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Abstract: Finding out an available car parking space has been one of the most crucial problems for the crowded

cities, which causes such issues as traffic congestions, air pollutions, and stressful drivers. To mitigate the issues

here, smart car parking management system (SPMS) solutions can be used which digitalise the parking processes

and maximise the drivers’ productiveness. However, the existing SPMS solutions are either domain-specific or

address the applications of particular techniques and technologies. None of the solutions in the literature propose

any generic approach that can be re-used for the analysis and design of any SPMSs. In this paper, we propose a

reference architecture (RA) for the SPMS product family. Performing comprehensive domain analysis, we provide

a feature model of the common and varying features for SPMSs. We designed 4 architectural viewpoints, which

are context, module, component&connector, and allocation. Each viewpoint addresses a different concern and

proposes a generic solution that can be re-used for any specific SPMSs. To validate our RA design, we used the

commercial 4Park SPMS application and specified its architecture using our RA viewpoints. We strongly believe

that our RA design for SPMSs can be useful for the SPMS domain who develop SPMS solutions.

Keywords: smart car parking; reference architecture; software architecture; multiple viewpoints

1. Introduction

The world population is now more than 8 billion and expected to exceed 9 billion by 2040.
Hundreds of mega-cities with 10+ million populations have been recorded so far [1]. So, such crowded
cities suffer from traffic congestions that bring many disadvantages such as stressful life, air pollution,
waste of time, and accidents [2]. While variety of local transportation options have been offered in the
mega cities to reduce traffic congestions, most of the people still choose to use their own cars. Indeed,
more than 1.4 billion cars have been recorded to be used in the world and this is expected to be doubled
by 2040 [3]. One of the most crucial problems that contribute to the traffic congestions is the drivers
who look for parking spaces to park their cars. A recent survey study [4] reveals that drivers spend
in average 14 minutes to find a suitable parking space in each cruise. In another study conducted by
INRIX [5], UK drivers have been found to spend 44 hours a year so as to find an available parking
space. In USA, drivers have been found to spend 17 hours a year for the available parking spaces [6].
This essentially indicates not only the unproductive use of the drivers’ time but also wasting fuel and
causing air pollutions. Another interesting finding indicates that 30% of the traffic flows result from
the drivers who look for available parking spaces [7].

To mitigate the issues with finding the available car parking places, the processes of car parking
should be digitalised using smart techniques and technologies [8]. Many smart car parking manage-
ment systems (SPMSs) have been developed so far through which various facilities can be performed
including the online prior reservation, online payment, finding the closest/convenient car parking
space automatically, navigating to the empty parking space, and integrating with other applications
such as fuel payment and car charging applications. Thanks to such facilities that support the auto-
mated decision making, the time that drivers spend for finding any available parking spaces can be
minimised, which will reduce the carbon emission and traffic congestion. Moreover, the facilities such
as online reservation and payment, navigating to the parking area make it easier for the drivers and
park attendants to manage the car parking effectively.

SPMSs are essentially complex systems [9], which are used by different stakeholders (e.g., drivers,
park attendants, municipalities, etc.) for various purposes and integrate with various external systems
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(e.g., payment systems, data analytics systems, sensors, car charing systems, etc.). Also, SPMSs may
consist of several different applications (e.g., navigation, reservation, street map, parking lot designer,
etc.) each of which is designed with several software modules that are interrelated. Therefore, it is
highly crucial to adopt a software architecture-centric perspective for the design and development of
SPMSs. Indeed, software architecture is essentially the technique for managing the complexity of soft-
ware systems, which focuses on decomposing software systems into components and mapping those
software components into the physical components, the interaction details amond the components,
and making design decisions for meeting the quality requirements to be satisfied [10].

To faciliate the architecture design of software systems, the notion of “reference architecture (RA)"
can be used [11], which is the generic design of software architecture for a particular problem domain
and can easily be re-used for designing the architectures of software systems in that domain which
have commonalities and variations. An RA design can address different architectural concerns such
as system boundaries, logical and physical architectures and offers a set of generic concepts, rules
and constraints that can be used for designing a solution for a partciular problem domain. Therefore
technical and non-technical stakeholders can easily communicate on the needs of any product using
the RA design and quality software products that better meet the requirements can easily be designed
and developed with the least effort and budget.

Given the cruciality of car parking, many different technqiues and technologies have been
provided for digitalising car parking. Indeed, the literature includes several works on the design and
development of SPMSs. As discussed in Section 2, the existing studies either (i) introduce specific SPMS
applications, (ii) discuss the applications of particular data analytics, information or communication
technologies for SPMSs, or (iii) discuss the analysis of the existing SPMS applications for some features
of interest. However, none of the existing studies focus on the reference architecture design for SPMSs
and consider providing an architectural guideline for the effective design of SPMS solutions.

