—dge Computing on the:

Rise

y Towards a Business Model Tool for

~"Analyzing the Potentil of"sdge Computing
| * for loT Appfieallons

]
TUDelft ‘



This page is intentionally left blank .



Edge computing on the rise

Towards a Business Model Toolfor Analyzing the
Potential of Edge Computing for 10T Applications

Master thesis submitted to Delft University of Technology in
partial fulfilment of the requirements for the degree of
MASTER OF SCIENCE
in Management of Technology
Faculty of Technology, Policy and Management
By
Michiel Antonius (M.A.) Huisman

Student number: 4622863

To be defended in public on 12/08/2019

Graduation committee:

Chairperson: Dr.ir. G.A. (Mark) de Reuver TU Delft Department of ICT

First Supervisor: Dr. A.Y. (Aaron) Ding TU Delft Department of ICT

Second Supervisor Dr.ir. E.J.L. (Emile) Chappin TU Delft Department of SEand S

External Supervisor: MSc. R.C. (Rosa) Keizer EY Department of PI-Strategy Advisory

]
TUDelft EY s


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjd7uyEjKbjAhXCalAKHeP0CasQjRx6BAgBEAU&url=https://www.kokenmetkennis.nl/portfolio/tu-delft/tu-delft-logo/&psig=AOvVaw0ldmK_3_OzwX9NAzuJw0J5&ust=1562701804658011
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiT-MvSjKbjAhXIbFAKHcF8BZ8QjRx6BAgBEAU&url=https://www.cintrifuse.com/active-partner-network/ey/ey-logo-horizontal/&psig=AOvVaw0SNX6G3YnYCtYHIVW6zrFh&ust=1562701968863937

This page is intentionally left blank.



VXjo¥-¢zy| £z08 0

Friends have always told me that writing your Master thesis is the hardest part of studying. Whereas
| can confirm that the previous period has been one of the busiest periods in my life, | would not say it
was the hardest part of my academic career. It might have been the most difficult assignment | have had
to fulfill yet, but because of my intrin sic motivation and interest for the subject, | was more than ex cited
to work on this research project. Therefore, | would not say that this was the hardest part, as | have
always enjoyed working towards the final result.

During this process, Aaron Ding has been a very devoted supervisor, always willing to schedule
time for me, and always responding quickly to my questions. Therefore, | want to thank Aaron for
providing guidance throughout the entire thesis period. Aaron entrusted me with sufficient freedom to
conduct the study in my own manner, while steering me into the right direction when needed.
Furthermore, without Aaron , | would never have thought about the subject of edge computing and for
that, | want to thank him as well. Also, | want to thank my se cond supervisor and my chair, Emile Chappin
and Mark de Reuver for providing their valuable feedback. Emile and Mark have always been very willing
to help me and | am very thankful for that .

| want to thank the entire Pl -Strategy team for the exiting new insights they have shown me about
the consulting profession, the mental support they provided, and the fun activities in which they involved
me. Without them, my master thesis period would not have been the same. Furthermore , | want to thank
the team for e ntrusting me with their network of knowledgeable professionals. | especially want to thank
Rosa Keizer for being my day-to-day supervisor and facilitator within the EY organization. Rosa has been
more than a compassionate and supporting supervisor. Altoget her, | cannot mention one downside about
my graduate inte” & ©} ~!  \Stratggnt€a@® apdthat is why | would gladly recommend this choice to
anyone in a similar situation .

Of course, | also want to thank my friends and family for always providing menta | support.
Moreover, | want to thank my study mates for always being willing to help me with difficulties during the
research process. Lastly, | want to thank all the interviewees that have provided me with their valuable
time and input. Without their inpu t, | would never have reached this final result.

Michiel Antonius Huisman

Delft University of Technology



bvaov]| z BOz«E3E v~

Nog 2l z 1vO? yzxvyzA 2}z XC¥«y X¥E£] «? ~no| ~ono¥ava ~¥r
Yy~OX¥Q g« " zoloyokdg A2 zx} a¥¢¥| ~z0 { ¥~ atlz N¥i v’z '
yzxza2"ve¢~°va@~¥oC i}z vy-voayv|zO 2}v? xC¥«yf£Xx¥E}|z?2 ~a|
§«vie~2" ¥Ef ¥Y@PON-E£xzz "N¥i VyizOSW2azR v-*@OAYEiI 2y V2 Cexy? vOrO
V2 ¥o0¥E¥«®© -2} ~x¢zOA v«| £zo?2ZzYy "zZVCE~2 A ©EV' 2 | " ~yA y
¥al1z"©A E£~|}2 w©o¥?a wz {zvO~-wtz -~2} Vv XxXC¥«y R¥£f£|243>-0n|
I T¥WEDEW ¥x3} 2 zy| z A¥WENVYER-FEIC Zy |~z ¥Bluver wdOT ¥vx} A -}
~© v~£zy v& O©O¥C¢C-~wo| 2}z ~pop}lz zo? | T¥WCZEO ¥{ XC¥«y X¥
v-v {"¥f 2}z xz@d@ ve¢~°zy yvaé@v xzo?2z"  © voyt«oz-A CH{¥ oz~ o~
a1z O©OVEz «2~¢~2" X¥E£]| «? ~o| ©z" n~xzA w«? -~21 x¢C¥O0z |

AN

¥" | va~°zy HBHo [v¥|XIXAREY CcB¥wtCz Zy| z X¥E£| «2 ~o| i O¥¢«? ~¥

| ~2 JOxe-z o2 ~{ ~x} W@z2XZ¥ £vz? «Z'z~ y{z%m 2 x ¥ f [vé?2 zoy| © XW@?2 Wz G20z -
ay a}z | zez " ve ~y2wvd X2{va&HEEL oYX Zvwt Aoy Y¥EVvo®° ¥ ~ Yzoyy
X¥E£| «&©u|0Oxyr2LVO -2z }V-z voe «oyz " ©2vaoy-~aqo| vV wWERwWwRyYy &} z
O¥Ct«a~¥x®PEzyFxza ~o| A 38}z 2z ~© v Cvxiji ¥{ «o®zWwWe@®dvoy oo

E¥yzMPOL~2 A¥2@z¢ z ~© v £ " ~vy ¥{ | ¥3zpa~y¢ ~¥i v] ] ¢t~xv
viz ¢z{? -~2} (¥RZWKO-gYCCVEEEPLzZ X¥L£| 3 z®Oki {¥T | ¢~xv?a~
XxXve ~wzzol+i ~0Dy ¢ vwyezQ@ y & ¥ X j ©~a «va@~¥op -}z7"2z wz~2}7z" ~ o {

| "T¥a~yz T © Vv'izzehxgmAvo ~2°yzlyz ¥ £ «?2 ~0| zZX¥© ©2zE£C "~o ¥
©2v¥tyz CPYozwzy x¥o-~oxzy 23} vaMgy{¥ x@ELzx2wio| ¢ Ly whizm®?
vay {zvO~w¢z Cwe@Qurz@G xXWG2 2z " v2@«" z ¥8o w«O~nz©O©O0 £¥yz¢
| ¥ 203 ¥v 49X | ~8| wz}~oyC 47120-G£4¥ ~ w0023 x@0C2ag¥yz ¢ 2¥¥
~yzead~{" 2}z w«©~ozOO | ¥2zpopa~ve¢ ¥{ zy|z X¥£]| «?@~no]|] ~@o
£¥yz¢ —~vw~¢~2" voy {zvO~-w~¢~33"C i}z "z{¥ zA =223 N¥® n¥
Vi ¢t~xva@~¥o v zvO 2}v?ad }1¥¢y O«wO2vo2~y(¢ | ¥2zop2~y(¢eC

Na ¥Tyz" 28Y¥ ©O¥C-z 2}z X¥£,¢z®~2~z70 f£zwnd@~¥popzy ~no &} 7
{¥" £« CVPEY XOO Bz xW«e@BwxovgtO® " | ve~°va~¥ov(e {vXa¥ @Qvwz wzo X
«©zy 238¥ ~yzp?a~{" alz w«©O~popz0©O© £¥yz¢ -~~vw~¢~2" voy {zyv
v zw®C?3} ~©0 ~© 2}z {~"702 "zOzV¥XI{ ouaadlwz0O z2®4 @|x2xdy~ P2¥
Z®X ¢ « ©O~X¥2CAC zox¥' ~ @2 ¢["ZERIA «? } ~© " zOzv X} yYy¥7© o¥23YMEE 2¥
o¥" y¥z7z0 ~2 v~f£ 2a¥ §«ved@~{" 23}z ~yzop?~{~7y Sv  ~vw¢zOC

i} ~© "zOzv'  x} BR¥LIC¥vrzy ¥Yx} OF® 2}z yzO~|@m OX~z28XZ
itz {~"02 ¥{ *&HzQw2GH¥xm GA “‘AWzofv-~-o | 7 ¥wlvzEEXD Lv«alyy 27zzy¢ v~
alz | TZa~¥«© [ VIV]| TAYRE}@z ¥{aoy G0z O«E{EV¥}Y XL YhgbA-2}1zZz ~yz
a"voOtvazyo ~¥W¥zy¥Z®©~20 2} vd@ v~f 2B8Y¥ WYWHE LfxO0hiwvw¢i@2O0O0O¥d

¥W zX8~2z0 -z"2z {¥ " £«¢tva2zyO

OlW«©~0z0O0© £¥yz¢ v ~vwtz©O O} ¥«Cy wz x¥o2z@®3a«Vv_(E~°2zYy

02.i } 2¥@®CY¥«®} ¥Wwhwo ~oy~xva~¥o vw¥«?2 2}z w«©~nz©O | ¥2agz
N¥iP vl ¢t~xva@~¥n «oyz" vov(¢ O~0C

03.Zy | z ©z" n~xz | " ¥-~yz~ B ©O O}y« ¢ y¥iwzOzv wl~zx z2 ¥ " «HGz~ y?z}"'zO0 2

O4W «©~nm| 2@}z 3¥¥CA zyl|lz | " ¥-2~yz © voy N¥j | T ¥a~yz
ZCVW¥Tvaz «| ¥o¥a8z7lo7d WO ~¥{z CCy |1z X ¥E| «@ ~o| { ¥ y~02 -

05.] ©z ¥{1¥®r¥«x@ww I} ¥f{ zy|z Xx¥£! «?@~o| x72z2v3az0© -~vet«z {¥°
V| ¢C~xva&d~¥o | "¥-~yz " ©>C

0O6."a ¥"yz" &a¥ |J«~yz 2}z | T¥xz700 ¥{ -~of¥~fgylvip¥ x3&= 0O~
~ax" zvOzDyzx" " zv©Oz voy @®@¥Pzo¥zOvwdPrixx2{ ~-®}z2x0 ¥
~£jvx? 2lz w«O~ox0@ £ ¥yw~%—FWEGFPCay] wz zC¢vw¥ v?2
a¥¥c¢cC



O7."a ¥"yz" 28¥ zovwCz vXxXx« ' va@z ~yzg3d&~{zXwR2~—~¥o ¥{£| ¥} 7
{vx@¥2}va ~o{ ¢«z ExX¥zyz%8} 22 ~-WNGL-2DP vzoyy| z{ zxEGE¥eBly~R\ Z
y~©2% ~of«~0} zy

i}ze&}z 2} ~"y O©02pm} z¥{v PR A zyE&L " O©PzO~KpF |} vOz «uo;
~0 BzYyT~¥dG*I0R ~VzZzOMo- ¥a®2 z o O~z ¢ ~a& "vwerClvzA{zyZ ©Razqy¥ wi
¥{ 21Q@Q Y¥¥YO¢ ~ox?2 ~¥o xvae wz £vyz wz?®@-zzwm | zwz" " ~Xx v~ 2 ¥
AaY¥YWC ¥ yz" 2¥ ylw{f H}A PF¥et hid|[ ¥o23¥c¢¥| 2 Plwd ywzazja >
1} ~¢c¥@¥ihi dfE¥yzev @y «©2zy 23a¥ {~2 3alz yzO~| o8 ¥WwW ZX2~-2zC
©2 " «x®«"z ¥{-v&Cuzy@agh z magb {Z w-EvZ-~W W& PN ¥~&«a] v | | ¢ ~XxV
X}wx2z”"~02~x0O v©O z®¥| zo¥«©® «oXxz " qv~pnp?~7z©O =m>A 2}z |
X¥E] «@ ~qo| vO | ¥¢~x ¢tz-z" =a>A 23}lz x¥woxz|)?%«vet E£¥yz¢ 2
zy|l z x¥£) «2@~o| [ ¥7 2}z ~N¥i?lvz | Ez~vwOkei-2oAbESajzz T | vy ¢~ O ~-Cv
Al vy zz®2 "vxdzy {T¥Ef L3 AP EIEAKYLTEFrCER® 2}z zy| z XW¥E] «? ~c
£zveo©O ¥{ ¢~z " vad«'z Crm~%}zvOoyx¥oy WPLME &wd «® ¥ z¢z-
Z®" 2 Q@@Ozy { ¥ Tz{ - 2cBA7z0G2 A{2}PZz{vxa¥ O 2}vad }v-az wzz!
i}voez " z2zvet~yvadzy ¥o 2a}z-~" Tz¢zAaveaxz AbRY¥ wil évwew~¢ < ¥ «(
"zE£¥-zy vey FK vy «©O2 £z¥"ayCy "} vi-¥z wzo{zf ey —¥Wwowdt zveay  ~ o @
hzx¥Y8lwz-v' ~vwtz ~yd@pRAAYwzyEzvoOB¥{ OB «W2HB2~VvB Wizxe|O~¥an

bz2} ¥ypA~ozf@mN¥oz w  “voj| ~ao] o~z " KXzeaZyX ¥ CZOXNEe G IAZ
©- ~2ax} ~o] X¥02 OA Xx«©O2¥f£z" wv©zD"z-z0o«z O¥«" xzA “z¢Cv
VIt~V yZx¥® ©2z£ =}zvea}>A {~ovex~ve {zvO~-w~¢~2 A 2z
i }z©z w©w~oz | zg2®] €x}-z8 VW «RD¥WZzEO- ~v w~¢ ~2i } @y @ zo@~ave-¢ 22O
alz | ¥3zopa-~ve ¥{ zy|lz X¥£,| «?~nqn| {¥2 ¥m2h¥p ¥{ | 8}xvOzYy
az

"va@~¥nop ~0 2}z {~ovet w«O~pozOO £¥Vyz¢O2YX¥E YWLCxzy ~©oyz

Choice of Technology Architecture

Edge Computing
Perceived Value of the
_ Customer value
=]  ——r— Switching Costs — ist
=] Neight = 0.063
o L
£ —— Coomerse/ ] T pelvercvenue
S g L
g“g D T infestucre Cost Potential of
, S © T Weight- 0.088 edge
10T application v = ting £
characteristics - © —_— (Financial 1) Risk (Acceplab\e]pmﬂ(ab\liw}— computing tor
input Q > . e ! the loT
P N o application
= 35 L
T o ste Network Value under analysis
'_’ ==
- =
x
2 % Financial Feasibility
=] AT
(=)
o ——— -+ Technical Feasibility
o]
<
— I : l
—_—
Feasibilit

Nine generic variables

Figure 1: Simplified version of business model tool
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This Chapter elaborates upon the identified problem, which provides guidance for the remain der of
this thesis research. First, a general background of the problem is delineated in section 1.1. Then, the
managerial knowledge gap and its relevance are portrayed in section 1.2. Subsequently, the
corresponding scientific knowledge gap and its relevance are augmented in section 1.3. Based on these
knowledge gaps a problem statement (section 1.4) and research objective (section 1.5) are formulated.
Lastly, the main research question and corresponding cope are expressed in section 1.6.
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1.1.1 From proprietary data centers to cloud computing
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1.1.2 The Internet -of-Things push es towards a decentralized computing paradigm
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1.1.3 A potential solution: Edge computing
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Figure 2: The evolution from simple M2M towards edge computing. Adapted from:  (Yu et al. 2018) .
1.2 bvoev| zi'e¥v-¢ zwy, vz yz ¢’z -Vvaxz
As illustrated in the previous sections, edge computing can potentially deliver substantial value for
N¥i v | ¢C~xva@~¥o0OC | ~2} zy|z x¥£,| artaobl¢TOE beewidentiied §s™ ¥ | ¥ © ~

a key use-case. Along these lines, it is expected that edge computing will accelerate the development of
0T applications which require capabilities that cloud computing cannot deliver (Porambage et al. 2018) .
When exploring the literature, it becomes apparent that much literature has been dedicated to
highlighting the technical advantages of edge computing compared to conventional cloud computing.
Furthermore , the main technical challenges, opportunities , and prospects for edge computing have been
widely explor ed (Ai et al. 2018; Dastjerdi and Buyya 2016; Jalali et al. 2016; Satyana rayanan 2017; Shi
et al. 2016; Varghese et al. 2016; Yu et al. 2018) . Whereas it has become evident that edge comp uting
can indeed deliver value to the ge neral idea of 0T, no papers provide guidance about how to analyze the
value of edge computing for IoT application areas. Henceforth, ambiguity resides about which 0T
applications will make a viable and feasible business case, and how this business case can be translated
to economic outputs by means of a viable and feasible business model.

Multiple papers have highlighted potential application areas of edge computing, but these papers
have solely selected use-cases in order to illustrate the boost of technical performance that edge
computing can bring. The paper of Morabito et al. (2018) points out that edge computing can support loT
application areas such as autonomous drones, autonomous vehicles, augmented reality , and smart cities,
but does not provide constructive argumentation about how much these application areas may benefit
from the edge paradigm . Furthermore, the book of Bonomi et al. (2014) displays how edge computing
can be deployed in a few potential case applications . The selection and evaluation of these cases have
however not been guided by the ease of deployment nor by market considerations. Also , the paper of Shi
et al. (2016) provides several case studies in order to display the technical value of edge computing.
Whereas this paper provides insights about the value edge computing can deliver for cloud offloading,
video analytics, smart home , and smart city, it does not provide a general understanding about factors
that should be used in order to accurately analyze the business value of 10T use-cases (Shi et al. 2016) .
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More specifically, the paper of Pan and McElhannon (2018) identifies that application areas requiring low
latency, high data bandwidth and with a large amount of 10T devices with low capacities will have the most
benefit. The paper of Premsankar et al. (2018) also points out that low -latency communication and
bandwidth -intensive applications will reap many benefit s from edge computing. As third and fo urth factor
they explain that geographical distribution of devices and device mobility are increasing the benefit
application areas will reap from edge computing (Premsankar et al. 2018) . The aforementioned papers
are however only focused on the technical benefits edge computing delivers to customer s and thus do
not include the business side (for consumers and providers) . More technical literature has been dedicated
to building and managing edge -based infrastructures for often mentioned applications such as smart grid
(Samie, Bauer, and Henkel 2019) , smart healthcare, industry 4.0 (Pace et al. 2019) , augmented reality
(Ren et al. 2019) and smart cities (He et al. 2017) , among others. Lastly, the paper of Porambage et al.
(2018) provides a holistic overview about the exploitation of edge computing for the realization of 10T
application areas. This article analyzes the benefits edge computing may bring to the loT applications;
smart home, smart city, resource surgery, remote health consultancy, autonomous vehicles, augmented
reality, virtual reality, gaming, retail, WIoT, farming smart energy and industrial Internet (Porambage et
al. 2018) . Whereas, this article provides an interesting insight about the technical requirements edge
computing can fulfill for loT application areas (as can be seen in Table 1), the business and organizational
sides of these edge-enabled application areas are not included in the analysis .

