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The Digital Transformation is made possible by technology advances and is steered by economic

and societal factors. It is a whole system transformation that requires the availability of a
tremendously complex infrastructure, similar to how the atoms econo my has evolved over centuries
by creating in parallel tremendously complex and intertwined infrastructures. Logistics value chains

have become extremely effective and extremely complex. Computers have boosted their efficiencies

and made possible the creati  on and management of even more complex infrastructures. These
computers supporting infrastructures are slowly morphing into infrastructures of their own. The
large data centers that are supporting shipping of parcels and containers are now managing the
shipping of bits in a structured way (e.g. by adopting blockchain).

These infrastructures, orp  latforms , have been around for quite some time and exist independently
of the Digital Transformation. However, this latter has created an economic environment where

platforms become a fundamental component. This whitepaper presents a synthesis of discussions
with key industry players regarding platforms in this age of Digital Transformation. !

Digital Transformation leverage s (as much as possible) bits (data). This, on the one hand, decreases

(inmost cases , actually slashes) the cost of developing services and products but on the other hand ,
requires the availability of an infrastructure to manage those bits. This infrastructure should be

reliable, should support huge storage and intensive processing, should be

easy to reach , and should ensure basic services like authentication,
ownership and so on. In other terms, this required infrastructure turns out

to be complex and expensive

This complexity and expense causes the production, delivery and operation

of these platforms to be provided by only afew companies . These platforms
""" then beget ecosystems populated by a myriad of service providers  who
take advantage of the |l ow cost of HAusingo tl
go to market.  Today there are very few companies that can sustain global
horizontal platforms, like the nine addressed in the Amy Webb book A The
Bi g N2 useaby known as the G -MAFIA ( Google -Microsoft, Amazon ,
R, ——— Facebook, IBM, Apple) and BAT (Baidu, Alibaba, Tencent) plus a number of
. others addressing important verticals, like industry, 0T, cities and so on.
Figurel The cover book of
a lée Big Nine How the Tech . . L
Titans and Their Thinking _To support storage processing and massive dlst_rlbuted access these
Machines Could Warp infrastructures use  distributed  clouds, thus insuring the required reliability
| dzY | y whick describes ~ and availability. These clouds are huge, expensive to create and operate
how nine dobal companies and can only survive economically by addressing a very large market that
are powering, and shaping, generates a n almost statistically uniform use of the resources. This
the digital world. Image statistical uniformity is achieved through the diverse, scattered demand of
credit: Amy Web thousands of users and results in very low cost ( and price) per user. This
creates the oligopolies we have today and makes it difficult for new entrants

to grab a share of the market.

The exact n umber of servers in these giant sbnine clouds is not known | but for each of them the
number is in the millions ( In October 2018,  WikiLeaks released an  Amazon Atlas listing the location
of Amazon servers taken from an internal document of 2015, mentioned here to indicate how

understandably secretive these companies  are and how difficultitis to have up to date information).

1 This topic of platforms is addresin the Digital Transformation Course developeddty Digita{available nowpand

IEEE Digital Reallity Initiatiggailablels Quarter 2020.

2Webb, AmyThe Big Nine: How the Tech Titans and Their Thinking Machines Could Warp HUPodfiitAffairs, 2019.
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The need for accessibility to these platforms was the driver for many telecom munications operators
to step into the horizontal platform market , but they cannot compete with the big nine since the
access infrastructure has become a commodity and the scale f actor is completely unbalanced
towards the big nine. Telecom munications operator s basically have country wide markets ; the big
nine have worldwide (or Chinese) market s; and in this business volume wins. Yes, there are plenty

of small data centers (some as small as a few clustered servers) , but they address niches and
cannot compete on price with the big nine.
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1. There are platforms and then there are platforms

The previous section consi dered the fAbig nined mostly from the poi
offer storage, processing and access (this latter mediated by the Internet). However, t hese nine
platforms are quite different from one another:

1 Amazon likely provides the biggest platform interms of capabilities. Actually, one might say that
it is multiple platforms in one. It is offering pure storage and computation services (A mazon
Web Services - AWS), butitis also a
S —— marketplace including managing
SRS Gecaing facome payment s, a media distributor
LM (music, vi de,;andalogisiik s é)
56000 delivery platform;

