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ABSTRACT

In any society, software designed for a smart city in an environment based on the Internet of Things (IoT),
provide smart urban models and user requirements for a better life and citizens' interaction with this smart city.
However, the existing requirements extracting methods, due to several reasons like integration,
interoperability, preventing data redundancy, possible interference and lack of integration and semantic
queries, are not suitable and the mentioned problems are usually visible in some of these software systems.
This article presents a comprehensive ontology of the smart city at the level of the existing meta-classes along
with the way of inheritance and cooperation of these classes to integrate, prevent data redundancy and semantic
query capability by using the experts' opinions. The classes required for the construction of this ontology were
first collected by the snowball method from the urban target community and then refined and finalized by the
Delphi method using the opinions of experts including university professors, industrial and business owners,
as well as city officials. For the first time, three major classes are embedded in this model as super classes that
all classes can inherit from. Thus, the framework presented in this article, while covering various aspects of a
smart city, can be used to determine the software classes of a smart city, including high level classes and most
important sub-classes, along with the localization capability for each community based on priorities of that
community.
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integrated intelligent services have faced many
problems.

1. Introduction
The software designed for a smart city in every society
simulates human, physical and digital systems in an

environment based on the Internet of Things (IoT),
urban models and user needs, and makes them usable.
However, existing integration methods are suitable for
island applications. Lack of interoperability, data
redundancy, possible interference, lack of integration
and lack of semantic queries are visible in all these
systems. The existing lack of integration makes it very
difficult and sometimes impossible to determine
common requirements. The lack of sufficient
interaction, clarity of features and services, as well as
the required classes, have practically challenged
different software architectures and have faced the
existing software development methodologies with the
problem of determining requirements, including
functional and non-functional requirements. All these
cases have led to the creation of island systems and
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Various factors influence the failure of projects based on
information technology systems. About 24% of the
reasons for the failure of projects based on information
technology are related to the weakness in knowledge,
engineering and management of requirements.
Extracting these requirements, both functional and non-
functional requirements, is a time-consuming and costly
task, and for various reasons, in many cases at the
beginning of the project, these requirements, especially
the non-functional requirements, are not clear and it is
possible that after spending a lot of time and money, the
project fails.

The concept of smart city has become one of the most
popular concepts in the world today, and many
researchers from all over the world are researching it.
Many works have been done on it and many systems
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have been implemented and used in this regard. The
wideness and universality of the smart city structure
necessitates the need to understand the structure and
connections in the smart city, the absence of which has
prevented the creation of a unified structure and
replaced island systems with a unified system. In this
paper, with a complete understanding of the problems of
island systems that lead to data redundancy,
unavailability, low reliability and countless other
problems, for the first time a comprehensive ontology
for the concept of the city Smart is designed which, in
addition to its many strengths, for the first time, will use
the concept of super classes in a smart city based on the
Internet of Things and shows that the smart city should
inherit from these super classes to create a more
integrated system than before.

2. Research Background

When it comes to the smart city and its software
requirements, various opinions and experiences are
presented by the users and experts of this category.
Some of these definitions and experiences are common
and others differ from each other depending on culture,
needs and even political, economic and geographical
conditions. Therefore, in order to understand this paper
more and better, some of these definitions should be
reviewed and re-stated, and in the following, the
concepts of "smart city", "ontology" and "Internet of
Things" will be presented.

A. Smart city

In the last thirty years, "smart city" has been defined
differently by different people. Based on the needs of
communities or existing resources and based on the
level of development of that community, the definitions
of smart city constantly change from one city to another
and between different nationalities. For example, for the
first time, the concept of "smart city" was expressed in
1990, at that time due to the emergence of new ICT
technology in relation to modern infrastructure, the main
attention was focused on the impact of this technology
on cities and people's way of life. [1], while in the
research [2], the smart city is mentioned as a city that is
futuristic in  people, economy, transportation,
government, environment and way of life based on the
smart combination of citizens' activities. It is made
autonomously, independently and consciously. Also, in
[3], he described the smart city as a smarter city: "A city
that uses technology to transform its main systems and
optimize the efficiency of many finite resources. In the
research [4], the integrated model of this city is based on
The basis of six accepted main components and several
main sub-components and three essential meta-
components were introduced in the form of a graph that
showed the cooperation of the components with each
other. According to this research and the review of other
articles, it can be stated that the concept of a smart city
with more than 30 years of age is a developing concept
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that has taken on a new form with the emergence of the
Internet of Things and in such a situation, in order to
search and identify smart solutions for everyday urban
issues and increase the quality of services provided to
citizens requires a close connection between the
information and existing knowledge of the city,
including open knowledge and hidden knowledge, and
sharing them and extracting the services needed by each
community from these entities based on the essence of
existence and the abilities of each entity.

