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Abstract— Managing the complexity of the Information and 

Communications Technology (ICT) services in smart cities 

raises a need to use enterprise architecture frameworks to 

solve the complexity issues. However, the majority of the 

existing enterprise architecture frameworks have been 

developed to address the concerns and issues of the 

stakeholders in their associated world. To address challenges 

including complexity, multi-stakeholders and the service-

oriented nature of smart cities, this paper presents an 

enterprise architecture framework that can be used as a way to 

manage enterprise architectures in smart cities. This 

framework focuses on establishing contextual requirements 

and definitions for smart city systems and services. In contrast 

to other approaches, in this paper we focus on two important 

layers, i.e., context layer and service layer, as well as their 

relationships. The framework is valuable in developing smart 

services. It also contributes to the understanding of smart city 

enterprise architectures. 

Keywords-smart cities; enterprise architecture; smart 

services. 

I.  INTRODUCTION  

Smart cities are complex systems, which use ICT 
services to improve citizens’ quality of life. One of the 
current issues in smart cities is dealing with complexity of 
ICT services. For instance, challenges to connect various 
systems in smart cities [10] are due to the complexity of the 
smart cities. During the last decades, many Enterprise 
Architecture (EA) frameworks have been developed to 
manage complex information systems, processes and 
infrastructures in organisations and systems. Each of these 
enterprise architecture frameworks has been developed to 
address specific needs and concerns of the stakeholders and 
issues for their world [1]. According to a study comparing 
the frameworks by [1], we draw the conclusion that some of 
the well-known enterprise architecture frameworks have not 
considered the aspects which are critical for smart cities. 
Referring to the definitions for smart cities, the realisation of 
smartness is happening by providing services to the citizens 
[36]-[40][59]. Therefore, citizens (users) view is crucial for 
delivering effective services. Another example is related to 
the service life cycle. According to the comparison results by 
[1], the maintenance phase has been neglected for the 
majority of the frameworks. From the smart city perspective, 
a maintenance phase is crucial to deliver qualified and 

sustainable services to the citizens. Indeed, maintainability 
and sustainability are two of the quality factors [2] for smart 
cities.  

According to the above mentioned discussion, an 
enterprise architecture framework for smart cities should 
consider smart city stakeholders and their concerns for 
improving the quality of life for citizens. For this purpose, 
we introduce a methodological framework to manage smart 
city enterprise architecture which can be used as a 
standardised approach to develop smart services. This 
framework contains two new layers, including the context 
and service layers, as well as the initial relationships between 
them. This paper aims to introduce the components and 
concepts to establish the new layers and relationships.  

The remainder of the paper is organised as follows. In 
Section 2, five well-known enterprise architecture 
frameworks are reviewed to define the problem. In Section 3, 
the presented enterprise architecture for smart cities is 
introduced. In Section 4, it is explained how the evaluation 
of the created architecture is performed through simulation. 
In the discussion section, we argue that the presented 
enterprise architecture for smart cities can deal with smart 
city stakeholders and their concerns, leading to enhancement 
of the quality of the delivered services to the citizens. 

II. RESEARCH METHOD 

This paper follows the design science research approach 
by [3] and [11] to present an enterprise architecture 
framework for smart cities. According to this research 
method, the first step is to define the problem. For this 
purpose, some well-known enterprise architecture 
frameworks are explored with regard to critical views for 
smart cities, i.e. citizens (user) view and their related phases 
in SDLC. The second step is to propose a solution for the 
recognised problem. To build up the solution artefact, this 
research follows the layered structure of an existing 
architecture by [7]. Then, relying on the related literature, the 
steps to construct the architectural layers and their 
relationships are elaborated. At last step, simulation is 
introduced as a method to assess the generated architecture. 
For this purpose, the created architecture for a service use-
case in River city is evaluated and discussed. 
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III. LITERATURE REVIEW TO DEFINE THE PROBLEM 

A. Existing Enterprise Architecture Frameworks 

Designing an enterprise is a system engineering approach 
to determine the required capabilities for designing the 
organisation, processes, services, information, and 
technologies [12].  Architectures are created usually to 
manage and organise the complexity of systems. 
Architectures are utilised to construct blueprints of an 
enterprise for organising system components, e.g., interfaces, 
processes, services and much more [4]. Booch [5] stated that 
enterprise architecture is the way to architect and plan the 
enterprise to have the best human performance and output. 

To describe and model various aspects of enterprises, 
researchers have proposed different approaches [7]. Most 
frameworks follow a process and integration aim [13]. 
Enterprise architectures usually consist of two main 
approaches: an enterprise architecture Framework together 
with an implementation methodology [14]. A common 
approach among prominent frameworks is the transition and 
implementation from strategic business objectives into the 
infrastructure and systems design. Enterprise architecture 
aims to support and enable this transition by providing ways 
to design concepts of an enterprise.  

