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Abstract 
 

Today, sharing economy model is reshaping services provisioning mechanism in 

many regulated sectors in cities. This changes put a huge pressure on the city’s 

decisions’ makers around the world.  Different stakeholder’s interests call for 

actions from the government in response to the services provided under this model. 

For instance, on-demand mobility service providers such as UBER are affecting 

the whole service delivery mechanism in the transportation sector and are forcing 

licensed service providers to leave their market positions.  

Software systems such as smart city platforms can be used in upgrading service 

delivery mechanism of regulated sectors to satisfy such needs. This thesis proposes 

a framework for governing the services provisioning in smart city platforms. The 

core of the framework is a services provisioning model with a novel 

brokerage/service selection algorithm that enables open innovation by 

“democratization” of services provisioning. Unified modeling language (UML) 

sequence diagram with package diagram are used to describe the proposed 

matching mechanism between providers (supply) and consumers (demand) in a 

smart city. 

Value delivery modeling language (VDML) is used to explore how the values are 

exchanged through the proposed model. Services provisioning network activity 

diagram and collaboration diagram are developed to explore how the model will 

work. VDML dependency measurement diagram is used to explore costs and 
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benefits of using such model in for-hire car transportation sector. The value models 

are augmented by performance evaluation model used to rank the providers based 

on a set of key performance indicators.  

The proposed model for services provisioning is one of the starting steps in building 

a novel sustainable mechanism in delivery of public regulated services in future 

cities using a software based- platform.  

Taking in considerations the current public debates about Uber and Taxi services 

in Canada and worldwide, chapter 5 will discuss the ability of applying the 

proposed framework in such sector and present a mechanism in how the proposed 

model expect to play a vital role in satisfying the needs and expectations of 

industry’s’ stakeholders. 

The thesis outcomes are expected to achieve a sustainability needed for the smart 

city services by employing the sharing economy model in a broader manner, 

responding to the interests of various groups in society, reducing the ambiguity in 

services provisions process, and enhance quality of services delivery which will 

lead to an increase in quality of people’s lives. 

 

Keywords: Management Framework, Sharing Economy, Selection Process, 

Performance Management Model, Smart City Platforms. 
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1. INTRODUCTION 
 

Current research on smart cities is about more of an understanding of information 

ecosystems (Volanschi, 2016). Smart cities require a transformation of current 

smart applications to smart citizens  (Veeckman & Graaf, 2014). Services 

provisioning model play a vital role in the development of smart cities’ systems. 

Flexibility of service productions and consumptions’ is considered the prerequisite 

for service improvements (Anttiroiko, Valkama, & J. Bailey, 2014) in smart city. 

 While most current research on smart cities focuses on “infrastructure 

construction, data collection, testbed deployment, or specific services/applications 

development” (Cheng, Longo, Cirillo, Bauer, & Kovacs, 2015), this thesis focuses 

more on a management framework needed to govern the services provisioning in a 

smart city. The main aim of this thesis is to propose models required to enhance 

the quality of city services based on the sharing economy model. This involves 

developing a services provisioning model for a smart city platform with giving 

more focus on service brokerage, platform components, and both value and 

performance aspects of consumer/provider relationships.  

1.1. Motivation 

Smart city initiatives are expected to have a large impact on the efficiency, safety, 

and sustainability of urban areas. Smart cities involve augmenting city elements 

with Information and Communications Technologies (ICT) (Angelidou, 2015).   
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For example, Information and Communication Technology (ICT) platforms that 

are based on a sharing economy model are reshaping businesses and industries in 

smart cities.  Allen (2015, p24) defined the sharing economy as “a suite of emerging 

software platforms acting as an intermediary between private buyers and private 

sellers, allowing them to share their existing resources”. UBER (www.uber.com) 

as a ride-hailing business—with market value of more than 68 billion (Chen, 

2015)—is dramatically affecting the whole service delivery approach in cities 

around the world and in many industries, such as for-hire car services, including 

taxis and limousines and restaurants (e.g., UberEats). As well, AirBnB 

(Airbedandbreakfast.com) is as disruptive to the hotel industry with market value 

of more than 25 billion in June of 2015  (Forbes, 2016).  

Generally speaking, on-demand service providers are affecting the whole service 

delivery mechanism around the world. This is reshaping the industry regulation and 

forcing traditional players to lose their business. For example, in May, 2016, 

Toronto finally legalized UBER as a ride-hailing service provider to work under 

new regulations which will be in effect on July 15, 2016  (Toronto, 2016), but still 

the taxi industry’s main players claim that their businesses will be destroyed 

(Thestar, 2016).  

Cities of the future, need a framework to organize the relationships between the 

different stakeholders of the smart city platform based on shared economy model, 

such as:  government entities (regulators), citizens (consumers), service providers, 
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as well as for other private sector entities which are affected by this modern way 

of services provisioning. 

Governments are responsible for raising the level of citizens’ quality of life; by 

continuously improving its services and putting new regulations in place. Citizens 

expect efficient and high quality services that best match their profile, preferences 

and context.  Service providers seek new business opportunities, and more efficient 

ways in service delivery.  

 

1.2. Scope 

Smart city e-services include a set of diverse public services, such as: smart 

metering for power and electricity, smart buildings, smart water/ waste 

management, as well as smart mobility services. This thesis focuses on smart 

mobility and transportation services, since most recent smart city projects are in the 

transportation sector, as per the GSMA report published in 2013 (Guide to Smart 

Cities for mobile operators) as cited in (Lee, Hancock, & Hu, 2014).  

This thesis concentrates on a management framework for a smart city platform as 

a software system used to run smart city regulated services. This thesis proposes a 

services provisioning model, develops a set of value models and cost model for 

provisioning IT services.  The thesis also will define a performance model. All of 

these models together compose the desired management framework. Below are the 

assumptions used throughout the thesis: 
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1. Business domain modules of smart city platforms are out of the scope of this 

thesis due to their highly dependency on each city’s regulation. 

2. Value and performance models will be developed through the thesis. Other 

platform’s engines are considered out of scope. 

3. Regulated services in the smart city will be given the focus. Since the public 

debate is around the governments’ controlled services. 

 

1.3. Problem Definition 

Smart city strategy must concentrate on both technology and human knowledge to 

achieve the desired improvements (Angelidou, 2015). Sustainability (Angelidou, 

2015) of services’ delivery in a smart city faces many challenges as follows:  

 Absence of a framework that allow the private sector to participate in the 

services provisioning, using the sharing economy model. This result in a 

situation; where the local government entities invest alone in the whole 

Information and Communication Technology (ICT) infrastructure of the 

smart city, such as: backbone networks, sensing devices and software 

platforms. Figure (1) describes the current existing services provisioning 

model. This model shows how the local governments collect the data from 

its own data sources and then process it in its main data centers to provide 

the required public services. The same diagram asserts that the services are 
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provided solely by the government without involving any other service 

providers and without engaging any consumers. 

 

Figure 1: Typical Model of Government-Controlled Public Services 

 

 Absence of consideration for “economic values”, in the fundamental 

operational model of services provided and consumed among different 

stakeholders of city services.   

 Lack of a mechanism to evaluate service offerings by service providers.   

 High expectations of the citizens. Gudeman claims that governments face 

challenges to meet the demands for continuous improvements in public 

services delivery (as cited in Veeckman & Graaf, 2014). 

 The need to empower the knowledge management and innovation 

capabilities of the city  (Angelidou, 2015). Open innovations can be 
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achieved by giving the opportunities to citizens and private sector to 

participate in service delivery by activating a bottom-up process  

(Veeckman & Graaf, 2014). 

 

1.4. Objectives 

This research thesis will answer the following questions: 

1. How the services provisioning model will work through the software 

platform? What is the selection algorithm that will be used to select the best 

providers among the registered service/data providers in a smart city 

platform?  

2. How the value will be exchanged among stakeholders in the city and how 

this can be modeled?  How will the value delivery modeling language will 

be used to analysis the costs and benefits of the proposed services 

provisioning model?  

3. What are the performance indicators required to evaluate the performance 

of the service/data providers? How will the total performance index for each 

provider be quantified? 

 

1.5. Research Method 

Since most validation types in software engineering research are experienced in the 

actual use of the system and the systematic analysis of it (Shaw, 2002), a detailed 
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analysis was proposed for the system requirements of the platform. A prototype 

was also designed to descibe how the system will actualy  work.  In chapter 6, table 

(4) shows how the outcomes of thesis are aligned with the guidelines of design 

science research methodology (DSRM), which were proposed by Hevner et Al 

(2004)  (Hevne, Salvatore, Park, & Ram, 2004). This methodology is used due to 

its importance in creating successful artifacts (Peffers, Tuunanen, Rothenberger, & 

Chatterjee, 2007) to solve real-life problems. 

1.6.  Thesis’ Contributions 

This thesis contributes in the following areas as shown in figure (2): 

 

Figure 2: Thesis' Outcomes Overview 
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1. A Management Framework: A set of research outcomes (Services’ 

Provision Model, Value Models, Cost Structure Model, Performance 

Management Model) aimed to describe how the sharing economy services 

will be provided in a smart city through Information and Communication 

Technology (ICT) based Platform. The framework expects to give more 

insights to services provision chains in future city. 

2. Services Provision Model:  A conceptual model describes how the sharing 

economy services can be provided in a smart city is developed. To best 

match services requesters and providers in a smart city platform, a broker 

engine was proposed with a selection algorithm.  

3. Value & Cost Models for Services Provisioning: A set of customized 

models using various techniques to express value delivery aspects of 

providing services in smart city ecosystems were developed. In addition, a 

model for costs estimation is explored. This model includes cost of hardware 

infrastructure, data communications, software reuse, and software 

development 

4. Performance Management Model for Services Provisioning: A 

performance evaluation mechanism for services providers in a smart city is 

explored. A set of key performance Indicators also is developed to tackle 

various aspects of services provisioning.  
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1.7. Organization of Thesis 

This thesis is organized as follows. In Chapter 2 a literature review is conducted in 

the areas of value delivery, smart city platforms, open innovations, software 

business models and performance management. Chapter 3 presents a proposed 

conceptual model for services provisioning and its’ components. Chapter 4 

explores a customized value delivery models in the context of a smart city platform, 

and a framework for IT costs of services provision in the same context. Chapter 5 

explores the proposed performance management model for smart city based on 

sharing economy model, while in Chapter 6 a proposed validation system is 

explored. Finally, a conclusion with recommendations for future work is explained 

in Chapter 7. 
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2. LITERATURE REVIEW  

 

2.1. Value Delivery Metamodeling 

Today modeling of value delivery attracts more attention in the conceptual 

modeling field (Roelens & Poels, 2013). Value Delivery Modeling Language 

(VDML) is one of the latest steps in such field. VDML is a new modeling language 

that express the value relationships in a higher level of abstraction with more 

concentrating on statistical aspects of model elements, such as: activities, resources 

and deliverables (Object Management Group, 2015).  

The main aim of VDML is to provide an enterprise-level perspective for business 

operations from different viewpoints (Object Management Group, 2015) and from 

different stakeholders’ perspectives. Figure (3) below presents these different 

views of VDML. 

