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Abstract

Digital technologies have increased the influence of technology in business, even
changing business models and strategies of organisations. This influence, called
Digital Transformation of Business (DT), happens when there is an increase of
the number of digital connections, information and interactions. This phenom-
ena has been defined as Digital Density (DD) and aims to provide an assessment
of the digitalization status of an organization. With the concept of DD we pro-
pose the DD Framework, that has two parts: qualitative and quantitative. In
order to support both parts we simulate the effect that a platform for smart-
phones called Waze has on the traffic flow of a city. For the qualitative side, we
redefine the concept of DD and with Business Model CANVAS we compare the
changes introduced by Waze in the business model. The quantitative part of the
simulation is performed with MATLAB and its goal is to understand how an
agent chooses the path to drive from point A to point B. As expected, we prove
that with more information agents can estimate better the costs of the different
paths. Despite, even if our simulation seems to prove that the more information
the agents have the better the system works, we introduce an analogy with the
Braess Paradox to find potential problems and provide solutions for them. We
conclude with a proposal of future work.

Note: This report, the presentation of this master thesis and the Matlab files
used for the simulation can be found in next hyperlink:

www.kth.se/profile/188107/page/master-thesis-digital-density-as-the-d/



Sammanfattning

Digital teknologi har ökat influensen av teknologi i affärslivet, även förändrat
företagsmodeller och strategier av organisationer. Denna influens, kallad Digital
Transformation av Företagande (DT), händer när det är en ökning av digitala
anslutningar, information och integration. Detta fenomen har definierats som
Digital Density (DD) och syftet att ge värdering av digitalisering av en organisa-
tion. Med DD konceptet föresl̊ar vi DD Ramverk, vilket har tv̊a delar: kvalitet
och kvantitet. För att stötta b̊ada delar simulerar vi effekten som en plattform
för smartphones som kallas Waze har p̊a en trafikström i en stad. Den kvalitativ
aspekten omdefinerar vi konceptet DD med CANVAS affärsmodel som i sin tur
jämför ändringar introducerade av Waze. Den kvantitativa delen av simulering
genomförs med MATLAB vars m̊al är att först̊a hur en agent väljer sin väg fr̊an
punkt A till B. Som förväntat, har de bevisats att med fler informations agenter
kan bättre kostnadsestimeringar göras av de olika vägarna. Trots, även om v̊ara
simulationer verkar bevisa att ju mer information agenterna har, desto bättre
fungerar systemet. Vi introducerar en analogi med ”The Braess Paradox” för
att finna potentiella problem och erbjuda lösningar till dessa. Vi sammanfattar
med ett förslag till framtida arbete.
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Chapter 1

Introduction

Disruption. Defined as the “turbance or problems which interrupt an event,
activity, or process” [1] is a word feared by conservatives and sought by en-
trepreneurs, business wise speaking. In a simple analogy with engineering,
disruption can be understood as the resonance frequency : gold for electrical
engineers and problems for construction ones. Curiously, engineering and tech-
nology have a big impact in the tempo of business, that is how fast the latter
changes because of the former. And, in some cases, they can even bring disrup-
tion elements to business that might effect the whole strategy of companies.

Going to the topic that matters to the present thesis, lately digital solutions
get absorbed so rapidly by society that the capacity of companies to adapt to the
new situation gets overtaken. Consequently, the disruption elements that have
been mentioned turn into critical, and here lies the motivation of the research
in this field from a business perspective.

This project represents the continuation of the actual research of IESE Busi-
ness School regarding Digital Transformation of business, led by Professor Javier
Zamora. The most ambitious goal in this research is to create a framework that
will help companies in their adaptation to digitalization: the Digital Density
Framework. To do so, it is absolutely necessary to understand what is Digital
Transformation of Business (section 2.1) and why does it happen. Intuitively,
Digital Transformation happens because of the emergence of digital technologies
in our day by day. Actually, one of the consequences of digital transformation
is the increase of digital devices and information, fact the drives our intuition
towards the qualitative concept of Digital Density (DD) (further explained in
2.1.1) that aims to tell ‘how digitalized’ would, for instance, an organisation be.
It goes without saying that Digital Density is also the core part of the Digital
Density Framework.

Once all the above concepts are introduced, this document continues with
two examples of sectors that have been evolving with the emergence of new
technologies: retail and automotive. In terms of understanding better which
impact has the emergence of technologies into business, we will introduce the
Business Model CANVAS (3) as the chosen tool to represent a business model.
In section 2.1 we make our thesis about the effect that DD has on business
models, and to prove the thesis we have introduced a representation of Waze
business model and a MATLAB simulation in (4) about how does information
effect the traffic flow in a city. Regarding the simulation, we have made some
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assumptions based on real and hypothetical scenarios. Waze is platform that
collects users’ information about the traffic working in a co-creation manner:
all the information is available for all the users. This feature let the users know
an approximation of the traffic flow of a city in real time. We have chosen Waze
because its effects and new value are clear. With the results of the simulation
we have been able to state an initial proposal of the quantitative definition of
DD (5). In fact, the introduction of a quantitative definition of DD gives us the
chance to generate a mathematical model to better understand the digitalization
situation of any activity that wants to be analysed in a more robust way than
simply with a qualitative definition.

Finally, we show the conclusions of this master thesis and a proposal of
future work.
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Chapter 2

Digital Transformation &
The Digital Density
Framework

This section aims to explain the overall context of the thesis with detailed
data and definitions regarding digital transformation and an introduction to
the Digital Density Framework, core part of our research.

2.1 Digital Transformation of Business

According to Wikipedia, digital transformation “refers to the changes associ-
ated with the application of digital technology in all aspects of human society”.
With this definition we can glimpse which is our real concern about the topic
and IESE’s motivation in doing research on this field. As a business school,
IESE tries to address organisations’ and its leaders’ concerns which are visible
in figure 2.1. This figure is a representation of the results of an IBM survey to
CEOs about what do they think are the most important external forces impact-
ing their firms, and since 2012 the answer is technology. Until few years ago,
technology was a support force for organisations that helped them to increase
the efficiency in their processes (either back-end or front-end). However, tech-
nology has lately been able to create what in business is called new (or added)
value. Taking advantage of it, new companies have used this opportunity by cre-
ating new services or products that have ended up in disrupting certain business
models: business is transforming. This phenomenon of disruption, the change
in business models and the transformation of business is what we call Digital
Transformation of business (DT), which is a headache for many CEOs. The
support role that technology has historically had allowed CEOs not to be tech-
nologists. But this situation has changed so drastically that now technology is
key in their organisations’ strategies, fact that generates frustration and anxiety
among them.

Moreover, it is a fact that over time technology has got more affordable and
accessible to a wider range of consumers. The evolution of storage systems is a
clear example: in the 50s a 5 MB hard drive was as big as our home’s closets
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(Figure 2.4) and now we can fit 2 Terabytes storage cards in our wallets (figure
2.5 [11]). This new dimension of affordable and accessible technology has un-
avoidably resulted in a massive volume of users, which take a big role in DT.
At the same time, it translates into a lowering of entry barriers grounding a
new competitive landscape. This whole new situation and role of the customers
need to be taken into account by CEOs.

Figure 2.1: Results of survey from IBM to CEOs

The fact that IT has been historically separated from business and thus a
lot of CEOs are not technologists tells us that we need a tool that could explain
the effect of DT without understanding the details of technology. Therefore, the
first step that IESE’s proposes starts with next three questions that CEOs need
to answer to analyse the impact of DT in their businesses (Figure 2.2 [11]):

• Why does DT happen?

• What are the consequences of DT?

• How can it be managed?

Despite the core of our research is answering why, it is important to have an
overall picture of the whole phenomenon of digital transformation. Therefore,
the following sections show an explanation of all three questions.
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Figure 2.2: Why, What & How

2.1.1 Why: Digital Density

The impulsive answer of this question would be: digital drivers. Digital drivers
are all those digital technologies that provide new solutions of added-value to
the society. And this is true, but not quite enough to answer the question.