Table 1: The (technical) benefits edge computing delivers to IoT  application areas . Adapted from: (Porambage et
al. 2018)
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The sole focus of edge computing research on the technical side leads to an inherent uncertainty
about organizational - and financial factors . For edge computing, this uncertainty especial ly relates to the
lack of mature business models and the unclarity about assessing the potential of edge computing for
edge computing (Porambage et al. 2018; Satyanarayanan 2017) . These issues have major implication s
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in the 0T area, as research in this realm should give attention to - and include all the compo nents that
make-up the 10T ecosystem (Chernyshev et al. 2018) . These uncertainties have implications on the side
of the potential adopter (i.e. the companies that deliver 10T application areas) as well as the service
provider (i.e. the companies that deliver an edge computing solution) .

1.2.1 Implication s¥a a8} z vy¥,|az" ©OCf ©O~yz

The first implication { " ¥ £ 2} z vy ¥an beexmaded €hroygh the innovation diffusion
theory of Rogers (2003) . In his book Diffusion of Innovations, Rogers stipulates that innovation inherently
comes with uncertainty. However, in order to propel wide -scale adoption, such uncertainties should be
reduced. More specifically, he argues that one of the factors influencing the adoption of a new innovation
is the amount of innovati on-evaluation information accessible to potential adopters. When this
innovation -evaluation information is not sufficiently present, potential adopters cannot answer questions
suchas | }va v~ "z 2}z ~ugoag¥a-yvand WhaC @lvanxtages @Qud§disadvartages will the
innovation in question bring to me specifically? (Rogers 2003) . Low availability of innovation -evaluation
information thus leads to increased uncertainty which in turn leads to decreased adoption rates.
Correspondingly, the pape r of Heinle and Strebel (2010) builds upon this theory and empirically confirms
that, in the case of laaS ado ption (one of the three cl oud/edge computing service models), uncertainty
revolving around the laaS concept adversely affected adoption of the service (Heinle and Strebel 2010) .
HenceA vy ¥ | 3 ~¥o ~o 23}z x¢¥«y | v vy~|£ -v© £v~o¢ y " ~-zao
(Shirazi etal. 2017) . This meansthat v y ¥ ! 2uncer@iGty revo Iving around technical and non -technical
domains, as well as the business model benefit of edge computing, need to be resolved in order to
accelerate its respective adoption rate.

122 "£] ¢~XVvV2a~¥00©O ¥o 28}z ©z " a~Xz2 | ¥-~yz CO O~
On the other side of the token, the biggest unknown for potential edge service providers relates to
the analysis of the potential edge computing for 10T application areas. Potential service providers have
no means of analyzing the business model viability for deploying an edge computing infrastructure for
lIoT application areas. With edge computing, the success is dependent on the support and involvement of
multiple industries, organizations , and communities (Satyanarayanan 2017) . Multiple players and
stakeholders in the value chain and value net , need to actively cont ribute in order to turn the theoretical
concept of edge computing into an implementable service (Bouwman, De Vos, and Haaker 2008; Pan and
McElhannon 2018) . In order to br ing these actors to contribute their resources and capabilities, one must
ensure that the business models are attractive to all actors involved in the ecosystem (Bouwman et al.
2008) . Unfavorably, this results in a classic bootstrapping problem. Without killer applications and
services that directly leverage the edge computing paradigm, there is no direct incentive for service
providers to invest in the edge computing ecosystem and deploy the corresponding infrastructure
(Satyanarayanan 2017) . The players which could deploy such an infrastructure (current cloud providers,
2 7¢x¥COA z2xC>A nmwzzy 2¥ wz x¥o-a~axzy 2a8}ve zy|z X¥E£| «? -
cloud offering (Olaniyan et al. 2018) . However, without initial investment in the infrastructure, there is
no incentive for developers to develop services based on the edge computing paradigm (Satyanarayanan
2017) . This means that, a major challenge resides in the difficulty to convince stakeholders of edge
X¥£! «2~no| CO werSpecificl@T@pphcation« areas. Furthermore, as edge computing resources
need to be placed in close proximity to the | oT application (Ai et al. 2018) , specific (geographical)
targeting of 10T application areas is a must. This is different from the centralized cloud computing
paradigm, which can serve IoT application areas in different geogra phical locations. As a result, potential
edge providers experience difficulties in determining efficient allocation edge nodes (Klas 2017) .
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In order to solve the problems which have been stipulated in the previous sections, on the scientific
side, there should be a model that enhances our understanding about adequa te selection of loT
application areas for edge computing. Adequate selection is enabled by identifying the business potential
of edge computing for these 10T application areas. Secondly, in order to drive the adoption process, our
understanding of the business models of e dge computing should be enhanced. As very limited literature
has been dedicated towards the contextualization of business model variables towards the edge
computing domain (Porambage et al. 2018; Satyanarayanan 2017) , this part constitutes a major
knowledge gap.

In the scan of state -of-the-art literature on t he identification of the business potential, we start -off
by referring to Chesbrough (2002) , who stipulate s that the business model mediates between technical
inputs and economic outputs. A business model can provide companies with the capabilities to assess
where their business model currently stands in relation to its potentia |. Based on that, companies may
define the appropriate next steps (Chesbrough 2007) . One of the main roles of the business mod el is to
unlock the upper limit of the value potential that is embedded in a new technology (Zott and Amit 2010;
Zott, Amit, and Massa 2011). Therefore, in order to formulate how the exogenous characteristics of edge
computing and loT applications translate into economic outputs and thereby provide an ample indication
about the potential of edge computing for 10T applications, the shared language of business models
should be the guiding design principle. This shared language is used in order to elaborate upon the
business value of an 10T application under analysis, as well as the corresponding business model logic
behind it.

Gordijn, Osterwalder, and Pigneur (2005) indicate a distinction in literature between business
models as a taxonomies that enumerate a finite number of business model types and business models as
ontologies which represent conceptual models that describe these business model types. Such ontologies

outline what a business model actually is. Themain v ~£ ¥{ 2} z0©z ¥wv?2¥(¢¥| ~z20 ~O

vey z®! ¢~x~2 x Kordijz ét al«2006.~p°p8)2 The coriteptualization that these ontologies
bring is relevant for assessing the business potential of edge computing for loT applications. This is
because we require an understanding of the way business is conducted with regards to edge computing,
instead of a classification of distinct business model types (which is what taxonomies do).

Diving into the literature of business model ontologies, it becomes apparent that much effort has
been dedicated towards their development (Bouwman et al. 2012) . Major focus is on business model
ontologies from a single firm perspective (Palo and Tahtinen 2011) . Along these lines, ontologies such
as the technology/market mediation model (Chesbrough 200 2), the Business Model Canvas(Osterwalder
and Pigneur 2013) and the Four-box business model (Johnson 2010) , among others, have been
introduced. However, an edge computing service needs to be delivered in a networked environment.
Hence, it is more relevant to look at ontologies that take the perspective of services which are delivered
in networks of companies instead of single firms. In this area of research, ontologies such as: the STOF
model which explicitly focusses on mobile service innovations (Bouwman, De Vos, and Haaker 2008;
Faber et al. 2003) , the C-SOFT model which builds upon the STOF ontology (Heikkil&, Heikkila, and Tinnila
2008) , the VISOR model which explicitly focusses on user experience and interface factors (El Sawy and
Pereira 2013) and the networked business model which especially focusses on ubiquitous technology -
based services (Palo and Téhtinen 2011) , have been introduced.

The focus is however shifting from these theoretical ontologies towards more practical approaches
of business model tooling. This is crucial, because business model thinking sh ould contribute to practical
solutions (Bouwman et al. 2012) . The ontologies described above, often suffice as fundament for
developing such tools (Gordijn et al. 2005) . The increasingly popular scientific field of business model
tooling is mainly focused on business model design (Anthanasopoulou, Haaker, and De Reuver 2018; de
Reuver et al. 2016) , testing, implementation (Anthanasopoulou et al. 2018) . However, before we
dedicate resources towards designing, testing, and implementing business models, the upper -bound
potential should be assessed. This is because service design and development are still time -consuming
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tasks (Bouwman et al. 2008) . Initial assessment of t he upper bound limit has potential to safe time, as a
quick-scan of the business potential may facilitate the decision whether to dedicate resources to design
and development a business model. It has also been found that, a majority of the business model t ooling
approaches focus on financial evaluation (e.g. real option analysis, cost -benefit analysis, pricing, etc.),
thus neglecting non -financial aspects (Heikkila et al. 2016) . Along these lines, Szopinski et al. (2019)
indicated that researchers should explore new functionalities.

In order to deal with the managerial knowledge gap, a business model tool for informed decision
making is required. More specifically, a tool that allows for informed selection of 10T applications  domains
for which edge computing contains substantial potential is needed. Some business model tooling
literature focusses on evaluation (e.g. (Bouwman et al. 2008; Haaker et al. 2017; Heikkila et al. 2016) )
and informed decision making (e.g. (Bouwman et al. 2012) ). However, scientific literature on these
aspects is still lacking behind (Heikkila et al. 2016; Tesch and Vrilling er 2017) . More specifically, one of
the under-researched areas of business models is the prescriptive way in which can be dealt with
uncertainty (Bouwman et al. 2012) . In this thesis, uncertainty relates to the potential of edge computing
for distinct 10T applications.

One business model tool for assessing the business potential is represented in the book of
Bouwman et al. (2008) . They assess the business potential of eleven mock -ups. This assessment however
solely focused on the business model viability. We argue that, for edge computing, te chnical,
organizational, and financial complexities, play a prominent role in assessing the business potential. This
implies that business model feasibility should be included for proper assessment. Business potential
assessment by means of the value propo sition canvas is also possible (Osterwalder et al. 2014) . The value
proposition canvas however solely focusses on creation of customer value, thu s neglecting the value that
is gained by the companies delivering the service.

To conclude, the scientific knowledge gap is explained in twofold. First, no research has been
dedicated towards contextualization of the business model variables towards the e dge computing
paradigm. Second, there is no business model tool that can be used to identify the business potential of
edge computing in distinct 10T application areas, based on both business model viability and feasibility.
Therefore, it is not possible t 0 make informed decisions to target 10T application areas that hold
substantial potential.
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For rigorous research , it is required to follow a sound and structured research process. Therefore,
this Chaptercons® ~2 «2 z© 38}z yzOx ~| 2 ~¥nop voy zC¢vw¥ va~¥p1l¥{ 2} -
elaborates the guiding research approach. Section 2.2 breaks down how the six sequential phases of the
chosen research approach apply to this research. Section 2.3 then summarizes this into a research flow
diagram, which delivers a graphical representation of the research approach. Lastly, section 2.4
formula tes the overall research design.
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Figure 3: Design Science Research Methodology (DSRM) process model (Peffers et al. 2007) .
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SQ 1: How should concepts related to business modeling for IT services be used for identifying the
potential of edge computing for distinct IoT applications?

SQ 2: How can the identified concepts be combined into a tool that indicates the potential of edge
computing for distinct loT applications ?

SQ 3: To what extent does the designed tool facilitate informed decision making for selecting IoT
applications in which edge computing delivers a viable and feasible business case?

2.2.1 Identify problem & motivate
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2.2.2 Define objectives

Following from the problem definition in the previous step of the DSRM, this step aims to identify
which solution would be desirable (i.e. what solution would be better than current ones). It ha s been
identified that the artifact , which will be designed in this thesis, should lay the ground and provide initial
insights on important factors for determining the potential of edge computing for distinct 0T application
areas. Sub-question 1 should be answered in this step of the DSRM. This sub-question is aimed at
identifying how concepts can be used in order to identify the business potential. Also, this step aims to
further specify which factors are excluded from the tool. Main design objectives and a description of how
the new arti fact is expected to support solutions to problems hitherto not assessed are the output of this
step. These design objectives in turn formulate how concepts related to business modelling for IT services
should contribute to solving the complexities. The aims of this DSRM step are answered by providing an
elaborate literature revi ew about the relevant technical and theoretical domain s of this thesis research.
The technical domain constitutes an elaborate discussion about edge computing and its related domains.
The theoretical domain consists of a thorough literature review about theories that may contribute in
drafting the tool. Then, based on the output of this entire literature study plus the specified problem
statement, des ign objectives for the tool are specified.

2.2.3 Design & development

Having defined the objectives of the solution plus the core concepts and ontologies of this research,
the next step is to develop the tool itself. In this thesis, the tool C @esign is composed of two design phases.
In the first design phase, t he concepts and ontologies were described during the previous step of the
DSRMare used to derive to the 2 ¥ ¥war@lsles. Furthermore , informal talks are used as additional input
in this first design pha se. This may provide valuable additional information as research on the contextual
business model factors that influence the potential of edge computing for an loT application is scant.
Then, in the second design phase, by means of semi-structured expert i nterviews, a better contextual
background about the identified factors is formulated and new factors, that have not been included in the
first design phase, are unfolded. The output of this step is a tool, designed by two iterations, which should
answer sub-question two. It should be noted that the second design phase is still exploratory in nature,
intending to enhance thetoolC©® xv ! vw~¢~2a "~ ay¥ Thsslimpliestimat thejtapl isnotiested- ¥~ ¢y C
on its comprehensiveness after the second design phase (i.e. only the variables which have been derived
from the first design phase are validated and incorrect ones are removed ).

11 of 225



2.2.4 Demonstration

In this step of the DSRM, the designed tool is demonstrated on an encompassing case. The selection
of this case is guided by the earlier identified problem (step 1) and defined objectives of a solution (step
2). More specifically, a case can be defined as encompassingwhen it enables illustration of the extent to
which the solution (i.e the designed tool) is desirable and thus answers the problems hitherto not
addressed. Therefore, an encompassing case should be able to illustrate the extent to which the designed
tool meets the design objectives that h ave been drafted in step 2. This s uffice s as main selection crite ria
for the demonstrating case. The second aim of the demonstration step is to provide industry practitioners
with a real-life example about how the tool should be implemented. As literature on business model
AV ~vwetz© 2a}va ~£! vx?a |nygnioT appi€ation & scant, Ga@r islgdiereditirough
semi-structured expert interviews. due to time and resource constraints, one round of interviews is
conducted (section 2.4 elaborates upon this data collection choice). Hence, the same interviewees
provide input for the second iteration of the design phase and for the demonstration phase. Interviewees
should have knowledge about the selected case and the value edge computing may contribute to that
case. This section partially contributes in answering sub question 3.

2.2.5 Evaluation

Having demonstrated the tool on an encompassing case, this step evaluates the outcomes. More
specifically, this step of the DSRM compares the objectives (identified in step 2) with the results of th e
case study (step 4). The toolC © vy z £ ¥ o @b shodldth¥saguide the evaluation of the designed tool.
Tz "z0zv'  x} CO ¥« are thdsz@luated in this stép~ Wireas researchers can usually
decide whether to iterate back to step three (i. e. improve the artifact) of the DSRM or continue to step 6,
because of time and resource constraints in this thesis, only one iteration of the DSRM is conducted. As
the output of this step of the DSRM is the answer to sub-question 3.

2.2.6  Communication

avoag zA O~-®2} 02z | PYW¥PH«eo Yhwybz vV@IEzE! ¥¥WozRz ®oy 2}z
B¥-z¢a 7T vaoy «@~¢~27C Ay}ZO!XME E «@o}~zx V'2a—| ¥ Oo¥y« 0®{ {y z ©%+ | Lo
i}z x¥E£f«o~xva~¥o | Yw@fw¥{23d4~ O h3glbz GGz " zz{| W "2AAC ~o 2} -
Tz KY®F zCeza¥WRYKZ yzZOPWRIYXx ¥ ~w«? ~¥o 2a¥ algz | -YWwEZAfz =-
Ev~o GC¥| ~x
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Having defined the main- and sub-questions, the next step is to conceptualize an appropriate
research design. This research design should allow for a rigorous process in order to answer the main
question (Sekaran and Bougie 2010).

As there is currently no theory that form ulates how the potential of edge computing for loT
applications can be identified, a new theoretical tool should be developed. Whereas some facts are known
on the technical side and on the business model side, more information is needed in order to develop a
viable theoretical tool that is contextualized towards the edge computing paradigm. This implies that, this
master thesis is exploratory in nature (Sekaran and Bougie 2010) . Main advantages of such exploratory
projects can be found in their adaptability, flexibility and their effectivityt o lay the basis for future studies
to build upon. Disadvantages are mainly related to its dependence on qualitative data. This , in turn, leads
a¥ }~|l}z" A«tobzZ " VvwW~¢~2" ¥{ 238}lz yva@v wz~o| O«w zx?3 2¥
decreased practicability in decision making (Dudovskiy 2018) .

In order to guide the data collection methods and variables included in the tool, the level at which
data will be aggregated for analysis is be determined. Defining this in scientific jargon, the unit of analysis
isreferredtoas ¢} zz¢z¥{ v|| " z|ve@~¥o ¥{ 2}z yvi@v x¥¢¢tzxdzy vy
(Sekaran and Bougie 2010. pp136) . For this study, the aim is to establish a tool that can be used to
identify the business potential of edge computing in distinct 10T application areas, based on bot business
model viability and feasibility . Hence, the level at which data will be aggregated is at the application level,
meaning the unit of analysis is 10T applications. Some examples of applications, which have been
identified in the problem identification , are; auton omous vehicles, smart cities, augmented reality and
smart grids among others. In order to make this systematic, the applications can be grouped in clusters
(e.g. health based, surveillance based, etc.). Furthermore , with the inherent time and resource
constraints within this study, for each step in the process, data will be gathered just once (though it will
be over a period of several months). This means that the a cross-sectional data -collection method is used
(Sekaran and Bougie 2010) .