In this paper, we aim at designing a reference architecture (RA) for SPMSs that can be used
for designing application-specific SPMS architectures. We initially provide a feature model that
indicates the common and varying functionalities and quality characteristics for SPMSs. Then, we
design the RA in terms of multiple architectural viewpoints for managing the complexity, which are
context, module, component&connector, and allocation. We believe that our RA design for SPMSs
will be very useful for different stakeholders. Technical and non-technical stakeholders involved in a
specific SPMS development can communicate on the product needs using our RA design and better
decide on their application requirements and any design decisions to be considered for meeting those
requirements. Also, software developers (or architects) can use our RA viewpoint definitions so as
to design their application architecture (AA) for a specific SPMS product. Indeed, the architecture
design viewpoints can be extended and adapted to the specific product needs by adding/removing
new/existing elements. Moreover, software development companies that offer SPMS solutions can
understand the missing features of their SPMSs and the architectural perspectives for addressing those
features. Lastly, researchers can use our RA design to initiate research projects that develop smart,
innovative solutions for car parking.

2. Related Work

Given the ever-increasing populations in big cities and the number of cars looking for parking
places, the smart car parking problem has been shown great interest by the research communities in
the recent ten years. Indeed, the literature includes tens of different studies about smart car parking,
which shed light on different concerns.

Some of those studies in the literature propose the applications of different data source techniques
and software techniques and technologies for the smart car parking. These include the approaches that
(i) apply dynamic resource allocation algorithms [12], (ii) use cloud computing [13], (iii) use ultrasonic
sensors for detecting empty parking spaces [14], (iv) use convolutional neural network for detecting
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empty spaces [15], (v) use genetic algorithm for scheduling the cars [16], (vi) use fog computing for
desinging the smart parking system architectures [17], and (vii) use the RFID technology [18].

The literature also includes several different survey studies that aid in understanding and com-
paring the existing car parking solutions from diverse perspectives. Fahim et al. [19] compare a huge
set of SPMSs for a set of features which includes the software technologies used (e.g., AI technologies),
the sensor devices supported, different computational approaches, networking technologies, and user
interface types. Paidi et al [20] analyse different sensor devices for collecting parking data and compare
the SPMSs with regard to their support for different sensor devices. Lin et al. [8]’s survey reveals
a comprehensive analysis of a set of SPMSs for a large feature set. Lin et al.’s feature set is mainly
categorised into three groups, which are information collection, system deployment, and service
dissemination, and each group is further divided into sub-groups. Xiao et al. [21] address the car
parking prediction problem of finding an empty parking space. Xiao et al. compare different prediction
methods in terms of their strengths and weaknesses, analyse the prediction problems, and suggest
future research to tackle with the challenges on the car parking prediction. Barriga et al. [22] analyse a
huge set of papers that discuss smart parking solutions for three main features. These features are the
types of sensors used, the network infrastructure, and the services that the smart parking solutions
offer for their users (e.g., information management, e-parking, and parking space prediction).

Given our focus on architecting SPMSs, we also observed some studies in the literature that
discuss the architecture design of SPMS solutions. Fraifer et al. discuss a prototype-centric design and
development of their SPMS and focus on understanding the user needs [23]. Anderson et al. discuss the
architecture for a specific SPMS based on the fog computing [24]. Anderson et al. focus on the vehicle
detection and propose a set of component types that can be used to design the SPMS architecture for
secure anf fast communication. Soegoto et al. give brief information about the hardware and software
units that can be composed for an SPMS [25]. Soegoto et al. focus on the car detection and developed
a prototype about their solutions. Awaisi et al. discuss an architecture framework for SPMSs which
is based on fog computing [26]. Awaisi et al. proposed a layered architecture consisting of 3 layers.
The bottom layer consists of the camera devices (as the data sources), the middle layer consists of
the fog nodes for collecting data from camera devices and processing them for detecting the parking
space occupancies, and the top layer includes the cloud server for storing the processed data. Alharbi
et al. proposed a web-based framework for the smart car parking [27]. In their work, Alharbi et
al. briefly describe the algorithm for detecting car plates through which the car parking gate can be
opened/closed and also . Alharbi et al. also discuss their web-based tool implementation, which
provides such services as booking online for any parking space, managing the bookings, managing the
visitors data, and viewing some reports.

While the literature includes diverse studies on the smart car parking, none of the existing studies
essentially address the problem of proposing a generic, re-usable solution for the smart car parking
design and development. Therefore, considering the importance of smart car parking for the cities
with ever-increasing population, we consider this as a crucial issue that needs to be addressed. Indeed,
the literature already reveals many RAs for different domains and industries such as healthcenter
information systems [28], smart farming [29], autonomous driving [30], digital twin [31], no any
similar works have been conducted for SPMS so far. Considering the complexity of SPMS solutions,
we consider the lack of RA for smart parking as a gap in the literature and aim in this study to bridge
this gap.