B. Internet of Things

The Internet of Things (IoT) is a paradigm in which
items with actuators, sensors, and processors are
connected together to achieve a specific goal. Users will
benefit from the advancement of high-speed
communication systems in the Internet of Things (IoT)-
based intelligent network that includes analytics,
scalability, and sustainability. The Internet of Things is
a pervasive and global network that connects real-world
items to the Internet and allows them to share the data
they generate[5].

Recently, the Internet has become a new generation
called the Internet of Things, and thus by creating a
comprehensive and self-organized network, it makes
possible the connection between the physical and digital
worlds. A large number of smart objects can now be
identified and addressed while being able to
communicate with each other. In addition, the
integration of cloud infrastructure into the design of the
Internet of Things has taken this brand new technology
to a new dimension, enabling virtualization and service
delivery. Therefore, billions of cloud services with
different performance levels, requirements, and
functionalities are offered in IoT, raising issues related
to their management, discovery, and selection. In the
literature, considerable effort has been invested in
addressing service discovery and selection in the context
of the Internet of Things, despite the lack of
standardization that meets the requirements of the
Internet of Things [6].

With the emergence of the Internet of Things, the smart
city has taken on a new concept and has been able to
make the most of the possibilities created by this new
generation of the Internet. But still the main problem is
the insular systems and countless services that have been
created and are being created, without having a
constructive and integrated interaction with each other.
This is where the relationships between different parts
of a smart city should be identified and specified using
ontology concepts so that services can work together
effectively and seamlessly. The creation and use of
ontologies has become increasingly relevant for
complex systems in recent years[7]. This is due to the
increasing number of use cases that rely on real-world
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integration of disparate systems. The need for semantic
consistency across boundaries and user expectations for
conceptual clarity in evolving domains or systems of
interest are evident in most research areas involving
complex systems[8]. The main challenges in the Internet
of Things (IoT) refer to the diverse capabilities of
objects, the huge amount of data they generate, the
heterogeneity of this data, and the diverse services
provided. For each application domain and for each
vendor, there is usually a proprietary IoT platform for
which no standards are currently found or expected in
the near future. Therefore, ensuring the semantic
interoperability of things between different types of IoT
platforms and applications is one of the major problems
in this field[9].

C. Ontology

Ontology plays an essential role in describing the
standard and sharing the knowledge of the field with the
wide application of ontology [10]. As a philosophical
term, the word "ontology" refers to the study of the
nature of existence. Etymologically, “Onto" refers to
existence and "Logy" is knowledge. Ontology deals
with categories and concepts of existence and
relationships between them. More generally, beyond
philosophy is used as a framework in the study of any
complex phenomenon. Providing an ontology means
providing a description of the categories and concepts
that are involved and specifies the relationships between
these categories and concepts [11]. Today, ontologies
have become a topic of study in computer science and
information theory. By describing a body of knowledge
in terms of primitives, classes, and attributes, we have a
machine-independent way to characterize knowledge.
For example, the Resource Description Framework
(RDF) designed by Brickley and Guha and adopted by
the World Wide Web Consortium is of this type [12].
Such descriptions are important because the same
information may be presented in different formats and
different vocabularies, and entities such as autonomous
agents must have a way of knowing that they are
"looking" at the same object (or related entity). Without
this, we would have silos of information instead of an
interconnected and integrated knowledge base.

Beyond static repositories of information, ontologies are
used in natural language processing for speech
understanding and in artificial intelligence and machine
learning to help systems understand objects and their
relationships. (E.g. Yao et al. used ontologies to build an
artificial intelligence model that predicts side effects of
traditional Chinese medicines [13].

Taxonomy and lexicon are related to ontology. A
taxonomy is a classification of concepts into a
hierarchical structure that may be described as linear,
while an ontology is multidimensional. When a
taxonomy functions in relation to an ontology, the
taxonomy's classification can be related to a broader
ontological classification among categories and
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concepts. A lexicon is a set of terms or vocabulary that
tries to clearly define the elements being represented.
While ontology and lection are related, they also differ
from each other, as ontology is language independent
while lexicon is language dependent [14].