25 X¥oxC«O~¥no

Itis concluded that t he Design ScienceResearch Methodology (DSRM)is the most suitable research
approach for this thesis research. This report is structured through the six steps of the DSRM. In order
the main question, the three sub questions; How should the concepts related to business modeling for IT
services be used for evaluating the potential of edge computing for distinct 10T applications? How can the
identified concepts be combined into a tool that indicates the potential of edge computing for distinct loT
applications? And, to what ex tent does the designed tool facilitate informed decision making for selecting
loT applications in which edge computing delivers a viable and feasible business case? Should be
answered. These sub-questions are fully answered in Chapter 4, 7, and9, respectively.

14 of 225



3 a~2az " vz~ zz-

] va~o| =~yzo?d~{vomWwz Gz}vz x|}X M CKIP-Gh g ~ ¢y @ }«vid¥yoo { ¥vby ©
Zz®2 zo®~¥z " va« oz " axfey¥EwE-® }z2~CzC £v-~o x¥oxz| 20> vaoy
{ " VEZ-¥" |0 VAy ~YoX Y¥W| ~2& -~yzo?d ~{  OYUGHG XPOQOL-Pe”  ¥wvegg?d-
X¥0238" ~w«?z0O ~ o «wzo@R-z¥o~-oFA Oww zo«E£z  ve~ao| alz "z¢z-van

£E¥yz¢~o| {¥ e&«¥i yoeN #F 1z DEL¥ ok X A}WV@ vz ~yzod~{~@8 ~no 2
Btz¥ oy (¥ ¥e R}t yYRP~Pr v~ FERG{v, BIEL

31 i zx} oy¥xEwWe o

i} ~O0 Ozx%wz¥om 3} zOX z¢z-vo? i}zxPhz¥VedxtuRzR¥E@EY 2P0
—OzZXMHEPBF XC¥«y X¥£ RCPAE oyOzyd z¥X¥EL£HRPEH| ¥4 Gzmy? —¥a 2} .
©zx?2 ~¥oC

3.1.1 Internet of Things
V yBz--z ~wvp2¥ 28}z Apa@z"pzad ¥{ [} ~0]| 0O ="M"¥|> x¥oxz,;?

}z | ¥2zoad~v(E ¥{ zy| z X¥E£EQ|«Bx—0f~ R\ T YYZIT V¥ Cy- vVO¥ X o (
z{~2 Wy ¥1 @2y OZBKCF@ERAR zo A ~o ¥ " yzBz»:¥}] | ztywy @¥Vgy—m|
zZ~ X}vivx?az" ~02~x0 VHQFEHZEX2HEERQHOH-\yWz yozxxw@z¥o 2 ¥ «aof
I
I
¥

Q

j¢~xva@~¥o v’ zvoC VO ~yzwm2d~{~zy ~o 2al}lz | 7"¥wCzEf O©2vaz
Toozylz X¥E£] «?@~o| C Jzex3dA “2ZO0t@xzrzGz-wb? TE % QR FHM Y Z
~2} ~ox7zvOz§ tzO~WIPRO¥E¥RIWex} zy|z X¥E| «?2~@|i }¥EVvO |
-~¢¢ veO¥ }lz¢] ~o ©z¢zx?~m| Vv X¥ox "ZPYEE N¥i v, | Ct~xva-~¥

L m g

3.1.1.1 A definition

bve~{¥¢y yz{~ow? ~¥§¥Oup¥{~-d¥y~kf{yn"zoa " z0O0zv" x} X¥E£E£«¢
~pdz77" 702 A2y @~-zxX42 vO¥{ iyzawvEv®©o ¥bz vOXS8 °weg}®O®OY "2} ¥ | o
yz{~o~2A¥0©® 2]z "¥¥oOCz8xzoxQ, z¥%{® ~-~z "wVvEZ¥Giz}lrd x| G z-@ ©wvV £}
X¥E| ¥Ozy ¥{ 2-¥ f£v~no | v 20C iKZ~-fg=22@y %eD~¥n{pAz-Qz¥¥% Vv®
©} ~{20 -{v¥xy«@z ¥z mz" " ~x ¥w zXx20© ¥ wz ~@gaz|"v2zy ~pa¥
yz{~a~2a~¥gog 2}zao "VO v@z O ¥WX }" 22Qzzv ""x¥i2 02 QB¥zi§{~"0¥ B8O z¥~'2~}zzm"a
127 O] z=xX\Re~"¥7" ~ A Nz" v A EGoly- @ ¥OVW~YPWOZOIEZ £E® Vv - ¥¥vE¥| zyz { ~
~Bz| 2} y~-0Ox«O0C~¥o ¥uo &y V3{z{ 7 z220d% xyPz{~z0 3 —~LH*D¥,| } ~z0©
{¥" ¥o¥Wi Mveo X¥o00O« (v °a¥l z~ 12ZVVAKVEY ¥{GEF W £5C~ A GEFA > nyCo} v ¥

Ao NINM 2}z x¥oxz|] 2 ¥{ ~"¥i -vO {~"02% | "¥| ¥0Ozy w Z--~
~yzo?d~{~vwtz ~p2z " ¥z " vweE x¥engzxdzyy ¥w? z20Ova-¥F Zgl-
a ~Blz¥-z-z"A 2}z x¥oxz| 3~of{vaX¥i vawO ~@%0rz{—~ o2 dA8F02 P
GEFEP a~ z@Va3VHC ~GERIZWEQRuyGERE® yz{~c2Pv¥ps WEZY £3P2 ~ ¥:
aza-¥"j ¥{ ve¢¢ ~no2z " x¥poozx?zy ¥w zXx20 -}~X} X¥E£Ef«m~XV!
"z{z"© a¥ £f£«x} E£¥"z a}lvo ¥w zx20 -} ~xXxFVN¥Y X¥mB/ZKEQYG
E¥ " zZz¢vw¥ ' vaz voy yzx¥ERvEQ~Og|lvO wrzz¥w Wy £ «AXN2veHE& wOCEF G
atva alz N¥W¥AIZ{R}] DO THO«C?E ~ao| | ¢¥wv e womzad .- ¥" ~n2z" xX¥
Z®2 zoMyozdyz 2 X PO ¥ C ¥ | ~zZ OA] ¥'}2z~ €|z 22 2¥x{} sC«¢|¥ | ~z2© ©wzZXxzO©OV"™ 2
-z¢¢ vO 2}z zwn©zEwtCz ¥{ v, | ¢C~xv2@~¥0o© voy ©z" a~xz0O ¢z-
Ev© jza ¥! !CED-¥dvayzr0 z2 Vv ICh~EKRRGE iz« JEINMSA a«¥E£VA vo
GCEF@r{ ~nz 2}z ~¥i {"¥£ v ©Oz" =-~xz |20, zx2~=-zA -}z"2z2 Vv
N¥ji ©O¥¢t«?2~¥o0©C i}~© £zve®© 2}vaA -}lzo yz¢~-z" ~o| BM"¥i ©
{~"£ ¢z-z¢CA w«?@ 7 valbhz¥" z¥xa® fvz koyz2 ¢ YA zj{z~yo 20 z3h}Ez¥ @V ovz@ - ¥
©z" a~xz ~#v{"vOa" «x?«"z ¥({ v ~VvVBH¥o{yIxO~-B] ww¥yvw¥eés¥
©avoyv' 'y veoy ~np2z"¥1z"vw¢z | T¥23¥x¥¢O voy {¥"£va® p-}-
~yzom2a~2a-70A !} T ©~xveE voy a~"2a«ve¢ vaa' -—w«?2zOAadyzaCyn ¥ 7
=bv°}z¢~© z28 @ ¢C JGERGCvE~ #{> ¥¢CzOGGCEFH¥Y 02 "«w&z "} z" ©] zx?

15 of 225



alz N¥i voy ~y 2%z ¥£|0v @Gzv&® viao}l z~o{ ¥ £v3id¥%woz @@RZzwO—m|z ¢ ]
z¢Cvw¥ vaz 2alyad azxlo¥C¥| ~z20 O«x} vO yva@v vove & ~x0OA
©z a8 ©~a0o| voy XC¥«y X¥oE | ¥%RRYy-mydo vz 3V} ZE«CP{ ¥  £9 R «WW~OF ¥ v
GEFEGhw ©2 ¢ A hd} D 2ZX }v-z {¥ £«tva@zy wO@aovoeypyy woOf 7 kx8 «
~ndz" " x¥oonzx2zy ¥w zZX2OA | z¥)¢tzA © ©2z£0 voy ~o{¥" " f£va-~
VECY- 2} z£f 2¥ | "¥xz0OO0O ~u{ ¥ £W-t¥Wo v¥dy ‘ehldzy 02} 2O XGEF KGr )
¥ yz" 2¥ WlEHEKO {y$¥OX«OO~¥oA 2}z GVVwyWY¥¥VPz¥2y "bdvyrfyzd
a1z0~0C

3.1.1.2 Key characteristics
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1. Sensing/actuation capabilitie s: This characteristic of the 10T refers to the data collection of
physical objects, digitalizing the real world. The Things in the network gather data and send it
back to a data warehouse, data -base or the cloud (Al-Fugaha et al. 2015) .

2. Interconnectivity and ubiquity: 10T refers to the huge load of devices, all being connected to the
Internet network (Patel et al. 2016) . This interconnectivity is established by standardized
protocols such as RFID, NFC, WiFi, LTE or RAN, among thers (Al-Fugaha et al. 2015) . These
communication protocols , in turn, allow for ubiquity, meaning the network can be accessed at
any moment, at any place (Borgia 2014) .
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4. M2M communication: This does not refer to any specific communication technology or specific
protocol, but instead it refers the principle where two or more devices communicate
(automatically) without the necessity of human involvement (Borgia 2014) .
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6. Storage -/ Task-offloading : The IoT results in the generation of enormous amounts of data. The
devices that generate this data are however resource constrained in terms of computing power,
storage capacity and in some cases battery lifetime (Pan and McElhannon 2018). Therefore a
commodity model for processing and storing data is needed (Gubbi et al. 2013) . This commaodity
model is currently called util ity computing and can be executed in a cloud -, edge-, or other IT
infrastructure s.

3.1.1.3 IoT application domains and areas

This section elaborates upon the main application domains of loT. This means that specific
applications are not mentioned, but the applic ation domains and areas are elaborated upon. In turn, each
application domain contains numerous application areas. An application area contains a group of 10T
applications that are used in the 10T application domain. Lastly, each IoT application area, cont ains
specific 10T applications. Whereas an IoT application area describes a group of related 10T applications,
an loT application displays one specific case of the application area. It is relevant to provide an overview
of these domains and areas, as it gives insights in the myriad of potential 10T applications for which edge
computing may provide value.
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Industrial:

il

Intelligent | ogistics and transport : For the logistics sector, devices can be used to trace objects
for supply -chain optimization , increased efficiency in warehouses and ensuring maximized
utilization of storage facilities (Borgia 2014) . Furthermore, integration between communication
and computation can be used in order to monitor and control the transportation network (Al-
Fugaha et al. 2015) .

Smart Factory /industry 4.0 : Based on the four elements; transportation, processing, sensing and
communication, the concept of industrial automation can be extended from machi ne-line-
automation towards automation of the whole process (i.e. from order to customization, to

I T¥y«Xx@~¥o>A - ~2)1 ¥«? y~"zx2 ~o-¥C¢C-z£zo?2 ¥{and«EvaoOl

productivity can then be established by 10T (Al-Fugaha et al. 2015) . This application domain
includes IoT application areas like Collaborative -robots (Co-bots), predictive maintenance,
customized production, and other 10T enabled factory services.

Agriculture:

1

Agriculture and breeding : In this domain, 10T applicati ons for monitoring and tracing animals
provide significant benefits. By means of sensor data, relevant events (e.g. diseases or separation

of the herd) can be identified and subsequently acted upon. Similarly, data about soil conditions

and other relevant agriculture metrics can be used as input to optimize the agriculture output
(Borgia 2014) .

Smart City:

1

Smart grid: The smart grid refers to the intelligent electrical distribution syst em that is able to
bidirectionally distribute energy flows between producers, consumers , and prosumers. Through
devices such as smart meters, the traditional power grids can be upgraded into a smart grid which
allows for optimize d energy distribution and s torage. Furthermore , the smart grid can give real-
time feedback about the energy consumption of consumers, in turn helping in creating awareness
of their individual consumption (Borgia 2014) . The smart grid application is especially relevant
when aiming to facilitate the distributed generation, cogeneration , and distribution of energy.
This will become increasingly dominant with the rise of alternative energy sources (e.g.
sustainable energy) (Farhangi 2010) .

Smart building and building automation systems : A myriad of sensors will allow buildings (i.e.
homes, offices, etc.) to become smart and assistive environments. Instead of just being an empty
shell, smart buildings allow for extended capabilities such as increased security, asset
management/maintenance, energy saving, increased workplace utilization , and lightning/air
quality optimization among others (Borgia 2014) . It reduces the consumptio n of resources
associated to the building, as well as increase the satisfaction level of the humans which populate
the building. This has a positive impact on both economic as well as societal domains (Miorandi
et al. 2012) .

Environmental monitoring: Environmental factors such as temperature, pollution, rainfall, wi  nd,
etc. can be actively monitored by means of I0T devices. This , in turn, allows for a solid platform
to detect anomalies that can lead to endangering animal or human life (Miorandi et al. 2012) .
This is especially relevant when aiming to predict and anticipate on emergency situations such as
floods, earthquakes, epidemics, tornadoes and electrical outages (Borgia 2014) .

Public safety: Lastly, the loT can allow forreal-2 ~£2z £¥o~23¥" ~aqo| ¥ { b «we ~ X

recognition), which allows for increased crowd management capabilities, adequate detection of
safety breaches and identification of malicious intentions /activities (Borgia 2014) .

Smart Mobility:

il

Mobility monitori ng and planning: By connecting sensing devices to vehicles, traffic lights,
XxvE£z vCO vuoy -Yehtpdobjects,¥eal~tite thaffic can be observed. This can help in
getting insight in to traffic density, road quality , and other relevant factors. Sub sequently, this
data can be used to optimize road utilization (without congestion) and plan future infrastructure
projects. Furtherm ore, smaller applications like smart parking systems can be realized (Borgia
2014) . Traffic control systems can offer services that mitigate congestion problems  (Miorandi et
al. 2012) .
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1 Autonomous vehicles: encompasses the idea that vehicles (including cars, trucks, drones, etc.)
can move without human involvement. This is built upon the IoT concept of V2X (Vehicle to
Z-~z" &} ~o|>A -}~x} yzOx " ~wz© 2}lvd&d 28lz v«@¥o¥f£¥«O
in its environment (Porambage et al. 2018) .

Health/well-being:

1 Smart healthcare: the 10T allows for real -time monitoring of medical parameters as well as vital
functions of clients (e.g. blood pressu re, temperature, cholesterol level, hearth rate). This data
can then be used by doctors to continue monitoring patients while they are out of the hospital.
On the other side of the token, 10T allows for increased inventory management as well as safety
access systems within the hospital (Borgia 2014) . The IoT can also be usedto monitor if standard
protocols (e.g. washing hands after seeing a patient g which reduces the chance of infecti on
significantly) are actually followed (Al-Fugaha et al. 2015) . It also allows for more personalized
health care (Miorandi et al. 2012) .

1 Independent living: By monitoring real -time psychological and physical factors of elderly people,
active detection of falls, diagnosing and control of dementia and other serious health threats of
these elderly can be actively monitored and acted upon. This could allow (some) people to live at
home instead of nursing homes (Borgia 2014) .

Wearable 10T (WIoT) and interactive gaming :

I Smart accessories: people are increasingly wearing smart devices such as step trackers, smart
glasses, smart watches, etc. This trend is especially fueled by the development of low power
wireless technologies (Porambage et al. 2018) .

1 Augmented Reality (AR): The concept of AR combines physical reality with computer -generated
vision and data, allowing for augmented reality. Subsequently, this allow s for virtual extension of
the real world, providing a composite view. The connection of objects, characterizing the 10T,
allows for even further extension of the AR capabilities (Porambage et al. 2018) .

1 \Virtual reality (VR): VR describes the concept where the user interacts with a computer -
generated simulation, which is seemingly real. VR is different from AR as it does not
extend/manipulate real -world images but fully re volves around a computer -generated world.

3.1.2 Cloud computing
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3.1.2.1 A definition

Na ¥ yzT M ¥yzy{ XM¥ZE | 2«}P 2~ oy i vivy~| £A @}z c™hi {¥"  £«¢
a1z VvO| zx20 ¥{ XxC¥«yxAVlz ~H|~¥y2 \2o¥x zwz i¥{y 2 dri23{}¥ a2 f}«z¢ v
~n? 7~y w@rPzeO®oz { ¥ y-~-Ox«OO~¥onv¥y J¥vE~RCX¥G WELY
i}z c™hi yO{ x&x<~& z¥8 g ~2 2 §-zvyEO¥ a@Oziy} z"  z{ ¥ " zA ~&o ¥ yz~
©2voyv ' y®© voy | «~yz~¢~0z0O -} ~XBaNV@ic¥z{ {¥22¥h¥] ¥k@DX §¥O

VY¥! 23%1T 1 @0~ CACRGWARY ~XNOE| «2 ~a| ~© v £¥yz¢ {¥ BzEwwly~ao|
Bz2a-¥"j] VXXzOO a¥ v O©O}vizy | ¥¥C¢C ¥{ x¥o{~|]«"vwtz X¥£f]| «
"zCzvOzy -~2} £~un~£ve¢ £vov| zB2az? vRpbfzWnr va'y Qz vxGxxzz GE'
Wz { ¥" zB yZz 4| ~oay¥ 2al gz Ajz{ ¥ ¢xP¥v ~wy 2 {7 YEY 22X®&VCr Yy @70 ~FPz~ ¥

18 of 225



X ¢ ¥

N

I ¥
-y
©z"
X ¥ £
X Vv o
«©z
X C ¥

©z¢ ~wpdz" -¥-zo x¥oxz|?®A ve~|ozy -~2} 2alz ©zz° -~Xxz2Z
v x}~no| alzE£z ¥{ «@~¢~2" x¥f£]«@~o| C b¥"z O©zx~{-~
-~0O~¥o~o| X¥f£]«?~@m|] VO Vv «@~¢~2 A O~E£~Cv ¢ 2¥ «? ~{(
z¢ =SiVi¥-wd « ©2 ZLXCY4LYL GCELFE@2~0| 23}zo ~© 2}z £zvo®© w
a~Xz ~0 yzO¢BROz[LYy2PE £YzzAzoyy y~02 ~ox?2 ~¥wad xveewegy AE
£co~2"T7T «cW¥AVREY¥KkYW ~y XC¥«yCz{izz0 | ¥tz x¢Gkyy ~ao
wz «©zy w T} 2o| 28z " x¥LELf«Wwd2AX XC¥«yA ¥o¢ v O] zx-~
81z XC¥«yC 2iz} XA «yoA loz¢ | ¥aozv ¥" | ve~°vac¥iz } v®e®  wxX
«y ZoX¥EEv@®O¥P | «we¢t~xA | " =bud¥2 voyD¥CveXEZLf GEFF>

3.1.2.2 Key characteristics

1.