3. Research Questions

In our research, we aim to design an RA for the SPMS product family. To this end, we investigate
4 key research questions that are given below.

• RQ1: Is it possible to analyse the smart car parking domain so as to determine the common and
varying features for the SPMS products?
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• RQ2: Is it possible to determine the stakeholders who/which interact with SPMSs and their
responsibilities?

• RQ3: Is it possible to design an RA for SPMSs in a manageable way for the facilitated under-
standability and re-usability?

• RQ4: Is it possible to re-use the RA design for specifying application-specific SPMS architectures?

We address RQ1 in Section 4, where we discuss the results of our domain analysis for the smart
car parking and introduce our feature model of common and varying features. We address RQ2 in
Section 5.1, where we discuss the system boundaries for SPMSs in terms of the stakeholders and their
system interactions. We address RQ3 in Section 5, where we discuss our RA design in terms of multiple
viewpoints. Lastly, we address RQ4 in Section 6, where we discuss the AA specification of a real SPMS
by means of the re-use of the RA design.

4. Domain Analysis for SPMSs

To understand the problems about car parking management, we aimed to obtain the domain
knowledge about car parking and analyse the collected information. We initially performed a literature
review and determined a list of papers about smart car parking management. We considered the
papers that (i) analyse the existing park management tools for relevant innovative techniques and
technologies, e.g., [8,19,22], (ii) introduce smart parking management solutions, e.g., [32–34], and
(iii) discuss the applications of some crucial techniques and technologies, e.g., [35–37]. We further
analysed the commercial smart car parking management technologies, e.g., Fleximodo1, Parkable2,
and 4Park3. In total, we have reviewed around 50 different papers and 10 different commerical smart
car parking tools. So, were able to identify the potential stakeholders who are involved. We also
identified all the functionalities and quality properties that are addressed in the selected list of papers
and tools and their level of importance.

Besides, we conducted a face-to-face survey with a group of parking attendants who work
for ISPARK4, which is a subsidiary for the municipality of Istanbul, Turkey and responsible for
mananging the car parking services in Istanbul. The parking attendants do not currently use any
mobile applications. They rather direct the drivers who enter their street to the empty parking places
(if any) and charge the drivers depending on their estimated time of departure. The park attendants are
responsible for detecting any drivers who exceeded the stated departure time and charging them extra.
We asked 15 questions to 15 different staffs so as to understand the challenges that they face while
managing car parking without the use of any smart car parking system and their expectations from a
smart system5. The survey results helped us validating the functionalities and quality expectations
that have been determined from the papers and tools. Indeed, we understood how important smart
technologies are for drivers and park attendants in managing their parking processes and analysed the
functionalities that are crucial and those that are optional for drivers and park attendants.

After collecting and analysing the domain data about car parking management, we were able to
identify the stakeholders and their responsibilities that are shown in Table 1. The driver acts as the
main user who interacts with an SPMS so as to perform the driver-related tasks, e.g., finding out an
empty parking space, booking and payment, and navigating to the empty space processes. The park
attendant interacts with an SPMS so as to control the parking processes, e.g., confirming payments
and checking parking spaces. The municipality staff and parking provider interact with an SPMS so as
to perform administration tasks such as monitoring, generating and viewing useful reports, budget
management, tariff management, billing and payment management, etc. The software developers

1 Fleximodo: https://www.fleximodo.com/
2 Parkable: https://parkable.com/
3 4Park: https://smartparkingsystems.com/
4 ISPARK: https://ispark.istanbul/
5 The survey questions are accessible here: https://zenodo.org/records/12704679
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are responsible for designing and developing an SPMS with regard to the system requirements and
managing the software testing processes. The administrator is concerned with administering an SPMS
and performing any maintenance tasks such as bug fixing and adding new features. The data sources
acquire data from environment such as the data for identifying the occupancy of any parking place.
Government systems and any other external systems can integrate with SPMSs so as to provide some
services or require some data such as parking fine management, fuel management, and charging
station management applications.

Table 1. The stakeholders involved in SPMSs and their goals.

