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Abstract

:

In the current era, Smart City projects have to deal with big social, ecological, and technological challenges such as digitalization, pollution, democratic aspirations, more security, etc. The higher involvement of multi-stakeholders in the different phases of the projects is one strategy, enabling a variety of perspectives to be considered and thus to develop a shared vision of the city. Paradoxically, the dynamic and multiple natures of stakeholders appear to be a source of complication and uncertainty in the decision-making process. This study aims to provide a better understanding of this paradox and uses a systematic literature review methodology, as an original big data analysis, in order to investigate decision-making methods, enabling communication between multi-stakeholders, especially the involvement of citizens, into various phases of Smart City projects. Beginning with 606 papers, a bibliometric process led to the selection of 76 of these articles. Detailed analysis of these documents generated a general map for applying different decision-making methods at various levels of decision and implementation phases.
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1. Introduction


Cities are places wherein different interrelated characteristics of ecosystems cohabit and interact. As a system, cities have become increasingly complex due to unpredictable behaviors and the existence of non-linear relationships between their constitutive elements [1,2]. A sustainable process of urban transformation into a Smart City requires co-operations supported by Information Communication and Technology (ICT) infrastructures, but also the integration of other dimensions, such as sustainable development, green growth, and collaborations between multi-stakeholders on multiple levels [3]. Therefore, making decisions in the context of Smart Cities has become more complex than ever due to the wealth of information available, both qualitative and quantitative data coming from various sources, and the involvement of multi-stakeholders with often conflicting objectives and dynamic interactions at different phases of these projects. For this reason, it is important to study how urban projects became smarter through the wise management of natural resources and participatory governance with the involvement of multi-stakeholders such as citizens, users, engineers, researchers, elected representatives, etc. A large number of new ideas, techniques, and approaches have contributed to the field of research on decision-making in smart cities in recent years [4]. However, no general consensus yet exists on the optimal decision-making tool to use to support stakeholders at each level of decision-making, each stage of the project, and for each particular context.



Therefore, this paper aims to propose a systematic literature review of formalization tools for decision-making processes in collaborative smart city projects. To achieve this, 606 research articles published between 2005 and 2018 extracted from the Scopus® database were found and analyzed using a co-occurrence approach conducted with VOSviewer software. Thus, among this huge panel of scientific data, 76 significant references in terms of different decision-making methods were selected and then sorted according to the main characteristics of smart cities. Based on the categorical reviews in [5], decision-making methods were classified into four groups: multi-criteria decision-making (MCDM), mathematical programming (MP), artificial intelligence (AI), and integrated methods (IM). In this study, decision making methods were reviewed according to three aspects: (1) levels of decision-making, (2) phases of implementation, and (3) involvement of and negotiation between stakeholders. This review, supported by algorithms and database analysis, is necessary to increase the understanding of how decision-making methods are applied in smart city projects and, subsequently, to inform researchers how to choose the correct approaches in order to formulate and optimize the decision-making process.




2. General Background


2.1. Smart Cities and Their Main Characteristics


Cities are increasingly growing to become larger and more complex than ever. As a consequence, dealing with issues such as mobility, pollution, health risks, or new infrastructures, among others, can often no longer be treated exclusively by city authorities, merely with traditional top-down approaches, and so increasingly the city authorities choose to integrate the active participation of end users and other stakeholders. A Smart City is considered as a city seeking to address public issues via ICT-based solutions on the basis of a multi-stakeholder and municipally-based partnership [6]. Several project management and urban studies have investigated citizens as users and stakeholders of urban projects [7].



In another definition, the Smart City is considered to be a well performing and forward-looking city using the smart combination of six main characteristics: economy, people, governance, mobility, environment, and living [8]. These characteristics form the framework for assessing the performance of smart cities. Smart economy focuses on economic factors related to competitiveness and integration of firms such as innovation, entrepreneurship, symbols, efficiency, and flexibility of the labor market in both the national and international marketplace. The term smart people represents quality of life, level of education of citizens, and the ways in which they integrate and interact with others in an open life. Smart mobility refers to the use of available and accessible ICTs in modes of transportation and transport systems. Attractive natural conditions (e.g., climate, green space) as well as managing and protecting natural resources are the important aspects of the smart environment. Smart living focuses on other aspects of life in a city, such as culture, health, security, housing, tourism, etc. Finally, smart governance comprises aspects of political participation and services for citizens that facilitate the involvement of citizens in transparent processes promoting collaboration, data exchange, service integration, and communication. Some studies identify smart governance as the core in determining the success or failure of projects [9] or one of the driving forces in the Smart City framework that fosters the innovation and sustainable economic development [10].