[¥CC¥- ~o| { "®f£ y2IcAo gbHky Xx¥@| yZOX|[ ~wzy ~15z3z" £0
X} v’

vxa&dz" ~028 ~x0©O0

ddB/ z£voyBrOz-x}zz X ¥w8O«fz" ~O | " ¥-~0O0~¥pozy -~2} «o-~Cv
alz Bg@zy" xve VvVXXZOO X¥£| «@~n| XV Vw~C~2~720 @«x} VI
¢C¥vy~no| va "vzo§« £¥zEyzAd3Ww¥a ~yygovwu¥T (¥E£] «@~o| Xxv]vw~¢~
| T¥a~yz"C [«"28}z"E¥"ZA 2} ~0 ©z" a~XE£zZWY¥x|CYyoWwz]} &£
~88 7" w0 ~¥m¥Cazy wz?-2zz%n} 2}1Q@z X«xORHEAZC -wopwy AT v & X z
W ¥vy pz2- O} iX¥KXq®©OOr| ©z -~Xz20©O© xvhowz3ogrRk ¥Q@@zy ¥ -
“ve|lz ¥{ }z2z " ¥|zr¥«©®© yz-a~xz0 vaoy - ~2j}7 |O2xwayovy zy——°X
alva Xve VXXzOO0O 2}z XC¥«y X¥EWKZ2EZOA &KW Y¥W-~-Q@A?2 £X2¢
-¥{'C2vaehEeO®O voy \"voyz YEEEE2z2 £EZ®> " zBO¥=xO®O%zv~wozYy A
Z-~Xx@®©z£0OvaejVv A Y~ [WVBKEENMRY¥A«VEYy VOCERLOLGE®MXVE VX
VIivw~¢~2 ~zZ2 @ o2 AYgPP¥_R}Ixzz©® -} ~x} v’z ©o¥2a ¢¥xvee
«KEZ ¥«O ¢¥xwx3~¥Ys® | z¥| "v€C}~xvee y~0|z" ©Ozy

zo?d " vgzO¥ Yy xz OV ¥¥¥ ¢ o¥{ "CZO¥XxO«xzzyYo w 2}z | " ¥-a~yz"©
«EZ " ¥«O X¥oOQ«f£z" ©OC iBzOves® L¥9zC¢CAo-YVzZExC2z20¥«" Xz
©O0~| oz\V ¥z "xzw@2 ¥£z" yzEvoeyC i} ~0O y ©BvVE~X | ¥¥¢~no|
zon2d"ve¢~°zy xXPC«YUmopPlo¥&¥ayz" O©O~yz ¥{ 2}z woz2.-¥",|
n¥-¢zy|lz vw¥«? 2}z 1} 7 O~xve C¥xva@~¥o ¥{ 2}z C¢¥xv

X < O X O X<

X X =

¥«Cy ¥o¢  jo¥- 2}z x¥«o? "=ZDbAz (0 vy ¥\'ClWwzv XGBRRPRY ¢
J VI vWXZZO XC¥«y~PO¥E}Pyd2~a} A «@~C~2" X¥E£IXg2d|WEEG2L zy~.
~of{ " vOa=ZThwx®® «w'ozyv " v @ove GEFL>

gV | ~tyv ©2 OxXX¥£23 «?2 ~ao | XVivw~¢~2~7z0 xve wz | =Hz€y€zwoyc
\ "voxz AGERFx~a| 22}z ©Oxvetz v2& -} ~w} VW~&EGZ2 "~ z2X¥ XQ@Ef 2V
~axT zv@xYWBEYWRXX¥TYy~no] 2 Y @ }ywz ixloyox £V | ~ Z8 VO~ xA
Tzy«xz© 2}z T~ 0Oj ¥ { «pyz" | T¥a~0~¥0~aqo| Tk@myzZ" o«?® ~
=V EwW «©2 ZLFR}1r¢KzZzGEFESG~°zy XxC¥«y yvav xzradz"© v
"z2O0¥«" XZOA £zvo-~ao| VECE¥OC2 ve v T¥! T ~va2@aytB«vmy ~

\ "vexz CGEFF>
bzvOzy ©zW-~&zWe© ¥{ v £z2z ~o|] xv]jvw~¢~2" A x¢¥«y
E¥o~ad3aAYg¥voy " z| ¥"238 T z7@¥woxg vi@Qw|xz A {¥T¥ w¥pJo2}z

v 2}z EFb¥44yzvoy \CvierkzOGE¥FF® zovwtzO0OZ}z~ x«z?A~ ¢v-G
XVIVX~XRWEP@Y® | "¥-~yz O 2¥ vxx«'vaze  ¥{{BB¥K¥zOz O
Evooz} E@PvEO© 2}z x«©2¥£z" ¥op¢ v © {¥" 2}z Xx¥E£| «? -~

«Oz=y ¥® z& @¢C GEEN>

19 of 225



3.1.2.3 Cloud service models
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3.1.2.4 Factors influencing the adoption of cloud computing
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Table 2: Cloud adoption factors , based on TOE framework, that found support in different studies
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Table 3: Factors influencing consumers' willingness to adopt cloud computing. Adapted from: (Tsai and Hung
2014)
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Table 4: List of definitions for cloudlet, fog, MEC and edge computing in highly cited papers
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3.1.3.3 Explanation of the edge computing infrastructure and process flow
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Figure 6: Layer architecture of edge computing -based IoT applications. Adapted from: (Yu et al. 2018) .
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Figure 7: Example flow diagram for edge computing. Adapt ed from: (Misra and Sarkar 2016) .
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3.1.3.4 A serverless model for edge computing

X« 7zo2 ¢ AXFEEQXe¥fp |2 ] | ¢~XV2~¥00O x¥0o0O~02 ¥{ 2-¥ £v-
¥o v «©z" yz-~xz =zC|C eXA ©Ev™ 2| }¥ozA zax@B¥ vey| 2}z
yvavxzavzZ'v z2 Cvi€O GE¥Nz2Z®-72-"£]| ¢ ~XV3A-¥r 0Oz WX R¥«PzZXx¥HEZzy?2 ~a|

X«©a¥fz"© -~2a} alyz y~{{~x«¢2~z20 ¥{ E£vev]|~o]|] v |} O~xv!
-~"2«vet T zZO0O¥« XzZ¥EWRV]HZEZHREWGEFNSA -} ~¢z | T¥-~yz  © }z
X¥E! «®~x5glz- z¢z£zwo2 ¥ { zv©O©z ¥/{ «©zA &} ~0©0 zvOz XVoo¥
X¥o{~]«"vad~¥o ¥{ 23}z «oyz ¢v ~o| ~o{"v©OR %kxV@ zZ3Ctw( Q2 "G
i}z Evod®itz@v{©Oix ©z" " =z"7 C¥| ~x [{ ¥} X¥E | «Bu2G ¥lowLz ¥ Y ¢y
X¥a0O~yz"vwe¢z 2 ~£zA ~0O0 | "¥pmz 2¥ z"T"¥"A voy "z28«~"720 O«

h«w©z8«zaa2¢ A -}zo 7" zO¥« Xz | ¥¥¢CO { ¥ Xx¥£)«2dva@~¥ov(e
" ZO¥«ZXHE@zw ~aXx T zvO~no| ¢ }z238z" ¥| zoz¥«OA z{ {zmZxXxv¥GA+zXx «Z&V |\
GEFC>1z{¥" " zA 2}z «©z ¥{ XC¢t¥«y X¥£| «2~po| ©2~¢C¢C | ¥0z0 Vv
" yx2 ~=~¥Y¥my©0 22 CVvEGzZ GEFE> O¥ f&r £WHOAVEZZo-¥-wWwzy «B8~-2z" O~

OX~zmxz ©O2«yzw2© }Vv-az @z-z" -"~2287zp0 xC«©2z" " X¥£,| «? ~no]|
« | alzzx®rz6¢g X¥E| «d8va~¥ov(e ¥{{¢C¥vy~oF ¥ow@ { ¥2£Cv$€CzG
X¥" " 20| ¥ay~o| ¢ A -~2} 2a}lz O©O~|wo~{~xved¢  £¥7"z x}vectzana
X¥E] «? ~o| =x¥E£] v’ zy =3d¥W vxat-¥ «wyo XA¥ L V@O zGEFME~Xx « ¢ 23 ~7z2 O ¥ {
©z" ~¥«©¢ ~@ox"zvoOozC

i}z o¥2~¥o ¥{ Or|] -V ¢tzO0DO%X¥EZ «®@¥£z ¥{ 23}z0z ~oXx" zZV(
{¥©02z"0© 2}z x¥wnxz,?2 ¥{ ©a3v2z¢z00 {«wvx?~¥oOA -}~x} «n

©~£ ¢~{~20 | "¥| "vVEE~no| woYyoy@|2¥CEa€® GE¥L2z «®zZ£0¢ A - ~
X¥E] «2~o0| A 3}z | "¥a~yzZE WyESmv@X T v} v¥y Cz®Oy C¥ |©27 vE ~¥no
o¥2 }Yv-az 2¥ fveov]|z 2@}z «oyz  ¢v ~ao] ~B{EQODO*KXKEP «¥ A~ ¥

F¢vaEYFZRCZz" ©22z~a z2 v (EC GGEPMP ¥ ¥ v-C wzid~ Yot & V@E RN & ¥ « X ¥
V¥EV~oA -}z"z2 ~2 ©O«{{~xz20 vO z®zx«?®~¥BzEf£¥pz§¢§ {mxo¥?yx0D
a"voOlvizeag¢ }1¥02zy wewOYy~02I7iC W@ @RYGARA {z¥A £ } z x¥oxz
X¥p©a ~2«2z7z© v |v'ia@~yvye¢e “"zve~°va~¥no ¥({ alz | 1B¢¥Ge¥m}
vil " ¥vx}A fetveva{t¥w@® vz yz{~mzy w z-z820©O Vvoy VvVX32a~Y¥
©z" " —2z27¢z0©0 v, | "¥vx}A -}z"2z I T¥| TVEO vz x¥pa8@y~pzT ~°7
tz-z " whxly vad} voy W X¥87zZOGCEEN>n| ¢ A ~no 23}z ©z" =z " ¢z O
¥oxzC i}lzoA 23}lz {«oxy4¢¥Yzoz6z-iao-¥ikPpeWZTBRHzZzOr z28 VveEC G
VEC GEFLzZ zv©O ©z" " =2 " ¢z20O0O X¥E£!| «2z2o0X¥ENV«K2®WZ~¥oVERY¥LECTYQ)

~© ©2~¢¢ x¥poO2~3«2zy ¥{ ©z" -z " ©>A 2}z wovEz | zO«Evwe’
-7 ~8z Xx¥yz vaoy ¢zv-z ©z" -z" | T¥-BY~¥ny Rt VOGO R HE2 2\ (
GEFG® >

hz"=2z2"¢z200 y~{{z"© {"¥£f£ 0z " Bzwvx{®?«¥¢ ©2xw¥fy vy~ w|®O =z-z}OxX}
a"zz x"~2~xvet vO] zx2©0 "@m ©z -z ¢z00 KEXEZ«kOO0&~¥O2Y¥Yhby]| !
X¢C¥«y voy X¥E£| «@va@~¥p xvoe wz y¥oz ¥wo 2}z zy|zA zwo}vaox
"ZO0¥«" " XZOA -~2} ©z"-22"¢z0OO x¥yz ~0O0 z®zx«?zy ¥oy®} ¥&2 v§
GEFGl>av©2 A w~¢¢~n| ~© vOO¥x~vazy 2a¥ alyz z7@®zx«2~¥wo y~£7
}z «©z© ~o©2zvy ¥{ 23}z o«fEwz  ¥£]2¢02%«@®8zE£ux}(2>orxO©C2EE
GEFG® >

h«w©z8«zo2¢ A ©z -2 ¢z0© xve z¢~f£~ovadaz 23}z y~{{~x
{vx~¢~2avaz 2alz z¢vO2a~x~2a ¥{ xt¥«y BEK¥fiIaxféo| A~03 z~wa
| T¥XZO0OC~z0ffO B @O z 2@ v T IGEF LvAz 'GE{FN>O© ¥{ ©z" -z " ¢z00 ©Ozzf£
X¥E] «@~o| -} ~x} Ofd¥E 3¢ xBHB LEZBC~Az COwWHZXx x¢z £vaovy
X¥CP\ ¢~j O¥no A cvO2~XxXACVHhWwEx®E YA OLEFL >tz 00 Xx¥E£| «2 ~ao|
XV VW~C~2~720 ¥{KW&¥XW¥Ewsr{fozyw022Z'ydqx®@ «"zA -}}z"2z &8}z ~padz’y

£~2~|vaz a3}z ~pz{{~x~zB82 Vvoy x¥03¢ fvogV®Ezx?z@{veEz

27 of 225



Na alyad ©zwrnO©zA zy|z X¥£]| «? ~Bvnayxvaood{zy| X VvER~—~2¥o? zw z32}-77 z~an 237z
x¥«y ~8 v «o-~=\¥-~£ff C¥waoozz2” v¢C GEELP2cy®?2©x O¥2 wv ¢t CopBEFKS>
yz-zC¢¥ |vEazyn3¥ | z"va ~¥ao ¥{ zy|lz voy XxC¢C¥«yA @}z zw y~£-~
¥"x}z0©2 " vad~¥o ~0©0«zO zy| z X¥£EdwB3-nx zGCO WC~"GEFIO> ¢ ¢X YA -©
xva zwo}lvoxz 2}z zylz xvlivw~¢~2~z0 VO ~2 xvo V«@¥Efy?a -~
Vix}~2zx2«"z ={¥" zyl|lz XxX¥E£] «?®~o[[>AOLfX¥Y{ozy]| z~2 ~R}ymR}¥EL
©a¥ " v]|z xvivw~¢t=avz® ¥§f VYPC GEFKE We@¥&PpzoX{yzLC} GECY¥ |
wWzozA ~®@L" -z ¢z0OO0O X¥E£| «? ~uno| X ¥ o O~ QzzC¢E v n{y-€2 @ ¥- —@2}~ ¢~¥iz w)|

X¥E|] «@ ~no| ~a{"vO® " «x®« "z =Z£¥02 ¢~jz¢=bx¥*¢rPzwoyno Wiz
GEFC >

[ ¥~ X¢t¥«yDzy| z | T¥Aa~yZzZ " OA ©z" 2z C20@EN¥VZzQ ¥EZRE-YE
W«©~az0O0O | "¥-2}C ~a ~0 z®,zx2zy 2} vapEKlozO {¥"¥2941z ~@ Oy
X¥El «2va~¥® Oz {©OA" £ } ~x} ~© z{{zx%«vi@zy w 2}z 0©z" =z
X¥E] «2~o| E£¢Fzzrel Yexzzex w -}~x} | T¥-2~yz  © «0Oz 23} z-~"

©~yz ¥{ 23}z a¥jzoA X«0©O2¥£f£z"© wzwoz{~2a {"¥f ~wopx " zvOzy |
Vyz8«vaz w~¢C¢~no| A voy ~o00727vw@:ifzO0B{HFYevBrzXCVEE- GEFNEC
-}z7zv0O ©z7 -z ¢zOO | "¥-~yz© £v | ¥23zpd~y(¢¢ yz¢~-2z" o\
"z20zv' X} O} ¥«Ctybwz' ¥lywxy zW zwez”" GEFL>

3.1.3.5 Technical challenges

'}z zv®O® zy|lz| xVEL«Zz© v -} ¥¢z v’ " v ¥/{ I T¥wezEO Tz
~o{"vO?T «x®«"zZA ~2 VvV(EO¥ x¥£z©O --~2} ~20©0 x}ve¢tzn| zOC A"«
gz2a-¥"j -~¢¢ o¥2a yve¢e¥- {¥7 2}z y  oxvf«"xz @ X vz¢8vaw-~ (z~C i }zzy |
v y osvE~xvee x}ve| ~ao|] O« | ¢ voy yz£wvady v{~ v @)2¥ 3@ O
VO 2}z VvE¥«o? ¥{ NMN¥j yz-~xz0© ~no 2}z zgjlwvoe|[~-Czx%zMR¥RZAGHEE
nz2a-¥"j 0©O}¥«ty wz z®*zwyzy ~o v y ovEf~x -v C [« "2} z"f
Yyz-~xz0© voy v, | ¢t~xva@~¥o0OCtueyg| ¢70 zw| 2A zv XHE | ¥'Z®X EWE
-~2kn«?za LCCWyGEFM¥ 2}lvaA a}lz £vOO~-z ~uox"zvOz ~n 2}z
vae z®) ¥ozo?d~y¢¢ ~ox zvO~wo| £vov]|zE£f£ze? ¥-z"}zvy {¥° 2
“zy«xz ¥sdtyrzwyvo 2L cwz®C GEFM>}z y ovE~x z®| voO~¥o -
y owvg y ¥l ¥«? ¥{ yz-~Xxz© -~2}~o 2}z @poz?d-¥"| O} ¥«ty wz
nz- ¥ozOC [« 2@}z " £¥" zA -}zw «©z" " © v’z £¥-~8o| wz?-2zzn®
¥ yz7 o ay¥ U ¥lzT ¢ ¥{{c¢X¥wly- 2 @G ZGEARR¥ zy{ g~r¥gegd ¢ ¥{
¥y zOA | v’ a~2~¥o~no| ¥{ xy¥E X¥Ey 2BAWRV-¥ 0dvwlO j¥G {~C¢C¥ v'yz 88 ¥ «z¢
yz{~8z v X¥£f£]| «?va@~¥p | ~lz¢~oz z~2}2z" }~z" v XBwX|VitAOz ¥
z? v GEFK>