Usually frameworks use views and layers to describe 
architectural elements to manage complexity (e.g., process, 
service, and technology). Each of the views illustrates a 
different perspective meaningful to specific stakeholders.  
Layering decomposes a system into groups of related 
components whose processes provide services to subsequent 
layers. For instance, components like sensors at technology 
layer support an application layer by providing data to them.  

Over the last decades, number of enterprise architecture 
frameworks including the Zachman Framework [6], 
Department of Defense Architecture Framework (DoDAF) 
(Chief Information Officer U.S. Department of Defense 
2010), Federal Enterprise Architecture Framework (FEAF) 
[8] (Office of Management and Budget 2012), Treasury 
Enterprise Architecture Framework (TEAF), and The Open 
Group Architectural Framework (TOGAF) [9], have been 
developed. Common to these frameworks is reducing 
enterprises’ complexities by considering disparate 
viewpoints and organising various aspects in ways that make 
an enterprise understandable. Despite of existing overlaps 
and similarities between these frameworks, each of them was 
designed to address specific needs and concerns of the 
stakeholders and issues for their world [1].  

To specify the targeted concern and stakeholders of each 
framework, this study adopts the results of a comparison 
study by [1], whether the enterprise architecture frameworks 
encompass the entire software development life cycle 
(SDLC), as well as all stakeholders’ views.  The character 
‘Y’ in the cells implies that the corresponding framework has 
provided details for the SDLC phase, or considered 
mentioned stakeholders’ views. The adopted results are 
shown in Table I.  

 

TABLE I.  COMPARISON OF THE ENTERPRISE ARCHITECTURE 

FRAMEWORKS (ADOPTED FROM [1]) 
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Zachman Y Y Y Y - Y Y Y Y Y Y 

DoDAF Y Y Y Y - Y Y Y Y - - 

FEAF Y Y Y Y - Y Y Y Y Y - 

TEAF Y Y Y Y - Y Y Y Y - 

TOGAF - Y Y Y - - Y Y - - 

 
Reviewing Table I, empty (gray) cells unfold that critical 

aspects from smart city perspective have not been considered 
in the explored enterprise architecture frameworks. The first 
observation is that the user view has received the least 
attention, while the citizens/users are paramount in smart 
cities. According to the definition for smart services by [42], 
the ultimate goal for services in smart cities is to respond to 
the citizens’ needs and concerns. Consequently, citizens 
(users) concerns are crucial in the enterprise architecture for 
smart cities.  

The second observation is related to the maintenance 
phase which is of concern for authorities in smart cities, due 
to sustainability of the delivered services. As [2] stated 
sustainability and all other quality factors are crucial to 
realise smartness in the cities. Many standards (e.g., sensor 
security standards, [2]), and principles (e.g., open data), have 
been developed in smart cities, as the enablers of quality 
factors (e.g., security, confidentiality, [2]). In summary, it is 
concluded that some important aspects from smart city 
perspective cannot be addressed by the explored enterprise 
architecture frameworks. To address these challenges, this 
paper introduces an enterprise architecture in the following 
section. 

IV. DESIGNING ENTERPRISE ARCHITECTURES FOR SMART 

CITIES 

The overall view of the enterprise architecture for smart 
cities includes strategic and operational components as 
follows: vision and strategy management, portfolio 
management, service design, implementation and change 
management (See Figure 1).  
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Figure 1.  General overview of the framework to develop the presented 

enterprise architecture for smart cities  

The focus of this paper is on the service design part. With 
this aim, this study follows [7] to put the architectural layers 
together. The presented layered architecture includes: 
Context layer, service layer, information system layer and 
technology layer (Figure 2).  
 

 
Figure 2.  Overview of the architectural layers for design of services  

The first two layers, i.e., context layer and service layer, 
have been initiated by this research for the first time. The 
context layer plays an important role to capture the 
contextual concerns from ‘vision management’ and transfer 
them to the service layer. In service layer, these requirements 
are considered to provide a detailed service description 
which will have relationships with information system layer 
and technology layer. A summary of the aims of focus of the 
presented layers is shown in Table II. 

TABLE II.  COMPARISON OF THE ENTERPRISE ARCHITECTURE 

FRAMEWORKS (ADOPTED FROM [1]) 

Architectural 
Layer 

Aim and Focus 

Context To capture smart city context information 
about strategies, priorities and other critical 
aspects (e.g., stakeholders and their concerns), 
required to deliver effective services to the 
citizens. 

Service To define appropriate goals, scope and etc. for 
services with regard to the smart city 

requirements, concerns and priorities. 

Information To identify the data elements, data flows and 
the data interrelations required to support 
service function [4]. 

Technology To support information function and the 
system/application function [4]. 