Stakeholder Goal
Driver To use SPMS and perform driver-related tasks
Park Attendant To use SPMS and control the car parking processes
Municipality To use SPMS and get informed about the car parking processes
Parking Provider To use SPMS and get informed about the car parking processes
Software Developer To design, develop and test SPMS
Administrator To administer and maintain SPMS
Data Scientist To analyse the data maintained by SPMS
Sensor Data Source To provide data about the parking place occupancy
Camera Data Source To provide data about the parking place occupancy
Government To integrate government e-services and require/provide data
External System To integrate with the car parking management systems

To model the functionalities and quality properties determined via the domain analysis, we
consider FODA’s feature modeling methodology [38]. Feature modeling promotes the specifications of
common, alternative, and optional features that represent the user-visible functionalities and quality
characteristics for a product family. So, a feature model for a product family indicates the features
that any product of that family must possess and those features that are optional and thus does not
always have to be supported. Feature models are specified as a tree-form in a hierarchical way where
any features can be described in terms of its sub-features. Figure 1 shows the feature model that
we specified for the SPMS product family. The mandatory features that are expected to be provided
by any SPMS are parking lot, parking map, security and data management. Parking lot serves for
designing the parking layout and editing the car parking spaces for different needs such as editing
the car enterance and flow directions, accessible parking areas, and locating parking spaces around
other physical objects. Parking layout is also supported with another sub-feature for the optimisation
of the car parking places. Parking map serves for displaying the parking spaces on a visual street map
and provides many functionalities such as offline parking map, online parking map that shows the
parking occupancies at real-time, exporting selected parking area as an image file, saving parking
locations, editing locations (e.g., adding photos), sharing parking locations in social media, and
facility management (e.g., viewing the nearest hotels, restaurants and cafes). Note that the online
parking map and real-time parking lot occupancy monitoring are the mandatory sub-features for
the parking map feature. The driver feature serves for managing the driver profile and enabling
drivers to (i) view some useful reports about their system usages, (ii) manage the notifications that
they want to receive, their preferences, the payment methods, and their memberships, (iii) view their
parking history, and (iv) get help&support. The security feature is for securing the system data and
can be considered in terms of the important principles of information security (also called as “CIA
triad"), which are confidentiality, integration, and availability. The data management feature supports
collecting data from data sources (e.g., sensors, camera, and user interfaces), storing the collected
data persistently/temporarily, processing the collected data, making decisions using data analytics
techniques (e.g., machine learning), and visualising the decisions.

Besides the mandatory features, Figure 1 show various features that are considered optional for
SPMSs. These are navigation, reservation, user profile, and administration. The navigation feature
serves for finding the optimal route from the driver’s current location to the selected parking place and
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can furher enable other facilities such as route saving, voice assistance, and closest facility routing. The
reservation feature serves for reserving any available car parking place for a particular time slot, making
payment for any available parking space, and other facilities such as cancellation, invoicing, applying
discounts, and receiving notifications. Lastly, the administration feature serves for administering the
SPMS and enabling the administrators to (i) monitor the system for some indicators, (ii) obtain reports
about e,g., users, payments, parking areas, etc., (iii) manage users (e.g., adding/removing users), (iv)
manage the billing&payment, discounts, tariffs, parking fines, and budget, and (v) plan and schedule
for any system maintenance.

Figure 1. The feature model for SPMS.
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5. Reference Architecture (RA) Design for SPMS

A software architecture design can be complex and encompass the solutions of different concerns
that are relevant to different stakeholders (e.g., hardware designer, software designer, and programmer).
To manage the complexity of software architecture, multiple viewpoints modeling can be adopted,
where the solution designs for different concerns (e.g., systems’ decomposition into software unuits
and physical architecture) are separated and thus better managed and understood [39]. Here, each
viewpoint addresses a particular concern and proposes (i) a particular method of dividing the system
into parts and (ii) any rules and constraints so as to achieve the stakeholders’ goal.

To design an RA for the SPMS product family, we focussed on the viewpoints that are encouraged
by Clements et al.’s seminal book on architecture viewpoints [40] and thus commonly accepted by
the software architecture communities. These are the context, module, component&connector and
allocation viewpoints. The context viewpoint is concerned with establishing the system boundaries,
the stakeholders’ communications with the system, and determining the integration with external
systems. The module viewpoint is concerned with decomposing the system into implementation units
where each unit is supposed to realise a cohesive set of responsibilities (e.g., functionalities and quality
expectations). The component&connector viewpoint is concerned with the runtime behaviour of the
system, where the components represent the running units of the system and connectors represent
the protocols of interactions among the components. To organise the components and connectors
composing a system, we considered here the layered architecture style. Indeed, we strongly think that
the layered style fits very well with such types of information systems as SPMSs where the components
are typically separated into the layers for user interaction, business logic and data layers. The allocation
viewpoint is concerned with mapping the software components into the physical devices that are
physically connected.

An RA design for SPMSs can be re-used for the AA of a particular SPMS solution and the AA
design consists of the view specifications derived from RA’s viewpoint definitions. As illustrated in
Section 6, any view specification can extend the viewpoint definition that it derives from by adding
new elements or removing existing elements as long as the viewpoint rules and constraints are not
violated.