 

Figure 3: VDML Views  (Object Management Group, 2015, p. 22) 
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VDML provides decision-makers with more transparency and less ambiguity in 

decision-making process (Object Management Group, 2015). Roelens & Poels 

(2013) propose two essential requirements to build any value models: the model 

should have the ability to present company strategy (completeness requirements), 

and the model should also know what to do to create value (strategy 

implementation depth requirements). 

In contrast of Business Process Model and Notation (BPMN), VDML language 

aims to bridge the gap between strategic objectives (high level) and the business 

process (low level), while the BPMN aims to describe business process flow in 

more detail (Object Management Group, 2015).  

While Object Management Group (OMG) has published both VDML and UML 

(Unified modeling language) languages (Object Management Group, 2015). UML 

is more concerned with visual modeling of systems ‘requirements, and the needs 

of systems’ developers to document their concepts and share it in visual standard 

manner. VDML concerns more with the value exchanged between different 

stakeholders inside and outside the organization (Schmuller, 2004). UML is used 

more during the software development process while the VDML used more to 

recognize the values exchange occurrence through the operating process in higher 

strategic level. Below is a conceptual diagram shows how we can see the levels of 

abstraction for each language. 
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Figure 4: VDML Versus BPMN 

 

2.2. Value Modeling for a Smart City Platform  

Value as a concept is the core of the VDML model. OMG group define value as “a 

measurable factor of benefit delivered to a recipient in association with a 

deliverable” (Object Management Group, 2015, p. 12). Definition of value 

extended to be “any other feature or benefit that would affect the desirability of a 

product, service, or economic exchange.” (Object Management Group, 2015) 

In the case of smart city services, different aspects of value (Object Management 

Group, 2015) can be explored: 
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 Quality of Service: presents the level where the delivered service/product 

satisfies the need of its use for the citizens 

 Service Reliability: presents the commitment to deliver the 

service/products within the claimed time. 

 Service Price and Cost of both production and delivery of services. 

Information also can present a business advantage (Object Management Group, 

2015) for all stakeholders in smart city platform context. This give more attention to 

data providers in smart city chain.  

In smart city applications context; Metzger, Terzidis, & Kraemer (2015) modeled 

the value delivery architecture of fast charging infrastructure of electric vehicles in 

the smart city. A review for the related works shows a lack of research efforts on 

modeling value delivery for smart city services under the sharing economy model. 

 

2.3. Open Innovations  

Success of open innovations results from better organizing of the sources and 

supporters of the ecosystem when both competition and collaboration are fostered 

(Almirall, Lee, & Majchrzak, 2014). This can be occurred by employing a set of 

approaches for civic open innovations, such as: urban labs, crowdsourcing, open 

data, hackathons, application development contests  (Almirall, Lee, & Majchrzak, 

2014). Living labs are used as an initiator of open innovations; there are currently 
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more than 300 living labs members under the umbrella of a European network 

(Mangyoku, et al., 2014).  

In regarding the Apps development in the context of smart city services, the 

literature shows that it is considered as one of the open innovation’s outcomes in 

recent years. Cisco, in its publication of Smart Cities Expose: 10 Cities in 

Transition 2012, asserts that one of the smart city’s goals of Busan city in South 

Korea is stimulating the economy and scaling up business domains by employing 

3,500 app developers using various open innovation approaches as cited in (Lee, 

Hancock, & Hu, 2014). (Barbu, Kuhn, Spirescu, Lamorte, & Scanu, 2015) showed 

another example for a software platform named as “3cixty” which is an innovation-

enabled platform used as a tool to enable app developers to build their apps to 

achieve city objectives during Expo 2015. 

While other authors link the smartness of city with the existence of both 

innovations and creativity, and sustainable services of platforms (Anttiroiko, 

Valkama, & J. Bailey, 2014). 

 

2.4. Software Business Model 

Software business models present how the money will be gained from software 

products, different business models could be used for same product, to adapt to 

different consumer’s needs (Hohmann, 2003).  
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In smart city platform context, a development of a business model needs to frame 

a value chain; this starts from the initial stage of the system (data capturing) to the 

final stage in the reporting phase (Jin, Gubbi, Marusic, & Palaniswami, 2014). This 

requires more attention to all stakeholders such as data / service providers, 

platform’s owner, consumers and support organization. However,  current new 

market of API economy expect to turn citizens (consumers) to data providers 

or/and application developers (Vukovic, Laredo, & Rajagopal, 2014 ).  

For smart city platform, different business model can be applied to generate a 

revenue to fund platform development and maintenance costs. In (Walravens & 

Ballon, 2013) the authors suggest a theoretical framework to analyze platform 

business models for smart cities. Ballon developed a framework for business 

modeling which aims to achieve the control needed for government services and, 

at the same time, to create the desired public value (Walravens & Ballon, 2013). 

Below are different potential business models for software businesses as suggested 

in (Hohmann, 2003, p. 69), such as: 

1. Time-based Model: use of the product for a specific time. 

2. Benefit-based: charging a percentage of the revenue generated or cost reduction 

by using the product. 

3. Transaction-based: Predefined transaction details are shared and cost. 

4. Metering: for access or use of the system. 

5. Hardware-based: not on the application. 
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(Jin, Gubbi, Marusic, & Palaniswami, 2014, p. 119) believed that sustainable 

business models should clarify the following aspects: “ownership and system 

constructions, maintenance and management, data utilization, data markets and 

revenue streams”. While  (Al-debei & Avison, 2010) wrote that business models 

should be regarded as a theoretical layer connected with a business process for an 

Information and Communication Technology (ICT) based business. 

For a public services’ business model,  (Walravens N. , 2013) presents an expanded 

business model framework that balance value and control parameters.  For public 

design parameters, the same author asserts that parameters will be on two levels: 

goals of policymakers and corporate and organizational levels (Walravens N. , 

2013).  

 

2.5. Service Pricing Model 

Price adapting to demand and supply gain more attention in today applications. 

(Ito, Chakraborty, Kanamori, & Otsuka, 2012) worked on a pricing model for smart 

grid services based on the time when it is consumed. Their concept is to distribute 

the supply over a period where there is a less demand, since the scheduled demand 

will decrease the operational cost and then the price will be more affordable for the 

consumers (Ito, Chakraborty, Kanamori, & Otsuka, 2012). 

Service’s pricing is affected by both cost and revenue of the delivered service. Data 

generated in smart city platform can be considered as a source of revenue. 
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(Mulligan & Olsson, 2013) presented that data on a smart city should be made as 

public goods that can be sold to improve the city, so this data is not monopolized. 

Adopting this concept will enhance the way the data or services can be sold in the 

sake of increases to the city revenue to fund smart city platform improvements. 

This will be an important factor to achieve platform sustainability.   

To encourage citizen’s developers, and data providers to participate in city eco-

system, and to facilitate data/ services integration between providers and 

consumers, the author of (Vukovic, Laredo, & Rajagopal, 2014 ) proposed a data 

model to present terms and conditions of API as services, the aim to automate the 

acquiring of service price and terms and conditions in real time. In smart city 

context, this is can be used as a component in the brokerage engine of the proposed 

smart city platform. 

For pricing of data collection activities,  (Chander, Mondal, Dasgupta, Kumar, & 

Venkat, 2014 ) proposed a differentiated incentive management for data providers, 

which calculate the price based on a set of various factors, such as: number / value 

of reporting, and time / quality of the collected data and reporting mechanism. 

In a smart city platform, a transactions-based business model with comprehensive 

incentive management mechanism is advisable, as this will encourage the 

consumers to use the platform and to be charged for actual use only. 
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2.6. Smart City Platform 

The author of (Anttiroiko, Valkama, & J. Bailey, 2014) defined smart city platform 

as “any physical, technological or social base on which socio-technical processes 

are built”. In the proposed smart city platform, a generic architecture expected to 

be presented through this thesis document. This is supported by different views in 

the literature as shown in the table (1). 

Table 1 : Different Definitions for System Architecture 

# Definition Reference 

1 

The architecture is defined as the generic view of a system 

and a definition for its properties, characteristics and 

components interactions. 

(Szyperski, 

Gruntz, & 

Murer, 2002) 

2 

It is related to high-level design, requirements analysis and 

performance predictions.   

(Witt, Baker, & 

Merritt, 1994) 

3 

Hohmann defined system architecture as high-level modules, 

major functions of the system, data management, and 

expected users’ interface. 

(Hohmann, 

2003) 

 

Architecture of the system expects to present both functional requirements and non-

functional features of the proposed system, such as: performance, reliability and 

security; other features and detailed decisions are expected to be tackled in later 

stages (Szyperski, Gruntz, & Murer, 2002). The author of (Mulligan & Olsson, 

2013) asserted the importance of having smart architectures for smart cities, 
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especially by connecting the business models and value chains with system 

architectures.  

The author of (Walravens & Ballon, 2013) classified city platforms into four types 

based on the employed business model: 

 Enabler City Platform: Control over data or infrastructure and no control over citizens. 

 Integrator City Platform: Control over data or infrastructure and control over citizens. 

 Neutral City Platform: No Control over data or infrastructure and no control over citizens. 

 Broker City Platform: No Control over data or infrastructure and control over citizens. 

Smart city cover set of different cross-industry applications. (Leon-Garcia & 

Tizghadam, 2015) presented the smart city with a layered view and they assured 

that design of a smart city platform focuses on two lower layers, while other layers 

presented the outcomes and indicators on how cities and their platforms are livable 

and sustainable.  

In one related application of smart city developed in Europe, (Cheng, Longo, 

Cirillo, Bauer, & Kovacs, 2015)  introduced the system architecture of City Data 

Analytics Platform, CiDAP, for smart city testbed in Santander, Spain. They 

asserted the importance of platform design in achieving the smartness of this city 

by the best use of data collected to enable both context awareness and intelligence 

of services and applications.  

In the context of smart city platform and expected relationship between its 

architecture and the desired open innovations, (Walravens & Ballon, 2013) asserted 
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that the architectural perspective of smart city platforms initiates the innovation 

from people who use the platform with government stimulations. The authors of 

(Song & Shibata, 2014)  believe that modular architecture is more appropriate for 

open innovation than integrated architecture. While other authors (Szyperski, 

Gruntz, & Murer, 2002, p. 273)  presented their concept of component system 

architecture and stress the importance of having both independent and extendable 

architecture for any system, so that multiple sources of solution parts are welcome 

and interoperate with each other. From another hand, micro-service architecture 

has appeared to satisfy the needs in the software development industry for non-

functional requirements, such as: scalability, evolvability, and maintainability of 

large software systems (Krylovskiy, Jahn, & Patti, 2015). 

Cloud computing is a suitable computing infrastructure to be used in storing data 

and processing it for smart city applications (Khan & Kiani, 2012 ) .Due to the need 

of consuming smart services through the internet, some authors suggested a 

distributed cloud-based architecture for electric mobility to provide load balancing 

for the data stream. (Tcholtchev, et al., 2012 ). 

An example of smart city platform; “3cixty” platform which is described as a 

“flexible and modular platform that integrates heterogeneous data in a semantic 

knowledge base(Barbu, Kuhn, Spirescu, Lamorte, & Scanu, 2015, p. 1) 

The author of (Ren, Nakamura, & Ludwig, 2014) introduced the Service Value 

Modeling (SVM) method, as a technique to evaluate specific software solutions 

with a set of performance metrics and ability the quantification of the impact of 
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such systems on the organization.  Such method expects to minimize the efforts 

and time of realizing the expected value to be gained from applying specific 

software solutions. In this thesis, the method will be used to evaluate the proposed 

models such as services provisioning model and performance management model 

and to visualize its impact on the smart city stakeholders. 