On the one hand, CEOs’ tendency was to approach each new technology indi-
vidually when it affected their companies. Before, this approach was reasonable
because time gaps between the emergence of new technologies were big enough
to provide steady periods and make this one-technology-at-a-time strategy sus-
tainable. Furthermore, as we previously commented, those new technologies
were support tools and no ”add-value” tools. However, nowadays these time
gaps are smaller letting CEOs less reaction time to take decisions. Figure 2.3
[11] shows this stepped behaviour of steady and abrupt changes that can be used
to explain the evolution of business among time. The abrupt changes represent
the emergence of technologies and the flat traces represent steady periods. Con-
trary, the red arrow shows what is the evolution of business nowadays: changing
continuously. This is another consequence that CEOs need to consider when
managing their organizations.

Another important contribution to why DT happens is due to the afford-
ability and accessibility of technology, also commented in 2.1. The natural
consequence of the affordability and accessibility is an increase of the number
of agents that leads to an increase as well in the number of connections, in-
formation and interactions that take place in the digital world. These three
variables are going to contribute a lot in our research and in the definition of
digital density.

Connections are ”persistent representations of the physical world into the
digital world”. Historically, new technologies had their first big impact into
companies (first computers, Internet, etc.). Naturally, this fact allowed compa-
nies to create value and then deliver it to the consumers. In a second stage,
technology had its impact at homes with the emergence of PCs or the Web.
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Figure 2.3: Business Change as a function of time and technological changes

This was the first step towards changes in business models thus technology was
adding value directly to families. Third, more connections were created when
technology first arrived to people with the smartphones, tablets or laptops. It
is clear that since this moment the focus of technology has directly been people:
another change in the business model. And, finally, we find ourselves in a world
where technology is arriving to things (clocks, cars, houses, etc.): the commonly
known Internet of Things (IoT). Coherent with this information, figure 2.6 is
a graphic example of the the time that technology needed to be adopted by
the 25% of the population of the USA. This figure shows nothing but another
consequence of the affordability and accessibility characteristics of technology,
making possible an increase in the interactions and possible due to the change
in the ‘target’ of technology that we have already seen. Basically, the number
of connections among time represent an exponential increasing monotone func-
tion. Have these concepts being stated we can do rough numbers to see this
evolution:

• Stage 1: 100 million companies

• Stage 2: 1 billion homes

• Stage 3: 7 billions people

• Stage 4: 20 billion things

From 100 millions companies with limited number of connection (at the be-
ginning) towards the IoT where 20 billions of connections can be found there is
an enormous jump that tells our intuition that something has happened.

The availability of permanent connections make possible the generation of
digital information, our second variable. We can derive that from an increas-
ing number of connections with more capacity we have more information. In
fact, digital technologies are providing such a big amount of information that
cause one of the most fashionable concepts of today: Big Data. Big Data is
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Figure 2.4: IBM 5 MB hard drive

Figure 2.5: Size evolution of Hard Drives

nothing but a huge amount of information that needs new techniques to handle
it. One of the reasons why Big Data needs new techniques to be handled it is
its unstructured nature, because until now the upload of the information was
meant to be structured. The good part of it is that this big amount of data
makes possible the generation of new data that can be exploited and generate
added-value. Contrary, a matter of concern is the rhythm of data generation, it
is so high that may out-space Moore’s Law and the storage of these data might
be a problem in the future.

Finally, with connections and information available the last variable of the
equation appears: digital interactions. The digital interactions those inter-
actions that happen in the digital world and, at the same time, they are the
ones that have the biggest potential in generating new value. The easier way to
visualize interactions is taking Facebook as an example: the connections are the
users’ profiles, the information are the posts of each one of them and, finally,
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Figure 2.6: Evolution of the adoption time of technologies in USA

the interactions are likes, reactions, comments or shares between users.
It is obvious that with an increase of connections and informations, more

interactions could be held. Moreover, interactions also grow with combinatory
laws and Metcalfe’s law [16].

With these three variables defined it is possible to introduce Digital Density
that will be further explained in section 2.2.

2.1.2 What

The what question refers specifically to the effect that digital transformation
has on business. The arise of new technologies have historically come with
changes in society’s expectation, behaviour and needs. Therefore, public and
private organisations have both been developing at the tempo of technology,
among other forces. Specifically, the most common and lately consequence is the
change in these organisation’s business models (the analysis from this approach
will be deeply developed in 3). In fact, the availability of different types and
more interactions have a big effect on the business model and how it does create
and capture value. It is important to remember (2.1) that if before technology
had a change in some of the processes of the business model, now it can change
its all strategy. Even though we are focusing on those changes coming from the
emergence of new technologies, they might be provoked by many other causes
that are not going to be analysed in the present work.
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2.1.3 How

How can leaders (presidents, CEOs, BMs, etc.) deal with this new role of
technology is one of their biggest concerns. The situation has been so dramatic
in certain cases that executives go to business schools looking for support about
how to deal with mobility, social media, the cloud or big data. These growing
of digital technology has even ended up in the creation of new leadership roles,
such as the CDO (Chief Data Officer), and the need of digitally-minded leaders
[5]. These new type of leaders will deal with a new environment where users are
active in the add-value process of services and products.

This new situation is reshaping organisations and as IESE’s Department in
Information Systems proposes in [5], there are 5 dimensions that every leader
needs to build a digital mind-set and face this new challenging era:

• Provide vision yet empower others: lead the company about how it
should evolve and let the employees contribute with their own ideas.

• Give up control yet ”architect” the choices: leaders need to set
aside rigid ways of leadership by making and be more flexible to expect
the maximum outcome.

• Sustain yet disrupt: leaders need to act as the bridge between old ways
and new ways in business.

• Rely on data yet trust your intuition: to the historical intuition of
leaders new data driven decisions must be taken into account.

• Be skeptical yet open-minded: deep analysis need to be done before
jumping the organisation into new technologies.

By the answering of why, what and how and developing the 4 skills above,
some solutions my arise to deal with this situation. However, IESE is now
developing a framework to ease all these process that is the core in our research.

2.2 The Digital Density Framework

Digital Density Framework aims to help companies in the adaptation process to
digital revolution. This framework is built around the concept of Digital Density,
which has been one of the main parts of our research in the past months. We
concluded that Digital Density (DD) is the percentage of connected data
per unit of activity, where a unit of activity could be a company, organisation,
sector or country. The definition of DD refers to an effect that is happening due
to digital transformation and wants to be a measure of how digitalized is the
activity that is analysed. In spite of the qualitative definition of DD, that can
be trivial to understand, further in 5 we propose a quantitative definition of the
term with a mathematical model that strengthen it.

As seen in 2.1.1, emergence of new technologies implied a stepped change in
business, i.e. after a process of adaptation a more or less steady phase came.
But nowadays, this business change is not stepped any more, it is continuous
and this has a very big impact in those organisations, specially tech-depending
ones (see figure 2.3). Hence, this is the biggest motivation in creating the DD
Framework.
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The traffic of a city is a daily situation that is now being affected by a digital
platform called Waze. Waze is our object of study and simulation further in
this report. As an introduction, Waze allows the monitoring of the traffic in
a city using a collaborative framework. Figure 2.7 shows a map of New York
with traffic information given by Waze. This is a new way to approach traffic
management in a city that provides added value that was not available before
and with an effect of desintermediation. This desintermediation will be critical
for many organizations that will no longer be able to capture value from their
customers. Clear examples of desintermediation are head hunters vs LinkedIn
or Taxi vs Uber.

Figure 2.7: Screenshot of the representation of the map of New York with Waze’s
information

Going back to DD, initially its definition was the percentage of connections,
interactions and information per unit of social activity realized through digital
technologies and during the performance of this master thesis evolved towards
the definition above. This change has been done accordingly with the research
that we have done in DD’s quantification (section 5). From the initial definition
of DD, we can extrapolate that DD increases with connections, information
and interactions. In spite of the non-presence of connections, information and
interactions in the new definition, DD is equally dependent of these variables.

