclusion: 
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there is no correct way for a city to become global. What do cities have to do in order to 
develop their international profile? They can follow for example any of the „tried-and-
true models”. In the study we can see different solutions of a couple of the 60 global 
cities from the year 2008 and how they improved from urbanization and globalization.  

The biggest cities in the world help the evolution of global agencies and serve as centres 
of global integration. These cities are the engine of their country’s growth and the gates 
to the region’s resources. The history of globalization and the history of urbanization 
can be seen from different aspects. The Global City Index ranks metropolises based on 
5 dimensions: business activity, human resources, exchange of information, cultural 
experience, and political commitment.  

The study is looking for an answer to whether or not there is a winner taking every 
value into consideration. The result shows that there is nothing like “the perfect global 
city”. Not one of the cities dominated in every dimension of the index, but there are 
close values in some particular fields [11]. 

The pressure to expand market generates an increase in contradictions of interests. Most 
of the western European cities began to prepare for the competition, for the sake of its 
citizens and companies, two decades ago. In their development strategies they kept in 
mind that: 

- among the determinants of the economic growth the quality of housing, the 
cultural, scientific, technological surroundings of the settlement, and the 
favourable housing conditions came first; 

- the intensity of connections among European cities is increasing, and the role 
of availability and accessibility of cities is increasing;  

- cities offering a complex supply of services and facilities, having an adequate 
management will be appreciated in international markets; 

- the influence of international governments is decreasing, the importance of 
regional governments, and European supranational institutions is increasing. 

These are the important bases of the quality and liveability of a city. In addition, the 
availability of welfare and the complex services in every field are also of great 
importance.  

 

In chart 8 we can see the factors determining the state of „competition” in the 
international example of Horváth. The location of industrial centres, the production 
structure and experimental and educational basis take the first 4 places from the 11 
factors listed below (that means economy and education + research come in first place). 
Factors contributing to the liveability are also emphasized. 
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Table 1. Factors influencing the position in the city hierarchy (source: Horváth 2007, 
11) 

1. Presence of an operating centre of big industrial groups  

2. Diversification of the production structure 

3. Research centres of higher education  

4. Development centres for experiments  

5. Infrastructure ensuring the quick movement of population and information (air 
traffic, motorway, telecommunication networks) 

6. The level of relation-systems ensuring the flow of information and ideas 
(conferences, programmes, exhibitions)  

7. Service networks of production (business consultancy, marketing, advertising) 

8. Financial resources, supporting systems  

9. Innovation-oriented development strategy, city arrangement plans 

10. Easy of access of educational, cultural, relaxing and sport establishments 

11. Districts meeting a high-level living standards 

 

There are significant differences among the conditions of application of new drives in 
growth in big cities. Horváth highlights 8 cities in his analysis as an example. The major 
part of the differences in the figures can be explained by the specialities of the national 
politics, and in some cases the effects of the regional structural problems can also be 
observed. The study was done using twenty indexes of production, finance, research and 
education, air-transport, fair- and exhibition-organization, politics and diplomacy, 
completed with environmental features. A similar analysis was done by Piero Bonavero 
in 1997 on the international functions of the Italian town-network. To define the 
indicators is very important but in many cases it is hard to compare them in a complex 
system because of the lack of data. Infrastructural facilities and the approachability are 
indispensable for a city to be successful. Without these factors a city can hardly be 
attractive as a capital to foreign enterprises. Outstanding universities, expertise, a great 
number of museums or a low CO2 emission are all in vain if settlements are not easy to 
approach, and they cannot be really attractive. I do believe that approachability is an 
important basic factor for investors, when they make their decisions.  