LITERATURE REVIEW

There are many approaches in the research literature to
enable meaningful communication between different IoT
devices in a smart city. These approaches are derived
from the ontologies that have been identified and applied
so far.

Dey and Dasgupta [15] propose an extension of the
OntoSensor ontology in the energy domain to include
spatial and temporal concepts of sensor data.

Woznowski et al. [16] has proposed an ontology for
semantic labeling of activities of daily living (ADL) for
the smart home domain, such as cooking food, brushing
teeth, etc. Their ontology is based on dynamic
segmentation of sensor data for variable time windows.
Identifying simple user activities, these simple activities
are then used to infer more complex activities.

In [17], Lee et al. has proposed a University Activity
Ontology (UAO) in order to identify activities in a
university.

In [18] V. Kumar Murty and Sukarmina Singh Shankar
seek to identify a set of categories and objects belonging
to the symbol of a smart village. In addition, they sought
to express the relationships between objects and
categories, which also form a part of ontology.

In defining the concept of "smart city", the work of
Ramaprasad, Sanchez-Ortiz and Syn refers to the
concept of ontology [19]. Their focus is to set the
definition in a way that clarifies the components of a
smart city and the relationships between those
components. Therefore, it provides the context to
describe the functional architecture of the concept. The
work of Fox et al. takes a similar approach [20].

The rationale for the rural versus urban debate is
explained in Ramaprasad's earlier work on the discovery
phase [21] and is also discussed in Visvizi and Lytras
[22].

Mehdi Kayseri, et al. [23] presented a three-module
framework to solve the problem of heterogeneity, protect
private information and provide high-level services, the
first module includes an ontology and a data storage
model to discover the problem of heterogeneity.

In another research [24], ontology has been used as a
knowledge representation technique in various software
engineering processes to help develop test strategies for
IoT applications.

In another article, an ontology-based approach for
modeling Internet of Things design patterns is
considered, in which an ontology-based framework for
specification and modification of Internet of Things
design patterns is presented [25]. In this approach, an
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analysis of meta-models and ontologies has also been
performed to reduce the gap between the high-level
design abstraction of Internet of Things patterns based on
the Unified Modeling Language (UML) and the formal
ontology.

In another article [26], a proposal for a comprehensive
community-oriented ontology for the interdependent
ecosystem that includes smart cities has been presented.
The importance of such an ontology (more broadly:
Knowledge Organization System or KOS) is applicable
to the integration of many specialized information
systems and insights obtained from machine learning,
which in turn supports the integration and mutual
reinforcement of activities in planning and construction.
The use of smart cities and smart buildings to serve the
real human needs, improving the quality of life and the
efficiency of life activities are the achievements of this
system.

In another research [27] conducted and analyzed the
existing integration strategies and created an ontology
for the integration of Open Spatial Consortium (OGC)
data modeling standards CityGML, IndoorGML and
SensorThings AP

In a review study [28], using a systematic literature
review along with thematic classification and gap
mapping analysis to examine the existing solutions to the
challenges, typology/classification of challenges facing
agile software development in general and In particular,
they deal with challenges in requirements engineering
and how to find solutions. This study covers from 2009
to 2023.

Many other articles were also reviewed [29..39], each of
which dealt with a part of the topic of ontology in a smart
city based on IoT, and based on the studies conducted so
far by the authors of this article, an integrated ontology
for the smart city has not been proposed so far and this
article proposes a complete and integrated ontology
using the opinion of experts.

Methodology And Tools

In order to design and draw the ontology, several
software are used. Each of them has its own
characteristics and its own strengths and weaknesses.
For this purpose, the authors of this article used the
protégé 5.5.0 software that is more coordinate with other
designs, and enables them to design the characteristics
and methods of the classes in the future, and to extract
the meaning and relationship. SPSS software was used
to collect and calculate the statistics of experts' opinions,
which is used for statistical and calculation tasks.