As usual, exemplification might be one of the clearest ways to explain and
understand certain situations. Hence, to see the impact of DD we will intro-
duce two of the most clarifying examples of sectors that have been evolving with
technology in history. These examples are the retail and automotive sectors and
can be found below.

We can finally say that Digital Transformation happens because the increase
of Digital Density.
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2.2.1 Retail Sector

The retail sector has evolved in such a way that even the perception that con-
sumers have of retail has changed. Figure 2.8 [11] shows some technology solu-
tions that have affected this sector with time and made it change the business
model.

From the retailer perspective, retail model is about buying goods from sup-
pliers and sell them to consumers, while from the consumer side is about dis-
posing those goods at home. Sometimes, such a daily process does not seem
capable of developing so much, but it is.

The first stage in the picture entered with cash registers when in 1971 [14]
were introduced to the system. Cash registers helped cashiers’ in their job by
making the process more efficient which, at the same time, increased the volume
of service at supermarkets. It goes without saying that the experience of the
user improved in terms of waiting time in the queue.

The second stage regards one of the most important technology solutions in
this sector: the barcode in 1974 [13]. The barcode introduced changes both in
the back-end and the front-end. First, in the back-end from different approaches
like stock management, monitoring, orders, etc. Second, in the front-end where
users could experience even a smaller waiting time in queues. Of course, the
volume of clients could increase.

The third stage came along with EDI which only affected the back-end part of
retail’s business. This electronic communication method permitted the creation
of integrated bills and a more efficient communication with providers.

These three first stages mainly affected to the value chain of companies
up-stream. Specially, with more automatic operations and with less errors,
chain retail companies could arise and change the retail business from local to
large scale. This means that DD (technology) was used to increase efficiency
of the business model and to improve the experience of the customer inside the
boundaries of the supermarket.

Next stage came with the appearance of the website in 1996. This is the
very first step where technology reached homes before industry and, although
the usage of website was not massive, it introduced a channel to order a home
delivery without the need of going to the supermarket. This was a big added
value in the business model that actually represented the first step towards our
nowadays situation.

In 2007 another stage came along with smarphones and platforms. Besides
all the platforms that would add another channel for home deliveries, which
was a more efficient channel (order from your pocket, not your desktop), new
concepts of retail popped up. The platform Instacart connected consumers with
people who would do the shopping for them and home deliver it. This platform
permits a totally new experience where the delivery person could interact with
the consumer by sending pictures of products: a dynamic shopping process
without the need of being at the supermarket or exclusively focused on the
shopping task. Another example of a new added value thanks to platforms is
Walmart’s App. Walmart is a big retail American company that launched a
platform that lets its users to do the shopping from home. But this platform’s
feature that added value it is able to detect if you are inside the retail store
using GPS and changes the interface towards a barcode reader. With this new
feature users with a profile can scan their products and pay through the platform
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without wasting time at the cashier queue.
Finally, our actual stage comes with IoT. For instance, Amazon launched

a revolutionary product for retail: Amazon Dash. Amazon Dash is a device
capable of scanning bar codes from home and add it automatically to the user’s
cart of Amazon Fresh (Amazon’s Supermarket). Furthermore, this device has
a voice recognition system that let the user say out loud the product and also
add it to the cart. In this case we are talking about a more comfortable way
of ordering, also dynamic and reliable. A second example of IoT in retail come
with smart-fridges. These fridges identify which kind of products it lacks inside
and automatically places the order.

As we have seen, technology has had a huge impact in the retail sector both in
the front-end and in the back-end. It is good to notice that between the barcode
and EDI there was a 20 years gap that affected industry first. However, from
EDI to IoT (Amazon Dash) only 14 years passed with a transformation from
traditional shopping towards a dynamic non-focused shopping involving IoT.
The possibility of this change is due to an increase of DD and the emergence
of technologies that, of course, have had an impact into the business models of
the retail sector. Finally, we can see that as DD increases it is able to increase
the efficiency of models. But after a certain threshold new value can be added
to change the models.

Figure 2.8: Technology evolution affecting retail sector
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2.2.2 Automotive Sector

The second relevant example, and related to the simulation of this report (sec-
tion 4), is the Automotive Sector. This sector not only shows an evolution in
the past, but also which are meant to be next steps.

As seen in figure 2.9 [11], a big technology change arrived to companies in
1980 with factory improvements that came from automated production lines.
Such a step generated the possibility to produce greater volumes of cars that,
as a consequence, made them cheaper. The combination of these two factors
enabled a sector of the population to acquire cars which ended up in a revenues
increase for manufacturers. Another technology contribution were design tools
like AUTOCAD that permitted a computer based design of the cars that, as
well, had an impact on the cost of manufacturing a car.

Next tech change arrived in 1985 as well to the companies. The manufac-
turers introduced centralized computers called CAN bus that would centrally
control parts of the cars such as electric windows, windscreen wipers, air condi-
tioned, etc. As in previous examples, the cheaper a product is the more people
can afford it and the greater are the revenues for the producer. It is good to
notice that with a centralized computer we can see that DD was in the car,
but it was not accessible by the customer. And again, this first stages did not
change the experience of the customer: there were only regarding the back-end
and they implied an increase in the efficiency of the business model.

In 2000 technology arrived to homes with a parallel effect as in the retail
sector. Then it was possible to order a car through the internet for the first
time. However, from the user perspective, the experience did not change in an
enormous way.

It was in 2010, with the smartphones where the biggest impact came to the
automotive sector. New business models were generated thanks to new dis-
rupting ideas like Bla bla Car, Uber or My Taxi. The car sharing, ride sharing
and new transportation methods have been a completely headache for tradi-
tional companies, overwhelmed with technology solutions. Curiously, a giant
traditional manufacturer taken a big step towards digitalization, a very repre-
sentative fact: Mercedes has acquired MyTaxi app in a clear gesture of getting
involved with digitalization. Moreover, IoT has also arrived to the automo-
tive sector with platforms/services involving the On Board Diagnosis (OBD)
for example. For instance, the company Automatic connects the car to the
smartphones and warns the customer in advance about possible problems. Fur-
thermore, in case of an accident it reports the car’s location to the medical and
police stations. This platform is clear example of added value in the automotive
sector.

And what is going on nowadays in the automotive sector? There have been
a lot of disagreements related to the legality involving Uber, for example. Uber
is a platform that connects drivers with a driving license with people how need
to travel inside a city. It mainly provides an alternative service to traditional
cab service. This has been a very controversial topic in many countries, and a
lot of governments have been reluctant to legalize Uber.

But the real disruptive element might be even closer: autonomous cars.
Google and BMW are leading companies involved in their projects that will
certainly have a huge impact on wheeled transport services. With autonomous
cars there might be a future without cab drives or Uber where the service could
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Table 2.1: Retail vs Automotive

COMPANIES HOMES PEOPLE THINGS

Retail
Barcode

Cash registers
EDI

WEB
Apps Mobile

Delivery Systems
Amazon Dash
Smart Fridges

Automotive
Auto. Prod. Lines

AUTOCAD
CAN bus

WEB
Car sharing
Ride sharing

MyTaxi
Autonomous cars

be done by without drivers. In such a situation, will governments fight automo-
tive giants like Volkswagen, Audi, Mercedes... Or even try to fight Google?

Figure 2.9: Technology evolution affecting automotive sector

As we can see, there are several parallelisms between the two examples that
we have chosen. First, all of them have had a big impact because of DD. Second,
the time lines between technology impact has been almost the same. Third, All
of them have experienced the same progress in who is receiving the first impact
of technology: Companies → Homes → People → Things. Finally, table 2.1 try
to show this parallelism with clear coincidences.
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Chapter 3

Business Model CANVAS
Framework

In this section we introduce the concept of business model (BM) and one of the
visualization tools of business model: Business Model CANVAS. The purpose
of this short explanation is to provide the reader the knowledge to understand
section 4 where we make a business and simulation analysis of Waze.