The role of governance in a Smart City not only focuses on adopting new technologies but also on improving the transparency in sharing data and decision-making. The contribution of stakeholders, especially citizens of the smart city is based on their ideas for the future development policy. Therefore, smart governance is also considered as participatory governance or citizen-centric governance. In a Smart City, Information Communication and Technology (ICT) plays an important role for policy makers to collect data and govern the city in a better way with well-informed decisions and adequate policies [11]. This leads to the data-led governance in a Smart City that is affected by the internet of things (IoT), sensors, and big data. Smart City governance is inherently complex, with the multi-context and multi-level ecosystem of various stakeholders who are often driven by conflicting interests [12]. These dynamic and multiple natures appear to be a key source of complexity and uncertainty in decision-making processes [5].



This generates a need for effective decision-making tools for dealing with complex and sometimes conflicting issues in urban development projects [3]. In the following paragraphs, the types of decision-making methods as well as the levels of decision-making and the phase of implementation of the project considered in the present study are presented and described.




2.2. Categories of Decision-Making Methods


Based on categorical reviews proposed in [5], decision-making methods are classified into: Multi-criteria decision-making, mathematical programming, artificial intelligence, and integrated methods.



Multi-criteria decision-making (MCDM) is a multi-step process consisting of a set of methods to structure and formalize decision-making processes. These allow decision-makers to find the best compromise among a set of possibilities by assessing these possibilities simultaneously according to multiple dimensions (criteria). However, MCDM is considered a steady-state method, providing snapshots of hotspots based on historical data. This method therefore does not provide projections or future trends, nor does it take into account the interactions of different metrics, outputs, and parameters over time [13].



Mathematical programming (MP) methods optimize objectives by considering the constraints and various issues within which stakeholders must make an effective decision. Several optimization methods, such as goal programming, linear programming, stochastic programming, and data envelopment analysis have been applied in this area. A significant problem with using mathematical programming methods, however, is that most MP methods are too complex for practical use by non-expert stakeholders [14].



In order to overcome limitations in MP models relating to dynamic complexity and nonlinear properties, great advances have been made in computer techniques, particularly the use of complex analysis and artificial intelligence (AI) methods such as cellular automata, multi-agent systems, swarm intelligence, genetic algorithms, simulated annealing, Bayesian networks, and reasoning systems. These methods are based on computer-aided systems that perceive the environment and take actions as a human would [15]. These methods are widely accepted to tackle complex and dynamic problems in urban studies by using Information and Communications Technology-based solutions and highly advanced computer programs. There is also the integrated methods (IM) methodology which seeks to combine the advantages of the afore-described methods.




2.3. Level of Decision-Making


In the context of the smart city and urban projects, decisions are made on three main levels: strategic, tactical and operational [16,17]. This multi-level governance is used as an analytical framework to analyze how smart city authorities deal with complex issues, and how stakeholders are connected [17].



The strategic level of decision-making is the basis for tactical and operational decisions [18]. The strategic level includes processes and activities for setting long-term goals, policy development, visions, or values for the overall development of the city as a whole.



The tactical level considers medium-term mid-level decisions to achieve the results specified at the strategic level. This level refers to the development of concrete green-space related agendas and all actors who regularly deal with programs, funding, and establishment of networks and partnerships. These actors include planners, universities, etc.



Finally, the operational level corresponds to experiments and actions with a short-term vision, which involve the implementation of goals and execution of concrete projects [19]. Operational decisions are mostly used to give operational solutions or to assess results obtained by low-level managers in smart cities [20].




2.4. Phases of Urban Process: From Concept to Model, Experimentation, and Assessment


The term process in various concepts of smart city government is defined by the ways in which stakeholders interact to exchange information, communicate, collaborate, or implement decisions [12]. In the work of [21], implementation is described as the process of putting a decision or plan into execution. The names of phases of implementing urban processes differ across nations, cultures, and scopes of studies. For example, in the French system, an urban process includes six stages, beginning with the emergence of a problem, formulation of the problem, technical formulation, formulation of a solution, implementation of the solution, and finally, appropriation of the solution [22,23]. Meanwhile, three stages, concept, development and implementation, are used to assess urban ecosystem services [24]. As the stakeholders involved have different information and knowledge of the problems, their complex decisions should be exposed to negotiation in various phases of the process.