5.1. Context Viewpoint

The context viewpoint is depicted in Figure 2, which shows the stakeholders that can interact
with an SPMS. We consider two types of stakeholders, mandatory and optional stakeholders. The
mandatory stakeholders must exist for each SPMS and those are the software developer, administrator
and driver stakeholders. The optional stakeholders are not essential and their existences depend on the
requirements for the SPMS solution to be developed. The optional stakeholders can be data scientists,
park attendants, municipality staffs, research institutes, any external systems such as the data sources
(sensors and camera), e-government systems, and electric car charging systems.

We categorise the communications between stakeholders and an SPMS as optional and mandatory.
Any mandatory communication links are always established for the data exchange between the
associated stakeholders and the SPMS. However, the optional communication links do not have to
be established for each SPMS. Indeed, not all SPMS have to send updates to the system provider or
administrator, while each administrator manages the system. Also, the stakeholders can perform either
one-way or two-way communication with an SPMS. For instance, the municipality staff can manage
the system and at the same time receive any updates from the system. So, while both communications
are optional here, Concerning the driver, he/she needs to use the system and that is considered as
a mandatory relationship. However, the driver may receive updates from an SPMS and that is an
optional relationship which may be the case if it is required by an SPMS under development.
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Figure 2. The context viewpoint for SPMS.

5.2. Module Viewpoint

The module viewpoint for our RA design is depicted in Figure 3, which shows the implementation
units that can be designed and developed for an SPMS. Here, we used the feature model given in
Figure 1 and performed the decomposition of 8 different main units each of which consists of modules
(and sub-modules).

The navigation unit is to do with the functionalities about navigating to the available car parking
spaces safely. The navigation unit consists of four main modules which are voice assistance, real-time
traffic monitoring, closest facility management, and route management. The route management
module here are further decomposed into a cohesive set of sub-modules which are route planning,
route viewer, route searcher, route saver, route optimisation, and routing for the closes facility. The
reservation unit is to do with the functionalities about reserving an empty car parking place. The
reservation unit consists of several modules, which are calender viewer, real-time booking, payment,
promotions & discounts, cancellation, notification, invoicing, reporting and support. The parking
lot unit is to do with the functionalities about designing the parking lots that can be viewed by the
drivers and includes such modules as lot designer, editor, lot viewer, optimisation for using the parking
space effectively, and reporting. The parking map unit is to do with the functionalities about the map
that shows the streets with empty/occupied parking spaces and any other facilities (e.g., restaurants,
cafes, hospitals, etc.). The parking map is decomposed as the modules for exporting to an image
file, facility management, parking lot occupancy monitoring, and location management. The map
and location management modules are further decomposed into sub-modules. The driver unit is
to do with the functionalities that any drivers can perform for their user accounts. The modules
considered here includes the profile module, membership, preference management, notification
management, billing management, favourite places, parking history, help & support and language.
The administration unit is to do with the functionalities for administering the SPMSs by the relevant
stakeholders (e.g., administrator, parking providers, and municipality staffs). These modules include
the user management (e.g., adding/deleting users), monitoring the system performance, reporting,
payment management (e.g., invoicing, secure payment, etc.), and tariff and discount management. The
security unit is for ensuring the security properties to be satisfied so as to keep the data maintained
by an SPMS safe and secure. The authentication module is for ensuring that the data is accessed by
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the correct person under the correct access rights. The integrity is for ensuring that the system data is
always maintained as complete, consistent, and correct. The availability module is for ensuring that
the data is always accessible for the authenticated users. Lastly, the data management unit consists of
five different modules for collecting data from the environment, storing the collected data, processing
those data using different data analytic techniques, making decisions using the processed data and
then visualising the decisions.

Figure 3. The module viewpoint for SPMS.

5.3. Component & Connector Viewpoint

To specify the components that represent the processing units for an SPMS and their interactions
(i.e., connectors), we consider the layered architecture style [41], which is one of the most widely used
style for information management systems such as SPMSs and suits best with the organisation of SPMS
components. With the layered architecture style, components are organised into horizontal layers
where each layer has a specific goal (e.g., the presentation layer for visualising the user interfaces
to the end users) and consists of a cohesive set of components that aim to achieve the layer’s goal.
Connectors here are considered as simple connectors that act as links between layers and enable the
data communications (or service requests) between the components of any two connected layers. Any
layer may be connected with the layer right below and the components in the above layer may send
data to the components in the layer below or request services.