3.1 The Business Model

According to [2], the notion of the BM refers to the ‘logic of the firm’: how it
operates, and how it creates and captures value for its stakeholders. However,
as mentioned as well in [2] there is not accepted global definition.

As said in [10], BM is a very commonly used and fashionable term. Its
relevance has specially increased since the tech bubble’s boom that introduced
new Internet based BMs. Thus CEOs are more interested in the term since this
revolution. In fact, there are a lot of companies that are BM based, meaning
that they are flexible in the definition and evolution of how do they create and
capture value. Curiously, these companies have experienced a 5% in growth
while companies that base their evolution in operations have even experienced
a negative growth. Thus competing in 21st century means competing in BMs.

Bringing these definition and the dynamism of companies regarding their
BMs to our topic, [10] and [2] agree that tech factors multiply the possibilities
and accelerate the process of BM changes. In fact, Prof. Ricart introduces
different tools to visualize a BM in [10] including BM Canvas and a model
developed at IESE Business School based on choices and consequences and their
relationship. However, for the sake of this thesis we have chosen BM Canvas
because it provides the level of details required.
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3.2 CANVAS Framework

Our interpretation of BM Canvas will follow the guidelines provided by the
Business Model Generation [8] of Alexander Osterwalder & Yves Pigneur. The
authors describe the book as ”a book for entrepreneurial people, thinking about
create value and build new businesses”. Thus this is an easy to understand and
result oriented and visual tool.

According to the book, a business model describes the rational of how an
organization creates, delivers, and captures value. As it is natural, it is very
important that everyone that is using this tool understand which is the partic-
ular case BM that is analysed. And, if it is not clear, the book Business Model
Generation will help in understanding it.

As an image is worth a thousand words, we start with the introduction of the
template of the Business Model Canvas in figure 3.1. As it can be appreciated,
there are 9 different blocks to be filled to have the full representation of the MB.
Each one of the blocks represents a part of the business and the combination of
them is meant to be an exhaustive description of the BM, i.e only with these
blocks and their explanation it is possible to have a reliable representation of
the BM. Section 4 shows the particular example of the BM Canvas of traffic flow
in a city with Waze’s contribution to it, an example that will help the reader in
the understanding of the tools. Nevertheless, the 9 blocks of BM Canvas and
their definition are listed bellow:

1. Customer Segments: different groups of people or organizations an
enterprise aims to reach and serve

2. Value Propositions: bundle of products and services that create value
for a specific Customer Segment

3. Channels: how a company communicates with and reaches its Customer
Segments to deliver a Value Proposition

4. Customer Relationships: types of relationships a company establishes
with specific Customer Segments

5. Revenue Streams: the cash a company generates from each Customer
Segment

6. Key Resources: most important assets required to make a BM work

7. Key Activities: most important things a company must do to make its
business model work

8. Key Partnerships: network of suppliers and partners that make the
business model work

9. Cost Structure: all costs incurred to operate a BM

Every block has its definition and its parts that we are not going to explain
due to its length. Anyway, we encourage the reader to read the book [8] in case
it is desired to have a broader knowledge about BM Canvas. Additionally, the 7
blocks on the top refer to how the business model create value for its customers
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and the bottom part to the capture value part. We will further see that in our
simulation case we will only take care about the value creation part, because it
is where most of the effects of DD happen.

Finally, these blocks are divided in 4 different areas that have common char-
acteristics and are shown below.

• Customers (also called front-end): Includes Customer Relationships,
Channels and Customer Segments

• Offer: It is the Value Proposition

• Infrastructure (also called back-end). Includes Key Partners, Key Ac-
tivities and Key Resources

• Financial viability: Includes Cost Structure and Revenue Streams

This division has allowed us to structure our explanation in 4.1.

Figure 3.1: Template of the BM Canvas framework
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Chapter 4

Waze Business Case:
Simulation

Waze is a GPS-based geographical navigation application program for smart-
phones and tablets with GPS support and display screens which provides turn-
by-turn information and user-submitted travel times and route details, down-
loading location-dependent information over mobile networks [17]. And its mis-
sion is to provide real time information about the traffic to its users so they will
be able to choose more accurately which is the the path from A to B that will
imply a lower ‘cost’ for them.

To see how recent is this research and its impact, during the performance
of the present thesis The New York Times informed in March that there is a
believe that technology companies have more information about traffic patterns
than city’s officials who’s work is solving such a problem [4]. Therefore, the
Department of Transportation in the USA is now in a partnership with Side-
walk Labs, that belongs to Alphabet, with the purpose of collecting and sharing
the traffic information and its processed data to help in the improving traffic
situation. This is another prove of the consumerization of IT as a result of the
increase of DD. The affordability and accessibility of digital technologies provide
the opportunity to use assets from third parties and have a low capital invest-
ment. Examples of companies that take advantage of it and build platforms of
sharing economy could be Airbnb or, more suitable for the topic, Uber. Waze’s
case will be further explained in this chapter.

In addition, Joya A. Deri and José M.F. Moura in [3] have lately researched
how taxi moves again in New York using Graph Fourier Transform with a data
set of millions of taxi rides. This initiative is included in the New York City
Open Data Project and it shows the concern of the traffic management and
people behaviour in moving inside the city.

Regarding the structure of this section we introduce first a representation
of the BM of the traffic flow inside a city with and without Waze, and later
a simulation of how does the information of Waze affect the system when DD
grows.
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4.1 Traffic flow in a city: Business Model Evo-
lution

In this section we apply the concepts learned in 3 to the particular case of the
traffic management in a city. The purpose of this section is to understand how
can Waze, as a digital driver, change people’s behaviour and disrupt the pre-
vious BM. Naturally, we will do so by analysing the traffic management BM
without and with Waze in next sections. We will conclude this part of the mas-
ter thesis my making a comparison between both cases in 4.1.3. Furthermore,
we can see DD in this case as a trigger for the behaviour’s change of drivers
that would end up in a more fluid traffic flow.

DD can affect any one of the blocks, however we are more interested in
analysing what concerns to customers, offer and infrastructure rather than the
financial viability of a BM, hence we will not simulate the last area.

Finally, even if we focused mainly in the Mass Market as the Customer
Segment, we will slightly go into another segment that have been affected as
well by Waze, which are the Traffic Management Organizations (TMO).

4.1.1 BM without Waze

Traffic management has been a very interesting and demanding field of research
way before the appearance of Waze. Universities, TMOs and companies have
always tried to optimize the traffic flow in a city using different techniques and
technologies, some of them with really good performance, and in this section
we explain the BM that surrounds it. As commented in 4.1, we will start by
analysing the Mass Market as the customer segment and we will continue with
the TMOs, which are even more important in this BM than in the one with
Waze.

• Mass Market as the Customer Segment : We can see its BM generated
with Canvas in figure 4.1 [8].

The Value Proposition, that aims to solve the Job To Be Done (JTBD)
by the customer segment. The JTBD is what the customer want to do
and has some troubles to do it. Therefore, the customer expects that the
value proposition of the business model would give him/her a solution for
this JTBD. For this specific segment, the JTBD is in driving from A to
B with the minimum cost (time). While this value proposition has two
particular attributes: it is done with aggregated information gained with
experience and it is not real time.

If we analyse the front-end, the direct gain that this customer segment
will come directly from radio programs (channel) that provide traffic flow
information. In this particular case, the relationship with the customer
is mostly nonexistent. Even if there are some radio programs that accept
calls from the drivers, their contribution to the BM is so small that we do
not consider them. An additional channel of this business model would
be the driver’s own experience: information gained by regular drivers that
are able to identify patterns. Furthermore, the existence of the TMOs
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(the other customer segment) that manage different aspects in the city to
optimize the traffic flow, makes the drivers (mass market) get benefit from
it.