In this study, the authors consider phases of implementing solutions as a process of four phases: conception, creating a model, experimenting to test the model, and assessing the model solution. This generic process is defined as a maturation and development process for real-life processes toward final forms that are marketable and can be completely adopted by users [3]. In an industrial setting, concepts are the first collaborative products at the early stages of design. Concepts enable an improved formulation of the meaning, planning, and program of a project [25]. Based on concepts, models are executed as a representation of a system using general rules. In the scientific method, an experiment is an empirical procedure which arbitrates models [26]. Researchers use experimentation to test existing models from trial to real-life conditions in order to support or disprove them. Finally, it is important to gain an assessment of solutions from multi- stakeholders, including citizens or users, so as to embrace as many points of view as possible and make a robust decision based on a broad range of knowledge of the situation.





3. Materials and Methods


In this study, the approach was the systematic literature selection process using different filters to narrow the number of scientific publications relating to decision-making in Smart Cities. Figure 1 shows a flow diagram as a process including four filters with different search strategies and exclusion criteria. The large number of articles collected after the first filter form the data for a qualitative data analysis carried out by VOSviewer® software. VOSviewer is freely available software at www.vosviewer.com. This software tool provides bibliometric mapping based on a network of keywords. It implements the mapping technique, and co-occurrence data analysis following a similarity matrix [27]. The VOS (visualization of similarities) mapping provides a high quality of visual representation to explore the maps in detail by offering zooming and scrolling options. Finally, publications selected after the fourth filter were retained and used for a quantitative review.



3.1. First Search Strategy: The First Filter


This step consisted of defining the first filter as a search equation, which was composed of keywords, period of time, database, and type of documents to be analyzed (Table 1). The keyword field was divided into two complementary parts. The first concerned “decision-making”, and the second “smart city”. These keywords were defined according to a preliminary literature review [16], whereas the period of time was selected from the year 2018 backwards. The focus was only on articles and conference papers; therefore, unpublished articles, working papers, and magazine articles were excluded during the data refinement process.



After applying the first search strategy, 606 initial scientific publications were found in the Scopus® database. The whole database of 606 papers according to their title, keyword statistics, citation counts, author names, and affiliations were collected and exported from the Scopus website into a CSV data file. The data were then uploaded to the VOSviewer software. This large amount of data constituted the input for bibliometric mapping and conducting a network of keywords and their relatedness by means of co-occurrence analysis. This result is discussed later in Section 4.1.




3.2. Second Search Strategy: The Second Filter


In this search equation, the proximity operator “w/50” was used between two sets of keywords: “decision-making” and “smart city”. This is a search tip provided by the Scopus website to make sure all search terms appear in the title or in the same paragraph. By using this tip, the number of selected publications was narrowed down and the topic of these studies was more relevant to the present objectives. In this step, the period of time searched, database, and type of documents were similar to the first search step. After applying this search strategy, 213 potential publications were found on the Scopus database.




3.3. Third Filter


The number of publications was subsequently selected or excluded using support tools available on the Scopus website. The three main exclusion criteria were: language other than English, duplicates, and absence of abstract. The 204 remaining scientific publications were used to constitute the initial data statistics.




3.4. Fourth Filter


There were several works unrelated to the Smart City topic in 204 scientific publications from the previous filter. Several reviews and theoretical studies did not perform a concrete method to make a decision or lacked practical contribution in projects or case studies. In order to choose the most relevant papers, a filter was performed based on reading and analyzing the abstracts of these 204 selected articles. From this, articles using different methods to formulate decision-making processes in concrete smart city projects were retained and listed herein. These 76 selected papers were carefully reviewed and selected strictly according to the category of decision-making methods formulated above, levels of decision-making, and phases of implementation of smart city projects. The result of this quantitative analysis is discussed in Section 4.2.