How important is it to invest in knowledge and human capital? Zoltán J. Ács is dealing 
with this question in his work [12]. Based on studies of several other researchers he 
reveals the importance of human capital and knowledge in a regions’ life in the long 
run. “The coordinated and efficient cooperation of government, local governments, 
schools, economic organizations, mediator-organizations and scientific research is 
indispensable for the success of innovation activities” [13]. All these factors contribute 
to the competitiveness of big cities and the emphasis lays on their coordinated operation 
in addition to the size of its population, facilities and former events in history.  
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The competitiveness of regions and towns is not only for itself. The main aim of the 
simplification is to improve the welfare and living standard of the population. Lengyel 
elaborated in the Pyramid model to measure the competitiveness of regions. Its logical 
structure has three levels based on each other containing the measurement of the 
competitiveness of a region and the factors influencing competitiveness [14]:  

- Basic categories are indicators, which make the measurement of 
competitiveness possible (income, productivity of labour and employment). 

- In the category of basic factors are economic factors, which directly determine 
the basic categories of competitiveness, if these factors are developed the 
competitiveness of the region can improve and the economic growth can speed 
up.  

- On the lower level of the pyramid there are the success factors, they have an 
indirect influence on basic categories and on basic factors; these factors change 
only over a longer period [15]. 

 

4. Factors contributing to an optimal city  

Forming and developing the urban network depends on city-planning and –
management. (reasonable short-medium-long term utilization of resources) and on the 
contribution of the city to the country’s development. It also depends on state support 
for cities (operating and developing costs, their utilization and proportion). In the 
judgement and “contest” of cities sustainable economy and liveability have an important 
role. The question arises: what kind of cities can be optimal i.e., are cities and their 
institutions that are operating sustainable good to live in? Connected to growth theories 
in economics the notion of economies of scale and Ricardo’s theory of comparative 
advantages arise. According to both theorems the quantity of output is very important 
and so is the decrease of the average cost parallel to increasing quantity.  

Lengyel defines the following factors as basic categories in his competitiveness pyramid 
model: GDP per inhabitant, scale of labour productivity, level of employment, openness 
of the economy, and its globalness. 

Beside the basic categories, which show a certain order among settlements and regions, 
some general factors can also be listed serving competitiveness. They are systematized 
into the group of basic categories and success factors. These factors contribute to the 
fact that working capital flows into the settlement. If a city is easy to approach, has a 
regional attraction, has experts with adequate knowledge, small enterprises are well 
developed, and besides all of these the city is liveable, which means there are high 
standard of services at the population’s disposal then it is attractive. Competitiveness 
means the successfulness of the city.  

A group of specialists from the World Bank defines competitiveness as the aim of urban 
development. According to their perspective competitiveness of a city is the ability of a 
city to produce and sell products (goods and services) at a fair price (not exclusively at a 
low price), compared to goods of other urban regions [11]. Indicators used for analyzing 
competitiveness are sorted into four groups [16]: 
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- Economic structure: composition of branches with an influence, improvement 
of productivity, quality of investments, size of investments, speed of structural-
change, characteristics of enterprise strategies, local competition, sensitivity of 
local suppliers and customers etc.  

- Regional composition: age structure of population, distribution of income, 
level of infrastructure (transport, telecommunication, energy, industrial parks), 
natural resources, state of the environment, financial services, real estate 
market, local taxes, image, etc. 

- Human resources: size of labour market, amount of working hours, 
unemployment, education, R&D institutions, wages, income tax, role of trade 
unions etc. 

- Institutional environment: economic policy of central government, central 
taxes, laws against monopolies, local government programmes, efficiency of 
local politicians and local institutions, local commercial networks, 
entrepreneurial skills, corruption etc.  

Is it necessary to check other factors if we wish to analyze the competitiveness of cities 
if we want to know how an optimal city can be? Does an optimal city exist? What kinds 
of factors determine it? What kind of effects do the changes of factors have on cities? 
What can be the key-factors in cities’ future, which do not turn over the optimal (as far 
as it exists) city-structure?  

 

5. Description of suitable mathematical methods  

The aim of the model is to give us an answer to what kind of factors and size of 
population in different cities are needed in order to reach the optimum, or how the 
change in key-factors influence the city. We tried to be simple while creating the model. 
As factors influencing the choice of site changed so did site-models as well. It is 
possible that factors influencing the optimal city changed in different time periods as 
well. Today complexity is characteristic for site-theories containing environment, 
liveability, services and creative work. This could also be characteristic for cities, so the 
attempt to „optimize cities in a complex way“ is not an easy job.  