Given the module viewpoint definition in Section 5.2, the software units and their modules that
are considered for SPMSs can be used so as to determine the executing components of an SPMS.
Each component can essentially execute one or multiple software units/modules that are relevant
to each other. Figure 4 shows the application of the layered style for the SPMS domain. Therein, we
consider the presentation layer at the top which encapsulates the components for executing the visual
user interfaces in different platforms (i.e., Web and Mobile). The middle layer is the business logic
layer where the components for executing the software units/modules about the SPMS functionalities
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that are discussed in Section 5.2 are encapsultated. The busines logic components are grouped into
6 categories that represent the main executing components of SPMSs at run-time. These are are
navigation, reservation, administration, parking map, parking lot, and driver. Each component here
implements the relevant software units/modules that perform the associated functionalities (e.g.,
navigation component implementing the navigation software unit). Upon receiving requests from
the presentation layer components, the business logic layer components handle the requests and take
any necessary actions which may require any data to be requested from the data management layer
components. The bottom layer is the data management layer, whose components implement the data
management software units/modules from the module viewpoint. The data management layer thus
consists of 5 different components, one for acquiring data from diverse data sources (e.g., sensors and
camera), another for storing the collected data, another for processing the acquired and stored data
using the data analytic techniques (e.g., artificial intelligence and statistical techniques), another for
supporting the decision making using the processed data, and lastly one for visualising the decisions.
Lastly, we specify the security layer that is supposed to implement the security software unit from
the module viewpoint. So, the security components here receive requests from all the layers so as to
ensure the security of the data maintained by an SPMS.

Figure 4. The component & connector viewpoint for SPMS (layered style).
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5.4. Allocation Viewpoint

In the allocation viewpoint, we focus on mapping the software components from the compo-
nent&connector viewpoint into physical components. We consider the client-server architecture style
and focus on two types of physical components that are client and server. Any client device runs the
software that performs requests for obtaining data or getting some tasks to be done such as the mobile
devices for drivers and PC machines for parking providers. The server device runs the software that
provides the SPMS business services, makes calculations, and shares the resulting data upon receiving
requests from the client devices. Note that the server here can be deployed physically on a physical
device or virtually on a cloud environment. The server and client devices communicate over network
using the appropriate communication protocols e.g., HTTP and TCP.

Figure 5 depicts the allocation viewpoint. The presentation layer components (e.g., mobile, web
or desktop applications) from the component & connector viewpoint in Figure 4 are mapped into the
client devices, while the business logic and data management layer components are mapped into the
server devices.

Figure 5. The allocation viewpoint for SPMS.

A separate client device can be specified for each type of SPMS user (e.g., driver, park attendants,
and parking providers). Also, different types of devices such as KIOSK can be specified as a separate
client device. Multiple server devices can be specified for the physical architecture of any SPMSs.
Indeed, backup servers or different types of servers (database server, web server, etc.) can be specified.

In any physical architecture, an intermediate load balancing software applications can also be
specified for directing the requests to different servers depending on the current loads of the servers.
Furthermore, any data sources (e.g., sensor and camera devices) can be involved in the physical
architecture so as to share data with the servers at real-time. Lastly, any external systems (e.g., electric
car charging applications and fuel payment applications) can be involved, which can handle specific
tasks that are not supported by the system servers and exchange data with the server(s). The data
sources and external systems can have their own local database and interact with the server for
communicating their data or providing any services.

6. Case Study Evaluation

To validate our RA design for SPMS, we considered the 4Park SPMS6 which is one of the top used
commercial tools for smart car parking and has been developed by the Smart Parking Systems company

6 4Park Website: https://smartparkingsystems.com/en/4-park-smart-parking-app/
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based in Italy. Our goal here is to specify the AA for 4Park by re-using the RA design introduced in
Section 5. To obtain the domain knowledge, we used the 4Park web-site where case-studies, videos,
tutorials, white papers, and technical support contacts (e.g., e-mail and phone) are easily accessible.
Firstly, we used the feature model specified with the RA design and ended up with a sub-set of features
that 4Park supports. Then, we used the RA viewpoints and specified the views that are specific for the
4Park AA.

6.1. Feature Model

Figure 6 depicts the feature model for the 4Park SPMS. The feature model here includes all
the features specified for the RA design. Moreover, the parking map feature includes an additional
sub-feature for managing the parking locations for disabled people (colored pink)7.

Figure 6. The feature model for 4Park.

7 The sub-feature for the disabled parking location management: https://smartparkingsystems.com/en/disabled-parking-m
anagement/
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While all the features considered by the RA design have been re-used in 4Park, not all the sub-
features have been re-used. The exceptions here are the administration, security and data management
whose all sub-features are re-used by 4Park. However, the navigation feature for 4Park is just consid-
ered in terms of route planning and viewer. Also, the parking lot feature does not seem to support
designing and editing parking lots. Similarly, the parking map feature does not support location
saving, editing, and sharing, and the management of facilities (e.g., nearest hospitals and cafes). In
total, 62% of the sub-features that are considered by the RA design are used by 4Park.