Vo¥alz” X}veczao| ~a| avyvoOij ~ @ alz Evov| z£zn? ¥{ a
}z23z7 ¥ zo¥«© 271 zO ¥{ N¥i yz-a~xz© zvx} =-~2} av’'  ~ao|
yzEveEyn@ z2@ LCC}BERMS> ~o| 2¥i v] |l ¢~xva~¥o0© =ZzC||x@z@pv ™ 2
-~¢¢ }v=az y~{{z"zw?qd " z28«~"z£zw82© voy | ~¥"~2~70A {«" 2]
| ¥- 27 -~8}~o0 =h}z 222 WG« GEIFZK>E¥ " zA 23}z w©z?ad-¥"; ©} ¥ « (

}z3z" ¥ zo¥«© 2 | zO© ¥{ o¥yz0O {"¥f y~{{=KvZgqd z|©za zCv qv~{XCa
Y«z 2a¥ 28}z }zadz " ¥|zonz~2  ¥{ O«x} yz-~XZOA vet¥-zy ¥| 1z
alz£A -} ~x} ~@o ¥« o=hlax "z Oz®©C xXGEERF K>z ®~2

Na ¥Tyz”© a¥Y {«t¢ «w?@~¢~°2z alz | ¥2zoa~yv e ¥({ zy| z
¥"' x}z02 " " va~¥o XRkvE&k¥Z2oeyd@OvOR¥&O@Cy@BFY>O© £zvo© 2} va 2a} z”
V | T¥1z7 | ¥¥¢~wo]| veoy ¥"x}lz0O2"va~¥op ¥{ vav~Cvwtz " zO¥«
| ¥3zoa ~yv ¢ X¥£) «@~no| " zZOHEVURZOVE~EZPRYEY CEFMPO2 §g¢z®~w( 2z

yz©O©~| o ¥{xz*}fv Ozl 'z-£zra?2 tvh~ z® @CIEGEF&EP¥«ty wz z0®z
V2 ¥fvazy y~Ox¥6Z -} E£x )k} {Bay®zy }xvwgoOpvaziov {[¥fze&A {A¥ vV

28 of 225



GEFG>VC¢¥n| 2}z0z ¢~0zOA y~22%29| P«f¥E! «b-¥f-7E¥R2 0000}
=h}~ z2 O/ CdOn ZGEGRKE>« 2 ~¥o -} ~x P X¥E | Q¥ ®~2 ~%0z ¥{op3 ~HOo y o

gzaa-¥"j -~2} £~¢C¢C~¥00O ¥{ «©z  © voy }«oy zy© ¥{ y~{{z".
=hYc> £¥yz¢C i}z h¥Yc £¥yz¢ xzw2 7 yv¢~°z0O x¥noa’ ' ¥¢ ¥-2z" 2
az-a" i EfvovincLzz® WLCAOYGBERM»> ~n2z " ¢~nojzy ~" 2N Ce2¥e¥¥p F
-} ~x} zevmvw¢z© zy|lz yz-~xz© 28¥ ¥,z"v2z VvX " ¥00 y~{{z"zno

=kb®¥~ z28 €¢C GEFM>

Vo¥alz” x}veezoem|z "z2O0~yz® ~o 2}z y~{{~x«¢a 2a¥ fy-~r
{ Zy| z X¥E£] «2~o0| C VO XxX¥£]| «q@va~¥o | ¥-7z7 ~© w’' ¥«]|}2a @
Yazxa8~¥o £zx}ve~0L£0 {¥" E£VEe~X~¥«O®O vX8~-a~283~70 vz n¥?
}AO~n £¥qZ®A 2} z zy|lz w©v¥yz©O £¥" 7z -—«toz"vwéz 2} va XxXC¥«
}ze ¢zvy 2¥ ~ox"zvOzy ~GGwxO tEHRzZER2-~-&EPLC« GEFM>voy |

3.1.3.6 Business challenges

] va~g| ~ygrma 3gx3p~RvivixG¥ Oz POOANX}VECz| 2O " zZ-¥C-
~£l ¢CzE£zunavd~¥o ¥{ zy|lz X¥£]| «2~an| zovwezy MN¥ij v ¢t~xv?a
©~yz £«x} O¥C«2 ~¥0©O }v-z wzzwo ¥{{z"zy 22¥1Q¥@z-z2~C }fz¥"
VEW~] «~2 " C c¥ £v3«’z W«O~0zZOQ VE¥Yy M@ o{ WOz WhZQ@REYEA «
V] | C~xVva@~¥o00 weéeynoOVYV=s¢ChXECEYBRY¥O2 OEFMBn 21 7z o¥odzx} o-~x
«axz dy~pdT T 72¥¢-2z20O Vv ¥«oy yz-z~C¥] ~ao] vV —~vwtz w«O-~
~o{ " vOi&hwx? «w'ozv v @oveo GEFL>

'} z272zvO zy| z X¥£| «2~n| | "¥a~yz©O v ©z" a~xz O©O~£~¢v" 3
| VBB B ¥k YW« ©~0z0©0© £¥yz¢A 2}z yzxzo2d vet~°zy &I EzYvZL¥o ¢
GEFCi>} z ~£] ¢~xva@~¥no " 70«82 ~oR¥QZYEL Y 7z7QA 2 XOWZYyWZ 2% ¥,

| «v vedzz | "¥{~2 {[¥" @&}z ©O2vjz}¥¢tyz " © | " ¥-~yhgd|- ZPzvT
GEFK>i }z ~o-¥¢-~z£zon2a ¥{ £f£«¢2~) ¢z ©C2vjz}¥¢tyz " © O«x} VO
XC¥«y ©z"  =-~xz | "¥-2~yz " © =-}~x} E£v  ¥7 £v  o¥?2& zpagz®" 2
Xvae vxa vO X¢~z4¥" " v@Oy|{z¢®zV6~-®ZOAZz" 20«¢2 0O ~o v wnza.-¥"
alz~" ©}v'z ¥{ 2}z | ~z2C X¥pop0©z8«zBa~VyC¢C¢ A «oxz ' 2ay~pa"
zylz |¢v z"©C ~o ¥'yz"© a¥ Xx"zvaz VvV XKEXNz?2zZO¥W«KOxzm@ ©C
E¥o~2a¥"zy voy VvXxXx¥«woazy {¥°7 nzzy© ¥ wz yzaz" £~wzyC
"ZO¥«T Xz «?@~¢C~°va@~¥n vaoy £¥pz?av® T x¥f£)|zoOGW3dEf¥y vE¥w|C
GEFC>VC¢O¥A ~o 2lz ¢~|}2 ¥{ 2a}lz0z vyy-~-2a¥eowlz@wm2)} ¥Cy
XC¥«y X¥E£| «? ~no] ©z" -~xzO©OA w©z- ©¥x~vCE¢A ¢z|ve voy za} -

zO02 vwetk@}Y 4y} z©z ZL£2 veEeEC GEFK>

avOa ¢ A v©O ~yzoBHGHGRHG Jx| @z vEX¥¥%mA ¥/ 122y O¥ P ¥0 ¥wgC
~n2z| "Yy¥py zomx¥E£]| vOO~n| zy|lz X¥Ef£] «@~po| ~o{"v0O2?" W «x?«"z
azx}oe~xve x}veczo| zOA vEO¥ ¥o 2}z w«O~vzOO O©O~yz 2} ~0
©zvECZzOO ~wvdz| "va~¥oO W¥EYNHoQz 2lOA? ZO¥K|~2vit¥ «Xx ¥ ¢ CvW¥ " va ~¥o
X¥¢CC¢vw¥ " vad~¥o ~0© }~omyz zy w v ¢Cvxi ¥{=0OPEzYyVvZiyE€iO0oE€E~8

Technical challenges Business challenges

#‘}9‘? Dynamic Scalability sy, Flexibility of computational |-""- | Understanding of business (oélé New social, legal and
— H %% pipeline =2 models ethical standards

‘fn_E Management and ;’o Dﬂ Support of heterogeneous = Development of new cost- Social collaborationin

(& overhead "cﬁ;{’; loT devices and services = models % highly competitive market

o o
Partitioning of I Security on individual edge uf@{n Fair profit distribution
computational tasks ==\ nodes A\, amongstakeholders
[ o o o

Figure 8: Summary of main technical and business challenges for edge computing
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3.2.1.4 Cloud and edge computing as a p latform

VO ©2 ~] «tva3@zy =XxOQEr o ¥AGEEFEN v oy 2} KXCEXYE VRV ZL& W R«
alva zovw¢z©O 2a}va ¥{{z" ~no] =v®© -z¢¢ v© evvhA voy ~"vyvl
gz " Y¥£EP2~0| C Yz{~o~08| XC¥«y X¥YEY«2xXEz20Q00- v} ~ayzxOp"
}va {~"£0 ©«{{~x~zwv23 ¢ ¥ zo =XjO}Exa¥CICEFEw ¥ Xl ¥ «A¥¢ £ }
¥E| «XvR[¥-2zzv©O~¢Cz{wegzYy VO Vv ~|iJ3~vt ~SAWHRAWILO® 2zx} o
¢tz£zo02© ¥{ w¥2a} ©¥{2a-v'z voy }viy-viz a}lvidzw7ZzgDvroyy
a vy GRFMI z" £¥7 zA 2}z x¥" 2z { @ xX¥{~{¥z0 v~y 20¥ w¥ {\z oxWx¥D&zy ©xO!
¥yzwv©z 2}v?ad ~pRiz-¥Womv v2A2Z2 v¢C }GEPE>

o N

X N N X

VO {W¢e¥w@ X¥£| «2 ~un| Fe¢va{¥" " £0©0 }v-z O©O~£~¢v" VerO©O ¥~
ay ay-~"C¥,| 1A zxv?2 ~¥o©O 2R fzy ixzC ¥Ry y ~¢{v{e{x¥<CE2 [ ¥ «Oz" ©
alz X¢t¥«y z®}~w~20 WKe-¥awx? | ogPIW -6z {z{(tA®CE ~oy~"zx?
z{{zx2© 2a¥ 23127¥72 KMvE3~239} WA - HozvdWWVPRZL¥A £ HO«¢2© Am v |
~ao Az«'lov o x ~a| a®z VBBV LK B2HI¥IQO0QW~C¢~2" voy «©z ¥{ X ¥
zolvaoaxz 2}z |27 X2~ <OxlEvzm ¥ CEXREOPXEZC C JZz¢wPue©Ov R¥zZ ™ ~
¥{ y~| ~2 VA } -3 Of PIMWBO a¥?a ¥o¢ a2}z E£¥y«Cv ~°va~¥o a} "y
X¥o©2 ~2«2z A}w«d ¢Cv®EPO¥D E}CZO ¥ { azX}o¥¢C¥| ~z© vey ©2van
yz-z¢¥, £zo2 | ~y0©O whgy oVenl ¥ONX¥Y®Yy-ywX v2 ~¥o2 v<¢e¢C GEFM>

[¥CC¥- ~no| { T ¥E¥RY ZX ¥fM¥yaEZ Ro}x © wzO wz {y~=|zy2vzdR ve {¥"
~oy~xXxvazyHERFCOXK¥~¥yno X¥E£| «2 ~a| xvao wz ¥| z " wtxy ¥¥yz-4OX
hvvhA evykA2aYleViE@"  zA vO -~-HOFRRGNYdywy XHL£OxR*>awYoyz(¢~-2z" 0O
£E¥yzZ¢eO© VO XxC¥«y X¥E£] «?2~o] A wen{? VYOl WX?2E£E® 0©0O¢ ¥|y vX YWE|
}vG ~@¥ £ «? ~ano| TZ7O¥« " Xz2© xzw?@ "yve~°zyA ~o zy|z X¥£] «? ~1
VEC¥- ~no] { ¥~ vo¥alz” v v ¥ wzez{~20 a¥ £fvo~{z02C
~yzod ~{y7s7y+UWe ¥ &Kvoe wElwe{zy|lzy xX¥£, «2~0| A -}~x} yz¢
a1} " ¥«|} v y~{{zofdyON xPpRMEEYE{¥ £ VvO -z¢¢C

3.2.2 Business ecosystems

i}z zZX¥© ©2z£ x¥oxz|?@ ~0 "ze¢v?azzyyz? ¥ z3«}-zz ) AZ2- VE«CD GE
alz JCVvVaAad ¥ EVE-wWwARY vtz 2 zzy®z ¥ ¥©O @2Hfrz- v{iowvCEGEF ly>z T 2 ¥ | z
wz2a3z" «oyz  ©3voy~o| vw¥«? 23%7" p@@-me¥O 2QRHE zR¥xWVA] ¥y
X¥axz,2«vet~°zyC

3.2.2.1 A definition

i}z 2z" £ w«O~olzv@0 wzxz¥e© {©2"zCE2 ~o@ h¥ Wi xz pWRNNH>»N @ YWw® z)
¥o 2. ¥ x¥oxz| 20 -}~x} viz "z¢z-ved ~o w¥?2 X BvERKAWVLY v
-} ~x} yzOx" ~wz© } ¥- ~nyz,zoyze2 ©] zXx~z20 z-¥%hvd ~&} wxyao
Z-¥C«? ~¥o W{--@ZzxRpWet| z w¥2d} 2}z ovia«' vt ©Oz¢WMx2i~}Mzm vo
©zx¥oy XxX¥Ywlx|"d ¢t~QX¥OC] ORRZELEPFOX yWEO®ovoad x¥fw~ovd~¥o0O ¥
voy #ova8«' ve zZX¥0O ©2z£0 £~]|}?2@ z-zw x¥¢¢v,©z ~{ 2}z x}
X¥Efw~ozy -~21 1 ~0 - ~0O~¥no ¥ox¥RXwi2% |¥A W& gz6002%37 ¥Yy@ xQX
ZX¥O ©2zEyx®rxzW2© 2}va@ v x¥f£]vo  xvoo¥d@ wz -a~z-2Yy V
©} ¥«¢ty "va}lz" wz -a~z-zy vO |v™ 2 ¥{ Vv w«©~nz0OO0O zx¥0O 02
ZX¥O© ©2zE£0O0 vz X¥£| ¥0zy ¥fzy zwd|2~¥D G¥YOrCvyx¥88zxf
X¥CCzxE~¥uo ¥PWe-vw¥oy®@ v O QMACz'yz y¥ o© 2CPVRPED ¥ M- ¥ @R vP z© 2
W« ©~8z0@0 zXxX¥0O O z£A WNEBLHHEL-ZzoXVEXY-Ee22@0 Vv ¥«oy v o7z
X¥¥/'va@~-z¢ voy x¥f£]z?8~8a8~57¢ 2¥ O« | ¥"2 gz - T ¥y «x
~ax¥" 1 ¥ vaz alz oz@€E=b¥WkozyCHNNWOKNY¥OvazB®POO0zZX¥0O ©2z£f ~C
y~{{z"zr?3d {"¥f£ vo ~oy«©?" A vO ~¥{y¥}(® ¥y «Q0¥LTvyoya}
alz v|zB2© ~8 2}lz wW«©~-0zZOO zX¥O ©2z£ xvoe wz VX ¥0O £«
VEO¥ y~{{z2 OB V¥l X¥aoaxiIVC«xz© BEVeE(({QELVP-HXD O} B o=~ o ©°

33 of 225



¥oz> yx@W«@®z ve zZX¥O ©O2z£ ~© o¥?2 nzxzO00OV BGgYy~¥|yDzEwzwx
zyza Jv'2a~]} voyC'VoOGCDODCyE£h ¥OGERLE 2 23}¥ ywW«O~ avz O¢ «zoxy¥v© ©2¥%
¥oz 0O} ¥«ty v~£ 2@¥ © ©2z£va&@-~xvee¢ ©z¢zx?d 38}lz ¥"|vo~°y?a.-
=A"vo®©~2~ voy az-~za GEEI >

i}z W«©~0zO©O© zX¥O ©2zf£ x¥oxz!2 }VvO zO! GX¥E|GE ~2wamx
¥ ~zodyvad -~ Yox®ELgrazy{EErXBrox voAN¥z{y{ g0 ¥YEKDOGODBY V2 ~

VO 2} z~" ~oo¥-v2-~az z{{¥ 20 vVvXxXC¢zZw®-z°yzA aX}¥z£ | WzoC-2z"'C y Z~V
VEY¥Dlr¥ ¥~ 7 GBEEKW! © Yoz ¥{ 2}z £¥©2 -~yz¢ jo¥-18 ~oy«Oa-
~pno¥avd~az z{{¥" 20 voy ~© 2}l «© £VvOO~-z¢  ~p?z"x¥onoz)y

X¥oozx2zyzOAYy Q%" | z " {¥ " Evaoxz ¥{ ¥ |ve~°va~¥o0© ~0 {¥-°
X}vivxadz’  ~02 ~x© ¥{ 2}z w«O=dwv@®~2x¥ Q@ Q€ zatzo-*~¥zmy zGEVEE>V §

z{{zx2~=22z2 w«O~8z0OO© zX¥0O 0©O2z£A ¥ | vEBE"WE2¥{p{CH LAz yz {V{ z
Xz av~o ~yomoy¥ vt~ Yoo 28}l z~" 2~0~¥o© O©O¥ 2a}lvyva altz-~" g;Y ~@~-
¥z " va~o| I T¥XZOCGhS ¥W z2zCBE EKS - ¥ Q2 ¥{ X¥E£|vo~zZ0 =Zw«O~anaz
a¥|za}z- ~o ¥Tvyz"© a¥ | v~o vy-vao?ly| h? ¥oyv ¢ ¥Yoom¥ a@Qaz Ty dgpz @
2} z" zo W 7O« { { EXx YZ X¥E£LI VB~ ~0O } ~| }20z x } m2BC-¥8 <N P2} C@Ba|yjot~ 2 ©
yz,zoyzaod ¥o 28lz opz2-¥}yvO¥ffoflkioxgV X¥w¥sPodyefEywd ~-2
I T ¥y«x? ¥NyozO~—-+~x2zvoy az-~zw GEEI >
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3.2.2.3 Measures of e cosystem health
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3.2.2.4 10T ecosystems
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Figure 9: Simplified illustration of the 10T ecosystem. Adapted from: (Bertin et al. 2013)
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Figure 10: Simplified visualization of roles in the technical |oT ecosystem. Adapted from: (Mazhelis et al. 2012)

3.2.2.5 Cloud ecosystems
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When analyzing the cloud computing ecosystem, first of all, in the competitive landscape, a
distinction between provider types and architecture layers can be made. As identified in the NIST
definition of cloud comput ing (Mell and Grance 2011), the three architecture layers include
Infrastructure, platform and application . Furthermore, one can distinguish between three types of
providers, namely; device providers, network providers and cloud providers. Subsequently, cloud
providers create, run and distribute the cloud services from their datacenters. The network providers
offer network access, in turn enabling the ubiquitous access to the cloud services. Lastly, the device
providers offer the access devices which include PCs, tablets, smartphones, etc. and the operating
systems which allow them to run. Figure 11 (A) provides an overview of the service type per provider
type and architecture layer combination. On the right side of the figure (B), an example of major cloud
I " ¥ o~y z " Gdifering zombirakions is displayed. This image does not include the total cloud
computing ecosystem, but rather a summary of service types and how major cloud providers position
regarding these services (Kushida, Murray, and Zysman 2012) .
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Provider Type

Device Provider Network provider Cloud Provider
(Access Devices) (Access Networks) (Cloud Datacenter)

.5 _E Google Search
§|| User Experience } Software as a 5 ) Microsoft Office 365
&|| & Applications Service (Saa$) ! Salesforce.com
< =T Apple App store
— — = —
2 5
© © Google: Android & Google App Engine
@ & W = Chrome OS Google App Engine Windows Azure
= = . . Network Platform as a = = CDN Amazon Elastic
= || Device Services = by . )
© 3 Services Service (PaaS) ° i Microsoft: Windows Azure CDN Beanstalk
2z & I & Traditional PC & Amazon CloudFront Force.com
c c Windows Phone
[%] [&]
2 2
< — < —
W L1
g Operating E
2 g
§ Network Infrastructure as § VMWare, Cisco, Azure VM Services
&|| System(0Os)& | i 2 EMC, Telco’s Amazon EC2 & S3
2 nfrastructure a Service (laaS) 2 )
£ Hardware £

Figure 11: Cloud-, network - and device provider service framework . Adapted from: (Kushida et al. 2012) .
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Looking at a higher level of abstraction, the paper of Altmann and Rana (2010) identified the
generic value network for cloud computing services. Using the E3 -value method, they derived the total
cloud computing ecosystem composed of; application providers, platform providers, infrastructure
providers, aggregators, integ rators, consultants and consumers . Figure 12 summarizes the main findings
of the paper of Altmann and Rana (2010), describing the general cloud computing value network /
ZX¥O© ©2z£A ~ox-tandymenetary lodsC© - v ¢ « z

Application
provider
X

y .
3
tform 1
provider J
OB
Infrastructure » ° T.
provider
|
\?‘
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Figure 12: A generic value network of cloud ¢ omputing . Adapted from: (Altmann and Rana 2010) .
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3.2.2.6 Edge computing e cosystems
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Figure 13: Positioning of edge computing ecosystem  within relevant domains . Adapted from: (Yousefpour et al.
2019)
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Figure 14: Level on which e_dge computing will interact with the cloud computing service framework . Adapted
from: (Kushida et al. 2012) .