Regarding the back-end, the Key Partners that let this BM happen are
Media (provide the Channel), technology companies and the telcos (pro-
vide data) who own the sensors distributed among the city. In some cases,
these technological companies are the TMOs themselves, depending on the
agreement in their cities. The key activities to perform in this BM are
based in gathering, processing and sharing information with the different
customer segments. The gathering and processing information are not
easy tasks that requires specialists, whom are the human factor of the key
resources which, at the same time, is a crucial part of this BM. However,
the needed physical infrastructure to gather the data is enormous because
a lot of sensors have to be spread throughout the city. Even though we are
not analysing the Cost Structure, we see that the costs related to the phys-
ical infrastructure are going to be high. Another one of the key resources
are the techniques used by the telcos to estimate the traffic volume in cer-
tain areas of the city, estimation that can be done thanks to a monitoring
of the service that they provide.

• TMOs as the Customer Segment : figure 4.2 shows the BM Canvas rep-
resentation for this customer segment.

In this case the Value Proposition changes in respect with the one for
the Mass Market, because what the TMOs want to have an estimation of
the traffic in a city. This value proposition, as in the previous case, also
has two attributes: no real time information and information of average
situations and estimated data, which are pretty much the same as before.
We can prove here the thesis that in a BM there can be different value
propositions depending on the customer segment [9].

The front-end presents several differences in respect with the previous
customer segment. Basically, it has a relationship of ‘Personal Assistance’
(data is gathered, processed and delivered in a certain way precisely for
TMOs) between the information suppliers and the TMOs through a cus-
tomized Data Transfer channel.

Contrary, the back-end remains the same as with the mass market.

The analysis of this customer segment is curious because there might be
a case where the proper TMOs are the ones gathering, processing and
providing information. Whether this happens or not will depend on the
city. Anyway, we consider that there is no need to reproduce two different
BM Canvas models with such a slight change, thus most of the blocks
would remain steady.

4.1.2 BM with Waze

As we will see, Waze has totally disrupted the previous BM by approaching the
monitoring of traffic in a totally opposed way. With Waze, there is no need of
infrastructure deployment basically because there are the same users that give
and get information to/from the platform. Following the same structure as the
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previous section, we first introduce the BM for the Mass Market as the customer
segment and for the TMOs.

• Mass Market as the Customer Segment : We can see its BM generated
with Canvas of with Wazes in figure 4.5.

The value proposition remains the same as in the example without Waze.
However, the attributes that we talked about before change to a real time
performance of the monitoring of the traffic.

The front-end is the first area that suffers substantial changes. First, the
relationship with customers is based in the co-creation of the different
users, in other words we are facing a same-side externality. This situation
reminds us to the example of Wikipedia, where users depend on other
users’ contribution to the platform. Second, the channel of communication
is the platform by itself. Although the communication is not meant to be
direct one-to-one (there is the possibility to have small sized chats), it
follows an all-to-all basis. It is important to remark that the channel
here is bidirectional, meaning that the users can communicate with the
platform and viceversa. In Waze we can find two type of users, either
active or passive. On the one hand, passive users are those who simply
share their location with Waze. With this information, Waze is able to
calculate average speed, travel time and many other features that can be
compared to other users’ and extract more information. On the other
hand, active are those who interact more with the platform. Among other
facilities, Waze let the user share police controls, hidden radars location,
traffic jams, fires, crashes and even contradict other users’ information. It
is obvious that the more information has the Waze, the better performance
will Waze have in the mission of monitoring the traffic flow in the city.

The back-end also present big differences in comparison with the case
without Waze. Starting from Key Partners, the main one is the Mass
Market itself. As previously said, there is no BM with Waze without the
collaboration of all the users. Weather stations or gas stations are addi-
tional partners that can feed the platform with more information with the
purpose to make the system more complete. Regarding the key activities
to perform in the BM, are almost fully digital/software based. The run-
ning of a platform like Waze implies huge software support to guarantee
the real time performance and a big analytics platform to deal with this
amount of information. Finally, the key resources are essentially human
(app coders) and software.

• TMOs as the Customer Segment : figure 4.6 shows the BM Canvas repre-
sentation for this customer segment. We will see that with Waze, the BM
ends up being more efficient.

The value proposition for the TMOs, as for the mass market, remains
the same with differences in its attributes. As said before, Waze provides
real time information and as the monitoring can be done individually and
throughout all the ride of the users there is the possibility to estimate with
higher precision the OD matrix of the city. The OD (Origin-Destination)
Matrix is a traffic management tool that defines the most common pairs
of origins and destinations of a city and its calculation is tough. But
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with Waze, a new solution is provided and TMOs are able to introduce
this information in managing the traffic in the city in all the aspects,
from managing the time of traffic lights, to creating new bus lines passing
through managing the number of lanes in the streets.

The analysis of the front-end is easy, thus Waze can have a direct rela-
tionship with the TMOs (personal assistance) and decide which is the best
channel to exchange information.

The back-end does not introduce changes in the key partners. Maybe
the interpretation of the Mass Market could be derived to Waze as the
company. Then, new Key Activities need to be defined to analyse the new
nature of information provided by Waze and to merge Waze’s approach
with the previous one. Finally, new key resources will be needed like
analysts and new software for the analysis.

4.1.3 Comparison: BM model without and with Waze

This sections aims to explain the main differences between the two BMs ex-
plained above with the most important consequences.

First of all, we want to stress that there is the possibility of coexistence
between these two models in an overall sense. Of course, Waze system is much
more attractive to users than it is the previous system but for TMOs basically
because it provides them the possibility to merge both models to highly increase
their JTBD. Contrary, TMOs already have another system that can be merged
with Waze’s information.

The digitalization status of each one of the blocks is also interesting. While
the value proposition is non-digitalized (people still drive their cars), blocks
like Channel and Customer Relationship turns into 100% digital in the front-
end. As saig in the previous section, the channel with Waze gets a bidirectional
dimension in comparison to the broadcast nature with out Waze. This new set
up that let the users contribute to the system and get information from it is going
to be very important in our section about the quantitative part of DD (section
5. Regarding the back-end, most of the activities pass from non-digitalized
to either 100% (if there is no merge) digitalized or highly digitalized (in case
of merger). In order to have these comparison clearer, figure ?? shows the
differences introduced by Waze in the BM for the Mass market as the customer
segment in a BM Canvas. We have introduced squared red boxes when there was
a substantial change and rounded figures in case of small changes. Substantial
changes are also indicated by arrows and small changes with dotted lines. This
is the figure that better shows visually the impact of a digital technology to a
BM even in a case where the JTBD is not digital, meaning that the users need
to drive.

Table 4.1 shows the different steps that an agent is through in this business
model, which in this case are only two different steps. Moreover, we introduce
table 4.2 that shows the interpretation of the variables of DD Framework in the
particular case of Waze. All these features (see figure ??) are new ‘things’ that
can be done in the traffic thanks to Waze and these features are the ones that
let the disruption happen.
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Table 4.1: Job To Be Done: Drive from point A to point B

Phase Gains/Pains
Choose path Trust, traffic situation

Ride Cost, time, speed

Table 4.2: Job To Be Done in Waze: Variables

Connections Information Interactions
D - D See others’ interactions Interact with the system
P - D Give information Contradict others’ information
P - P Traffic jams

Police Control
Accident
Hazard

Fuel Prices
Map Chat
Map Issue

Place
Camera
Closure

It is by far shown that the traffic modelling/management with Waze happen
to be more efficient. Waze proposes a new solution for user and provides real
time and more accurate information to TMOs. In order to see in which measure
does this happen we have simulated a scenario with MATLAB which results are
shown in section 4.2.
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Figure 4.5: Screenshot of Waze’s features
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4.2 MATLAB simulation

As previously said, we have chosen to work in what is the effect of DD, being
it represented by Waze, in the traffic flow of a city. In the following subsections
we describe the environment, the mathematical background, the assumptions
made during the simulation and the obtained results.

4.2.1 Environment description

Before presenting the results, we describe first the environment properties and
assumptions we have made in order to reach them.