 
In the following three sub-section more details are 

provided for three main processes to capture smart city 
context information, to develop service description, and to 
relate the service description to the information layer. 

A. Context Layer 

To define the context layer, this study relies on two 
definitions for smart cities and smart services, and a 
taxonomy of the smart city requirements by [42]. The 
selected definitions are as below: 

Smart cities are innovative cities which use ICT to 
facilitate daily activities of citizens to improve their 
quality of life [58]. 
Smart services are the services which respond to the 
smart city stakeholders concerns and fulfil smart city 
quality factors [42]. 

 
Regarding the above mentioned definitions, the context 

layer constitutes of the components to specify the 
stakeholders, their concerns, quality factors and their 
enablers/drivers. According to the taxonomy, the main 
stakeholders in smart cities are classified as follows: citizens, 
authorities, and service developers. Each of these 
stakeholders have their own specific concerns. Some 
examples of these concerns are: lower cost (for citizens), 
realisation smartness (for authorities), and more benefits and 
market share (for service developers). Likewise, the quality 
factors are defined as another component of the context 
layer. The quality factors (e.g., maintainability, 
interoperability, usability) should be fulfilled by the services 
in smart cities. The next two components are related to the 
enablers of the quality factors, i.e., standards (e.g., sensor 
security standards), and principles, (e.g., data principles). For 
any specific service, related standards and principles are 
required to be considered. Another component for context 
layer is the constraints (e.g., contractual constraints). This 
component is to avoid some consequences like low quality 
services, which are arising from some constraints like time 
and cost limitations. The last component for this layer is 
about documenting all the above mentioned initial 
considerations. The outcome of this process is a 
comprehensive collection of the considerations which have 
been defined based on the requirements and concerns for 
smart cities. All the above mentioned details are summarised 
in the form of a process. The defined activities for this 
process are as below: 

 Specify smart city stakeholders, (considering the 
defined classes of stakeholders) to specify the target 
stakeholders for a specific service/initiative 

 Specify stakeholders' concerns for various classes of 
stakeholders, to specify the target concern to be 
addressed by the service/initiative 
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 Specify the quality factors to be met by the 
service/initiative 

 Specify related standards in the target domain for the 
service/initiative 

 Specify related principles to enable the quality 
factors 

 Specify the constraints (e.g., the budget for the 
project), to define appropriate goals for 
service/initiative 

 Documenting all the considerations and 
specifications by the previous activities   

 
All the before mentioned activities for this layer are utilised 
to define appropriate goal and scope for smart 
services/initiatives. In this way, alignment of the designed 
services with ultimate goal of the smart cities (which is 
improvement of quality of life) is ensured.  

B. Service Layer 

Service layer describes the “operant” resources of the 
service system, specifically service actors and their 
interactions. The types of service actors can be private 
persons, organizations, governments, and even countries, 
depend on the context [15] and the depth of service and 
service system analysis. This layer does not include 
resources, such as information or technology, and their 
function is to support actors and their interactions in the 
Service Layer. 

Further, we present activities for the service system 
description. The aim of these activities is to extract and 
record contextual information for service modelling and 
design. 

  

 Commence a service description including the 
necessary stakeholders who can provide the relevant 
service design information [16]  

 Identify a function of the service [17] and [18] and 
its positioning within the Smart City domains [19]-
[21] 

 Articulate a use-case for the service [22] 

 Clarify an exchange medium for service 
remuneration [23]-[27] 

 List service actors [28] and types of their interactions 

 Identify actor resources [29] based on each service 
actor contributions to the service 

 Define an experience and Value proposition 
[27][30][31] that service is intending to provide 

 Perform a PESTLE analysis to further understanding 
of the context within which the service will operate 
[32]-[34] 

 Complete a service description by consolidating the 
information gathered from the domain [35]. 

 
The purpose of a service description is to provide a 

sufficient amount of information towards the Service System 
modelling and design. 

C. Relationships 

The service layer defines components such as city 
services, domains, stakeholders, locations, etc. to support the 
smart city goals and to facilitate and optimize intelligent 
decision making [42]-[44]. The information layer defines 
components such as applications, software services and data 
to support the automation or realization of city services 
[41][45][46]. The service layer and the information layer are 
physically and logically disconnected at the moment. Smart 
city architectures do not support the relationships across 
these architectural views. The identification of the 
architectural concepts and their relationships are essential for 
providing an alignment between these layers.  

Smart city architectures must support the connection 
between service and information layers to ensure that 
citizens’ needs are met by solutions provided by information 
technology [47]. However, in practice, smart city 
architectures do not present an application process to 
establish the relationships between the service and 
information layers. This makes smart city architectures fail 
to provide a foundation to guide the modelling of integrated 
and coherent models which meet the citizens’ needs. The 
resulting models can fail to support the analysis, 
implementation, and maintenance of such city services. 