 

2.7. Performance Management   

Since the evolving in quality management science in early 1950s, different quality 

standards were developed, such as: ISO©, Malcom Bridge©, and Canadian 

Excellence Award©, as well as CMMI© (Capability Maturity Model© 

Integration).  

In software context CMMI© gain more attention. The author of (Kasse, 2008) 

writes that CMMI© is a process for improvement maturity model used in 

development of products and services, where the model consists of different criteria 

and requires a set of performance measures to be collected and analyzed. These 

performance measures should trigger an action once the value of any criteria 

exceeds its pre-defined limit (Kasse, 2008). 

In connecting with VDML, a value model may be expressed through a set of 

scenarios with a set of different measurements, these measurements can be 

considered as performance indicators  (Object Management Group, 2015). In 

VDML, the measurement could be subjective or objective measures (Object 
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Management Group, 2015). The measurements present the degree to which the 

property is calculated but in all cases, the recipients of the service (value) should 

agree on minimum operational measurements for the contributed value or 

generated during the exchanging between a set of activities (Object Management 

Group, 2015). 

In connecting with platform design and architecture, the system architecture has a 

notable impact on system performance; (Kazman, Asundi, & Klein, 2001) assure 

the strong relationship between the software system performance and the taken 

architectural design decisions. 

On the other hand, source of public services’ evaluation can be the big data that is 

accumulated in government servers. The author of (Capecchi & Pisano, 2014) 

explain how the open data of the government can be used to evaluate public 

services; same authors propose an extension of VDML and Service Modeling 

Language(SML), to present the reputation systems as a tool able to evaluate the 

providers which affect consumers’ decisions, in this thesis the value proposition 

exchange diagram which is used by (Capecchi & Pisano, 2014) will be adapted to 

the proposed provisioning model. 

The performance index can be extended to the city level to evaluate how the city is 

performing. The author of  (Pan, Lin, & Kao, 2011) introduced an evaluation index 

for a smart city which concentrate on the ICT issues as a tool to satisfy the needs 

of citizens. 
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3. SMART CITY PLATFORM 

  

Smart City Platform is defined as a software system that expected to be initiated 

by smart city project’s owners (local government, municipality, etc) to manage the 

services provisioning in a smart city. While the system architecture (as explored 

in chapter 2) is defined as the generic view of a system and a definition for its 

properties, characteristics and components interactions (Szyperski, Gruntz, & 

Murer, 2002).  

Since the building of a sustainable software application as smart city platform is a 

challenging task, due to its’ cross-domain nature (Krylovskiy, Jahn, & Patti, 2015), 

the concentration in this chapter will be given to system components and services 

provision model and its engines. A discussion of the brokerage engine of the system 

will be presented. These parts are considered as the key factors to achieve 

sustainability of smart city’s platform.  

 

3.1. Stakeholders Analysis 

Citizens in a smart city can play multiple roles (Khan & Kiani, 2012 ). The concept 

of  Pro-sumers where producers and consumers are the same individual was 

introduced recently (Jara, Bocchi, & Genoud, 2013). In this coming provisioning 

model, the same is applicable, where stakeholders are consumers and producers in 

the provision chain at the same time. 
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There is an importance to manage the relationships between different stakeholders 

efficiently and accurately by putting business rules in place to avoid misuse from 

any party (Raivio, Seppala, & Luukkainen, 2011). The proposed management 

framework expects to have different stakeholders with different interests. Below a 

description of each stakeholder’s role in the framework, as: 

 

 

Figure 5: Framework Stakeholders 

 

1. Platform owners (City’s Management): Such as: local government, 

municipality and mayor’s office. By Giving the decisions’ makers the needed 

insights in how the technology can be used to facilitate services provisioning in 

future cities in more fairness and transparent manner with minimizing the 
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negative effects of sharing economy model on regulated service delivery.  

Below figure is self-explanatory for the expected functions of the platform 

owner in the proposed framework. 

 

Figure 6: Platform Owner Use Case 

 

2. Consumers (individual or firms): The developed models will provide the 

consumers more reliable services with more competitive value. The perceived 

quality of services expected to be raised since the providers will be evaluated 

using more comprehensive performance model. Below figure is self-
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explanatory for the expected functions of the consumers in the proposed 

framework. 

 

 

Figure 7: Consumers Use Case 

 

3. Support organizations: such as certification and audit organizations, 

consultancy firms, and freelancer subject matter experts. They will be interested 

in these developed models since the new provisioning model will give them a 

role in evaluating and certifying the providers as a third party organization. Also 

the model will give them access to the big data repository to conduct their 
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research and studies. Below figure is self-explanatory for the expected functions 

of the support organizations in the proposed framework. 

 

Figure 8: Support Organization Use Case 

 

4. Providers (individual or firms): Giving both service and data providers 

opportunities to sell their products and services in more fairness and transparent 

manner. This include ability to participate in services delivery through the 

developed services provisioning model and to be evaluated using a pre-defined 

performance manner.  
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Figure 9: Providers Use Case 

 

Services provisioning in a smart city platform expect to have different type of 

providers, the figure below classifies the providers as data, service, analytical 

providers. 

 

Figure 10: Providers Classification 
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 Service Providers: These could also be individuals or firms that are able to 

provide a service to consumers. For instance, Due to a lack of available parking 

slots, some of the slot owners can register their available lots to be managed by 

the authority during a specific time (working time).  

 Data Providers: The individuals or the firms who want to share their data 

using this model. For instance, School district will share bus route information, 

including stop details and bus usage ratios and scheduling feeds.  

 Analytics Providers: Potential providers will be interested in providing 

analytical services for their customers. Below are examples of potential 

stakeholders, such as: consultancy firms, academic researchers, entrepreneurs, 

and advertising agencies. Providers vary based on the industry. In the 

transportation industry, below are examples of potential stakeholders. 

 

 

Figure 11: Mapping Potential Stakeholders to the Proposed Classification 

Data

Service

Analystics

•Motorist

•Government Agencies

•Parking Providers

•Toll System Providers

•Public Transit Providers

•Parking Providers

•Hotels and Motels

•Carrier Providers

•Rent / Hire a car Companies

•Consultancy Firms

•Academic Researchers

•Entrepreneurs

•Advertising Agencies
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3.2. Services Provisioning Model 

Services provisioning model provides a conceptual component-based architecture 

to address this thesis’ research questions. The model aligns with the principle 

suggested in  (Witt, Baker, & Merritt, 1994)  to be modular, portable and adaptable 

to changes. Looking to the provisioning model from software architecture 

perspective is very important due to the three reasons which shows the importance 

of software architecture as named in   (Bass, Clement, & Kazman, 2003), the first 

reason is to enhance the communication with stakeholders, the second reason is to 

help the owner for better design decisions at the early time of the concept, and 

finally to play a vital role in transferring the abstraction of the system to other 

similar system if needed. 

Authors of (Szyperski, Gruntz, & Murer, 2002) claim that abstraction is one of the 

most important tools used by software engineers. Abstraction can be used as an 

efficient tool to express how the model works in clear and obvious manner. 

Through this section, the level of design details used in the expressing of the model 

were minimized due to the fact “with abstraction, less becomes possible in theory, 

but more becomes possible in practice” (Szyperski, Gruntz, & Murer, 2002). 

The proposed provision model aims to minimize any possible clash among 

different service providers. In the model design, different standalone engines are 

proposed to process the different aspects of services evaluation. The model will 

assure that each provider has equal opportunity to be selected to provide the 
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services to the consumers.  The performance engine will calculate all key 

performance indicators in transparent manner. Each provider will know the score 

that achieved for his/her services and the details of that calculation. This will 

encourage the providers to enhance the quality of service provided to the 

consumers in terms of customer services, pickup time and other operation specific 

indicator such acceptance ratio.  The proposed model is expected to play a vital 

role in increasing the level of transparency and trust on the smart city services.  This 

expected to be a step for establishing a standard in services provisioning in a smart 

city in the era of sharing economy. The consumers will have the options to select 

the providers based on their preferences and based on the expected perceived value 

from this services. There is no chance for any type of clashes among the consumers, 

since the platform will process each consumer request in confidential manner. 

In case of the for-hire car services, this model expects to minimize the clashes 

happening among the current service providers such as licensed taxi drivers and 

other on demand mobility taxi providers such as Uber. This will be happened by 

introducing the concept of the smart city platform and its provisioning model. This 

platform could be owned by the government or at least certified from the 

government to manage the evaluation process of the providers based on the pre-

defined set of metrics. In today market, and according to the democracy principles, 

the second option is more logical to be implemented. The certification/ licensing 

process will maintain the government control needed for the regulated services and 
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at the same time. will give the market the freedom that are required in modern 

market laws. The government will provide the necessary licensing to the 

intermediate companies to manage this platform. This will give the citizens 

different platforms options to request the services. The same providers may register 

on different platforms based on the agreement with the platform’s owners which 

may vary based on the service, customer bases and the price. 

In the proposed model, all performance management activities will be shifted to 

the “assessment layer” which is located in the performance engine in the services 

provisioning model as shown in the below figure. The performance model will be 

described in detail in chapter 5. This model has a set of different metrics which are 

measured in a periodic manner. This is different from the current model where each 

service provider has different way of calculating its performance indicators. For 

instance, currently the users of Uber apps select the drivers based on the rating of 

other consumers. The proposed model expands this metric to include a set of 

different indicators from various sources such as operations related indicators, 

government enforcements agencies as well the evaluations which may come from 

other support organizations as per explained in the first section of this chapter. The 

service will be granted only to prequalified providers and for a pre-determined 

period only. Non-profit certification organizations can work for provide a third 

party trusted review for consumers. The outcome of this engine will be used by a 
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selection engine at run time to select the most appropriate service provider based 

on consumer’s request.  

In current scenario the consumers will go directly for one service provider to select 

the service among its contractors. This may lead for a conflict of interest since the 

provider wants the consumers to buy the services from their apps or systems. In the 

proposed model, this selection process will be shifted to the only licensed 

platform’s owners who will manage the brokerage functions as per the rules and 

regulations which have been put by the governments. This will avoid the conflict 

of interests found these days in some on demand mobility providers. So the 

proposed model expects to be a step in facilitating the services provisioning for 

regulated services in a smart city based on the sharing economy.  

The local government would be interested in this model as it provides new way to 

enable the open innovations for the city services and at the same time satisfy the 

interests of different business groups in the city. In a for-hire car services example, 

this model will help the tradition taxi operators to maintain their role in the market, 

while give the on demand mobility providers the opportunity to work legally in the 

city. This will enhance quality of services delivery and will increase quality of 

people’s lives. Below figure explain how the model will be able to provide the 

regulated services to the citizens based on the sharing economy model. The figure 

explains the role of each stakeholder as per defined in section 1.  
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Figure 12: Cloud- Based Services Provisioning Model 

 

The provisioning model expects to have set of different engines “agents” that 

interacts with each other to match between the providers and consumers at real-

time. A multi-agent architecture is advisable in this case, since these multiple 

intelligent engines interact to solve the selections problem, which is beyond each 

engine’s capabilities. This corresponds to the definition of the multi-agent’s system 

as shown in (Weiss, 2013). Below are the proposed engines: 
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1. Broker Engine: The broker agent is a tool proposed to match supply and 

demand between providers and consumers. The broker engine executes the 

selection process based on the input parameters. Through the broker engine, 

both service/data providers and service/data consumers exchange items.  