The analysis is focused on the calculation of the least costly path (time-
wise) that an agent would choose to go from point A to point B depending on
the a priori information available for the driver. “Habitual” agents of a city
have certain information about patterns in the traffic that help them to make
decisions, however the modelling of such information is not an easy task and it
goes beyond the boundaries of the present work. Therefore we have considered
that agents have zero information and they move with the recommendations of
the system they are using. There are two systems that we will consider. First,
agents use first generation GPS navigators. Second, agents will use Waze with
limited features.

Nowadays navigators are fed by information that come from different sources
and help them in the estimation about traffic in a city, for instance sensors on
the streets or collaboration of phone operators that estimate the traffic volume
through triangulation. In spite of these techniques, the simulation of this infor-
mation is again very difficult and we have not considered it. Therefore, we have
decided to use first generation GPS navigators, which have limited information
about the city, such as the map of its streets. Nevertheless, a new tool (digital
tool) has lately emerged to solve and simplify the traffic volume estimation in
a city: Waze. Waze is a smartphone app, recently acquired by Alphabet, that
uses its users’ (drivers with the app activated) information to have an overall pic-
ture of the traffic situation inside a city. Waze has multiple functionalities that,
on the one hand, imply passive users reporting their location and, on the other
hand, active users that can report traffic jams, police controls, accidents... All
these features feed the app’s data base and it uses this information to estimate
real time the traffic flow of the city. It goes without saying that the more users
share the information the more accurate is going to be the estimate. However,
to simplify the problem we will only consider passive users that permanently
share their location with Waze.

With the explanation above, it is easy to understand our motivation in choos-
ing Waze: it shows the impact of a digital technology in a daily problem. This
simulation shows that the information available for the agents may change their
decision of the path to go from the origin to the destination nodes. Particularly,
in this case the information will be represented with the number of agents that
are using Waze in respect to those who are not.

In order to simulate the present analysis it is necessary to introduce the
mathematical background (section 4.2.2) and the geographical environment of
the simulation (section 4.2.3. As we are not experts in this field, we have
discussed the issue with experts in the field like Jaume Barceló (UPC) who has
provided his opinion and suggested different tools and models to simulate the

30



traffic flow.

Figure 4.7: Sioux Falls graph

4.2.2 Mathematical Background: Volume-Delay Equationl

The needed mathematical background to perform the simulation is simple. Traf-
fic management research considers the travel time as useless, thus agents will
always desire to minimize the travel time from origin to destination. This is
the reason why we have considered that the right path choice is that one that
has the least cost. We have defined the cost of the path as the time needed
to travel through this precise path. In a graph environment, that is essentially
our environment as shown in 4.2.3, the cost of a path is exactly equal to the
sum of the costs of the links that form the path. To analyse the cost of each
link we have used a common criteria in traffic flow management called Volume-
Delay equation [7] 4.1. This equation essentially increases the cost of the link
depending on the number of cars that travel through it. It is as follows:

Sa(Va) = t0

1 + α

(
Va

Ca

)β (4.1)

where:

• Sa: cost in seconds of the link a

• Va: volume in number of cars of a certain link a
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• t0: free-flow time (happens when the link is free of cars)

• Ca: maximum capacity of the link a

• α & β: parameters of the volume-delay equation. These parameters sim-
ulate the influence that receives a street from the rest of streets (traffic
lights, traffic signs, crossings, etc.)

Finally, as previously said, the cost of going from node A to node B is the
sum of all the links contained in the path (equation 4.2).

Cost path j =
∑

∀linki∈pathj

Si(Vi) (4.2)

4.2.3 Analysis Set-up: Sioux Falls

The geographical environment of the simulation is the graph that represents
the north American city of Sioux Falls(Figure 4.7), a commonly used city in
traffic flow research [7]. This graph is a simple representation of the actual
city where nodes are the possible origins, destinations or passing-points; and
the links between nodes represent the streets between nodes. The popularity of
Sioux Falls in research relies on its size: big enough graph to get relevant results
and small enough to make it handleable.

In terms to perform the analysis, it is important to set the origins and des-
tinations of our system, what is called the OD (Origin-Destination) matrix. As
the simulation is hypothetical and the results for a certain OD pair are presum-
ably extendible to any other pair of OD, only two origins and two destinations
(making 4 OD pairs) have been considered.

• Origins:

– Node 1

– Node 4

• Destinations:

– Node 18

– Node 20

In a graph of this size, there are multiple possible different paths that join
each OD pair. Therefore we have considered 8 possible paths for each OD
pair. This amount has also been chosen because of the comfort in the graphical
results. Although we know that the result might be less realistic, the 8 paths
have been arbitrarily chosen. A possible better way to make a less arbitrary
choice would be to use the k-shortest path technique, as suggested by Jaume
Barceló (UPC), which finds the k least costly paths from node A to node B in
a graph. The reason why we have not implemented it has been purely due to
time constraint.

The notation of the graph may be confusing because the nodes and links are
named with numbers. However, as the Sioux Falls graph is defined this way we
have decided not to change the notation. In terms to clarify, the paths below
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are a succession on links, not of nodes. For instance, to travel from Node 1 to
Node 18 through the Path 1 the agent is going to travel through links (streets)
1, 4, 16, 20 and 18. Finally, the corresponding paths (succession of links) for
each OD pair are the following:

• Node 1→ Node 18

– Path 1: 1→ 4→ 16→ 20→ 18

– Path 2: 1→ 4→ 16→ 22→ 50

– Path 3: 2→ 7→ 36→ 32→ 29→ 50

– Path 4: 2→ 7→ 37→ 39→ 75→ 64→ 60

– Path 5: 2→ 6→ 9→ 12→ 16→ 20→ 18

– Path 6: 2→ 6→ 9→ 13→ 24→ 20→ 18

– Path 7: 2→ 7→ 36→ 32→ 30→ 52→ 50

– Path 8: 2→ 7→ 36→ 34→ 42→ 70→ 68→ 60

• Node 1→ Node 20

– Path 1: 2→ 7→ 37→ 39→ 75→ 64

– Path 2: 1→ 4→ 16→ 20→ 18→ 56

– Path 3: 1→ 4→ 16→ 22→ 50→ 56

– Path 4: 1→ 4→ 16→ 22→ 49→ 53→ 59

– Path 5: 2→ 7→ 36→ 32→ 30→ 53→ 59

– Path 6: 2→ 7→ 36→ 32→ 28→ 46→ 68

– Path 7: 2→ 7→ 36→ 34→ 42→ 70→ 68

– Path 8: 2→ 7→ 36→ 34→ 44→ 45→ 59

• Node 4→ Node 18

– Path 1: 10→ 32→ 29→ 50

– Path 2: 9→ 12→ 16→ 22→ 50

– Path 3: 9→ 12→ 16→ 20→ 18

– Path 4: 9→ 13→ 24→ 20→ 18

– Path 5: 9→ 13→ 24→ 22→ 50

– Path 6: 10→ 32→ 26→ 24→ 20→ 18

– Path 7: 10→ 32→ 29→ 47→ 20→ 18

– Path 8: 8→ 7→ 36→ 32→ 29→ 50

• Node 4→ Node 20

– Path 1: 10→ 32→ 29→ 50→ 56

– Path 2: 10→ 34→ 42→ 70→ 68

– Path 3: 10→ 34→ 42→ 73→ 75→ 64

– Path 4: 9→ 13→ 25→ 28→ 46→ 68

– Path 5: 9→ 13→ 25→ 30→ 53→ 59
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– Path 6: 9→ 13→ 24→ 20→ 18→ 56

– Path 7: 9→ 13→ 25→ 29→ 50→ 56

– Path 8: 9→ 12→ 16→ 20→ 18→ 56

With the OD pairs and their 8 respective possible paths the system is de-
termined (there are 32 different paths in total). Figure 4.8 shows the graph of
Sioux Falls build in MATLAB with the proportions given by the data set in [7].

Figure 4.8: Sioux Falls graph in MATLAB

Next, we need to define the variables that are have been used in the simula-
tion. We also introduce the variable’s name and its initialization in next bullet
list.