The current research is of the "parallel single method"
type. It should be noted that the parallel single-method
design (like Morse's typology) uses two qualitative
methods at the same time, one of which is the basic
method and the other is the complementary method,
then the results are combined with each other.
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Therefore, the method of conducting this research
includes two steps as follows:

e Qualitative part (first part - basic part) [Meta-
composition: to present the initial conceptual
model of the smart city,

e Qualitative part (second part - supplementary part)
[content analysis]: towards the conceptual
structure of the smart city and its ontology.

The data collection method is document study, opinions,
definitions and semi-structured individual interviews.
The statistical population includes ordinary people as
well as experts and, university professors in the fields of
computer, urban planning, environment, economics,
sociology, and managers and decision makers in urban
issues, which are 124 people with a purposeful sampling
method and the snowball technique was chosen as a
research sample. In order to generate data, a semi-
structured interview method was used, which is suitable
for qualitative research in terms of flexibility and depth.
Each interview lasts from 35 to 50 minutes on average.
After conducting 103 interviews, repetition in the
received observation information; But to be sure, it
continued until the 124th interview and the sufficiency
of the data to produce the conceptual model was
achieved, and as a result, the data collection process was
terminated. Figure 1 shows the main stages of the
research.

arl)

Elsboration ofthe. Reviewine
inital 1 articles, scientific
modsl l databasas, books

Qualitative part (fint par - basic p

Contentansksis | |
mathod

& | platform forin-

3| depth imterview e

SPSS software

Development of a conceptusl model of a smart city

Figure 1: The process of the research method

In order to measure the validity of the extracted
components, the opinions of 60 experts and the fuzzy
Delphi method were used [40]. In this research, Chang's
(1998) fuzzy Delphi method was used in the traditional
Delphi method, first developed by Dalkey and Helme
(1963) in a company and then widely used in many
management fields. One of the advantages of the Delphi
method is its simplicity; because it does not require
advanced math skills, implementation and analysis.
Rather, it requires a person who is aware of the issues
and Delphi technology and creativity in the project. In
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1985, the concept of combining the traditional Delphi
method and the fuzzy theory was presented in order to
improve the ambiguity and inconsistency in the Delphi
method. Triangular fuzzy number is used to include
expert opinions and therefore, fuzzy Delphi method is
established. The maximum and minimum values of
expert opinions are used as the two endpoints of
triangular fuzzy numbers, and the geometric mean is
used as the degree of membership of triangular fuzzy
numbers in order to avoid the effect of finite values. The
traditional  Delphi method requires multiple
considerations in order to reach a consistency in expert
opinions, but the fuzzy Delphi method only requires one
consideration, all opinions can be covered. A five-point
scale is used in this research. Fuzzy Delphi method uses
the geometric mean as a basis for the decision-making
group in order to screen inappropriate factors and avoid
the influence of final values. Also, in addition to
reducing cost and time consumption, this method
enables decision makers to evaluate the fuzziness in the
decision-making process and reach a better result in
agent selection. In the fuzzy Delphi method, information
will be received from experts in the form of written
language and analyzed in a fuzzy manner (Chen and
Wang, 2012). The implementation pattern of the fuzzy
Delphi method is shown in Figure 2.

Choosing experts and explaining the problem ta
them

Preparing & questionnaire and sending it to
expers *

Geffing experts' opinicns and analyzing them
(fuzzy calculations)

Classification of answers and declaration of

agreement *
M
et |5 the agreement well made?
+ res

Praparing a raport from the Dalphi process and
sending it to experts

Figure 2: Algorithm for implementing fuzzy Delphi method
In Table 1, the determined fuzzy numbers are extracted
from Minkowski's equation as equation 1. The fuzzy

average will also be calculated based on relations 1 and
2 shown in table 2.

Table 1: Fuzzy numbers of verbal variables

Verbal | Triangular fuzzy | determined
variables | number (m, a, B) fuzzy
number

very much (0.75,1,1) 0.75

79

Much (0.5.0.75,1) 0.5625
Average (0.25,0.5,0.75) 0.2125
Low (0,0.25,0.5) 0.0625
Very Low (0,0,0.25) 0.0175
f—a
¥ =m+ 1
4 4 (1)