4. Results


4.1. Qualitative Review: Data Statistics Generated by VOSviewer


The 606 publications selected from the first search strategy were transferred as bibliographical data to the VOSviewer software. These bibliographical data were used to develop a network of keywords by co-occurrence links. The whole network of keywords and their links is mapped out in Figure 2. In this network, the circles are a representation of keywords and the diameter of circles represents for the frequency of occurrence of each keyword. The distance between two keywords indicates their relatedness in terms of co-occurrence links. These co-occurrence links were determined based on the number of documents in which keywords occur together. So, the closer two keywords are located to each other, the stronger their relatedness.



In the network, a collection of keywords having a strong relationship creates clusters, each presented with different colors. Using all the keywords in one cluster for the search equation in the Scopus database, a list of papers was found that represented the research trend of each cluster. The seven main clusters of networks identified by VOSviewer are described in Table 2, which includes the color, components of clusters, some example publications, and current research mentioned in each cluster.



After exploring the cluster network, it is interesting to continue to discover the distribution and evolution over time of keywords in the network. Using the overlay and density visualization of VOSviewer, the same network could display the total occurrence and time period of research of each keyword. In Figure 3, colors are defined by the average publication per year of each keyword, with yellow representing the most recent and dark blue representing the oldest. It can be observed that the present research issue is a recent topic with an average time of publication ranging between 2016 and 2018. Clusters on the left emerged mainly in 2016, while the internet of things-based solutions and application of decision-making methods (such as MCDM, computing, or artificial intelligence) are now beginning to attract interest among academic communities. Figure 4 also shows the low density of focus on decision-making methods compared to other topics (Red circles). Therefore, this leads to a demand of studies focused more on application of decision-making methods in order to formulate the problems of smart city projects.




4.2. Quantitative Review: Document Analysis


A methodological analysis was applied to sort the selected articles according to Filter 4 of the literature selection process. Appendix A provides detailed information of the 76 papers retained. This provides an overall summary of the four groups of decision-making methods discussed in the set of selected journal articles. The level of decision-making (strategic, tactical, or operational level) was also identified. Then, the methods used to formulate the decision-making process for different phases of Smart City projects (see Section 2.4) were analyzed.





5. Discussion


5.1. Trend of Publications


Figure 5 shows a notable increase in published studies regarding decision-making processes in Smart City projects over the past 10 years. The evolution of the 76 selected studies over the years is represented in column data. In order to compare this trend, the red line represents the total 213 articles collected from the Scopus database after the second filter of the selection process was applied and the yellow line represents normalized data. The normalization process starts from the actual number of publications per year that were published at https://dblp.uni-trier.de/statistics/publicationsperyear. After computing the increase rate for each year, we normalized the data from the Scopus database.



In general, the evolution begins with a handful of papers per year in the period of 2008 to 2011, then rises dramatically from 2012 and peaks in 2018. Around half of these studies address individual problems, while the remaining works were related to collaborative decisions. The detail analysis on group decision-making is presented in the next section.



Figure 6a shows the percentage of publications according to their scope, based on the set of main characteristics of smart cities. It highlights the dominance of studies pertaining to smart mobility and smart environment, which amounted to 38% and 27% of the publications, respectively. As mentioned in the literature, smart government plays an important role in smart city projects [9], however, only 8% of the articles focus on this topic. To close this gap, it is necessary to increasingly pay attention to creating smart governance models in order to improve multi-stakeholder participation in decision-making processes.



Figure 6b illustrates how, between 2008 and 2018, a considerable number of articles used MCDM and MP for Smart city projects. On the other hand, applying AI methods in urban decisions was not yet a popular trend in this period, with only 17 related articles. AI methods are usually combined with ICT-based tools to quickly analyze operational data and improve urban decisions [42,43]. In terms of AI methods, there are only four works in total applying agent-based methods, such as a the multi-agent system or agent-based model, to provide a decision support system in an automatic and robust way [44,45]. In addition to this, it can be observed in the review that the majority of studies mentioning IM methods demonstrate a combination between MCDM and other methods to formulate urban decision-making processes. This trend also attests to the overwhelming majority of MCDM methods used in this research area.




5.2. Level of Decision-Making


Figure 7 shows that MCDM is a popular method at a strategic level. MCDM methods are widely used in strategic planning to analyze and interpret the multiple interactions underpinning complex urban environments [46,47] or to select the most suitable solution as a recommended strategy for public sectors [48,49].