• Length of link i: li = Given by database [7]

• Capacity of each link: Ci = Given by database [7]

• It represents a percentage: γ = Randomly generated between [0, 1]

• Traffic volume of each link: Vi = γ · Ci = Percentage of the capacity

• Streets operating at max. capacity: collapsed = Wisely chosen (links 7,
8, 13, 16, 20, 36, 50, 53, 64, 68, 70 & 76)

• Average velocity in a city: v = 50 km/h

• Free flow time t0 = li
v = “-”
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• Volume-delay parameter: α = 0.15, 1

• Volume-delay parameter: β = 4

This simulation focuses on how does the path recommendation of a Waze
change because of the increase of DD. As previously said the percentage of
DD will represent the percentage of agents that are using Waze. With this
information, Waze will be able to update the number of agents that are driving
though Sioux Falls streets. It is important to note that DD has been uniformly
assigned among the streets. For instance, when DD=50% in the system, it
means that the 50% of the agents of each one of the streets are providing their
position to Waze. Essentially, Waze will calculate the estimation of the costs
of the links for every update information being DD=100% the real case. When
DD=100% the result of the cost is no longer an estimation but the real situation
of the traffic. To calculate the costs of the links, Waze will use the version of
equation4.1 but using the information abou volumes available at that time.
Therefore the equation slightly changes towards equation 4.3. It goes without
saying that when there is no information, the recommendation of Waze is the
one that a GPS navigator of first generation would recommend. In this case, the
only information available would be the length of the streets and the calculation
of the travelling cost would simply be t0 of equation 4.1, i.e. the free flow time.

Sadd(Vadd) = t0

1 + α

(
Vadd
Ca

)β (4.3)

An example of usage of equation 4.3 is as follows:

• Volume of link 1: V1 = 14335

• Cost of link 1 with real volume for t0 = 20.6207, α = 0.15, β = 4 and

C1 = 25900: S1(V1) = 20.6207

1 + 0.15

(
14335

25900

)4
 = 20.9109

• For DD=50%: V1dd = 0.1·14335 = 7167 (taking the floor of the operation)

• Calculation of the updated volume for link 1:

S1dd(V1dd) = 20.6207

1 + 0.15

(
7167

25900

)4
 = 20.6388

The cost that Waze will attribute to link 1 will be S1dd instead of S1 and
that will introduce a potential error in the proposed path. Obviously, the higher
DD will be the better estimation Waze will reach.

Note the three scenarios regarding DD:

1. DD=0%: the agent calculates the least costly path using the free flow
information, i.e only considering the link’s lengths (navigators of first gen-
eration or Waze with no agents’ information).
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2. DD=100%: Waze have full information because each one of the agents
inside the system reports its own location. In this case there will be no
error thus result from equation 4.3 will provide the same result as equation
4.1.

3. DD=c % where c ∈ [0, 100]: Waze is able to use equation 4.3 with partial
information given by those agents that report their location and recalcu-
late the costs of the paths, as shown in the example above.

We are our that our simulation has several inaccuracies that might affect the
results. However, we have decided the characteristics of our system to make the
simulation feasible but real enough to generate reliable results. The following
list shows ours system’s limitations:

• Due to symmetries of the system, some of the paths where equal, fact that
would have confused MATLAB when choosing which was the least costly
path, specially in the free flow scenario. Therefore, a random small length
has been added to the actual values of the link’s lengths to discriminate
them.

• When there is no Waze’s information, we do not consider information that
a real agent could have: patterns known due to experience, information
given by radios about the traffic situation, etc.

• We only use the location feature of Waze.

• It calculates the least costly path from origin to destination with the ac-
tual situation. Thus the final cost would only be the one as the calculated
if the traffic flow remains constant.

The MATLAB code we have generated is too large to add it in this report.
However, we would like to show you the needed steps to perform the simulation
one the variables are defined and the data is imported:

• Calculation of the free flow cost

• Calculation of the shortest path (distance wise)

• Calculation of the real cost of each one of the paths with their volumes

• Calculation of the real least costly path for each one of the OD pairs

• Calculation of the costs with DD information

• Calculation of the least costly path with DD information

4.2.4 Results

In this section we introduce the results obtained through MATLAB regarding
our simulation.

Our first result shows how does Waze calculate the cost of the paths depend-
ing on DD information and comparing it with the free flow time (no information
added) and the real time according to the real volumes of the system. Figures
4.9 and 4.10 show the mentioned results for the path 1 of the OD pair 1-18 for
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α = 0.15 and α = 1, respectively. The bottom boundary (yellow line) refers
to DD=0% meaning that this is the estimated cost by a first generation GPS
navigator. The upper boundary (red line) is the real cost of the path taking into
account the real traffic volume. Finally, the function in between (blue line) is
the calculation of the cost for the path for different DD cases from 0% to 100%
using equation 4.3.

Figure 4.9: OD 1-18 path 1 α = 0.15 β = 4 cost calculation f(DD)

Secondly, more interesting results are shown in figures4.11 and 4.12. These
figures show the cross plots of all the paths of the OD pair 1-18 for α = 0.15
and α = 1, respectively. We must note that an agent would choose the path
closest to 0, that would be the least costly path.

From these figures we can see that the value of α has an impact to the
number of crosses in figures 4.11 and 4.12. The number of crosses, specially
those among least costly lines, are representative because that would mean a
change in the chosen path. This means that α has a big impact to the importance
of the information because if the least costly path for DD=0% and the one for
DD=100% is the same that would mean that the information has no value. The
impact of β is less clear but we can derive certain thoughts. In a case where the
shortest paths (in distance) are penalized with bigger traffic volumes, the bigger
is β the bigger will have to be DD to reach the right choice of the least costly
path. This also gives β a big impact to the importance of the information.

Finally, figures 4.13 and 4.14 show two different plots each for α = 0.15 and
alpha = 1, respectively. The upper plot is the reconstruction of the minimum
cost that an agent would calculate for each value of DD. This is a piece-wise
defined function that plots the least costly point from the 8 different paths
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Figure 4.10: OD 1-18 path 1 α = 1 β = 4 cost calculation f(DD)

for each value of DD. Following the same idea, the lower plots the path that
corresponds to the least costly value for each iteration of DD.

The effect of α and β tells that the importance of the information will depend
on the features of each link. Moreover, the traffic volume will also affect to
the importance of the information so as it increases, the difference between
boundaries regarding the free flow and the real cost will be greater.

Finally, figures4.15 and 4.16 show the evolution of the right choices counting
the performance of all the OD pairs for α = 0.15 and α = 1, respectively. It
is important to stress that an agent will always choose the least costly path
with the information available. This choice will be right if it matches with the
real least costly path. As expected, this figures show that as DD increases the
percentage of right choices increases.

In order to see the same results for another OD pair, figures 4.17, 4.18, 4.19,
4.20, 4.21 and 4.22 show the same results commented above for the OD pair
4-20.
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Figure 4.11: OD 1-18 α = 0.15 β = 4 cross plots f(DD)

Figure 4.12: OD 1-18 α = 1 β = 4 cross plots f(DD)
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Figure 4.13: OD 1-18 α = 0.15 β = 4 cost reconstruction and taken path f(DD)

Figure 4.14: OD 1-18 α = 1 β = 4 cost reconstruction and taken path f(DD)
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Figure 4.15: α = 0.15 β = 4 percentage of right choices f(dd)

Figure 4.16: Oα = 1 β = 4 percentage of right choices f(dd)
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Figure 4.17: OD 4-20 path 1 α = 0.15 β = 4 cost calculation f(DD)

Figure 4.18: OD 4-20 path 1 α = 1 β = 4 cost calculation f(DD)
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Figure 4.19: OD 4-20 α = 0.15 β = 4 cross plots f(DD)

Figure 4.20: OD 4-20 α = 1 β = 4 cross plots f(DD)
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Figure 4.21: OD 4-20 α = 0.15 β = 4 cost reconstruction and taken path f(DD)

Figure 4.22: OD 4-20 α = 1 β = 4 cost reconstruction and taken path f(DD)
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Chapter 5

DD framework:
Quantitative

Once the DD Framework is introduced in a qualitative way and the simulation
is performed, we are able to propose a definition of the quantitative part of the
DD Framework.