The other interaction point s of the edge computing ecosystem, which are with the 10T ecosystem,
can be indicated based on the technical 10T ecosystem as drafted by (Mazhelis et al. 2012) . Figure 15
graphically displays that the edge computing ecosystem is expected to interact with the network
operator, the network equipment provider and the cloud infrastructure provider of the loT application.
Whereas some indirect interactions may occur, in order to keep oversight, only the direct interactions
are displayed.

The WSAN (ireless sensor and actuator network ) operator and -service provider ensures that a
network of 0T nodes/devices can sense the environment and communicate the data from the monitored
field towards a sink (can also be called a monitor or controller) which can either locally use the data or
send it to other networks (e.g. the Internet) for usage (Mazhelis et al. 2012; Verdone 2008) .
Subsequently, the network operator is the one providing connectivity between the WSAN and the loT
applications. Network operators may deliver access network (i.e. mobile network of landline), the core
network, and the transmission network. The network equipment provider then is the manufacturer of the
mz2-¥"jCO z¢tzE£zr2© vaoy T zdtvehawork @oeraters- Mazdelis e} at. 2012) ~ 2 ¥ { {
Lastly, the 10T application provider interacts with the cloud provider in order to off -load storage and
computation processes. As the edge paradigm will most likely be supplementar y to a cloud infrastructure,
the interaction between the I0oT application service provider and the cloud provider will be impacted.
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Furthermore, as edge computing allows for SaaS, PaaS and laaS through a different (decentralized)

infrastructure the practice s of the WSAN operator and service provider, the network operator and the

network equipment provider will be expected to change considerably. A graphical presentation of how
edge computing is expected to interact with the 10T ecosystem is drafted in Figure 15.
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provider | organizations

Network

Regulatory

M2M platform
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Subscriber NGOs

Cloud provider

Meodule provider equipment
provider

Direct interaction with edge ecosystem Direct interaction with edge ecosystem
Figure 15: Level on which edge computing will interact with the 10T ecosystem . Adapted from: (Mazhelis et al.
2012)

Based on how the papers of Bertin et al. (2013) , Mazhelis et al. (2012) , Kushida et al. (2012) and
Altmann and Rana (2010) drafted the loT and cloud ecosystems, the insights that have been gathered
from exploring the respective technical domains (section 3.1), and the positio ning of edge ecosystems
compared to the related cloud - and loT ecosystems, a simplified draft of the players involved in an edge
computing ecosystem, and their mutual interactions, has been visualized in Figure 16. Whereas it cannot
be expected that this draft is comprehensive, it helps in understanding the players that  constitute the
edge ecosystem. Subsequently, when drafting the framework which suffices to identify the potential of
edge computing for loT applicati ons, this can be taken into the back of our minds .

Interaction

Edge computing infrastructure and Cloud computing infrastructure and
service provider service provider

Network equipment provider (edge
nodes)

\— Network Provider (e.g. 4G or 5G) }» (loT) Application provider H Application customer

WSAN operator and service provider Device provider t.OEMIODM of leT
devices)

Policy makers / regulatory Consultants Standard development organizations

Figure 16: Simplified draft of edge computing ecosystem participants
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3.2.3 The business m odel
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3.2.3.1 A definition of b usiness models
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Based on the definition of Timmers (1998) , in the dissertation of Osterwalder (2002) , a more
encompassing working definition for business models has been provided. ¢V w«©~0z©0© E£¥vyz(
conceptual tool that contains a set of elements and their relationships and allows expres sing a company's
logic of earning money. It is a description of the value a company offers to one or several segments of
customers and the architecture of the firm and its network of partners for creating, marketing and
delivering this value and relationsh ip capital, in order to generate profitable and sustainable revenue
streamsC(Osterwalder 2002. pp 15) . This definition intends to include the business and money earning
logic of the company and highlights that the business mod el represents a layer between the business
strategy and business processes. In this rather broad definition, Osterwalder captures the main elements
which have increasingly gained attention over the past two decades.

h~f£«¢t2voXgdwaw ¥ | P2 z6pBEE® 2}z {vx?a a}vad azxlo¥¢¥|
Ve« zZv YA ORveEt«z ¥{ 2zx}o¥¢¥| ~© x"zvdzy -}zw 2}z 27zx)]
W«©~0oz0O0 £¥yz¢C i}z {¥¢CC¢C¥-~no]| yz{~o~2~¥dV ¥Yc@~wWxO6 vfz Py
~© v yzOx" ~!2a~¥o ¥{ }¥- T W««zx ¥fo! vdn} z ~fav7zjozyd© 3y xxz'Cz v/e
X¥Efw~ova~¥o ¥{ I "T¥Yy«x®@0OA ©z" -~xzO©A ~£vVv]|]zA voy y-~0%" ~
~oxt«yz© 23}z «oyz ¢ ~ano] ¥" | va~°va~¥o ¥{ 1 z¥, ¢zA vaoy
VXE¥C~0} 2a@=zX}"z 0w ¥«| } CBBEE®C ylz{ ~k>2 ~¥un O«| | 3 F¥@z0} v&
v oz?2-¥"; ~© ~£]| ¥ 2vyn2C

42 of 225



Wa«~Cy~oq} z« | 2wm" ¢ ~2yzEzuA 2 ¥y } ZW¥WK¥EjvVaA{ Yz Kk¥OA vay
=GEBRM*}z yzO~|wo vOl zx20©0 ¥{ 2}z wW«O~-nzOO £¥yz¢O© v’ 'z 1z
W« ©O~0z 00 {RS¥YWA® 23z {vxa 2a}va w«O~0z0OO0© £¥yz¢©O Kvo wz
1270 zx2~=2zA ¥° {"¥f Q} e £EVPOQ23wy B¥ Zxypz2z@x" " ~w~a| 2} 7
{~"£ xvo }v-az ~o v ‘Bz=2a-¥" ;A 2} z3-Y¥Y7POx] zWe pix|Cr—a'z Q¥ ¥E|¥A

{¥¢¢¥-~o0| yz{~aV2w¥O0O~-s@PO0DP E¥yy2yPO v wt«z| ~o2 [ ¥ vy
alz ©z" ~n~xz yz{~w~2~¥pop voy 2}z ~pa8@zopyzy -avt«z {¥° 2}z
voav ' x} ~2zxa«"z ¥{ alz ©z "  a~xz yz¢t~-z" A ~oxt«y-~no| v
¥ " | va~°vad~¥oyve¢ vey {~ovex~ve¢ v "vo|z£zwn?@0© wz?2-zz8o 2}z
¥{ 2}z~" "¥¢z0O voy y~-~0-¥802¥§g WkL=W¥QRD £wrtiCt EEEZMGC: 2|

HHC ~2 ~© ~f£| ¥"aypa a3y py¥az alya algz x¥oxz,; 2 ¥{ ©0z" -~
yz{~a~2~¥no {¥Xx«©O0zO© ¥wo 22}z {vx?2 aylzv(®~ vz "ozv -y¥7' G~ "¥z{y XxCfzE"|
Tz{z"" ~na| 2 YWwO~o0zZ20 & "NEWER¢ 2 erv@¥ VeuyzOM} wugzd (v2EGEPRF>
mz?2-¥"jzy W«©O-0zOO £¥yz¢ yz{-~wz© 2}z Cvevw¥ OFdyw2agzA}r%-
GEFFC MA fHdve~go| 2}z «op~2 ¥{ vove ©~© O} ~{20 {"¥£ v {23

i}z yz{-~W¥eé-~pwo ¥A2 @ COv ¢=-GEE2M> C~-2Qz PV} x}O YW} z2Z0%x30~ -2z A \
I ¥ zx?® TzZ-¥¢-2z0© Vv ¥«omy 2}z ©z"  m~xz yzt~-z"  ¥{ zZy | z
W¥ « -vBRY z { ~ o{~Px~¥®C'ziO W& xzo2 " ve zovwetzA -¥{-x3} 2 zWd{@x2200 \
alz £v~no O«w zx? ¥{ zy|lz XEE| k2*~pA =yEO"Yyzgesuewtz¥o| ¥=~|
¥{ mz2-¥"j2zy Oz wtK¥- @QzEg¥~{z-~o|voy £¥7z }¥¢~02~x -~z-A
X¥E£|,ve~z0© "va}lz" 2}lvao v ©O~o| ¢z {2}z AN-CGzuz{¥{zA %] =)
E¥yzCOA 2}z WWa{-£tww2 220 v@@LYyY GEE M>

3.2.3.2 Business model feasibility, viability and sustainability
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In the process of selecting a state -of-the-art method as guiding principle for the first design
iteration of the to -be designed tool, it is essential to draft selection criteria in order to ensure a
transparent and objective selection process. Along those lines, six selection criteria were drafted. Table
6 displays these selection criteria and the desired characteristic that the business model ontology should
exhibit.

As identified in chapter 1, in order to assess the potential of edge computing for an loT application,
the business model feasibility and business model viability should be assessed Hence, the first criteria is
that the chosen business model ontology focusses on both the feasibility and the vi ability aspects. The
second selection criteria is that the ontology covers technological, organizational, and financial areas.
The technological domain should be included because technical complexity of edge computing varies
among loT applications. The org anizational and financial domains are crucial to include because they
constitute the gap in scientific literature on edge computing that currently result in uncertainty about its
potential. Thirdly, as edge computing is delivered by a network of firms rath er than by a single firm, the
business model ontology should take a networked firm perspective. Fourthly, it is desirable that the
chosen ontology unfolds concrete variables and describes their causal relations. Causal relations are
important since the to-be designed tool aims to identify which variables result in viable and feasible
business models. A detailed ontology is relevant because this provides tangible guidelines for
identification of variables. Fifth, it is desirable that the ontology is drafted in the environment of
ubiquitous mobile services or in the environment of digital platforms. In its essence, edge computing is
an ubiquitous mobile service. In section 3.2.1.4 , edge computing was defined as a digital platform.
Hence, focus of the selected ontology on either one of these research areas allows for identification of
variables that are specifically applicable within the edge computing paradigm.L v ©2 ¢ “ A 2}z £¥yz ¢C
academia is relevant in order to assess the e xtent to which the model is generally accepted in scientific
research. High adoption of the ontology in scientific literature allows for increased rigor of the to  -be
designed tool as rigorous research involves a sufficient theoretical base (Sekaran and Bougie 2010).

Table 6: Desired characteristics of business model ontology
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4.2.1 The Business Model Canvas (BMC)
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4.2.2 The STOF model
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4.2.3 VISOR
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4.2.4 The C-SOFT model
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4.2.5 Networked b usiness model development for emerging technology -based
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4.2.6 Summarized overview of business model ontologies
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Table 8: Comparison of criteria -fit of business model ontologies
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Table 9: Design Objectives
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Now, having analyzed the relevant concepts to business modelling in chapter 3, having selected a

guiding business model ontology, and having drafted design objectives that aim to solve main identified
complexities, the sub question; How should the concepts related to business modeling for IT services be
used for identifying the potential of edge computing for distinct loT applications? can be answered.

First, the STOF model exhibits desired characteristics and therefore is the most suitable ontology

to guide generic design of the tool. Hence, STOF shoud be the guiding philosophy in orde r to identify
relations among business model variables . In order to make STOF suitable for the identifying the potential
of edge computing for distinct 10T applications, it should however be adapted and contextualized towards
the edge computing paradigm . It is concluded that, the identified concepts related to business modelling
for IT services should be used in order to solve seven design objectives:
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This Chapter describes the first design phase of the tool. The tool should be designed so that it
fulfills the design objectives as drafted in section 4.4.The STOF ontology will be used to draft the generic
tool. The other identified technical - and theoretical domains are used in order to contextualize the generic
business model variables towards the edge computing domain. In order to allow for structured
organization and assembly of the tool, the general structure of the XLRM framework as drafted in the
book of Lempert, Popper, and Bankes (2003) , is used. This choice was made because the XLRM structure
helps in designing a visualized decision support system that can be used to navigate through scenarios
and formulate rigorous arguments about actions to take based on the model. The main aim of this
research is to design a tool that facilitates informed decision making and argumentation fo r the potential
¥ { Zy| z X¥E£| «® ~uo| {¥" y~©2 ~mxa N¥ij Vil ¢~xva~¥o0OC ]zan
veé~|]azy -~2} a}l-© 2a3}z0~0©C Vv~£C i}z magb {"vE£z-¥"j |
are outside the control of decision mak ers (X), policy levers which are near -term actions that the decision
maker wants to explore (L), relationships which describe how factors relate to each other (R), and
measures that indicate the performance standards decision makers want to measure (M). Gr oups of
variables for the to -be designed tool can be drafted as: 10T application characteristics (Exogenous
uncertainties g X), the choice of technology architecture for edge computing (Policy lever g L), the
conceptual model that explains the relations be tween the choice of technology and the 10T application
characteristics (relationships in system gR), and the potential of edge computing for the loT application
under analysis (Measure g M). Section 5.1 elaborates upon the vari ables that have been extracted from
literature and how they are relevant for the tool. The first version of the tool (i.e. the outcome of design
phase 1) is displayed in section 5.2.
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5.1.1 The design process
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Figure 18: Viability of the business model is impacted by customer - and network value
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Table 10: Generic variables that e xplain the customer value
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Table 11: Generic variables that explain the network value
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Figure 19: Six generic variables impact the business model viability

5.1.2.1 Perceived Quality of Service:
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Table 12: Contextual variab les that explain the perceived quality of service
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Figure 20: Graphical representation of variables that explain the

5.1.2.2 Switching Costs
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Table 13: Contextual variables that explain the switching costs
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Figure 21: Graphical representation of variables that explain the  switching costs

5.1.2.3 Customer base/revenue source
Wy ©zy ¥o ¢~aA¥«vrXPynz z" WE~-C =—CEEM2EZwv? {2 z@zWVE 2y820~ ~ o X

I T¥12z272~720C i}lz0z | ¥ |zZz72 s¥@Xxepe? Pwl o @KLz WGz =-
"z-nzo«z Oz &z2EQEzvaz 2}lvad 2a}lz ©~°z ¥({ alz E£VR®~E£«E | ¥
~a©2vectzy wv©z vz “"z¢z-vaoa?d Ev'jz® ©z| £zuwo? P T ¥z 8~ 7
¢C~2gmwvaN~¥£2 ve¢C =GEFM voy m¥«CzHz ¥ «\Wzxx¥E zv&® Cv | = Q/E FzNa>2
VOOzOO®© 2}z | ¥2z02 ~ve¢OX4@uYH2 2 WVOXX|~¥2~-®&}z . ¥{ yvay

- ©C Xitww®ylzLz ©x " ~wz© 2} z0©0©z B-zvi"3~}vGnv ¢[z«© 2£}¥7""zE ¥~z A @} z ~wpaz’
a1 ~0 ©zx2ft¥w| yVy~xvep~]|GCE®) ¢v zy ~nm

Table 14: Contextual variables that explain the customer base/revenue source
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Figure 22: Graphical representation of variables that explain the  customer base/revenue source

5.1.2.4 Relative cost
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Table 15: Contextual variables that explain the relative cost
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Figure 23: Graphical representation of variables that explain the  relative cost
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5.1.2.5 (Financial) risk
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Table 16: Contextual variables that explain the (financial) risk
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Table 17: Contextual variables that explain the 10T application's ecosystem health
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Figure 25: Graphical representation of variables that explain the 10T application's ecosystem health

5.1.3 Business model feasibility

Having derived which characteristi cs of 0T applications impact the business model viability of edge
computing, the next step is to determine the variables impacting business model feasibility for rolling out
an edge infrastructure for those loT applications. As discussed in 3.2.3.2 , whereas the business model
viability relates to the question: is there enough customer- and network value to make the service
attractive? , the business model feasibility is mainly related to the question: is there a technically -,
organizationally - and financially achievable solution to deliver the service? . This description is aligned with
the dimensions of the STOF model, which state that in order to deliver a service the technology,
organization and financial domains should be feasible. In turn, the feasibility question that we ask
ourselves can we do it?, is related to the complexity of their respective domains, meaning that in order
to have a feasible service offering, one should look at the technological complexity, organizational
complexity and the financial complexity. Table 18 provides an explanation about the three generic
variables technical complexity, organizational complexity, and financial complexity impact the business
model feasibility.