6.2. Context View

The context view for 4Park is modeled in Figure 7. Here, the newly introduced stakeholders
that are not existing in the RA’s context viewpoint is colored pink, while those stakeholders that
already exist in RA’s context viewpoint with a different name is colored blue. So, the SPMS product
for 4Park is accessed by the driver, system manager, parking controller, police, administrator, and
municipality staff. The system manager here corresponds to the system provider stakeholder in the
RA’s context viewpoint and the parking controller corresponds to RA’s park attendant. The sensor
and camera devices send data to the SPMS. The external system involved in 4Park is the electric car
charging system, which works as integrated with the 4Park SPMS server. 66% of the stakeholders that
are defined in the RA context viewpoint depicted in Figure 2 are used by 4Park. 4Park additionally
involves the police stakeholder who can be notified about any issues through the administration
features of the SPMS.

Figure 7. The context view for 4Park.

6.3. Module View

The module view for 4Park is modeled in Figure 8. Considering the RA’s module viewpoint
discussed in Section 5.2, 4Park’s module view has several differences. Since some of the sub-features
defined in RA are not supported by 4Park as discussed in Section 6.1, the associated software modules
are not specified in the corresponding software units. For instance, the navigation unit and parking
lot unit each include one software module only, despite the RA design considering several modules
(and sub-modules). Note that 4Park includes a different software unit called “Management Software
POLIS" which we consider as the composition of the existing Data Management software unit with
the “Administration" software unit. Management Software POLIS provides services for the parking
controller, system manager, police and administrator stakeholders and serves for analysing the data
maintained by system so as to perform real-time monitoring and therefore produce useful reports and
notifications. Also, the “parking map" software unit includes a new module called “disabled parking
location" whose goal is to enable disabled people to reach the convenient parking locations.
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Figure 8. The module view for 4Park.

6.4. Component&Connector View

The component&connector view for 4Park is modeled in Figure 9. Given RA’s component&connector
viewpoint in Section 5.3, the view specification for 4Park includes an additional layer between the
business logic and data management called “Management and Monitoring Layer". The management
and monitoring layer encapsulates a new component that executes the newly introduced software
unit called “Management Software Polis" specified in the module view depicted in Figure 8. The
management and monitoring layer therefore offer services related to the real-time monitoring of the
car parking system and the reporting facilities, which can be requested by the presentation layer
components and business logic layer components. The management and monitoring layer reaches
the data maintained by the data management layer and produces knowledge that can be used by the
presentation layer and business layer components.
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Figure 9. The component&connector view for 4Park.

6.5. Allocation View

The allocation view for 4Park is modeled in Figure 10. Given RA’s allocation viewpoint in
Section 5.4, 4Park’s allocation view re-uses the client and server elements from the viewpoint definition.
4Park works with a centralised server that is running in cloud and the server handles all the software
components specified in the component&connector view. The server is accessible via different types
of clients such as police, municipality staffs, drivers, car parking manager, and parking controllers.
While the police, municipality staff, parking controller, and park manager can access the server via
their mobile devices or PCs (i.e., either using the desktop or web user interface), the driver can access
the system via their mobile device only. Another client is the KIOSK device, which enables the drivers
to manage their user profiles and perform parking payment.

Figure 10. The allocation view for 4Park.
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Two different data sources are involved in the 4Park SPMS and communicate their data with the
server at real-time - one for the sensors and another for the camera. The electric car charging system
that acts as an external system is also integrated, which can provide the charging-related services for
electric cars and exchange data with the server.

7. Discussion

To the best of our knowledge, our RA design for the SPMS product family that is introduced
in this paper gains its novelty as being the only generic approach that can be re-used as a guide
for designing the architecture of any SPMSs. As discussed in Section 2, the existing approaches in
the literature do not aid in understanding (i) which types of stakeholders are involved in the SPMS
domain and their interactions with the system, (ii) the common and varying features for SPMSs, (iii)
the software units that can be designed for implementing an SPMS, (iv) the architecture styles that can
be used to design the software architecture of an SPMS, and (v) the styles for mapping the software
units to the physical devices. Therefore, we strongly believe that our paper will bridge the gap here
and facilitate the architecture design of any SPMS solutions.

Our RA design for SPMSs is essentially based on our comprehensive domain analysis where
our goal was to create a feature model of the SPMS product familty. We searched on the google
scholar for any papers that discuss SPMS solutions and google for any commercial SPMS solutions.
We analysed the papers and the commercial tools and identified a set of SPMS features, which we
categorised as the mandatory features and optional features. We further conducted a face-to-face
survey among 15 park attendants who work for ISPARK in Istanbul, Turkey which is the main parking
provider controlled by the municipality. The survey results helped us review the feature set and
add/change/remove new/existing/redundant features. We validated our feature set using one of the
most popular commercial product called 4Park and did not identify any missing features. For each
feature, we further determined the sub-features that contribute the feature goal (e.g., route optimisation
for the navigation feature). Note however that we did not consider going deeper in the hierarchy
for sub-sub-features as this can make the feature model very complex given so many features and
sub-features already identified.