2. Value Engine: Since the product design should align with value flow 

expected from both the internal and external stakeholders (Object 

Management Group, 2015). The provisioning model concentrate on value 

delivery through the model. There is a need to model the value exchange 

between different stakeholders. Different conceptual mechanism will be 

used to model the value delivery aspects of providing services in smart city 

ecosystems. Modeling the value delivery will increase the accuracy of value 

estimation and enhance transparency level.  

3. Performance Management Engine: A mechanism is needed to determine 

how the selection process will be automated. This mechanism will be based 

on a set of pre-defined key performance indicators calculated in real time.  

A big data repository will be used with a reporting layer to measure such 

indexes. The performance engine is considered as an analytics module of 

the platform (brain of the system). The engine process different data set as 

an input to best match consumers’ needs with services providers.  

4. Audit Engine:  A checklist can be developed and used in the audit process 

for service/data providers; this could be done by accredited third party audit 

firms. This engine quantifies the maturity level of providers based on a pre-
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defined quality management system. This audit must run on a periodic basis, 

such as renewal or releasing process of the providers’ accounts. The 

existence of such internal system will ensure that ability of the operators to 

provide the service in a quality that is up to the level that the governments 

aim for.  

5. Context-Aware Engine: The main key for success for a smart city is to 

provide personalized services for its citizens by understanding their context 

(Hashimoto, et al., 2015). The context-aware engine generates the required 

outputs which are used in the matching process in the brokerage engine 

These output enhance the acceptance level of both parties’, by 

understanding their context. 

6. Feedback Engine: It will manage stakeholder’s feedback responses 

resulted from customer’s satisfaction survey. The outcomes of the feedback 

are used by the broker engine at run-time to select most appropriate service 

provider. This will encourage the service provider to invest more in services 

provision’s quality.  

3.3. Stakeholder Journey Maps 

 Providers Journey Map 

Below figure explains the workflow process for registration of the potential 

providers.  It defines the steps required from each provider to register-in the 

platform as a registered provider. 
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Figure 13:  Providers’ Journey Map 

 

 Consumers Journey Map 

Below figure explains the steps which the consumers will follow to request the 

services using the proposed model. Consumers will register through the system to 
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build a profile. The profile details will help in providing more smart and context 

aware services to the consumer. 

 

Figure 14: Consumers Journey Map 

 

3.4. Providers’ Selection—Broker Engine 

The brokerage component is a tool found to match supply and demand between 

providers and consumers of shared economy e-services in a smart city. A brokerage 

engine role is to select best service providers. The broker engine is composed from 
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different sub-engines that interact intelligently between each other as shown in the 

below figure. 

 

Figure 15: Providers Selection – Broker Engine for Smart City Platform  
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Through the broker engine, both service/data providers and service/data consumers 

exchange items. The performance engine is considered as an analytics module of 

the platform and is considered as the brain of the system.  

3.5. Algorithm for Providers’ Selection Broker Engine 

Below is the developed code for the brokerage selection algorithm in the services 

provision model using the syntax of Visual basic .NET language. The algorithm 

expects to deal with different engines of the platform in a sequential manner.  

  Private Sub Providers_Selection() Handles MyBase.Load 
 
        Dim Number_of_Providers As Integer 
        Dim Service_ID As Integer 
        Dim IsAvailable As Boolean 
        Dim S_time As Date 
        Dim S_Loc As Char 
        Dim Capability As Array 
        Dim Performance_Index As Integer 
        Dim S_Value As Integer 
        Dim Context_Factors As Array 
        Dim Customer_Preference As Array 
 
        List_Of_Potential_Providers(Service_ID) 
        Update_Potential_Providers_list() 
 
        Number_of_Providers = Return_Number_Of_Potential_Providers() 
 
        For counter As Integer = 0 To counter < Number_of_Providers 
 
            IsAvailable = Check_Availability_of_Service_Provider(S_time, 
S_Loc) 
 
            Check_Capability_of_Service_Provider(Capability) 
            Calculate_Value_of_Service_Providers() 
            Pull_Context_Aware_factors_for_consumers(Customer_Context) 
            Pull _for _Customers_Preference_History (Consumer_ID) 
 
            If MatchStatus = True Then 
            Meaure_Performance_Index_of_Service_Providers() 
 
           End If 
        Next 
 

  Rank_ Service Providers () 
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        Select_the_best_fit_Service_Provider() 
        Execute_the_Selected_Service 
        Push_Rating_form() 
         
End Sub 

 

Platform’s brokerage engine will start processing consumer’s requests based on the 

above proposed algorithm. The engine will search for potential providers based on 

requested service type. All potential providers will be called and loop processing 

is initiated. The brokerage engine will send a request to the context aware engine 

to check if the providers are available on the requested time and location. If the 

potential provider is available, the brokerage engine will send a request to the Audit 

and certification engine to check if the said provider is capable to provide this 

service based on the audit index. Then the brokerage engine will send a request to 

calculate the service value through the value engine. A request then will be sent to 

feedback engine to pull consumers preferences and customer reviews. Then the 

brokerage engine will again send a request to context aware engine to pull the 

contextual factors of the consumers.  The performance engine will measure the 

total performance index and send it back to the brokerage engine to rank the 

providers based on the mentioned factors. Once the provider is selected, the 

consumers will provide the feedback after service’s consumption. The feedback 

will to be used as one parameter besides other performance aspects in future 

selections process of providers. 
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Below is a UML sequence diagram used to describe the brokerage selection 

algorithm in the brokerage engine of smart city platform. The diagram shows how 

the different UML components interact with each other based on the proposed 

algorithm. The diagram also shows how consumers and providers as main system’s 

stakeholders interact with the system during the supply and demand matching 

process. 

 

Figure 16 : UML Sequence Diagram for Brokerage Selection Algorithm 
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Below figure shows a UML package diagram which describes the different 

components of the platform engine and how they are interact with each other based 

on the selection algorithm. The same diagram shows how the brokerage engine 

composed by five other engines. Each engine has set of member methods. 

Performance Engine use other four engines in measuring the total performance 

index of each provider. 

 

 

Figure 17 : UML Package Diagram for Brokerage Selection Algorithm 
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3.6. System Functions  

Below are sample of web services expected to be in the system: 

 

1.0 Set Service Performance Target  

Description 

This function can be designed as Master-detail User Interface 

Design. So the system users can see the updated index with 

its result before submission of the updated table to the 

approval process owner. 

Input 

Indicator_ID, New_Target, Target_Activation_From , 

Target_Activation_To 

Output Updated Target for specific Date Range 

 

2.0 Set Gap Value Range  

Description 

This function can be designed as Master-detail User Interface 

design. So the system users can check the updated gap values 

with its indicator before submission it to the approval process 

owner. 

Input 

Indicator_ID, Minimum_gap_Value , Maximun_gap_Value, 

gap_Activation_From , Gap  _Activation_To 

Output Updated Both gap Values for specific Date Range 
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3.0 Get Service Providers Performance 

Description 

This API will return the providers’ performance index based 

on a set of the mentioned inputs; min and max will sort the 

provider’s performance index, ascending or descending. 

Input 

Providers Performance Index Minimum, Providers 

Performance Index Maximum, Measurement_Date_From , 

Measurement_Date_To. 

Output Array of Providers IDs, Providers Performance Index 

 

4.0 Set Customer Feedback 

Description 

This API updates the feedback input from the customer after 

the trip. 

Input 

Vehicle ID, Providers ID, Trip ID, Facet_X_ID, 

Facet_X_Value, Descriptive Feedback 

Output Null 

 

3.7. Requirements Analysis 

Requirements analysis is considered as a source of a project’s needs, wants and 

desires, used to answer questions required for a system’s perfection (Cook & Das, 

2005). Below are a set of requirements of the proposed platform: 
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 Since the platform will be used by different service providers from different 

industries. Reusability is an important requirement in ease of building such 

applications. 

 Lack of technical interoperability between different parties in the city lead to 

urgent need to build a flexible and efficient platform to connect various data 

sources and applications with one platform (Cheng, Longo, Cirillo, Bauer, & 

Kovacs, 2015).  This is considered as one of the major challenges for any smart 

environment (Cook & Das, 2005). 

 The data should be able to transfer smoothly between all the data repositories, 

such as: Data Provider—Data Owner (Regulator)—Service Providers, as well 

as the data consumer. 

 Data storage capacity should be capable of processing and storing all required 

data smoothly as the platform expect to deal with millions of users 

simultaneously 

 Mocks for apps development should be developed and will define guidelines 

need to be developed to attract developers from different backgrounds and skills 

levels.  

 Due to today’s severe risk associated with applications and data security, 

especially government data, the platform should adhere to all concerns related 

to security issues. 
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 System outcome deliverables can be provided in different forms, such as 

browser plug-in applications on mobile apps or desktop applications. 

 API efficiency and reliability will affect both service providers and consumer’s 

satisfaction. Platform’s efficiency can be measured in terms of connection time, 

time to respond, time to authenticate and time to process the data. 

 Cleaning of the gathered data is an essential step in data mining.  Quality of 

collected data is considered as one key metric in the evaluations of the service 

providers. 

 

3.8. Privacy 

The proposed platform will manage consumers’ and providers’ privacy in a strict 

way. Consumers and provider’s data will be kept at minimum level through each 

design aspect. A customized privacy policy to assure privacy aspects for collected 

data and for developed applications will be put in place. Data ownership needs to 

be defined in each stage of the system workflow. Data will be processed by 

different parties in least needed manner; a non-disclosure agreement will be signed 

with the providers in advance.  

 

3.9. System Database 

Below is the database design for the smart city platform based on the proposed 

framework.  
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Figure 18: Database Design (Part 1) 
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Figure 19:  Database Design (Part 2) 
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4. VALUE & COST MODELS OF SERVICES 

PROVISIONING 
 

Today, citizens have high expectations for more efficient and smarter services., 

However, introducing such services usually require a huge initial financial 

investment, especially for the background infrastructure (Farkas, Feher, & Sidlo, 

2015). 

VDML as a value delivery modeling language can be used for different scales and 

different industries and for both commercial and non-commercial entities including 

government institutions (Object Management Group, 2015). VDML model scope 

expected to be dependent on the purpose of the model (Object Management Group, 

2015). So smart city model can be the first step in development more models that 

address more problems related to the smart city. Below figure shows conceptual 

layers’ perspective for value modeling of smart city platform. 

 

Figure 20: Conceptual Layers of Value Modeling for Smart City Platform  
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4.1. Value Proposition Exchange Diagram  

Value Proposition present set of different scenarios for different users (Object 

Management Group, 2015). Stakeholders of the system are varying, in chapter 3 

descriptions were given for stakeholder’s classification with its use case which 

cover all expected scenarios of each of stakeholder. It explores the contribution of 

each service providers in the services provisioning chains  (Object Management 

Group, 2015). 

 

Figure 21 : VDML Value Proposition Exchange Diagram 
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4.2. VDML Collaboration Diagram 

This diagram represents interaction between different entity in smart city such as 

interaction between smart city platform owner with providers during providers’ 

registration process. Role presents specific title in specific organization where 

participant presents different aspects  (Object Management Group, 2015) such as 

platform owner, providers, consumers and support organizations as shown below. 