During the research on DD we have passed through different stages because
of the lack of previous research where to base ours on. In addition, the qualita-
tive and quantitative definitions of DD and the simulation have been developed
at the same time. This has been our criteria because we believe that each one
of the parts needed to be supported by the other.

In this section we aim to explain our actual proposal of the DD quantitative
with not much focus on the process that this definition has been through.

5.1 DD index

In order to follow IESE’s previous research and goal, the core part of the quan-
titative part of the DD framework is the DD index. With this index is going to
be possible an assessment about the digital situation of the activity to analyse.

Let us remind the definition of DD as the percentage of connected data per
unit of activity. In our simulation case, the ‘data’ was simply the location of
those agents using Waze but in other cases (even with a complete representation
of Waze) the simulation is presumed to be more complicated. However, the
idea is there: establish the relationship and effects between the physical and the
digital world.

In the initial phases of our research DD was defined using three variables
that, although they have been removed from the definition, will have an impor-
tant role in the framework: connections, information and interactions. As this
variables take an important role in DD, figure 5.1, and always talking about the
digital world, shows their relationship: the availability of connections makes
possible the information. After processing the information, that is represented
by the block H ”treatment of information”, the interactions are possible. These
interactions may end up in interactions between agents in the physical world
(Uber or MyTaxi) or in the digital world (Whatsapp), always considering the
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boundaries of the activity or the BM. The interactions, as well, may provide
more information that will be feeding back the system and thus providing more
information, i.e. the feedback line represent digital information generated di-
rectly from digital information and interactions. A straight forward example
regarding this feedback are the ratings/reviews that many platforms allow such
as Amazon, Google or Uber.

Figure 5.1: Block diagram of connections, information and interactions

There have been two approaches during our research regarding theDD index.
First, while analysing DD as a percentage index from the quantitative ap-

proach, we found several connections with engineering and maths. Our main
idea regards on the index giving a way to compare the physical side to the digital
one. Following this thought we reached equation 5.1.

Second, as we believed and have already seen in our example in 4, digital
drivers may help activities to organize, to make them less chaotic, i.e. to re-
duce their uncertainty. From the first and the second thoughts, we arrived to
a qualitative analogy with Entropy ’s concept. Entropy is understood as a mea-
sure of uncertainty in a system, that is the lack of information of this system.
Additionally, entropy also provides the needed information (in bits) to fully rep-
resent a certain system [15] [12]. Is the last interpretation of the entropy fits
our notion of DD shown in equation 5.1 where it could be useful to understand
the denominator.

DD =
Connected Data

Needed Data
(5.1)

where

• Connected Data is the data available through the digital platform

• Needed Data is the minimum amount of information to represent the ac-
tivity. Our analogy with the entropy

However, Shannon defined entropy in a statistical environment, specially in
communications theory [12]. This fact points out several issues to formulate
DD index using Shannon’s entropy. To continue towards this direction we need
to code the business model in an scenario where Shannon’s entropy could be
applied. To that extend, we are looking for different solutions to approach the
formulation of DD index.
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5.2 DD Graph

DD Graph has two different purposes. On the one hand, it gives a graphical
representation of the physical and digital parts of an activity. This tool also
provides the possibility to see graphically the connections and interactions pre-
viously defined. On the other hand, graphs theory and graph signal processing
could also be possible paths to follow to find out a formulation of DD index.

The representation of DD using a graph seems reasonable if we consider the
agents that take part in the activity as the nodes, and the edges among them
would be their possibility of interaction, see figure 5.2.

As previously said in 2.1.1, we consider a connection as the digital rep-
resentation of an agent in the real world. For instance, a connection in our
simulation 4 would be an agent that is using Waze. Using the same example,
the information would be their location and, in our specific simulation case,
there wouldn’t be interaction among them. Nevertheless, considering the whole
Waze’s framework the interactions between users could be the available chats
and interactions with the platform would be their upload of information. As
the reader can appreciate the physical information has not been represented
because of is ethereal nature (of course, information in the digital world will be
collected as a set of bits).

There is one particular advantage of the DD Graph, which is a visual expla-
nation of the relationship between the real and the physical worlds. We can see
in figure 5.2 that the green line represents the upload of information to the digi-
tal world, while the red line represents the download of the information. In this
scenario, we can see that if there is no red line we would face a similar situation
as in section 4.1 when there was no Waze. Without Waze, the effect of DD is
limited. However, when the red line happens, when the information is available
for a large amount of agents, the activity can suffer changes. With more infor-
mation for the users, the system may tend to a improve, to decrease the chaos
previously commented. If the chaos decreases, and connecting this with the
idea of entropy, the entropy would decrease. Hence, with less uncertainty, the
needed information to represent the activity would also decrease which would
make an increase of DD.

Finally, we want to stress that these are preliminary results that need further
analysis and research.
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Figure 5.2: DD Graph
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Chapter 6

Conclusions

We have seen through all the report that digital technologies have a big effect
in our life and, as a consequence, in several BMs. We have firstly seen in section
4 a particular example of how does a daily situation such as traffic flow change
with the emergence of Waze. Although we have only showed this effect in one
BM we know for a fact that nowadays this is a very common situation.

Secondly, in section 4.2 we have been able to see this effect from a math-
ematical and quantitative approach. To be precise we can see the effect and
the value of information in a daily situation like choosing which path should
we take to spend less time driving. Presumably, the more information does
an agent (driver) have, the better choice can be taken when travelling from A
to B. Despite, according to [6] the optimal of the system does not match the
sum of the optimals of the different agents. In other words, if everyone has the
information of the traffic the collapsed regions or streets could move from one
street to another. In such scenario, the application of Waze would be somehow
discouraging, but a possible solution for this problem is already available in the
market. Waze is a platform that has been recently acquired by Alphabet and is
nowadays feeding Google Maps’ data base. With Waze’s information, Google
Maps is able to propose better paths to its customers with real time informa-
tion. Now Google Maps can predict with higher accuracy the future traffic flow
based on the real time data and an estimation based on its own proposals to
the customers. Ultimately, Google Maps acts as a traffic orchestrator and solves
the problem stated above.

Finally, another interesting conclusion can be extracted from 2.2.1 and 2.2.2
about the gradual effect that DD has among sectors or BMs. Figure 6.1 shows
our conclusion about DD. At first, DD introduces a better efficiency in the BM
by adding more channels, perform the Job To Be Done in less time, with less
money, etc. But there is moment where the efficiency turns into added value,
i.e. where the disruption arises. Another example of it could be the taxi BM:
MyTaxi is platform that provides the customer a new channel to reach the taxi
which can be understood as an increase of the BM’s efficiency. IN addition,
we understand that the efficiency turns into added value when DD crosses a
certain threshold. This threshold in figure 6.1 is drawn at the 50% but it goes
without saying that is just an exemplification and that the threshold could vary
from case to case. For instance, the increase of smartphones in cab customers
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Figure 6.1: Efficiency vs Added Value

permitted the appearance as well of Uber a platform that clearly adds value to
the model thanks to an wide number of cab customers that use smartphones.
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Chapter 7

Future Work

Being this master thesis a piece of research, a lot of paths have appeared and,
due to time constraint, they have not been finished.

From the simulation’s perspective it could have been interesting to use real
data and analyse the traffic situation as the number of users of Waze have
increased. This would also give more hints about whether or not our model
would be valid.

From the DD Quantitative perspective, more research could be done to find
a DD index that would be both useful and robust from a mathematical perspec-
tive. We believe that the solution would be to find a way to quantify the needed
digital information to completely represent an activity and so far we have seen
two disciplines that could help in this matter: Information Theory and Graphs
Theory.
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