Upon specifying the feature model for SPMSs, we focussed on designing our RA in a way that is
easy to manage and understand. Therefore, we considered the separation of concerns into the context,
module, component&connector, and allocation viewpoints that have been suggested by Clements et
al.’s seminal book on architecture viewpoints [40]. Furthermore, Nakagawa et al. encourage for the
same set of viewpoints for the RA designs [42]. Indeed, many attempts have been made so far which
have developed RAs for different problem domains in terms of the same set of viewpoints, e.g., the RA
for smart farming [29], the RA for digital twins [43], the RA for ontology engineering tools [44], and
the RA for smart warehouses [45].

We considered the layered architecture style for the component&connector viewpoint modeling
and promote the components that represent the processing units of SPMSs to be organised as a set
of cohesive layers whose communications are directed from top to down. We adopted the layered
architecture style because it is considered as one of the top-used architecture patterns in industry
and facilitates the understandability of the system components and their interactions. Moreover, the
architectures of information systems (such as SPMS solutions) fit very well with the layered style,
where the top layer represents different user interfaces which require services from the main logic layer
(e.g., driver requesting to perform reservation) and that in turn require services from the data layer
(e.g., the reservation component requesting the most up-to-date data about the park occupancies).

Our RA design for SPMSs can always be extended for the particular needs of any specific SPMS
and its AA design decisions. This can require (i) composing/decomposing the existing elements
from the RA viewpoints (e.g., software units in the module viewpoint) or (ii) adding new units (e.g.,
adding new intermediate layer for the component&connector viewpoint) or removing the existing
units to/from the RA viewpoints. Indeed, we re-used the RA design for the 4Park commercial product,
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where we removed many of the sub-features that are not considered for 4Park, introduced new sub-
features, added a new software layer for the component&connector viewpoint, and composed the
software units into a new one for the module viewpoint.

Our effort here in designing an RA for SPMSs is essentially considered as a domain-driven design
(DDD) [46], as we performed a comprehensive analysis of the SPMS domain first and then designed a
set of abstract modeling viewpoints using the domain features. Also, we do not put emphasis on any
technologies that can be used for developing SPMSs (e.g., programming, database, and networking
technologies) and rather focussed on proposing generic, architecture-level solution using abstract
modeling. Therefore, our RA design is essentially useful in the inital stages of SPMS development
life-cycle. Indeed, with our RA, the communications between non-technical stakeholders (e.g., users,
customers, and managers) and technical stakeholders (e.g., developers) are facilitated, the system
boundaries can easily be established, and high-level design decisions can easily be figured out using
the RA’s viewpoint definitions. We strongly believe that our RA design can highly reduce the time and
effort needed for analysing and designing SPMS solutions and support the quality SPMS development
that better meet the requirements.

8. Conclusion

In this paper, we designed an RA for the SPMS product family so as to provide an architectural
guidance for analysing and designing the application architectures of any SPMSs in the most productive
and quality way. We initially provided a feature model that describes the common and varying
features and their sub-features for SPMSs in a hierarchical way. Using the feature model, we proposed
four essential viewpoints for the specifications of SPMS architectures which are context, module,
component&connector, and allocation. The context viewpoint is concerned with specifying the system
boundaries in terms of the stakeholders and their interaction with the SPMS under consideration.
The module viewpoint is concerned with specifying the software units that can be designed and
implemented for an SPMS and their software modules. The component&connector viewpoint is
concerned with specifying the runtime structure of an SPMS in terms of the components that represent
the independent processing units and the connectors for the component interactions. The allocation
viewpoint is concerned with specifying the physical architecture and the mapping between the software
and physical components.

We validated our RA design for SPMSs using a commercial SPMS product called 4Park and show
how the RA viewpoints can be re-used and extended. We strongly believe that our RA design is
a unique contribution for the literature and has high potential to aid developers in analysing and
designing quality SPMS products.

We are currently designing and developing a prototype SPMS application using the RA design
introduced in the paper. By doing so, we aim to validate the RA design to a further extent. Moreover,
we are planning to analyse the commercial SPMS products with regard to their support for the feature
model specified in this paper. Lastly, we have already started conducting interviews with diverse
industries including government, logistics and transportation, universities, automative, where parking
management is one of the most crucial concerns, and aim to evolve our RA design with diverse
problems and their needs.
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