Based on economic development theories we can define following key factor groups:  

- Capital (enterprise(s)): K 

- Population: L 

- Income: Y 

These are known as the basis coefficients of the productivity function. Other 
indispensable factors are connected to it, such as:  

- Infrastructure: I 

- Education/ training: S 

- Free-time: F 
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A fuzzy neural net can be the theoretical solution in order to create the model. After 
determining the different basic input factors output phenomena arise during the 
operation.  

The fuzzy neural networks (FNN) are hybrid intelligent systems of soft computing 
technique, and they are very efficient in dealing with nonlinearly complicated systems, 
where linguistic information and data information are used parallel [18]. 

A fuzzified neural network means such a FNN where inputs, outputs and connection 
weights are all fuzzy set (fuzzy numbers). The α—cut learning and the genetic 
algorithm (GA) for fuzzy weights, are the two most frequently used methods for design 
learning algorithms for regular FNN's. A nonlinear fuzzy model with n inputs and a 
single output can be set by constructing a three-layer fuzzified neural network [17]. The 
input–output relations:  

Input units:  

 
opi = xpi  i=1,2,...,n (4) 

Hidden units: 

 
Opj = f Netpj( )  j=1,2,.....,nH (5) 

 

Netpj = opi
i =1

n

∑ ⋅ W ji + Θ j

 j=1,2,....nH (6) 

Output units: 

 
Op = f Netp( ) (7) 

 

Netp = opj
j =1

nH

∑ ⋅ W j + Θ
 (8) 

where 

Wij – fuzzy weight from the ith input unit to the jth hidden unit 

Wj – fuzzy weight from the jth hidden unit to the output unit 

Θj – bias to the jth hidden unit 

Θ - bias to the output unit 
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Figure 1 Architecture of fuzzified neural network [17] 

 

This fuzzified neural network is shown in Fig. 1. The activation function in the hidden 
and output units can be: 

 f(x) = 1/ {1 + exp(−x)} (9) 

The calculation of the input–output relation of units is based on fuzzy arithmetic, that 
can be used for computing the h-level set of the fuzzy output Op from the fuzzified 
neural network. Thus the given neural network can be an interpretation of a nonlinear 
fuzzy model that maps the non-fuzzy input vector xp = (xp1 ,...., xpn ) to the fuzzy output 
Op.  

Let the input parameters of a given city are 

xp1 = f( Capital, K) 

xp2 = f( Population: L) 

xp3 = f( Income: Y) 

xp4 = f( Infrastructure: I) 

xp5 = f( Education/ training: S) 

xp6 = f( Free-time: F) 

and 

Op is the actual rank of that given city on a competitive list like [19].  

 

The fuzzy neural net is considered to be trained, if the set of input parameters can 
produce the real rank with an acceptable error. By training the neural net the relative 
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importance of the presumed acting factors can be determined, thus pro-active 
development policies can be established and verified. 

 

6. Conclusion 

There is a growing need for global strategies, and a harmonization of all institutes and 
people concerned in the urban development process. These have to go over the borders 
of individual cities and settlements. Each level of the government – local, regional, 
national and European – has its own responsibility for creating our cities’ future. In 
order to have a real efficient multi-level government, it is necessary to improve the 
coordination among regional policy, and create a new sense of responsibility for the 
integrated urban development. It also has to be ensured that people realizing this policy 
on every level get the general and interdisciplinary knowledge and ability to form towns 
and cities as sustainable communities.  

Keeping the sustainable economic growth in mind we wished to give a short essay about 
cities and their competitors with the help of profound analysis of economic planning 
methods, and we attempted to create a model of optimal towns and cities. These 
beginning steps might serve to be useful when creating the model of an optimal town, 
which is able to develop and is nice to live in.  
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