 

Figure 22: Framework's Stakeholders Collaboration Diagram 
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4.3. Value Network  

Allee (2003 and 2008) define value network as a tool used by system designers to 

analyze business activities and relationships between these activities in day to day 

operations as cited in (Object Management Group, 2015). These relationships are 

presented as a graph or map where the dashed arrows present the intangible 

activities. Filled arrows present tangible activities. Below is an adapted version for 

value network for a services provisioning in smart mobility platform (Object 

Management Group, 2015). 

 

Figure 23: Value Network Diagram for Smart City Mobility Services Provisioning (Adapted (Object Management 

Group, 2015)) 
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4.4. Capability Map 

Capability map represents the mechanism where the service/ data providers show 

their ability to provide the required service as per expected from both platform 

owner and consumers (Object Management Group, 2015).  

A smart city platform requires a customized capability map to be used in comparing 

different aspects of maturity and capability of the developed platform. According 

to Krohn, the capability map is considered as a framework for defining the scope 

and analyzing the impact as cited in (Object Management Group, 2015). In 

software engineering terms, the produced value can be expressed as a service 

(perishable product) so more attention is required for its reliability, availability and 

sustainability.   

 

Figure 24: Capability Heat Map for Smart City Mobility Services Provisioning 
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4.5. Services Provisioning Network Activity Diagram 

In VDML services business network presents the relationship between different 

entities within the framework  (Object Management Group, 2015).  Each entity, 

firm, individual in smart city can be considered as separate organizations, each 

Organization Unit may have set of roles and various participants  (Object 

Management Group, 2015).  

The proposed framework may have set of activities such as services registeration 

activity, monitoring activity and product continuous improvements activity. 

Measurement present performance index(metric) for smart city such as service 

time, service waiting time, consumer’s satisfaction index… etc. VDML 

incorporates SMM (Structured Metrics Metamodel) in defining of measures and 

the ability of sharing it between different models  (Object Management Group, 

2015).  

In the proposed framework, the community can present both citizens of smart city, 

and independent organizations that interested in certification and accreditation of 

service/ data providers. The services/ data available on-demand by the providers 

can be shown as a resources ready to be consumed by the activity at run time. The 

proposed platform can be considered as a store where the resources are kept to be 

available when there is a request from customer. Below diagram shows the service 

provisioning network diagram for the proposed model which describe the 

relationship between its stakeholders. 
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Figure 25: Services Provisioning Network Activity Diagram 

 

4.6. Cost Analysis for Service Providers 

In this section, cost drivers are explored for IT service providers in the smart city 

as an example of service providers in this field for a smart city. Below is a 
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mathematical model for cost estimation for shared economy in car-for-hire 

services: 

1. Software Development Cost:  associated with the dispatching and 

Tracking system.  

𝑺𝒐𝒇𝒕𝒘𝒂𝒓𝒆 𝑫𝒆𝒗𝒆𝒍𝒐𝒑𝒎𝒆𝒏𝒕 𝑪𝒐𝒔𝒕

= 𝑺𝑰𝑪 + (𝑹𝑫𝑴 ∗ 𝑪𝑷𝑫) … … … … . … … … . . … … … … … (4. 𝟏) 

𝑺𝑰𝑪: 𝑺𝒐𝒇𝒕𝒘𝒂𝒓𝒆 𝑰𝒏𝒕𝒊𝒂𝒍 𝑪𝒐𝒔𝒕  

𝑹𝑫𝑴:  𝑹𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝑫𝒆𝒗𝒆𝒍𝒐𝒑𝒎𝒆𝒏𝒕 𝑴𝒂𝒏𝒅𝒂𝒕𝒆  

CPD: Cost per Day 

 

2. Call Center Operations Cost: for a call center which can be classified 

as Human Resource costs plus the cost of rent and furniture: 

𝑪𝒂𝒍𝒍 𝑪𝒆𝒏𝒕𝒆𝒓 𝑶𝒑𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝑪𝒐𝒔𝒕 =  𝑷 + 𝑭 + 𝑹 … … … … … … … … … … … … . (4. 𝟐) 

𝐏: 𝐏𝐚𝐲𝐫𝐨𝐥𝐥, 𝐅: 𝐅𝐮𝐫𝐧𝐢𝐧𝐭𝐮𝐫𝐞, 𝐑: 𝐑𝐞𝐧𝐭 𝐂𝐨𝐬𝐭 

 

𝑷𝒂𝒚𝒓𝒐𝒍𝒍 𝑪𝒐𝒔𝒕 = ( 𝑵 ∗ 𝑨𝑺) + 𝑰 + 𝑻 + 𝑶…………………………………..….……(4.3) 

𝐍: 𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐀𝐠𝐞𝐧𝐭𝐬, 𝐀𝐒 ∶  𝐀𝐧𝐧𝐮𝐚𝐥 𝐒𝐚𝐥𝐚𝐫𝐲 

𝐈 ∶  𝐈𝐧𝐬𝐮𝐫𝐚𝐧𝐜𝐞, 𝐓: 𝐀𝐧𝐧𝐮𝐚𝐥 𝐓𝐢𝐜𝐤𝐞𝐭 

𝐎𝐯𝐞𝐫𝐡𝐞𝐚𝐝: 𝐎𝐭𝐡𝐞𝐫 𝐜𝐨𝐬𝐭 

3. Datacenter Cost:  which is the cost of network infrastructure 

(Servers/Rack/Routers and switches/Storage devices) plus human 

resource costs (System Administrator/Network Administrator and 

Database Administrator), plus rent and utilities (cooling is very 
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important), plus a license for the operating systems which include 

batches updates for both operating systems and other very important 

software utilities. 

𝑫𝒂𝒕𝒂 𝑪𝒆𝒏𝒕𝒆𝒓 𝑪𝒐𝒔𝒕 = 𝑰 + 𝑯𝑹 + 𝑹&𝑼 + 𝑺𝑰 … … … … … … … … … … … (𝟒. 𝟒) 

𝑰 ∶  𝑰𝒏𝒇𝒓𝒂𝒔𝒕𝒓𝒖𝒄𝒕𝒖𝒓𝒆 , 𝑯𝑹:   𝑯𝒖𝒎𝒂𝒏 𝑹𝒆𝒔𝒐𝒖𝒓𝒄𝒆  

 𝑹&𝑼: 𝑹𝒆𝒏𝒕𝒔& 𝑼𝒕𝒊𝒍𝒊𝒕𝒊𝒆𝒔, 𝑺𝑰 ∶ 𝑺𝒐𝒇𝒕𝒘𝒂𝒓𝒆 𝑳𝒊𝒄𝒆𝒏𝒔𝒆 

 

4. Data Collection Cost: One of the main cost drivers for the service is 

the cost associated with data collections. Cost of data gathering is the 

hardest challenge for providing a context-aware service for citizens 

(Hashimoto, et al., 2015).  Data Pulling Rate which is defined as the 

frequency rate for receiving data from each remote device in seconds 

which is considered as a key factor in this stage; The rate value has 

effects on a set of service aspects such as: data accuracy and reliability, 

consumers ‘satisfactions, service efficiency, There are two drivers of 

such a cost: 

 

𝑪𝒐𝒔𝒕 𝒐𝒇 𝑫𝒂𝒕𝒂 𝑪𝒐𝒍𝒍𝒆𝒄𝒕𝒊𝒐𝒏 = 𝑫𝑷𝑪 + 𝑴𝑫𝑻𝑪 + 𝑫𝑰𝑪 … … … . … … . . (𝟒. 𝟓) 

𝑫𝑷𝑪: 𝑫𝒂𝒕𝒂 𝑷𝒂𝒄𝒌𝒂𝒈𝒆 𝑪𝒐𝒔𝒕 

 𝑴𝑫𝑻𝑪 ∶  𝑴𝒐𝒃𝒊𝒍𝒆 𝑫𝒂𝒕𝒂 𝑻𝒆𝒎𝒊𝒏𝒂𝒍 𝑪𝒐𝒔𝒕  

𝑫𝑰𝑪 ∶ 𝑫𝒂𝒕𝒂 𝑰𝒏𝒕𝒈𝒓𝒂𝒕𝒊𝒐𝒏 𝑪𝒐𝒔𝒕 
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1. Cost of the Data Package: This could be a monthly/annual data 

package with a maximum limit. A bulk deal could be an option 

for fleets with hundreds of vehicles. 

 

2. Cost of Mobile Data Terminal: This device could be a 

personal smartphone device or a customized heavy duty mobile 

data terminal designed to work 24 hours 7 days a week to 

communicate with the server.  The cost of a mobile data 

terminal is composed of the device cost and the maintenance & 

training cost. 

𝑪𝒐𝒔𝒕 𝒐𝒇 𝑴𝒐𝒃𝒊𝒍𝒆 𝑫𝒂𝒕𝒂 𝑻𝒆𝒓𝒎𝒊𝒏𝒂𝒍 𝑫𝒆𝒗𝒊𝒄𝒆 = ((𝑪𝒐𝒇𝑫 −

𝑹𝑽) ÷ 𝑫𝑷𝑰𝒏𝑴) + 𝑴&𝑻𝑰𝒏𝑴 …………………..… (4.6) 

 𝑪𝒐𝒇𝑫: 𝑪𝒐𝒔𝒕 𝒐𝒇 𝑫𝒆𝒗𝒊𝒄𝒆, 𝑅𝑉: 𝑅𝑒𝑠𝑎𝑙𝑒 𝑉𝑎𝑙𝑢𝑒 

 𝐷𝑃𝐼𝑛𝑀: 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑖𝑛 𝑀𝑜𝑛𝑡ℎ 

𝑀&𝑇𝐼𝑛𝑀 ∶  𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑎𝑛𝑑 𝑇𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 𝑃𝑒𝑟 𝑀𝑜𝑛𝑡ℎ 

 

3. Data Integration Cost : Data used through the proposed 

platform varies based on its sources. Data are classified as 

structured and unstructured data (Cheng, Longo, Cirillo, Bauer, 

& Kovacs, 2015). The structured data is the data with known 

fields and these fields will have a pre-defined format at the 

database design time (Cheng, Longo, Cirillo, Bauer, & Kovacs, 
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2015). Unstructured data is the data without known format, so 

they are difficult to interpret  (Cheng, Longo, Cirillo, Bauer, & 

Kovacs, 2015). Data format is one of the factors which has an 

impact on both cost and price of the service.   

 Processing Time: Unstructured data will need more time to be 

processed. 

 Platform Infrastructure: such as the server’s capability and 

storage size. More will be required in case of unstructured data. 

 Network Cost: Bandwidth requirement varies based on the data 

format. 

 Service Reliability: depends also on the data format provided. 

 

5. Marketing and Advertisement Costs: There is an annual cost related 

to the marketing and advertising for such services; this varies based on 

the implemented strategy and approach taken. Currently, online social 

media and search engines provide an effective solution for many 

organizations.  