Table 2: Fuzzy average relations

Relation
(1) (ad,a,as) i=1,23,,..,n

n

Relation v, IV, IV,
(2) Agpe = (My, Mz, m3) = (EZ ag rEZ az ’;Z az)
=1 i=1

=1

5.Evaluation and discussion

As mentioned in the previous section, by reviewing the
literature, the components (items) related to the success
in the renovation of the urban context were extracted
from the literature of the research. In order to verify
(validate) the items, a questionnaire was prepared
according to the fuzzy Delphi method and it was
provided to the experts to screen these components and
identify their importance in order to identify the
important components for the development of strategies.
Be specified at first, the opinions of the decision-making
group were collected using a 5-point Likert scale, and
then according to the experts' opinions, a triangular
fuzzy number was assigned to the factors. Next, using
the threshold value suggested in the literature, the status
of each factor (confirmation/rejection) was determined.
156 indicators were extracted and used to design the
questionnaire. Also, an open-ended question was
included at the end of the questionnaire in which the
respondents were asked to mention any effective factor
that they consider important for the purpose of the
research. Second, a questionnaire was used to collect the
opinions of experts in the decision-making group in
order to obtain the relative importance of the effective
factors and their rank. Based on this, information was
collected in two stages. In the first stage, the
questionnaire was given to the expert group members
and they were asked to express their opinion about each
criterion in the form of verbal variables included in the
questionnaire. According to the average calculation
formulas, the fuzzy average and the determined fuzzy
number were extracted. According to Cheng Lin and his
colleagues, if the difference between two polling stages
is less than a very small threshold (0.1), the polling
process is stopped.

Table 3: The results obtained from the opinions of experts in the
smart government subgroup.
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a. Analysis of components and influencing factors

As mentioned earlier, 156 indicators were extracted
from the theoretical foundations as influencing factors,
which were refined using the fuzzy Delphi process.

Table 4: The results obtained from the opinions of experts in the
smart people subgroup.
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Table 5: The results obtained from the opinions of experts in the
smart living subgroup.
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The final results of this method are presented below.
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After gathering the opinions of experts in both stages,
the numerical difference between the two stages was
measured, and if the difference between the two stages
was more than 0.1; we were entering the next stage.
After 5 repetitions, considering that the difference of
variables in two stages for all components was less than
0.1, as a result, the fuzzy Delphi process ended. Some
items were removed based on experts' opinions. The rest
of the species were not removed and the experts
confirmed the items and these items were confirmed
based on the opinions of the experts.

In the smart government subgroup, as shown in Table 3,
the network technologies were not approved by the
experts due to their inheritability, and other items were
approved by the experts.

In the smart people subgroup, as shown in Table 4,
Smart technical skills, Smart innovation and creativity
and smart food were not approved by the experts due to
the lack of evaluability and the special nature of these
cases, and other items were approved by the experts.

Table 6: The results obtained from the opinions of experts in the

smart transportation subgroup.
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In the smart living subgroup, as shown in Table 5, Smart
ethnic relations was not approved by the experts due to
the lack of evaluability and the special nature of this
case, and other items were approved by the experts.

In the smart transportation subgroup, as shown in Table
6, all items were approved by the experts.

In the smart economy subgroup, as shown in Table 7,
Smart mines and smart seeds were not approved by the
experts due to the lack of evaluability and the special
nature of these cases, and other items were approved by
the experts.

Table 7: The results obtained from the opinions of experts in the
smart economy subgroup.
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Smart
companies and Confirmed 0.044792 End

cooperatives

Smart export

. Confirmed 0.066667 End
and import

Smart startups Confirmed 0.059375 End

Smart research
and Confirmed 0.073958 End
development

Domestic
manufacturing Confirmed 0.063542 End
industries
Smart light and Alternate Confirmed 0.039583 End
heavy industries Packaging Confirmed 0.054167 End
Industry
Assemble Confirmed 0.058333 End
Mines N.A -0.04271 End

Smart location Confirmed 0.036458 End

Tourist Confirmed 0.070833 End
Smart tourist Health Confirmed 0.088542 End
industry Religious Confirmed | 0.078125 | End
Marketing Confirmed 0.078125 End
. Markel- Confirmed | 0.038542 | End
Smart selling making
Market-place Confirmed 0.054167 End
Planting and | copfimed | 0.085417 | End
harvesting
Smart. Confirmed | 0.082202 | End
Smart irrigation
agricultre | Smart pest | oo pineg | 0.023958 | End
control )
Smart seed N.A -0.07188 End
Smart animal | cougemed | 0.064583 | End
husbandry
Smart banking Confirmed 0.082292 End
Financial Smart Confirmed | 0082292 | End
systems investment
Smart

B Confirmed 0.082292 End
insurance

In the smart environment subgroup, as shown in Table
8, biological sensors and connection tools were not
approved by the experts due to the lack of evaluability
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and the special nature of these cases, and other items
were approved by the experts.