To tackle this problem, this section defines a process for 
an alignment of service and information layers in smart city 
architectures. The proposed process aims to define the key 
activities regarding an identification of the relationships 
between architectural concepts of the service layer and the 
information layer. The key activities of a proposed process 
are defined as follows.  

 Specify different smart city domains (e.g., health, 
education, mobility, environment, tourism, etc.) for 
each city service [48] and [49] 

 Define the required data entities for each stakeholder 
(e.g., city authorities, citizens, communities, 
retailers, etc.)  [50] and [51] 

 Define the data entities which are provided or 
consumed by each city service  [50] and [51] 

 Define the digital tools, monitoring applications, 
application modules, or another deployable 
component to support each city service [44] and [52] 

 Capture the location or place (e.g., roads, bridges, 
airports, tunnels, buildings, etc.) where software 
services operate [53] and [54] 

 Define the required software services which support 
each city service [55] and [56] 

 Specify a domain (e.g., health, education, mobility, 
environment, tourism, etc.) to which the software 
services belong [44][46][57]  

 
The above mentioned process has been established to 

ensure appropriate relationships between the service and 
information layers. Also, it aims to help researchers and 
practitioners as follows. First, it helps organizations that need 
to design an architecture for smart cities to understand the 
issues associated with the relationships between these layers. 
Second, a formalisation of this process can help them to 
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realise important advances in the design of more effective 
smart city architectures and make an industrial uptake of 
architectures research efforts easier. Finally, the proposed 
process supports the connection between the service and 
information layers to ensure that citizens’ needs are met by 
city solutions provided by information technology. 

V. EVALUATION 

In this section, we will explain how the quality of a 
specific architecture can be evaluated by simulation. 
SimEvents software provides a simulation framework for 
analysing event-driven models to optimise performance 
characteristics such as latency, workload, conversion, and 
entity loss. Generators, switches, queues, servers and other 
predefined blocks enable us to model various important 
aspects of the system architecture such as processing delays, 
routing, prioritisation for communication and scheduling 
tasks. 
A discrete-event system in a Simulink model is usually 
constructed from various blocks such as, generators, queues 
and servers. These blocks are used for producing and 
processing our entities, which represent discrete items of 
interest. Examples of entities are network packets in a 
communication system, customers in a restaurant, sensor 
readings or footfalls in an enterprise application. The motion 
and changes in entity attributes, corresponding to 
asynchronous events, update the system states such as length 
of a queue or entity service time in a server. In discrete-event 
systems, asynchronous discrete incidents (events) cause and 
affect the state transitions of the system.  

 
Figure 3.  The real use-case from River city. 

Figure 3 shows a very simple real use-case in the River city. 
The created architecture for the use-case stands on the 
presented enterprise architecture for smart cities. For this 
study’s purpose, the right-side of the architecture shown in 
the figure is modelled. Specifically, we are interested in the 
effect of the Number of Processed Entities on the overall 

latency of the system which is measured by the number of 
entities reached the final destination. 

For demonstration purposes, we will show two different 
results based on two different values of the “number of 
servers” property. For this purpose, the simulation is run for 
100 time units, and is represented as the x axe in the 
following Figures 4, 5. 

 

 
Average time of entities waiting in the queue to be processed 

 
Number of processed entities reached the final destination 

Figure 4.  First Run (number of servers = 2). 

 
Average time of entities waiting in the queue to be processed 

 
Number of processed entities reached the final destination 

Figure 5.  Second Run (number of servers = 5). 
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It is obvious that an increase of the processing power (by 
increasing the number of servers from 2 to 5) leads to 
decrease of waiting time to almost zero. In addition, the final 
number of entities reached the final destination have become 
linear with the time. This simulation demonstrates how to 
evaluate the architectures which are created based on the 
presented smart city enterprise architecture. 

VI. DISCUSSION AND CONCLUSION 

Smart cities are complex systems which provide 
enormous ICT services to the citizens to improve their 
quality of life. Complexities in smart cities cause difficulties 
in management of provided services in terms of achieving 
smart city goals. Many years ago, enterprise architecture 
have been posed to solve complexity issues for organisations 
and systems. However, smart cities and organisations have 
different nature. Smart cities are service-oriented and 
organisations are business-oriented. Addressing the 
challenges arising from this difference, this paper presented 
the steps for designing new layers and relationships 
necessary for development of architectures for smart cities 
service. The first layer, i.e., context layer aims to capture 
smart city contextual information and transfer it to the 
service layer. The service layer provides information on 
service descriptions. This information is utilised by both, 
information and technology, layers. The relationships enable 
communications between the service layer and the 
information layer. The future study for this research will be 
defining other required relationships, e.g., between the 
service layer and the technology layer. The outcome of this 
research contributes to development of a reference 
architecture for smart cities.   
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