6. Overhead Cost: Some additional costs are associated with this service, 

such as management costs and other in-kind costs. 
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𝐓𝐨𝐭𝐚𝐥 𝐂𝐨𝐬𝐭: =   𝐒𝐨𝐟𝐭𝐰𝐚𝐫𝐞 𝐃𝐞𝐯𝐞𝐥𝐨𝐩𝐦𝐞𝐧𝐭 𝐂𝐨𝐬𝐭

+  𝐂𝐚𝐥𝐥 𝐂𝐞𝐧𝐭𝐞𝐫 𝐎𝐩𝐞𝐫𝐚𝐭𝐢𝐨𝐧𝐬 𝐂𝐨𝐬𝐭 

+  𝐃𝐚𝐭𝐚𝐜𝐞𝐧𝐭𝐞𝐫 𝐂𝐨𝐬𝐭 +  𝑪𝒐𝒔𝒕 𝒐𝒇 𝑫𝒂𝒕𝒂 𝑪𝒐𝒍𝒍𝒆𝒄𝒕𝒊𝒐𝒏

+ 𝐌𝐚𝐫𝐤𝐞𝐭𝐢𝐧𝐠 𝐚𝐧𝐝 A𝐝𝐯𝐞𝐫𝐭𝐢𝐬𝐢𝐧𝐠 𝐂𝐨𝐬𝐭

+   𝐎𝐯𝐞𝐫𝐡𝐞𝐚𝐝 𝐂𝐨𝐬𝐭 … … … … … … … … … (4. 𝟕)  

 

4.7. Benefits Analysis for Service Providers 

In this section, the ability to enable new sources of revenue and increase the 

economy of scale (increase service usage) of the provided service will be explored. 

Presently, booking fees are the main source of revenue for the service. The cost per 

booking is much more than the generated revenue. This is expected to affect the 

project’s sustainability in the long-term.  

On the other hand, benefits can be calculated on the savings resulting from applying 

this model, by best utilizing the resources. In this case, an increase in the number 

of bookings resulted in fewer un-hired kilometres. This resulted from the smart 

dispatch process in booking the nearest vehicle. The case of car-for-hire services is 

shown below: 

 Service Providers: Are expected to reduce the cost of software 

developments and increase the hire rate, increase the fuel efficiency, have 

less wait times and more dependency on the services by the citizens. 
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 Data Providers: This will lead to less operational costs and more efficient 

governments. 

 

4.8. Cost Benefits Analysis 

VDML Dependency measurement diagram is used below to compare between the 

cost and benefits of using such model in services provisioning in hire for car sector. 

 

 

Figure 26: VDML Measurement Dependency Diagram 
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4.9. Government’s Involvement 

When doing a comparison between the two models, public or privately funded 

platforms, the table below gives more explanation of each cost item. 

Table 2:  Cost Drivers based on Government Involvement 

Private Sector Government  Formula Cost Item  

Less More SIC+(RDM*CPD) 
Software Development 

Cost 

Less More  ( N*AS)+I+T+O+F+R 
Call Center Operations 

Cost 

More Less I+HR+R&U+SI Data Center Cost 

More Less 
DPC+((CofD-

RV)÷DPInM)+M&TInM 
Data Collection Cost 

Less More  M&AC 
Marketing and 

Advertising Costs 

Less More OC  Overhead Cost 

Less More  Total Cost 

 

4.10. Discussion: Proposed Models for Hire Car Services 

Today, for hire car services are considered as one of the live example of sharing 

economy services. This thesis explores this case as an example of how the 

provisioning model can be applied to achieve the desired objectives.  

6.2.1. Stakeholders  

1. Transportation Operators: Private owned companies that operate 

thousands of vehicles, by having a franchise contract with the regulators. 
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2. Government Regulator: Each industry sector has regulatory agencies to 

enforce the required legislations and regulations for that sector, and at the 

same time, conduct enforcement activities. 

3. Commercial Vehicles: The drivers of taxis can be considered as the data 

generators of the data; most of the drivers will be working under one 

transportation operator.  

4. Smart City Citizens: They are the main consumers for the government 

services; smart cities are built to satisfy the need of its citizens.  

 

6.2.2. Challenges 

 The challenges can be classified below as per the following points: 

1. The source of Funding: Currently, Governments invests in developing 

licensing and enforcement software systems.  

2. Revenue Management: Having to handle cash effects driver safety and limits 

the app scalability to interoperate through another platform.  

3. High Competition: Government app is less attractive compared with other 

service providers, such as Uber, as well as for other illegal taxi operations in 

suburb areas. The booking ratio in some countries (number of trips done though 

booking to total numbers of trips conducted) is still only 1.5% (Franshise 

Affairs, 2015).  
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Figure 27: Current Challenges 

 

4. Operations Model: The taxi hire rate is still very low, which means most of 

the driven kilometres are not generating any taxi revenue, putting more cost on 

the taxi operators (Franshise Affairs, 2015). 

6.2.3. Benefits 

Accessibility to the service now is limited with a monopoly service provider; 

attracting inflow innovation to this industry will enhance the following: 

1. Operational: Having more booking channels will increase the hire rate 

(hired kilometre /driven kilometre) as the number of bookings increase and 

the vehicles will drive less un-hired kilometres. 

Source Of 
Funding

Revenue  
Management 

High 
Competition 

Operations 
Model
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2. Smartness: Sharing the huge database engine with the consultancy provider 

will provide the business entities more fact-based decisions, especially to 

solve the location problem that faces many businesses.  

3. Financially: More revenue will be generated for both app developers and 

operators. 

4. Economic: lower price for the service (shorter route) will stimulate more 

consumption from the commuters, and this, in the end, will enhance the 

purchasing power of the citizens and increase the demand for goods and 

services. This will stimulate the economy and create more jobs in the 

country which means in the long term, additional needs for mobility for the 

citizens. 

5. Quality of Service: The competition between many apps provider will 

enhance the quality of services because each provider will try to provide 

value-added service for the consumers in order to attract them to use his or 

her app; this means that the service user will receive a more comfortable and 

convenient job from the providers. 

6. Efficiency: Having more fact-based decisions will result in a more efficient 

city which reduces the operation costs for running a business and has more 

affordable services for each citizen. 

7. Urban Planning: The city planners will use the same platform to determine 

where future constructions are needed; also, this may be used for traffic 
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impact studies, without any objection certificates which are part of the 

building licensing process. 

6.2.4. Costs 

The current situation of the regulator requires an immediate change for the booking 

service cost for the following reasons: 

1. High operation cost for call center booking services with high cost of 

communication cost of the network (Franshise Affairs, 2015). 

2. The increase of the cost of database maintenance and administration activities. 

3. Awarding time (time from booking initiated to assigning a driver) is still have 

big portion  of the required time from booking to pick up time (Franshise 

Affairs, 2015).  

4. Currently, the existing app provides limited services alternatives to consumers. 

For example, customers cannot track the vehicles assigned to them, and the 

current app lacks the ability to pay through the app directly. 

5. Environmental cost for each driven kilometre from the vehicles. 

 

6.2.5. Solution: Value Maximization 

 Instead of having only one application to provide the taxi service booking, the 

regulator should open the opportunity to all developers who want to develop a 

mechanism to increase the booking ratio of the taxis. 

The regulator will publish the service for developers and software development 

firms. Developers and startups can manage the service cost for the drivers and other 
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added value services can be provided, such as context-aware services and 

entertainment services. 

The proposed platform will manage the services directory for the transportation 

services; each service provider can pay per usage for each API. The cost of service 

can be determined based on the demand and supply in a way that can increase the 

early booking requests. Early booking will provide a room for more operational 

arrangements, which means more optimizations. Some new providers will get in 

this platform based on pre-qualification steps while other existing providers’ 

accounts will be suspended if they fail to maintain their performance above the pre-

defined limit.  

Now these startups can use these services apart from a bundled service that they 

provide to their customers.  Below are examples about expected startups: 

 Tourism Services Providers: Mobility is one of the most important 

services required during the tourism service delivery. The taxi service can 

be used as a value-added service to their service bundle. A pre-paid option 

can be provided based on a signed contract between the drivers or his/her 

company and the Tourism Services providers. This will increase the number 

of bookings and increase the revenue for both the driver and his/her 

operators. 

 Courier companies: As known, the speed of delivery is the main factor in 

logistic company services where the pickup and delivery service from door 
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to door costs the Courier companies significantly. So, the taxi fleet can be 

used to take part in such activities during the trips’ executions. This increase 

the delivery speed of the parcels, with minimal operation cost, especially in 

rural areas. 

 

 

Figure 28: Potential Stakeholders for the Proposed Smart for Hire Car Services 

 

 Consultancy firms and academic researchers: The consultancy firm 

require a huge number of data to be used in their consultancy work, such as: 

the data required to solve the location problem for opening a new shop, 

pharmacy or even a petrol station; the taxi GPS information, with the 

information mobility of the people, can help them to provide more fact-

based directions to their consumers. 
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 Traffic Information Apps: currently there are many apps which provide its 

users with real-time information about the traffic flow; giving those 

providers the ability to book a taxi will for certain increase their customer 

base and enhance revenue. Also, giving them access to taxi GPS locations 

in real time will increase the accuracy of traffic data provided to its 

customers. 

 Restaurants Requests Applications: Some of this application can offer 

taxi services as a potential service that may attract other users to their app.  

 Car-for-Hire Service Providers: One of most needed services for the 

rental car company services is the door to door rental; all users of such 

services are facing the challenge of returning to their homes after handing 

the rented car back to the shop. The car-for-hire company can provide this 

service as a valued added service to their core services. 

Enhancing the service delivery model to will have a great impact on all previously-

mentioned sectors and the quality of life of citizens.  Data and services are: 

provided in real time and at minimal costs, less human action is required, and the 

drivers will gain more revenue— enhancing both the quality of services and the 

drivers’ self-satisfaction. 
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5. PERFORMANCE MANAGEMENT FOR SERVICES 

PROVISIONING 

 

In the coming sections, performance management model will be explored as a basis 

for both services evaluation and selection. The proposed model is linked with the 

brokerage engine to best match supply and demand. 

 

5.1. Indicators List 

The proposed evaluation model composes a set of various aspects that cover the 

most important factors affecting service delivery.  These factors are presented in 

the figure below and varies by its nature, including: indexes related to information 

technology capability, operations and innovations aspects.  The model is also 

expected to have a specific index to evaluate the value of money of the services 

besides the quality management side of the service provision corporation.   

 

Figure 29: Performance Evaluation Model for Services Provisioning 

Information Technology 
Maturity Index

Innovation Maturity Index

Value Maturity Index Operations Maturity Index

Quality Index
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Below is more description about the indexes: 

 Information Technology Maturity Index: Providers’ IT systems play 

important role in service excellence. So Information technology 

infrastructure and practices need to be evaluated periodically. This Index 

is composed of a set of sub-indexes to measure the maturity of 

Information Technology’s and capability of the service providers: 

1. Data Capturing Index: Pulling and pushing mechanism of data 

from the sensing device to the datacenter includes answering the 

questions: how, what, when and where. 

2. Data Privacy Index: How the individual’s privacy is maintained 

and up to what level. This contains a set of variables which need 

to be quantified and tested through this index. 

3. Data Sources Independency Index: Does the service provided 

have enough data sources for each service? Is the service provider 

exposed to a single point of failure? 

4. Data Centers Management Index: Is the data center managed 

in a proper way and with the best practice in the industry? What 

is the administrative policy currently used by the providers?  