Table 8: The results obtained from the opinions of experts in the
smart environment subgroup.
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0.086458 |

Smart sea
and ocean
monitoring
AN

0072143 |

Smart
monitoring
of rivers
AN

0.06941 End

Wildlife
environ
ment
AN

0072138 |

Domestic
and wild
animals

AN

0.08674 End

Smart waste
disposal
and recycle
A

0063148 | ¢

Smart control
of noise
pollution
AN

parks v 0.0743592 End

green
City

green belt v 0.068201 End

0.06392 End

Smart pollution control

Drinking
water
AN

0053274 | End

Smart
energy
consumption
\

0054213 | End

Smart
distribution of
water, electricity
and gas
AN

End

Smart energy

0.058192

Smart
monitoring

of energy
consumption
AN

Solar v 0.067 End
Energy
Wind v 0.043621 End
energy

Other clean 0.06702 End
energy v

sources
nuclear 0.05611 End
energy

Renewable energies

In the model presented for the integrated smart city in
[4], three super classes were proposed, but two of these
classes were changed by the experts and three classes
specified in Table 9 were unanimously replaced.

Table 9: The super classes obtained from the opinions of experts in
the smart city.

2 £ 8%, Z
o 2 ., 27 ST 0 °
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5 g £3° k|
O S =2 2]
Knowledge Confirmed 0.036458 End
@
S
2 10T Confirmed 0.091667 End
@
Reliability Confirmed 0.082531 End

The final result of fuzzy Delphi indicated that 156
components were examined and 12 components were
removed from the stated components based on experts'
opinions, and 144 components were identified as
effective factors that can be the basis of ontology
production. Due to obtained results, smart city could be
considered and recognized and used as the main classes
of this framework.

As mentioned in the previous sections, the 6-part
structure of the smart city is currently approved by the
majority of users [4], and therefore, in the first step,
according to Figure 3, the class of the smart city can be
considered as the main class, and the 6 approved parts
can be inherited from it. According to experts, this main
class will undergo major changes in the future.

=
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Figure 3: Inheritance of the 6-part smart city model

i.  Smart economy

Smart economy refers to a set of factors that give the
economy growth and competitiveness. These sets
include e-commerce, creative services based on ICT,
smart cooperative companies, smart exports and
imports, smart startups, research and smart
development, smart light and heavy industry, smart
tourism industry, smart sales, smart agriculture and
financial systems. Based on the division and results
mentioned in Table 3, the smart economy can be
considered as the root of the tree and other
subclasses can be inherited from it as shown in
Figure 4.
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Figure 4: How to inherit sub-classes from the smart economy

The specified subclasses for smart economy are divided
into other subclasses according to experts, and the
inheritance hierarchy in Figure 4 is clearly visible.
Certainly, in any society or country, based on the
economic needs and priorities of that society or country,
new classes can be defined, classes can be merged or
separated, or a part of it can be ignored. In other words,
the drawn inheritance tree can be localized for any
society.

i. Smart environment

Perhaps, the smart environment can be called one of the
most important components of the smart city, which has
attracted many researchers to provide efficient models
to improve the living environment. The intelligent
environment brings broad concepts including health and
healthy living conditions. The most important factors
involved in the smart environment can be considered as
increasing the quality of natural resources, health,
pollution control and monitoring, smart advertising,
energy distribution networks, smart energy and smart
buildings. Again, based on the opinion of experts, the
inheritance tree can be drawn according to Figure 5.
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Figure 5: How to inherit the components of the smart environment

As shown in Figure 5, the most important components
of the smart environment are placed at level 1 of the
inheritance tree, and each one is divided into other
subclasses based on the amount of use and the number
of factors, and inheritance continues to lower levels.
Again, other researchers can localize the inheritance
form and the tree based on their preferences.
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ii. Smart government