Meanwhile, MP and AI are mostly applied to develop ontologies and tools supporting operational and tactical decision-making with concrete objectives. For example, MP methods are applied to create data aggregation and service production for smart city projects [50,51]. MP methods also contribute to assessing and optimizing energy efficiency [52,53] or spatial data infrastructure projects [54,55]. Beyond this, AI methods provide the potential for solving high levels of complexity in the modeling process. For example, AI methods quickly analyze operational data to provide new insights and improve decision-making in the industrial system [42] or various social science theories of human behavior [44].




5.3. Phase of Implementation: From Concept to Model, Experiment and Assessment


Figure 7 also shows that MCDM and integrating MCDM with other methods are used in all phases of urban projects, from concept to experiment and finally, assessment of solutions of decision-making tools in real-life practices. This method is a holistic procedure for smart city projects on multiple levels, providing and using a multi-criteria perspective. Decision-making tools are provided to support the diagnosis, selection, and final assessment of measures and scenarios that enable the mass-market deployment of energy-efficient projects [56]. In another example, the multi-actor multi-criteria analysis methodology is fully explained to assess urban freight solutions in order to appraise their chance of success [48]. Case studies in these articles are considered as references for the large demonstration cases in smart cities.



Meanwhile, MP and AI are mostly applied to developing tools at the beginning phases of the implementation processes. Several levels of models from conceptual to scale are designed and executed within smart cities. However, there is a gap between modeling the decision-making processes and experimenting with and assessing such models. MP and AI methods are usually used as a representation of a system to create a model and prototype in a real-life context that enables the visualization of internal relationships within collaborative platforms [52,54].



Figure 7 also depicts the main publication journals related to the levels of decision-making and phases of Smart City projects between 2008 and 2018. As can be seen, most studies in this period developed a build concept and executed the model. Of the 76 studies examined in this review, only 16 studies were found to experiment with their decision-making tools in a real-life context. Of these 16 studies, six articles related to the assessment of decision-making tools made by multi-stakeholders or the author only. These results imply that decision-making tools are mainly executed at the beginning of the implementation process of urban projects. The involvement of multi-stakeholders in this assessment process is an extremely important aspect, as will be discussed in the next section. Moreover, from this review, some supplementary aspects can also be underlined.




5.4. The Involvement of Citizens and Other Stakeholders in Group Decision-Making


A large number of new ideas, techniques, and approaches have all contributed to emphasize the importance of involving stakeholders, in particular users and citizens, in the development of collaborative decision-making processes for smart city projects.



Even though around half of all the studies concerned group decision-making, most of the decision-making tools and toolkits were modeled and executed by experts or authors alone. Out of all the papers, only 19 (i.e., 28%) explored the involvement of multi-stakeholders. In cases where stakeholders were involved, they were rarely given the opportunity to negotiate and reach a higher level of agreement. In some cases, they merely debated or negotiated in several rounds [30] instead of compromising to reach a consensus. Processes for reaching a consensus are not a new concept in social science. However, according to the present literature review, the term “consensus” is only cited in a few articles. The decision-making methods that support processes for reaching a consensus are usually MP or AI methods [31]. The reason for this is that programming and computer-aided systems are available to solve complex and dynamic problems in negotiation processes when people are in conflict and also for compromising to share decisions.





6. Conclusions


In many studies, urban and smart city projects have been considered within complex contexts and over long time scales that revealed multi-stakeholders and organizations with conflicting interests. Therefore, smart city planning and decision-making are not only data-driven multi-level scaling practices, but are also a collective learning procedure supported by advanced ICT-based technologies and visualizations of available data, constant processes, and local history and stories [57]. In order to increase the efficiency of discussions and negotiations, there is a need for situational-awareness tools and approaches enabling collaborative decision-making processes that deal with the complex nature of smart city projects.



In this study, a systematic literature review methodology with four filters was used to narrow the number of potential articles collected from the Scopus database. Starting from a huge database of 606 papers, collaborative decision-making methods in smart city projects was undertaken through the qualitative analysis of 76 selected research documents.



This literature study contributes a general mapping of different decision-making methods applied at the levels of decision-making and the phases of implementation. The main contributions of this study are the following:




	-

	
Even though smart government with citizen participation is an important characteristic of a smart city, few articles focus on this issue.