Table 18: Generic variables that explain the business model feasibility
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As displayed in Figure 26, in order to assess if a feasible business model of edge computing in an
IoT application area can be established, one should analyze the technical complexity , organizational
complexity, and financial complexity . Further explanation of these variables cannot be done in generic
terms (i.e. it is dependent on contextual edge computing variables). Furthermore, these three variables
are aligned with the vision of the STOF model, which explains that; in order to realize a service offering,
the technical, organizational ,and financial domains, should be feasible. Hence, these variables constitute
the generic variables that explain business model feasibility. Contextualization of these variables is done
in the next sections .

Technical Complexity

Organizational Feasibility of the
Complexity Business model

Financial Complexity

Figure 26: Feasibility of the business model is impacted by the technical -, organizational - and financial
complexity

5.1.3.1 Technical Complexity
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Table 19: Contextual variables that explain the technical complexity
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Figure 27: Graphical representation of variables that explain  the technical complexity

5.1.3.2 Organizational complexity
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Table 20: Contextual variables that exp lain the organizational complexity
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5.1.3.3 Financial complexity
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Table 21: Contextual variables that explain the financial complexity
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As the interview intents to cover a large range of topics and questions, the duration of the
interviews was 1.5 hours. This suffice s in fulfilling the four objectives while not asking an exceptionally
high investment of time by the respond ents. During the interviews, the main focus is to refine the tool
(i.e. the first three interview objectives). Therefore, in case of time constraints, the fourth interview
objective is touched upon in lesser detail. Lastly, all interviews are recorded, tra nscribed and attached in
the thesis report (see appendix A.7) in order to ensure trackability, repeatability and add rigor to the
research (Sekaran and Bougie 2010) . Note that the 5 " element of the interview protocol (fulfilling the
third interview objective) is not transcribed as this encompasses a quantitative assessment and/or yes -
no answers. It is not relevant to transcribe such quantitative assessments, as it does not leave roo m for
different interpretations.
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Figure 30: Company ty pes that should be interviewed

Table 22 displays an overview of the types of companies that have been interviewed and the
professional roles that interviewees had (this is deriv ed from Table 33 in appendix A.7). Some of the
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provider and network provider). These companies have been counted as interviewed company type for

both roles. Table 22 displays that the company types that were marked light gray in

Figure 30, have all

been interviewed two or more times . Based on that, we conclude that the diversity of ecosystem players
is sufficiently covered. The table also displays that the interviewed experts mostly hold different positions
within the company. This confirms that the second sampling criteria (i.e. divers ity of respondents within

the firm) is met as well.

Table 22: Interviewed company types and professional roles of respondents
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1 The conceptual model (2 pages): Page one includes the complete conceptual model as drafted
in the initial design phase . Page two includes the conceptual model chopped down into the 10
respective boxes (see appendix A.2). Page 1 allows the interviewee to get a full understandin g
of the tool, page 2 is used to conduct t he interview.
f The interview protocol (3 pages):"a@ax ¢«y~a| 2}z " z©O©zv x}CO wvxi| ¥«an
and the step-by-step interview protocol (including example questions).
1 Appendix (5 pages): Purely addition al information for the interviewee . In case of unclarities
regarding the variables of the tool, definitions are provided in this document. On the other
hand, if there are unclarities regarding the multi -criteria decision-making method, a general
descriptio n of the method is provided in this document.
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7.1.1 Qualitative data analysis
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INS: that it is often unclear who is IN9: als je kijkt welke afdelingen we

ING6: [ would actually say the number making the decisions. What you see bi bedriff xx al hebben.
of stakeholders, that's it. Because in n mdﬂf‘t‘" D.&E‘ﬂ is that they have a IN1: vou should not only lock at the
IoT solutions, whoever was just an clear distinction between IT and OT. amount of partners, but also at the
external partner, can become a complexity within partners.
stakeholder because he has access to -
the data, because he can make money Number of Internal complexity, IN2: ik denk dat het niet alleen
out of it. stakeholders coher&ncy. fmd relevant is te kijken naar het aantal
responsibility stakeholders waar je mee samen
werkt, maar ook om te kijken hoe
IN10: de visie van het management complex de organisaties intern zijn.
naar de tockomst en de bereidheid om QOreganizational R : o
te investeren en te durven veranderen. 5&381131].11’3’ .]1\4: Wat dus o‘?k belangrijlc is, is de
IN4: willen mensen wel mee met de inteme coherentie.
nieuwe techmiek.
ING: So it is about how the culture
_ Culture IoT knowledge
has to be accounted in your —_ 2

organizational complexity.

INS: what I mean with that is, there IN9: niet aljlem,k, s voor IoT,
. maar ook diversiteit. en hoe mensen
are some customers that are doing " deri
. . ku-ﬂll g i g, T .. .
their business for 40 years on, they o £ Saall mel verahdend INS: it is the missing knowledge in
are doing a good business, but they the worldorce. We talk about

- . IN2: Soms kan je nog zo'n mooie
are not open for mnovation. . Jenog completely new ways where vou
technologie hebben, maar als de ..
contamerize your SD&“’ETE=

mensen in de organisatie er niet
achter staan gaat het gewoon niet
gebeuren.

IN9: Dus inhoudelijke kennis over IoT.

Figure 31: lllustrative example of data analysis for  organizational feasibility in  design phase two
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7.1.1.1 Relevant suggestio ns for improvements based on interviews

As explained in the previous section, stickers with their corresponding quotes are translated into
concrete suggestions for adjustment. Before accepting a proposed adjustment, the following three
criteria were taken into consideration:

1 The amount of interviewees that mentioned the adjustment : A higher amount of interviewees
suggesting an adjustment provides higher reliability.
f X¥woa " yy-~xa~¥o ¥{ ~no27zI|finterviewges fravideCcenfli¢tizgCstiggeste @ the

variable is analyzed more closely to get a better understanding about why their viewpoints differ.
Based on this analysis, the choice to adopt or dismiss the suggestion is made.

1 Alignment of adjustment with literature  : If only one interviewee pr ovided the suggestion, but it is
aligned with what was found in literature, the adjustment may still be adopted.

1 Deductive explanation: If neither of the earlier two criteria holds, but an interviewee provides a
suggestion based on reasoning that can be de ductively derived from what was already identified, the
adjustment may still be adopted.

We outline an example where the first adoption criteria applies , with the sticker culture from the
illustrative example in Figure 31. Six interviewees pointed out that that for organizational feasibility, a
factor that describes the culture and people in an organization is missing. There were no interviewees
that contradicted this suggestion. Hence, the suggestion is adopted. As displayed in Table 24, the quotes
of the six interviewees are aggregated into one concrete suggestion. That is; to add a variable that
explains the people factor, meaning the culture and vision of the organization (from C-suite level to
worker level) that impacts how the innovation will be adopted.
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Two cases have been identified where interviewees suggestions contradicted. In the first case, IN1
and IN4 stated that context awareness (as factor influencing the perceived quality of service ) should be
removed. Interviewee 1 mentioned that context awareness is a feature of an IoT application, not a direct
property of the infrastructure. This argument was however dismissed because the majority agreed to the
fact that context awareness is a relevant factor. Furthermore, the argument of interviewee 1 is not
aligned with concrete examples from scientific literature that displays how edge nodes enhance context
awareness (Dolui and Datta 2017; Perera et al. 2014; Ren et al. 2015) . Hence, this suggestion was

y~©£~00zyC i}z ©zx¥uny xvO©Oz - Inzadiced-wasfar ther energyzongréints©2 v 2 z £

of loT devices. IN3, IN5, and IN7, suggested to remove the infrastructure requirement energy constraints
of 10T devices as they were not sure if edge computing could reduce the energy usage on end devices
compared to a cloud paradigm. This suggestion was however dismissed because of two reasons: Firstly,
literature on edge computing displays concrete experiments that prove the reduction of energy usage on
end devices when one shifts from a cloud infrastructure towa rds an edge infrastructure (Miles and
Huberman 1994; Misra and Sarkar 2016; Premsan kar et al. 2018; Taleb et al. 2017) . Secondly, IN8
indicated to have researched this specific topic and confirmed that edge computing reduces energy
consumption on end devices.

Va z®vE| ¢z -}lz"z 2}z 2}l ~"vy vy¥| 2~¥unaggestion fozrephrage
the variable latency (part of perceived quality of service ) into latency and jitter. This suggestion was
adopted because it provides a more comprehensive definition that is aligned with scientific literature.
Whereas some papers solely describe the term latency (Ai et al. 2018; Shi and Dustdar 2016; Yu et al.
2018) , the capability of edge computing to reduce jitter has been indicated as well (Bonomi et al. 2012;
Satyanarayanan 201 7). Hence, in order to formulate a more comprehensive definition, this suggestion
was adopted (see Table 24).

The suggestion to adjust IT experience into IT and I0T experience (as part of organizational
feasibility) provides an example where only two interviewee s suggested an adjustment, but the choice
was made to adopt it as the adjustment could be deductively derived from what was earlier found . The
quotations that interviewees provided is displayed in the ill ustrative example in Figure 31. Based on the
paper of Alshamaila et al. (2013) , the variable IT experience was initially added in the first design phase.
However, when deep-diving into the methodology of Alshamaila et al. (2013) , it becomes apparent that
they rephrased the variable prior technology experience (Heide and Weiss 1995; Lippert and Forman
2005) , into IT experience. The originating definition of technology experience, however encompasses
more than solely IT experience. As it ¢ an be reasonably expected that I0T experience is part of technology
experience that is required to realize an edge -enabled I0T solution, this suggestion is adopted and the
variable is adjusted as indicated in Table 24 .

Based onthe translation process that was outlined above , Table 24 represents all adjustments that
are made in the second design iteration of the tool. We can distinguish between three types of
adjustments: add (a relevant variable is missing meaning and should be added in the tool) adjust (a
variable is inaccurately phrased, meaning its definition or interpretation should be reformulated), remove
(a variable is incorrectly placed in the tool and should be removed).

Table 24: Required adjustments based on expert interviews
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7.2.1 Explanation per variable
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The predictive maintenance case, as described above, matches the selection criteria because of
the following reasons:

1 Whereas scientific literature suggests that edge computing may provide some benefits to
predictive maintenance in industry 4.0 , no clear-cut assessment about its potential has been
made. This hints that ambiguity resides in the value of edge computing for predictive
maintenance.

1 Predictive maintenance is an idea that has been around for a long time. There are numerous
industrial factories where predictive maintenance has been implemented (Mobley 2002) . This
implies that it is more than just a prove -of-concept, meaning real -life examples are around.

f Bzxv«©z ¥{ 2}z "zOzv x}z " CO wmz2-¥" | ~anamply «©2 " ~
understanding about both edge computing and predictive maintenance are sufficiently
available.
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Figure 32:illustrati ve example of a coding network in the demonstration phase: technical feasibility
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8.5.1 Determining the perceived value of the infrastructure for the customer

8.5.1.1 Added value of predict ive maintenance
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8.5.1.2 Infrastructure requirements
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Table 26: Indication of infrastructure requirements of  predictive maintenance with regards to an edge
infrastructure
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8.5.2 Determining the switching cost for the customer
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8.5.3 Determining the customer base and how it will suffice as revenue sour ce
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8.5.4 Determining the relative infrastructure cost (of edge vs. cloud)
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8.5.5 Determining the (financial) risk for the service provider
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8.5.7 Determining if the desired edge infrastructure is financially feasible
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8.5.8 Determining if the desired edge infrastructure is technically feasible
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8.5.9 Determining if the desired edge infrastructure is organizationally feasible
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8.6 Conclusion: Using the whole model and answers of steps 1 -9, to
derive to the final answer
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Table 27: List of variables that have been drafted in the 1st design phase vs. in the 2nd design phase
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9.2 Evaluating upon the demonstration process

In Table 32, Appendix A.6, one can observe that different variables have been elaborated upon to
a different extend by the interviewees (i.e by t he amount of quotes per global theme and per
organizational theme).
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9.3 Limitations
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9.4 Conclusion
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10.1.2 Generalizing main findings
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10.1.3 Scientific contribution

10.1.3.1  Contribution to business model literature of edge computing
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Table 28: Variables that constitute the scientific contribution for contextualization of business model variables
towards the edge computin g domain
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10.1.3.2  Contribution to the process of business model development

The scope is shifting from theoretical business model ontologies, towards more practical

approaches of business model tooling. This is crucial, as business model thinking should contribute to
practical solutions. Currently, the scientific field of business mod el tooling is mainly focused at business
model design, testing, and implementation. Also, the majority of business model tooling approaches
focus on financial evaluation , thus neglecting non -financial aspects. This research contributes to the
under-studied scientific field of business model tooling for informed decision making in initial  stages of
the business model development process.

We argue that before designing, testing, and implementing, business models (i.e. what the

majority of tools is focused o n), an initial assessment about the business potential is beneficial. This is
because business model design, testing, and implementation, constitute a time and resource consuming
process. This study delivers a business modelling tool that can be used to id entify the business potential
of edge computing for distinct 10T applications, based on business model viability and feasibility . As
displayed in Figure 35, the tool that is used to identify the business model potential, is utilized prior to
the business model design phase. The input of the tool is a mobile service, in a specific application area,
without explicit ideas about the business model logic behind it. The output of the tool is a qualitative
indication about the potential business model viability and feasibility in an application area (also without
a design of the business model). Only if there is substantial business model potential , the business model
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design phase is entered. This process increases the efficiency of business model development, as it
allows for an initial quick assessment before starting the resource intensive business model design
phase.

Input: Viable and feasible? ~ Output

Business Model Business Model Business Model

Design ——"\ Testing Implementation
—l/ [

Business Model
— Potential

No

Figure 35: Contribution to the process of business model development
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10.1.4.1  Contribution to edge computing for predictive maintenance in industry 4.0.
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10.2 Recommendations

10.2.1 Applying the tool on other loT application areas

It is recommended to apply the tool to other 10T application areas in order to uncover their
potential. This research demonstrated the tool on one loT applicationarea. i } z 2 ¥¥¢ CO ¥« | «2 ¢
that this application area currently does not hold substantial potential.  However, as identified in section
3.1.1.3, there is a myriad of potential 10T application areas for edge compu ting. Applying the tool on
other 10T application areas should thus be done in order to discover an area that holds substantial value.
|l z " zZx¥££zoy ¥wo¢  28¥ znpaz” vao N¥j Vil ¢t~xva@~¥o v7zvy
substantial potential. Several companies are recommended to take initiative to apply the tool:
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10.2.2 Improving the tool

In order to solve the limitations of this research, this section provides a number of
recommendations for further improvement of the tool. First of all, it is recommended to do a second
round of expert interviews in order to validate the tool as drafted in design phase 2. This should help in
validating the empirical relevance of the adjusted- and newly identified variables. Secondly, it is
recommended to do another evaluation of the tool by means of a new interview round , where
interviewees are asked about the clearness, usability and utility of the tool. Whereas the tool has been
evaluated upon the design objectives as drafted in Chapter 4, the tool has not been evaluated by input
of other respondents. Therefore, evaluating the tool by means of expert int erviews provides enhanced
~a©~|}20 vw¥«ad 2}z a¥Y¥y¢CO «?@~¢~2  Thir@ itis@pominendedtozy w
research how the re levant domains of blockchain, Al and, 5G, impact the potential of edge computing
for an 10T application s. These interrelated domains are large research topics and should therefore be
separately researched. Fourth, it is relevant to deep-dive into the prici ng mechanism, in order to see
how an increase in customer value translate s into an increase in price. Researching the pricing
mechanism is relevant in order to determine adequate pricing of an edge computing service and in order
to make a quantitative asse ssment of the expected returns for potential edge providers. Fifth , it is
recommended to reweight th e relative importance of the generic variables . This is especially relevant
in order to enhance the reliability of the weights and thereby provide us with a better estimate. Sixth, it
is recommended to simplify the tool. Whereas the manifold of variables that were identified in this
research are relevant in order to answer the complex main question, it results in a tool that is relatively
complicated. For scientific purposes it is argued that the identified variables are all relevant. However,
for managerial purposes, simplification (i.e. reducing the amount of variables) can bring additional
utility as it simplifies use of the tool. Lastly, it is recommend to uncover in what way the qualitative
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arguments that are part of applying the tool, can be substantiated with quantitative proof. By doing so,
the subjectivity bias that is indulged by the qualitative assessment per variables is reduced.

10.2.3 Contextualizing the generic part of the tool towards other mobile
services

For mobile services that are dealing with problems similar to those identified in this research (i.e.
lack of understanding about business models, problems to identify high potential application areas ,
and/or problems convincing providers and adopters to engage with the innovation), we recommend to
contextualize the generic part of this tool towards their focal mobile service. Examples of such mobile
services are: Cloud computing, 5G, and optical wirel ess networks, among others. Doing so, contributes
on two behalves. First, it contributes by analyzing the business potential for potential application areas
of those specific mobile services and thereby enhances informed decision making. Second, it
contrib utes by demonstrating the philosophy that; identification of business model potential, prior to
business model design, increases the efficiency in the business model development process.