Today, the smart government, which is used in place of
the electronic government, as well as the digital
government, has its own definitions. Conceptually and
functionally, the smart government is at a higher level
of abstraction, just as the digital government is at a
higher level of abstraction than It is located in the
electronic government. If the government and digital
governance pursue the lofty goal of reforming the
process, the governments and smart governance of the
future will definitely seek to improve democratic
processes and public services through emerging
technologies, and this is where the position of digital
policy is to achieve these goals. It becomes bold. In
digital policy, the main goals should be, first of all, the
discussion of clearing thoughts to create new principles
and rational attitudes in order to understand digital
developments, and also the identification of
beneficiaries, both at the national level and at the
regional and world level, should be considered with
priority and the principles of preserving national
interests, and at the end, policy making following the
retrospective method to create a new world should
express an institutional mapping or the digital road map
of the society. For this purpose, the most important
elements that can be mentioned are smart municipality,
smart laws, technology infrastructure and decision-
making based on wisdom and collective knowledge,
smart government services, smart management, data
transparency, as well as integration and avoiding
isolated services. Figure 6 depicts the classes and their
inheritance.
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Figure 6: How to inherit sub-classes from smart government classes

As seen in Figure 6, the related main classes or smart
government are located at level 1 of the tree and each
has its own subclasses, which clearly shows the way of
inheritance. Different governments can localize and use
the suggested inheritance tree in their government based
on their policies and thinking principles and short-term,
medium-term and long-term policies.

1il. Smart transportation
Transportation in big cities is a growing challenge for
travelers and city officials. With the benefit of new
technologies, intelligent transportation systems provide
proper management and response to traffic conditions.
The intelligent transportation system can make a
significant difference in the way passengers travel in
dense urban areas and provide better and safer services
to city residents, and also save money for municipalities.
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With smart shipping. Municipalities have new
opportunities to incentivize green and efficient modes of
transportation, reduce congestion, and improve quality
of life. Help in saving costs, providing better services to
citizens and better management of safety and security.
Therefore, this system becomes an essential element
among people. Using technologies such as electronic
devices, wireless, and the Internet, smart urban
transportation provides access to more accurate, safer,
and faster travel between two points in a large city, with
richer information and greater control. It provides traffic
flow for city authorities. Smart transport infrastructure
is often recommended as the first step towards becoming
a smart city.

The intelligent transportation system achieves traffic
efficiency by minimizing traffic problems. Having prior
information about traffic, a user can easily get real-time
information, seat availability, etc., which reduces the
travel time of passengers as well as their safety and
comfort.

Smart transportation is one of the most important
components of a smart city to improve the quality of life
of citizens and improve sustainability, and the
movement of cities towards smartness often begins with
the establishment of smart transportation infrastructure
in the form of a smart transportation network. Among
the important benefits of smart transportation, we can
mention things such as quality of life, reduction of
pollution, safety and security of public transportation.
For this purpose, Figure 7, considering smart
transportation as the main class, draws the required
components and subclasses and shows how to inherit
them.

Figure 7: Classes and their inheritance in smart transportation

As seen in Figure 7, the considered main classes are
divided into several subclasses and inherited according
to experts' opinion. It can also be said that different
communities can localize these classes based on their
requirements.

iv. Smart people
The goal of Smart People in the Smart City is to
transform the way citizens interact — through

information or service delivery — with the public and
private sectors as individuals or businesses. Creating
social and digital equality through education is an
important precondition for more efficient provision of
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information and services based on new technologies.
Smart People includes smart forms of education to
facilitate career choices, job opportunities, vocational
training as well as lifelong learning for all age groups
and demographics. Cultivating talents is also an
important aspect from the point of view of economic
development. Smart people solutions support the
creation of an accessible and inclusive environment to
increase prosperity and innovation in a city or
community. Participation, open mind and creativity are
aspects that are possible or cultivated by implementing
the solutions of smart people in a smart city. Citizens of
smart cities should know how the data obtained from
them will be used. People should know what the
advantages of these cities are and how they can make
the best use of them. In other words, citizens' digital
literacy should be increased and people should become
"smart". In this way, according to Figure 8, the most
important classes and their subclasses can be displayed
for smart people.
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Figure 8: Classes and their inheritance in smart people
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As can be seen in Figure 8, the most important
subclasses for smart people are placed at level one
according to the opinion of experts, and each of these
classes is divided and inherited into many other
subclasses, depending on its importance and extend. The
people of each society can localize these classes and
their inheritance method based on their culture and
requirements.