5. Systems Security Index: Is the provider putting the necessary 

requirements in action for managing the internal and external 

security threats? What is the access policy for both physical and 

virtual access? 
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6. Capability Maturity Model Index: This ranking can be used as 

a standard designed by the Software Engineering Institute. This 

model is considered as a way to describe how the software 

development practices in such organizations are mature (Tate, 

2006, p. 195).It is composed of five different scales (1-5), one 

being the initial stage and 5 being the optimized (Tate, 2006, p. 

197)  

7. Data Accuracy Index: The correctness of the data that could be 

provided to the provider plays a vital role in system reliability and 

affects the customer’s satisfaction.  

 

Figure 30: Information Technology Maturity Index 

Data Capturing 
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 Innovation Maturity Index: Open innovation aspects of such platforms 

have a vital role in sustaining smart city platform initiative as discussed 

in chapters 2 and 3 of this thesis. In (Cleveland, Mitkova, & Gonçalves, 

2015) the authors proposed a model to explore the relationship between 

the knowledge flow and open innovation. Their model can be used as a 

basis to evaluate the innovation index of an organization. 

 Value Maturity Index: This index will use the value delivery modeling 

language to measure the value delivery through the platform. This is 

expected to cover all cost drivers discussed in chapter four on this thesis.  

 Operations Maturity Index: This can be used to measure key 

indicators of the provider’s related performance domain; in the case of 

for-hire car services, a set of different KPI can be presented, such as: 

 

Figure 31: Operations Maturity Indicators 

1. Average Waiting Time: This measures the time between the 

service request and the service starting time. For example, the 
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average time required for a passenger to wait for the bus in a 

specific bus shelter. 

 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑾𝒂𝒊𝒕𝒊𝒏𝒈 𝑻𝒊𝒎𝒆 

= ∑
𝑊𝑎𝑖𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

 𝑁𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 𝑈𝑠𝑒𝑑 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒

∗ 100% . . … … … . . . … … … . . … … … . . … … … . … … … … (5.1) 

 

2. Average Service Time: This measures the time required to 

complete the service. For example, this can measure the time 

required to buy a subway ticket or the average travel time for a 

specific transportation service. 

 

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑺𝒆𝒓𝒗𝒊𝒄𝒆 𝑻𝒊𝒎𝒆 

= ∑
𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

 𝑁𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟𝑠 𝑈𝑠𝑒𝑑 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑖𝑐𝑒
100 

… … … . . . … … … . . … … … . . … … … . … … … … (5.2) 

 

3. Acceptance Ratio: This indicator measures an operator’s 

effectiveness in encouraging the providers to accept more 

requests. It is expected that the providers will respond to more 

valuable jobs from the reliable applications.  
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𝑨𝒄𝒄𝒆𝒑𝒕𝒂𝒏𝒄𝒆 𝑹𝒂𝒕𝒊𝒐 

= ∑
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑅𝑒𝑞𝑢𝑒𝑠𝑡𝑠

 𝑁𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑖𝑠𝑝𝑎𝑡𝑐ℎ𝑒𝑑 𝐽𝑜𝑏𝑠

∗ 100% … … … … … … … … … … … . … . (5.3) 

 

4. Completion Ratio: Consumers tend to use the applications that 

provide a guaranteed reliable service. More robust applications 

will provide more reliable services to the consumers and 

providers. This will encourage the intermediate service providers 

in the supplied value chain to maintain a layer to assure the 

accuracy of the request before passing it to a provider.  

 

𝑪𝒐𝒎𝒑𝒍𝒆𝒕𝒊𝒐𝒏 𝑹𝒂𝒕𝒊𝒐

=
∑ 𝑇𝑎𝑠𝑘𝑠 𝑤𝑖𝑡ℎ 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑆𝑡𝑎𝑡𝑢𝑠

∑ 𝑇𝑎𝑠𝑘𝑠 𝐴𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑡𝑜 𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝑋 𝑤𝑖𝑡ℎ𝑖𝑛 𝑡𝑖𝑚𝑒 𝑃𝑒𝑟𝑖𝑜𝑑 𝑜𝑓 𝑌

∗ 100% … … … … … … … … … … … … … … … … … … … … … … … . . (5.4) 

 

5. Customers Satisfaction Index: System users are the most 

important stakeholders of the platform. The customers’ feedback 

can be quantified as an index using both structured feedback data 

(value of the evaluation) and unstructured feedback data 

(comments review).  
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6. Customer Recommendation Index: This index reflects 

consumers’ consolidated opinions towards the providers.  

Measurement of both Customer Satisfaction and Customer 

Recommendation indexes will encourage the service providers to 

invest more in the quality of provided services. For example, the 

logistics providers will allocate more budgets for drivers training 

and in customer’s rewards. These indexes reflect the exact rating 

of consumers towards the services providers. There are a set of 

service facets which cannot be measured without conducting a 

satisfaction survey or an online pull feedback system.  

 

 Quality Index: Quality management statistical methods can play a vital 

role in evaluating the service and data providers. This factor quantifies 

the maturity level of providers based on its quality management system. 

Periodic audit will be conduct regularly, such as during the contract 

process or in the case of accounts releasing process. 

  

More aspects can be added to the performance model based on the specific nature 

of the service. The technology used in data collection and service provision may 

affect how the calculation of the key performance indicators can be measured in a 

cost-effective manner. 
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5.2. Model Description  

Calculation of the gap value between the current result and the desired target is the 

starting point in measuring the providers’ performance indexes. Below formula is 

suggested to be used: 

𝐺𝑎𝑝 𝑉𝑎𝑙𝑢𝑒 =  (
(𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑅𝑒𝑠𝑢𝑙𝑡 –  𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑇𝑎𝑟𝑔𝑒𝑡)

𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑇𝑎𝑟𝑔𝑒𝑡
) ∗  100% … … . . (5.5) 

Table 3: Performance Dimensions Matrix 

# Dimension Weight Target 

1 Performance Dimension 1 W1 T1 

2 Performance Dimension 2 W2 T2 

3 Performance Dimension 3 W3 T3 

4 Performance Dimension 4 W4 T4 

 

For example, if a registered provider has a result ratio less than X in performance 

Dimension 3, the system will give this provider; Y Month as a notice period. If the 

same low performance continues, the system will suspend access and avoid 

selection this provider for a specific pre-defined period. Every periodic time, the 

performance engine measures the performance indexes and applies the associated 

rule as per the table below. 
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Table 4: Rule-Based Matrix 

# Rule Code Rule Description 

1 Rule_1 Gap value Between 0% and 4.9% then do action 1 

2 Rule_2 Gap value Between 5% and 9.9% then do action 2 

3 Rule_3 Gap value Between 10% and 19.9% then do action 3 

4 Rule_4 Gap value Between 20% and 49.9% then do action 4 

 

Least priority selection status is used to eliminate the selection of a potential 

providers in case of achieving low score in the performance indicator. This method 

is used also when a provider has some repetitive complaints from the consumers. 

The below table presents the suggested actions list which can be used in the 

brokerage selection engine based on the archived score in the total performance 

indicator. The proposed actions list includes notification alert, least priority 

selection, suspension and publishing to the black-list providers. 

Table 5: Action-Based Matrix 

# Action Code Action Description 

1 Action_1 Send alert Level 1 and Give Least Priority selection after X days 

2 Action_2 Send alert Level 2 and Give Least Priority selection 

3 Action_3 Send alert Level 3 and Give X days’ notice to suspend the account 

5 Action_4 Suspend the account and put it on the blacklist 
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The service providers are ranked based on a periodic evaluation. The total index is 

generated and published based on a well-defined workflow process. The workflow 

is connected with both tables of actions and rules according on the calculated gap 

values between achieved result and the pre-defined target for each metric. The 

engine uses these values in services selection engine. Each indicator has a specific 

weight to present its importance. Total Performance Index for each provider is 

measured as a sum of the products of the different indicators: 

𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑟𝑓𝑟𝑚𝑎𝑛𝑐𝑒 𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 =  ∑ 𝑾𝒏 ∗ 𝑫𝒏 … … … … … … … … (𝟓. 𝟔)

𝑴

𝟏

 

5.3. Value & Performance Management for Mobility Industry  

Most of the transportation service providers, as well as the regulators, have a 

tremendous accumulated amount of data which is supposed to be used in 

performance measure of the service provided and the current infrastructure such as 

service quality, safety and accessibility. 

Performance management in the transportation industry faces many ambiguities 

due to the fact that the same indicator is measured in different ways in different 

countries. Some researchers argue that the intelligent transportation system is still 

not presenting the knowledge of the key performance indicator in a proper way 

(Mnif, Galoui, Elkosantini, Darmoul, & Said, 2015). This makes the performance 

management so complicated due to the following reasons: 
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.1. Measurement tools: Currently there are various tools used to measure 

performance indicators in the transportation industry, such as: drones, 

cameras, weight in motion devices, and mobile data terminals. Different 

measurement tools generate different data sets. For example, some 

measurement tools used in the logistics industry record a trip distance for 

“busy” trips, but without recording the distance for “un-hired” trips. The 

absence of such field weaken the calcuation of utilization key performance 

indicator at the company, vehicle, and driver level.  

.2. Performance Objectives: Operators and regulators have different 

objectives and different perspectives toward performance management.  

For example, transportation operators concentrate more on profitability 

objectives than the quality of service provided.  On the other hand, the 

regulators concentrate more on quality of service and safety issues. For 

example, the bus operators may ask to modify the bus route based on the 

number of riders (more revenue routes), where the regulators will 

concentrate on the commuter’s accessibility to the service. 
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6. VALIDATION 

 

The proposed framework explores different models which require further 

investigation in the area of smart city platforms. In chapters 3, 4 and 5, abstraction 

tools were used to present systems’ components, provisioning model and both 

value and performance aspects of the framework in simpler and elegant way. Since 

the proposed platform does not exist yet, and development of such system with its 

integration points requires 48 months as show in the below table. The developed 

models will fulfill the need of simplification for the proposed framework and will 

provide the required information required to understand how the proposed 

framework will work (Robinson, 2011) in this platform. Simulation is one of the 

tool that can be used to verify any developed model or framework. Unfortunately, 

VDML specifications still not support the simulation techniques and it is 

considered outside the scope of current version (Object Management Group, 2015). 

To validate the correctness of the proposed management framework, a clear 

validation proposal with detailed steps and timeframe is explored in the first section 

of this chapter. The second section contains different system’s user interfaces’ 

prototypes which are developed to be used as a proof of concept for the proposed 

platform. In section three, the outcomes of the thesis are mapped to the design 

science research methodology framework as a part of the validation process. 
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6.1. System Validation 

It is advisable to start with a sector that facing issues with its current service 

provision model. Since the implementation of such model requires dramatic 

changes in current IT infrastructure of both regulators and operators and huge 

finical investment, the following validation procedures are proposed to validate the 

research’s outcomes of this thesis:  

 

Figure 32 : Proposed Validation Plan- Steps and Timeframe 

24 Months

•Develop a Software Platform for Smart City 
Services

6 Months

•Build a Software Development Kit for System 
Integration 

6 Months

•Pricing and Incentive Mechanism will be 
developed and Implemented

4 Months
•Service Testing

4 Months
•Data Collection / Cleaning/  Analysis

4 Months

•Code Refactoring for developed system, Model 
redesign and methodology Enhancement
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Step 1: Develop a Software Platform for Smart City Services 

Develop a software system to automate the proposed service provision model, 

which include broker engine and selection algorithm, value engine and 

performance management engine, other engines expected to be programmed in a 

next phase. This can be done after analyzing the current market of for Hire car 

service to see what is the technology used and what is the required format for 

desired web-services, this include detailed requirement analysis for the input and 

output parameters of the system. Gap analysis between the current available 

infrastructure (As is) and to the proposed platform (To be) is required with cost 

estimations. This phase expects to require 24 months to be done. 