10.3 Reflection on edge computing
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10.4 Link b etween Management of Technology program and this
thesis r esearch
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A.1.2 CSFs and CDIs network value
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Table 30: The relevance of the STOF CDls, to the network value value determinants resulting from the choice of
technology or choice of 10T application
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Figure 36: Division of the conceptual model into the research model and the generic model
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A.2.1 Dividing the tool into 10 boxes
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A.2.1.1 (Box 1) Variables impacting the perceived quality of s ervice

n Variables impacting the perceived quality of service

-
IA Target Group has -> Service

1 Latency requirements |
I Transmission cost of
Rawamountofdata SRR TS it EAQUpR Ry Ry U S g S
data
Privacy requirements

requirements/value elements

Security requirements

Mobility Support

Connectivity Stability/
Reliability

L==== Perceived Quality of
Service

|

I

|

|

|

Context Awareness |
I

|

I

|

Energy Constraintsof I
|

loT Devices

| Potential additional functionalities
|of edge

Ease of use

| _ Delivered Quality of
Service

Added value of
Serverless

Technological
functionalities

Figure 37: Variables impacting the perceived quality of service

A.2.1.2 (Box 2) Variables impacting the cost for switching towards an e dge
Infrastructure

Variables impacting the costs for switching towards an edge infrastructure

Possibility of system

integration with o
- r Switching Costs
previous offering

Easiness for platform
openness

Figure 38: Variables impacting the cost for switching towards  an edge infrastructure
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A.2.1.3 (Box 3) Variables impacting the customer base /revenue source

H Variables impacting the customer base/revenue source

| Market Segment/Target
1 Group

% of data on edge vs.

|
1
|
ECCE I Customer Base /
Size of maximum | Revenue source
|
|
|

potential loT market

Current installed base of
loT application

Figure 39: Variables impactin g the customer base/revenue source

A.2.1.4 (Box 4) Variables impacting the r elative cost of r oll-out

Variables impacting the relative cost of roll-out

Geographical coverage Architecture Cost Relative Cost
elative Cos
needed generating mechanism

Figure 40: Variables impacting t he relative cost of roll -out

A.2.1.5 (Box 5) Variables impactingthe loTv ! | ¢ ~xva ~¥o C@alttu x ¥© ©2 z £

. . . . .y
H Variables impacting the loT application’s ecosystem health

| loT Ecosystem Health Measures 1
1 1
I I
1 Return on assets 1
1 Productivity 1
| Total asset growth 1 | (1oT application)
I 1 Ecosystem health
I Liquidity ratio of 1

participants |
1 Amount of connections
1 I ) Robustness 1

among partners

1 Creditworthiness of !
| partners ]
L |

Figure 41: Variables impacting the IoT application's ecosystem health

A.2.1.6 (Box 6) Variables impacting the (financial) r isk

n Variables impacting the (financial) risk

Liquidity ratio of
participants

Amount of connections :

among partners ]

Ecosystem Robustness

| Risk Sources |
1 Maturity of loT 1
I application | (Financial) Risk
|
I Geographical coverage Needed Initial 1
needed Investment 1
1

Figure 42: Variables impacting the (financial) risk
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A.2.1.7 (Box 7) Variables impacting the financial c omplexity

Variables impacting the financial complexity

Geographical coverage Needed Initial
needed Investment
Tl Access to resources ‘ Financial Complexity
[ELGTEL

Figure 43: Variables impacting the financial complexity

A.2.1.8 (Box 8) Variables impacting the technical c omplexity

Variables impacting the technical complexity

Geographical coverage
needed |
-_—
Heterogeneity of devices N
o Ve } Technical complexity
and services {
Standardsin loT |
application

Figure 44: Variables impacting the technical complexity

A.2.1.9 (Box 9) Variables impacting the organizational c omplexity

Variables impacting the organizational complexity

Number of external
partners (o}
Prior IT experience in | Organizational
market segment Complexity

Figure 45: Variables impacting the organizational complexity
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A.2.1.10 (Box 10) Generic variables impacting the business model v iability and feasibility

Generic variables impacting business model viability and feasibility

Choice of Technology Architecture (Levers — )

Edge Computing

:

I ‘ Conceptual Model (Relationships in System — R)

Customer Perspective Perceived Qua\ity —
of Service
Customer Perspective 4| Switching Costs
I Provider Perspective 4| CustomerBase/
Revenue source
loT edge
s . . rl— computin
I application Provider Perspective Relative Cost ———— P &

1

Potential of

characteristics for the loT

(Exogenous - application
Provider Perspective (loT application) under
uncertainties— Ecosystem health

X) analysis
Provider Perspective 4@ (MEGSU"ES -
M)

Provider Perspective F‘"a"”‘?‘ | —
Complexity
Provider Perspective Technical
complexity
Provider Perspective Organizational
Complexity
I

Figure 46: Variables factors impacting the b usiness model viability and feasibility

—
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Table 31: Raw data of BWM for ranking the nine generic variables

IN1 IN2 IN3 IN4 INS ING IN7 IN8 IN9 IN10 IN11 | AW. M.W. S.D. C.V.
Perceived value of the infrastructure 0,282 0,315 0,083 0,126 0,302 0,179 - 0,324 0,250 0,251 0,319 | 0,243 0,266 0,0857 35,25%
Switching cost 0,176 0,031 0,110 0,076 0,044 0,051 - 0,068 0,054 0,020 0,059 (0,069 0,056 0,0453 65,77%
Customer base / revenue source 0,088 0,128 0,166 0,076 0,198 0,179 - 0,136 0,107 0,231 0,137 | 0,145 0,137 0,0491 33,96%
Relative infrastructure cost 0,118 0,055 0,066 0,094 0,009 0,024 - 0,058 0,054 0,081 0,051 (0,068 0,062 0,0261 38,40%
loT application's ecosystem health 0,071 0,128 0,023 0,189 0,132 0,286 - 0,082 0,107 0,046 0,051 | 0,112 0,094 0,0786 70,50%
(Financial) risk 0,071 0,096 0,256 0,063 0,099 0,119 - 0,068 0,080 0,152 0,069 | 0,107 0,088 0,0592 55,19%
Financial feasibility 0,026 0,055 0,166 0,063 0,023 0,045 - 0,027 0,026 0,065 0,082 | 0,058 0,050 0,0431 74,66%
Technical feasibility 0,118 0,096 0,083 0,286 0,057 0,072 - 0,136 0,161 0,046 0,025 (0,108 0,089 0,0752 69,66%
Organizational feasibility 0,050 0,096 0,047 0,028 0,066 0,045 - 0,102 0,161 0,108 0,206 | 0,091 0,081 0,0566 62,27%

KSI

0,07056 0,06857 0,07533 0,09142 0,09433 0,07161

0,08424 0,07152 0,07325 0,09313

AW. = Average Weight
M.W. = Median Weight

S.D. = Standard Deviation

C.V. = Coefficient of variance
= No input

KSI = Consistency index
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A.4.8 Variables impacting the technical f  easibility
izx}lo~xve §z@BD-WH¥ULo-R~\VO¢C2]zvOzwte~%XVA {zvO~w~¢—r 2 }Hztv
yza@az £~ova@~¥wo -}z2a8}z" 2alz7"z BO vl vy xiylzavewtfg OFL «R xH¥«
~® " zCz-vod AWXRPHV @ -~z {Qlkz ox ~ovoy PPzxix¢ ¢ ¥{vei@m~¢eq”
ZzCz£E£z02© nzzyzy8&¥ {EKELE¥OWz *}%Y¥ "zO0O2~£L£va@z 28¥ 2azxlwo~xve
yz©O©~"2zy zyl|lz X¥f£| «?2~ol¥royl VOBRRX2A¥BLC [ ®-O€} 2z
[VX8¥ " © ~o{C«zox~o|i PzXx3 owxay COF zx O~ ~{C\ 3875 ¥J ©~-QYW-2¢ = {Q
1 hxvez ¥{ ~£!ZByw|EzofR¥L-~¥0On| ~of{ " vO2 «x8«" zO© 2a}va z
£Evo  y~0©2?" ~w«?zy pn¥yzOA | zrZ " VveEet X¥BPEvVvewvPIEzZz® ¥o
voy ¥7"x}z0O02 "va~¥o ~RO1@O0OxvEzXEF¥/ @PEx (2 vg BY¥ X ¥;
¥«2C h«w©z8«zmn2¢ A 2}z Oxvez ¥{ ?2a}-zo{~Cf]zCozxE~zon2 yvaaz-x¥
{zvO~w~¢~2"C
1T e z2z©zoxzDvw©zoxz ¥{ ©2vaoyyvi'lyzZO xv¥afyl ¥lo-zuw¥\O, ¥O@ X+ilo N ¥

Vi I ¢C~AvOD}IPregezO0O0C - ¥ a¥| za}lz" ~wo ¥ozzOe¥ixz  zwo?
©2veyv ' y© xve O©O}~z¢ty 2}z x¥£)¢tz®~2" ¥{ z{{zx2«v?
X¥£f£f«wo~xXVva~¥no wz2a-zzao | "¥a2~yz " © voy " z28«z0O3¥Z'@®C h«
alz | ¥3zopa-~y(¢ ¥{ x¥C¢CCvw¥ ' va@~¥pm voy ~np2z"¥!z"vw~¢-~2

¥{ @}z 2a¥jzoA vwOzoxz ¥{ ©2voyv' y®© O~| BE{=AVaP&LO
~o{t¢t«zokzr}redr)kgt¢ {zvO~w~¢~2"C
1 ] z2z " ¥|zoz ¥y «tviyd £ ¥{ YyzZa~xz20OA ©z " -~xzZ©O©A ¢~w’v’

©2veoyv' yO dJz22¥¥| w202 voy E£¥y«tv'  ~2" ~f£lvyx2a0O0 2}
C~w'v’'  ~zOA | T¥|"VEE~n] tve| «v]| z© voy P2ZwuxyA’ Lw&E- 2
}za3z " A4% o voy E£¥y«tv' ~2° x¥«ty ¢zvy 2a¥ zv©O  ~£] ¢
©z" - ~xXxzOA ¢~w'Vv’  ~zZOA | "¥| "VEE~n| tvo|] «v] z© vay ©2\
1 ~11} } z23z7 ¥ zoz~2" x¥«ty ¢zvy ¥ «Oz w¥fg “rp2~£zT

X¥E£,¢z® ~wm2z]| "va@a~¥o voy £vovyzE7z?0¥bkPavxry¢ {§ OAOZ
bva« ™ ~27 ¥{ al1®@ z¢0f{Efy@20«r2zyzYy 2a¥ {Y&O{zulyt o)} xZg H{" :

Azx}o¥ey| 23{z" vO? " «xEECR{ONE « v | A ~XWNA~Hov z v~ ~o| ¢z
(¥ 2}z ~o@ €®y«¢x®«®3 va vz wmzzyzy 2a¥ | " ¥a~yz 2}z y
"z8«~"z£zw82©O £v wz zv© -~2} zC|C xCt¥«y XxHE] «B8¥T| Kz {

Evaw £ TEETvVA« ~a7 ¥{ ©@F }zz0 zE£w{o2VO® ¥ VX ¥ Ezlvzy®~2 ~z7 © ~B1 2} z
¥«2C i}z " z{¥" zA yz!zoy~no| ¥uo 2}z " z8§«~" z iy o72CQAE 720}220 £EVV
~n{¢t«z8xx}a®}rxve {zVO~w~¢~2"C

A.4.9 Variables i mpacting the organizational f easibility
d"|ve~°vad~¥ovez@Z (OG¥WB&KEP X} o~xVIEA{Z2}y@~-wzr@>-~Ao? ay -

¥ " | ve~°va~¥ovee vx}~z-vwez O¥C¢C«?®~¥om xve wz z{{zx?«v?
wotd vw¥«? 2}lz yzO~"zy zy|lz x¥EBj«¥LtbReyxrd~¥O0¥Tt«@P2@©CzIi}
atlz -v ~o{ vX3-W}O 23oz{ ¢ «z o X ~@o] ¥Vvhroz{VZx%ow¥e fIvOvwi ¢

©¥t¢t«2 ~¥o O} ¥«ty wz vaove °zyC

[vx2¥ Ox~of[ ¢¥zZpve~°va4i¥ogVl {fZzO0OOu@—-C ¥ TO{VX2ANVO~2Y}FFHRYa)

{zvO~w~¢~2 " C
1T c«fwz”™ ¥{ O4V}jizz¥¥¢war-~00@2~¥ove X¥£] ¢z®~2 ~aox" " zv0OzCc

}va }vaz 2Bvowz £vwtov||ozzyy ~o 2%Vyz" 23y% ygzrXzy zy|
~o{"vO2 T «xq«"zC N{ wvo zy|lz | "¥a~yz" }VO 28¥ fvov] z
¥«? alz yzy~xvazy ~58¥ivellaeYye?zWow'e DDA 2}z XY
~o X" zvVOZA¥ >~zmo Bwi Bt ¥ «¥®¥¢C ¢ vo~°va~¥ovECe¢ ¢zO0OO {zvO~wtz

1 haviz}&C¢y&7Oove x¥E£! ¢z®~-2"A x¥}lz z@gx®2 vay 2yp! ¥®O@
X¥E] ¢z2@~—~} -vOMaeRfw2zy¥{ Oz} ¥Bygz " ¥-~yz~ ' }VvO 2a¥
~od@z"avet X¥EZzZGx®~F o X¥)Oz ¥oO~w~¢~2  xC¥7 ~97] | ¥fLxyo-

QO

EVvT ~£! WX valZ va ~¥EV ENWIZVO~-WOLKPT ~¥BO Xx¥«Cy }vaz
X¥«l ¢tzy yzlv 2@£z82@© ~00C~yz 2}z~" ¥-o {~TEDOC2O®}&ZV]:
a¥a wz x¥}z"zeaA ¢Czvy-~ao| a¥ ~oX¥pop0O~02zw?2 | ¢Cvoo~ao|

150 of 225



ve~|aofzoad ¥{ 28}1z70z v ~¥«© yz|v' 2f£zon2© £v wz ~uo}z
¥{ zyl|lz x¥£,&3~8}z-d3IA WK vy« @®VWicziwy Vvidy¥ |«ELX ¢V~ ~2 ~
"zO! ¥o©O~wtz {¥i}%Pxtyon¥ay¥z®Wel 2}z ~o2zXO0vDEe-~3T¥x
¥f1¥ ~© "zo,¥Aeeoweteg¥{¥Z~nltdgzrx®¥|] 2@}z ¥ Cvo~°yva -~}
1 haviz}&tydi2zO voy - ~0O~¥o 2a¥-yv ' yO© ~oo¥-va-~¥oZyd}z' ¥«|}
X¥E£| «@~n| -~¢C&}zu2x¥ywukz vo¥iRzZ z¥ ¥ A~ Z~¥Xx@?2 «" 2z
V X¥£lvo~ 2a¥.y ' y0O O«x} ~nuo¥-va-~¥GQ@ yEw ~y-kH Cvexaty vayl¥za
«| ¥o 2}z ~po¥ava@~¥oC i}z "z viz z®vE| ¢Cz0O ¥{ X¥E£|vao-
¥-z" | E “zv ©A ©o¥? x}lvo|~o|] £«x}C [¥" ©«x} X¥E£!vao-~
~ad¥ v £¥7z {¥"-v'y C¥¥|~0|2}z-O0~¥@|C ¥{o HE|YyG¥ z%z¥0
~oo¥-va~¥oA voy BB T IWo~LEwRp—~¥povie¥ie@o{ZvO~WEzA 2}
} B x-2z¢ O«~2z }vO ©O«x} —-~0~¥o A w«? 217" ¥«| ]} ¥« 217
~O©~¥n O«| | ¥'¥%o~ of} ¥~toy¥ wz? | " z0O0©za?2 C
ayjz}X¥tywgty ~¥i z®! z "Yzz wxozyD-joo|¥ -¥oz y2|}zzO j o ¥-¢zy| z A
AVizZ}¥Cy2¥iO vio| ¢y ¥o}lv-az¥ ~pvdLVYKZAYER{E XBECLZ|®
«& vo zyl|lz ~=8{"vO2TxNKEC€«Vz CEX] Wg§ z£&Yyx" N ¥ A
ZXxz0©0~23" ¥/{ az - yz-z«¢¥, £zo? veyD¥"” VX8«~0O~2~¥np
a{ " vO2® " «x?2«"zC NoO@Q«{{~x~zw? z®|z" ~zunXxz \Bagy? G o¥- ¢z

QO

o KO J

1

A.4.10 Miscellaneous ( generic) variables
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A.5.1 Determining the perceived value of the infrastructure for the customer

Determining the perceived value of the infrastructure for the customer

| application :
1 Created value with loT app 1 BusinessvalueoftheloT _ _ _ __ _ _ _ _ __ _ __________
1 ! 1 scenario
Investment cost for loT 1
1 software and devices |

| Infrastructure requirements (of the
1 loT application)

] Latency and jitter

Raw amount of data

Transmission cost of
data

Data privacy and secrecy

Puts req. on

ont awa

|
|
I
1 1
| 1
1 1
1 Y s S .
| Perceived value of the
. . "
| | ,
| 1
| capabilit : | service
- T
| 1
1 1
1 1
1 |
1 1
| 1
1 1
1 1

Puts req. on
Connectivity availability and
stability/reliability

Accessibility/reachability of
the data

Amount of updates and

Delivered quality of
service

upgrade:

Speed and uncertainty of

ility

Figure 47: Determining the perceived value of the infrastructure for the customer

A.5.2 Determining the switching cost for a customer

. Determining the switching costs for a customer

loattorm characteristics .~ T T 1

| |
| I——| Interoperability
1 Open standards, APls 1

and libraries of loT app I

Switching costs

Complexity- and lead time of 1

1
I o]
migration " . :
1 opportunity cost of N igration cos
1 |
I

Low initial investment
trail-and-error possibility

downtime- or system failure

during migration

Figure 48: Determining the switching costs fora customer
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A.5.3 Determining the customer base and how it will suffice as revenue source

Determining the customer base and how it suffices as revenue source

Maximum potential market
size of 10T app

Customer base /
e — revenue source

ility of support/
'enance contracts

| Platform leverage-and
data ownership that can

Possibility of platform
ownership in loT market be translated into value

Figure 49: Determining the customer base and how it suffices as revenue source

A.5.4 Determining the relative infrastructure cost

Determining the relative infrastructure cost

P = = = = = e =y
Factors influencing relative cost
1 Geographical location of loT |
1 app 1
| e! e | Cost generating
mechanism for -
| L Relative infrastructure
k infrastructure roll-out, cost
1 | ownership, operation
and maintenance !
1 | e
1 |

Figure 50: Determining the relative infrastructure  cost

A.5.5 Determining the (' financial ) risk for the service provider

Determining the (financial) risk for the service provider

Cost generating
et e Rt Sl il | mechanism for
s : infrastructure roll-out,
ownership, operation

and maintenance

[ = e - g
Factors influencing risk | Needed initial
investment

Maturity of loT application

Possibility of iterative roll-

|
I
out |
R
Exposure / legal I (Financial) risk
|
1
I

consequences of system
failure

The de-facto standard for
financial arrangements

Figure 51: Determining the (financial) risk for the service provider
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A.5.6 Determining the value generated by the IoT application € © z x ¥© ©®2 z £
(health)

Figure 52: Determining the value generated by the 10T application 's ecosystem (health)

A.5.7 Determining if the desired edge infrastructure is financially feasible

Figure 53: Determining if the desired edge infrastructure is fin  ancially feasible

A.5.8 Determining if the desired edge infrastructure is technically feasible

Figure 54: Determining if the desired edge infrastructure is technically feasible
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