V. Smart life
Smart life does not mean living with wise robots or
equipment that do their work by themselves, but smart
life is a vital solution for optimal use of modern
technologies. The concept of smart life seeks to realize
three principles in people's lives: facilitating people's
way of life, maintaining their health and at the same time
protecting the environment. There are many
technologies whose potential losses have been fully
proven in long-term applications or in uncontrolled
conditions. In the concept of smart life, different aspects
of using a technology are fully considered and it will be
used in the safest possible way to minimize the
possibility of creating risks for people's health.
Undoubtedly, computers and computer networks play a
very important role in the realization of intelligent life,
but these components themselves have undergone many
changes so that they can be placed in a position where
their destructive effects on human life are minimized. In
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this way, you can draw the subtree of smart life as figure
9 and specify the classes and their inheritance.

Smart_library Smart_Sportcent
Smart_cultural_ T ars
center 1

- \ Religious_place
Recreational pl Y < 5

apes * \ -
Smart_Showhall | . Smart_social Ca
pital

N Ancient_places
> “ ]
T
Smart_suburbani | -
zation A Smart_Pravantio

i

Smart_Nursingho . T T
me I i smart_living — Smart_Accomodat

Ty

Smart_advertisi =
b o e
g curity

- el \
Smart_Psycologi Smart_family_so
calsecurity ciaty_Security

Figure 9: Classes and their inheritance in smart life
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As can be seen in Figure 9, the main classes are drawn
based on experts' opinions and other classes are
subclasses and are inherited from the main classes.
Based on the social, cultural needs and expectations of
each society, subclasses can be localized and used for
that society.

Vi. General super classes of the smart city

In a smart city based on the Internet of Things, several
components appear in common in all models. These
components include dependability and all its concepts,
internet of things and all its concepts, and finally,
knowledge with all concepts in it. Since these three
components are used as three main classes in the entire
structure of the smart city, they should be considered as
three super classes that the main class of the smart city
inherits from all of them and in each of the subclasses of
the smart city, Depending on the needs of the subclass,
appropriate properties and methods should be added to
it. This inheritance can be seen as multiple inheritance
in Figure 10.
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Figure 10: Multiple inheritance of smart city from super classes

As seen in Figure 10, the smart city has multiple
inheritance from the three mentioned super classes.
Each super class includes several main subclasses.
Reliability, availability, safety, integrity,
confidentiality, and maintainability are considered for
dependability. Internet of Things includes subclasses of
hardware architecture, data processing and analysis, and
data transmission. For knowledge, knowledge
engineering and knowledge management subclasses are
included.
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Therefore, the overall overview of the smart city can be
shown in Figure 11.
7
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Figure 11: General header of Smart City

As can be seen in Figure 11, the three super classes of
reliability, Internet of Things and knowledge are placed
at the top, and the smart city class has multiple
inheritance from all of them, and it is the main
subclasses of the smart city, which are the same 6 main
components. , inherits. In this way, by putting all the
classes together, the proposed ontology of the smart city
can be presented as shown in Figure 12.

As can be seen in Figure 12, the general structure,
classes and their inheritance method are given in the
whole structure of the smart city, thus forming a
comprehensive integrated system. It is noteworthy to
mention that the structure of the presented ontology is
based on the results of the consensus of experts' opinions
and other researchers of any society can use it as a basic
reference model and based on social, cultural, economic
needs and current policies to localize it in their
community.

Figure 12: Proposed ontology of smart city

vii. CONCLUSION AND FUTURE WORKS

The concept of smart city has become one of the most
popular concepts in the world today, and many
researchers from all over the world are engaged in
research on it. Many works have been done on it and
many systems have been implemented and used in this
direction. The breadth and universality of the smart city
structure necessitates the need to understand the
structure and connections in the smart city, the absence
of which has prevented the creation of a unified structure
and has replaced island systems with a unified system.
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The authors of this article, with a complete
understanding of the problems of island systems that
lead to data redundancy, complete unavailability, low
reliability and countless other such problems, for the
first time, using collective wisdom and expert opinion,
a comprehensive ontology designed for the concept of a
smart city, which, in addition to its great strength, for the
first time used the concept of super classes in a smart
city based on the Internet of Things and showed that the
smart city must be inherited from these super classes to
make the system more integrated than before.

Considering the ontology presented in this article, there
is an urgent need to create and present appropriate
proposals to complete the structure, create new classes,
merge or break up classes. Also, the important features
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