Step 2: Build a Software Development Kit for System Integration  

Integrate the developed platform with various government’s entities and ministries. 

This include an integration with volunteer’s service and data providers (individuals 

and operators).  As a starting point an integration with Ministry of Transportation, 

Licensing and insurance agency, Google SDK (Software development Kit) are 

advisable. This phase expects to require 6 months to be done. 

Step 3: Pricing and Incentive Mechanism will be developed and Implemented 

This requires a development of a set APIs, pricing mechanism will be tested with 

a feedback from service and data providers. This phase expects to require 6 months 

to be done. 
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Step 4: Service Testing 

Asking for volunteers to use the services. A set of scenario will be used to test how 

the system will choose the best providers that matches user’s preferences as per the 

selection mechanism. The selection steps will be reordered to test its validity based 

on the different scenarios. This phase expects to require 4 months to be done. 

Step 5: Data Collection / Cleaning/ Analysis 

Cost and benefits analyses can be conducted for each outcome as per the collected 

data from the developed platform. This phase expects to require 4 months to be 

done. 

Step 6: Code Refactoring for developed system, Model redesign and 

methodology Enhancement 

Code refactoring and database redesign will be done for the current API and web 

services to enhance the selections and matching process. The performance matrix 

will be revisited to quantify the weight components, rule and action tables will be 

correlated with the accuracy of the selections. This phase expects to require 4 

months to be done. 

6.2. User Interfaces  

Below are different system’s user interfaces’ prototypes which are developed to be 

used as a proof of concept for the proposed system. 
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 Broker Engine Prototype 

The engine processes the coming requests from the consumers and searches for 

potential providers for these services. The matching engine process a set of 

parameters for the requests, such as: request description, request time stamp, 

request location, consumer loyalty and response rate. 

In the screen snapshot above, the engine shows a list of potential providers that 

match the consumer’s need based on the input parameter. Potential providers will 

be sorted based on the availability of the service provider in a specific time and 

location; the suspended providers will be excluded from the selection process, and 

providers’ capabilities will be checked, as well. Finally, the context-aware 

component and suitability rank will be calculated for the listed providers. 

 

Figure 33: User Interface Prototype of Brokerage Engine  
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 Performance’s Model Automation Prototype   

Automation of the performance model by developing a suitable engine is expected 

to be an essential component of the smart mobility platform. System specifications 

will be built upon the previous sections in this thesis. Below is a prototype screen 

developed to explain how the system is expected to work:  

 

Figure 34: User Interface Prototype of Service Provider Profile Form 



88 

 

 

The screen below will be used to determine which indicators will be included in 

the metrics, based on the industry nature and the weight of each indicator.  Also, it 

will be configured in order to be used in calculating the comprehensive 

performance index.  

 

Figure 35: Configuration Panel Form 

 

6.3. Evaluation 

Below table shows a mapping of the thesis’ outcomes to the guidelines proposed 

in  (Hevne, Salvatore, Park, & Ram, 2004) regarding design science research 

method in information systems. This type of evaluation used by many researchers 

in services provisioning society such as  (Steenbergen & Brinkkemper, 2009) in 
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their book chapter regarding how to model the enterprise architecture’s 

contribution in business goals’ achievements. 

Table 6: Mapping thesis  Outcomes-(Hevne, Salvatore, Park, & Ram, 2004) 

Guideline Thesis Description 

1 

Design as an 

Artifact 

This thesis produced a set of viable artifacts such as 

a novel management framework for services 

provisioning model in sharing economy for a smart 

city, brokerage engine with a selection algorithm, a 

set of customized diagrams for smart city were 

developed such as (UML) sequence diagram, UML 

package diagram, VDML Services provisioning 

network activity diagram , VDML collaboration 

diagram and  VDML dependency measurement 

diagram. A new model for performance management 

for services provisioning in the same context. These 

IT artifacts touch the core problem of smart city 

platforms’ sustainability. 

2 Problem Relevance 

 

The problem’s definition of the system is well- 

defined in chapter one and the thesis outcomes fulfill 
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the gap found related to smart city platform in sharing 

economy industry. 

 

3 Design Evaluation  

 

A set of proposed user interfaces’ prototypes were 

developed as system’s proof of concepts. VDML 

measurement dependency model is used to analyze 

value acquired from benefits and costs associated 

with the model. A potential application for the model 

was explored to define system’s capability to address 

the defined problem. 

 

4 

Research 

Contributions 

 

This thesis defines set of well-defined contributions 

such as Services Provisioning Model, Performance 

Management models, and a management framework 

for the city platform. 

 

5 Research Rigor 

 

The performance matrix is developed for evaluation 

of service providers in the model. Cost structure 

model for IT service providers is proposed 

6 

Design as a Search 

Process 

 

An iterative process is applied during the design of 

the developed artifacts aiming to reach to the best 
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outcome. Requirement analysis for the platform and 

analysis of stakeholders’ needs and expectations 

helps for more mature developed artifacts. VDML 

and UML based designed diagrams are used to 

enhance the search process. 

 

7 

Communication of 

Research 

 

Papers will be published to communicate the research 

outcomes. 
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7. CONCLUSION  
 

 

7.1. Conclusion 

The main objective of this thesis is to propose a management framework for 

sharing-economy based e-services in a smart city to achieve the sustainability. To 

the best of author’s knowledge, this is the first ever such framework touches this 

area from the smart city platforms point of view. 

The proposed model for services provisioning are the first steps in building a novel 

sustainable model for smart city platforms.  The framework is composed from a set 

of components, such as: services provisioning model with a broker engine, value 

model and performance model. A services provisioning broker engine is considered 

as a core component in the proposed framework.  The engine/ algorithm selects the 

best service providers among the registered providers. The interactions among 

these components to enable platform operation is described in this 

thesis.  Interactions rely on various inputs, generated from different data sources in 

accordance to the value and performance models described in this thesis. The 

algorithm checks the providers’ availability, capability and calculates both the 

value and performance indexes for each. The algorithm also checks the context-

aware factors and the consumer’s feedback score. Microsoft visual studio was used 

in the prototype development of broker process as proof of concept. This include a 
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user interface design for both brokerage process and management of providers’ 

profiles.  

Both providers and consumers journey maps were developed. This led to an 

analysis of system requirements which needed to answer most of the developers’ 

questions during development time. 

Stakeholder analysis for the expected management framework was conducted. 

Services, data, and analytics providers will cover a broad area of platform users 

along with other consumers and public entities. Classification for different 

stakeholders were proposed. Mapping of each type of stakeholders was done to the 

proposed classification. 

The developed performance management model of service providers is expected to 

give more in-depth insights in evaluation of the service providers in smart cities. 

Models for value delivery exchange were developed and mapped for services 

provisioning in a smart city using different tools. Unified modeling language 

(UML) sequence diagram and package diagram are used to describe the proposed 

matching mechanism between providers (supply) and consumers (demand) in a 

smart city. 

Value delivery modeling language (VDML) is used to explore how the values are 

exchanged through the proposed model. Services provisioning network activity 

diagram and collaboration diagram are developed to explore how the model will 

work. An analysis for IT cost of services provisioning was developed in line with 

a VDML dependency measurement diagram. This diagram is used to explore costs 
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and benefits of using the proposed model in for-hire car transportation sector. 

Qualitative comparisons of drivers’ cost were conducted between a public and 

private funded model.  The value models are augmented by performance evaluation 

model used to rank the providers based on a set of key performance indicators. 

On the other hand, sustainability as a term has a set of various definitions. In the 

context of this thesis, it is used according to its relation to smart city platform. 

Where a focus is given on enhancing the provision model of services in smart city 

platform as per the following: 

1. Openness: As per described in chapter 2, Open innovation is used to attract 

potential providers to participate in public services provision by developing 

a management framework that define the relationship between all parties 

related to smart city platform. This include re-engineering current platform 

design by conducting analysis for stakeholders and gathering system 

requirements. This may require to define the database requirements and 

relations between different tables and views. This is discussed through 

chapter 3. 

2. Recognize the Value: Sustainability can be achieved in the platform when 

all the delivered value through the system are recognized with no waste. 

Through chapter 4, customized value models are used to express the values 

in the system. Also a cost structure for services provisioning is defined as 

well.    
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3. Measure the Performance for each provider to enhance the transparency 

and to increase the accuracy of matching the consumers with the best of 

providers among different competitors. This is presented in chapter 5. 

Below diagram shows how the sustainability as a desired value may achieved 

through the smart city platform using the proposed management framework 

 

Figure 36: Value Proposition Diagram 
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Thesis’ research outcomes (Service’s Provisioning model, Value and Cost Model, 

Performance Management Model) are expected to achieve the sustainability for 

smart city platform by set of different aspects such as: 

1. Increase in the city revenue from both franchise and licensing fees which are 

expected to be collected from potential providers.  

2. Decrease the current operation cost required from cities to provide the public 

services using the current model. 

3. Minimize the amount of money required to release new public services, or 

which needed to build a new infrastructure required for public services.  

The proposed model of services provisioning employs a proposed management 

framework to enable the private sector to provide services on behalf of public 

institutions but under its governance and control. Below service value model 

explores the thesis outcomes using service value model which is proposed in (Ren, 

Nakamura, & Ludwig, 2014) as explored in chapter 2. 
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Figure 37: Service Value model for the proposed Management framework. Adapted from (Ren, Nakamura, & Ludwig, 2014 
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 The research outcomes are expected to achieve the sustainability needed for smart 

city services by employing sharing economy model in the broader manner, dealing 

with interests of various groups in society, reduce the ambiguity in services 

provisions process, stimulate the innovations, and enhance quality of service 

delivery in cities and open local markets for small and medium start-up businesses. 

 

7.2. Future Work 

While this thesis provides a number of insights regarding services provisioning in 

a smart city, there are still several areas which can be considered for future work, 

such as: 

1. To use Structured Metrics Meta-model (SMM) to model performance 

evaluation model for service providers in smart city. SMM model will 

support expressing the measures in any structured model (Object 

Management Group, 2015). An extension to the model to absorb sharing 

economy model principles is needed. 

2. Develop detailed value delivery model for each business stream in smart 

city. This will facilitate presenting the operation of the desired smart city 

platform in more detail. Further steps, to integrate the developed model 

is required to show the role of interactions on value exchanging on smart 

city platform. 
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3. Implementation for broker engine using web-service using XML 

notation as a template; based on new proposed algorithm of service 

selections. API usage needs to be facilitated by exploring how the terms 

and conditions of each API can be readable from different consumers in 

an automatic way (Vukovic, Laredo, & Rajagopal, 2014 ).   

4. Development of Incentive Management system to encourage the citizens 

to engage the citizens to provide the service or data and to be part of the 

sharing economy era. This will enhance the whole services 

provisioning’s chain in smart city platforms. 

5. New regulations and policies need to be developed. Especially in the 

case, where the platform is managed directly or in directly by the 

government. This regulation is required to deal with potential changes in 

service delivery and licensing process based on the sharing economy 

model.  
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