	-

	
MCDM is a popular method at every level of decision-making and throughout all stages of smart city projects. Meanwhile, MP and AI are widely used for making operational and tactical decisions.




	-

	
Regarding the implementation process, several papers cover all phases, from concept to modelling and assessing decision-making tools. However, assessing solutions, the final phase, tends to lack efficient engagement of multi stakeholders, especially citizens.




	-

	
The involvement of multi-stakeholders is not considered in most phases of smart city projects. In cases where they are involved, there is a lack of decision-making tools supporting the negotiation between stakeholders.




	-

	
As evidenced in Figure 7, the research efforts in this field remain in conceptual ideas and models.









Hence, there is an opportunity for future work to focus on smart government supporting the involvement of stakeholders, especially citizens, in decision-making processes and on the best ways in which to negotiate to reach a consensus. A combination of the wide applicability of MCDM methods and the capacity of mathematical and computer-based methods to solve complex problems could potentially produce an effective methodology for optimizing complex and dynamic decision-making processes in smart city projects.
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Table A1. Publications summary. (O—Operational; T—Tactical; S—Strategic; C—Concept; M—Model; Ex—Experiment; A—Assessment; MS—Multi-Stakeholder involvement; I—Individual; G—Group; en—environment; pe—people; li—living; eco—economic; mo—mobility; go—government; DEMATEL—Decision making trial and evaluation laboratory; MAUT—Multi-Attribute Utility Theory; ABM—Agent-based models; TOPSIS—Technique for Order of Preference by Similarity to Ideal Solution; ANP—Analytic Network Process; GP—goal programming; LP—linear programming; SP—stochastic programming; DEA—data envelopment analysis; MAS—multi agent system; SI—swarm intelligent; GA—genetic algorithm; SA—simulated annealing; RS—reasoning system).
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Figure 1. Flow diagram of the literature selection process. 
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Figure 2. A network analysis of 606 publications by the VOSviewer software. mcdm = multi-criteria decision-making, ahp = Analytic Hierarchy Process. 
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Figure 3. The evolution over time of keywords. 
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Figure 4. A visual diagram of density distribution of keywords. 
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Figure 5. Distribution of publications between 2008 and 2018 (source: Scopus database). 
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Figure 6. Distribution of 76 publications according to main characteristics (a), and decision-making methods (b) used in Smart City projects between 2008 and 2018. MP = mathematical programming; AI = artificial intelligence; IM = integrated methods. 
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Figure 7. Distribution of 76 publications by level of decision-making and phases of implementation. 
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Table 1. The first search strategy.
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	Field
	Option Introduced





	Keywords
	“decision making” AND (“smart city” OR “smart cities”)



	Search in
	Title, abstract, keywords



	Period explored
	to 2018



	Type of documents
	Articles and conference papers



	Database
	Scopus®
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Table 2. Cluster analysis. ICT = Information Communication and Technology; IOT = internet of things; GIS = geographic information system.
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	Cluster
	Main Keywords
	Other Keywords
	Example Reference
	Research Trend





	1 (green)
	Internet of things
	fuzzy logic, Smart home, sensors, waste management, context, carbon footprint, simulation
	[28,29]
	IoT- based application for smart city



	2 (blue)
	Decision support system, ICT
	e-participation, smart governance, crowdsourcing, emergency response, ontology, semantic web
	[30,31]
	Decision support system based on ICT for smart governance



	3 (purple)
	Big data
	deep learning, machine learning, healthcare, intelligent transportation system
	[32,33]
	The application of big data analysis and data mining algorithms in smart cities



	4 (red)
	Optimization
	smart grid, energy management, GIS, network, security, visualization, game theory, demand response
	[34,35]
	Optimization tools for networks in smart cities



	5 (yellow)
	Sustainability
	infrastructure, innovation, social network, urban planning, earth observation, climate change, MCDM, AHP
	[36,37]
	Assessment of sustainability of smart cities



	6 (pink)
	Cloud computing
	artificial intelligence, edge computing, fog computing
	[38,39]
	Decision based on cloud computing and artificial intelligence methods



	7 (orange)
	Data analytics
	open data, wireless sensor networks, privacy, classification
	[40,41]
	Data analytics, a paradigm and solution for decision-making
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