$9,000 M

$8,000 M

$5000M 1 1 Googleisa mail platform, a service
platform (e.g. Google Maps), an
advertisemen t platform as well as a
Source: The Next Platform, Amazon reports storage and processing platform .
(Google previously offered free
storage ; recently  their  policy
changed. More than 15GB requires a
subscription to  their storage service,

starting at 1.99% a month  for
Figure2 TheAmazon AWS platform has become the largest systems 100GB of storage). Its strength is
business in the world, as of April 2019. Image credit: The next platforr clearly offering services (new ones
Amazon Report

$4000M

$3,000 M

$2,000 M

S1.000 M

SOM =

Q12017 |

Q4200 E
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201 ey

Q42018

(Y] SOIS F—
Q32016
Q42016

Q2017
Q32017
Q12018

are being added continuously, such
as real time translation and voice
interfaces) , and they are sustained by indirect revenues through advertisement;

Apple is a marketplace platform selling billions of apps , butitis also a development platform for
apps, a media distributor (music and more recently video and television), a provider of  backup
and storage services, and apayment and credit card platform. Apple is also a platform of devices ;
all of their devices (in the billions) share a common operating system ( OS) which creates a huge
marketplace fully orchestrated by Apple. Google is also offering a de -facto standard operating
system, Android, but its grip on the market is not as strong as Apple.

As one can see, in the case of the big nine, there is a common denominator formed by the huge

capacity and global access of the data centers each of them own. Their strength is that each of the
variations of their platform space (services) reinforces the o ther.
An alternative way of looking at platform s is from the business viewpoint, as shown in Figure 3.

Eight types of platforms  are identified

1 Technology : these are the platforms offering pure storage and processing resources. Azure
(Microsoft), AWS (Amazon) are the main ones , but also Bluemix (IBM) and many platforms
offered by telecommunications companies i f

1 Computing :these arethevery  well -known platfo rmsthat were once called operating systems ,
such as Android , iOS, MacOS and Windows, and the less successful Tizen (Samsung) or
HarmonyOS (Huawei). Linux would obviously fit in this category , but it is seldom address ed as
a platform since it lacks the commercial halo that characterizes the other platforms in this area;

1 Utility : these are platforms used for specific services, like Google Search, Google Maps or
Kayak;
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There is also another classification
sectors, i.e

=a =4 =4 4 -4 -8 -

The list is clearly long
as it can be used to address

Interactions

THE PLATFORM GUIDE

THE 8 PLATFORM TYPES BASED ON A STUDY
OF 160+ PLATFORM BUSINESSES

PLATFORM-HUNT.COM

TECHNOLOGY PLATFORMS

AWS, Azure, Bluemix, Twilio, ThingWorx,
Predix, Jasper, Layer, wit.ai, mbed, ...

ON-DEMAND PLATFORMS

Uber, Makespace, Munchery, Shyp,
Dispatch, Amazon Home Services, ...

UTING PLATFORMS

UTILITY PLATFORMS CROWDSOURCING PLATFORMS
ch ts, YouTube, TripAdvisor, Yelp, Medium,

Pinterest, Stack Overflow, Yotpo, ...

DATA HARVESTING PLATFORMS

Waze, Moovit, Opensignal, Sense360,
Nexar, Nanit, InsideSales.com, ...

INTERACTION NETWORKS

af,

PLATFORM-HUNT.COM

Figure3 A possiblelassification of platforms based on business models.
Source: Platform Hunt

: these are the platforms creating social networks and supporting interaction

their members, like
Facebook, LinkedIn , Snapchat, as
well as those supporting specialized
focus groups like DPReview or IEEE
Collaboratec;

fMarketplaces these are
platforms providing companies  and
individuals a way to offer goods with

among

Amazon leading the pack,
eBay, AirBnB, Kickstarter , and
others;

10On -demand these are the
platform s  supporting the Gig
economy, like Foodies, Uber,
Makespace ;

fiCrowdsourcing these are the
platforms harvesting people 6's

contributions to create value, like
TripAdvisor whose strong point is

the reviews provided by p  eople who
ate in a restaurant or visited a location. These reviews are used by other people to decide what
to do and what to buy. Other crowdsourcing platforms are the ones where people provi de

content, like YouTube,  Pinterest or Yelp;
Data harvesting : the se are also platforms that

of data, like Waze that let people send info about traffic situation or

availability)

of platforms which is
., Creating ecosystems:

l0T platforms

data platforms

industry platforms

smart cities platforms

healthcare platforms
device/product platforms
knowledge platforms

and growing.

transformation.
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capitalize on people contribution but in terms

Moovit (transportation

based on the capability of attracting vertical

The latter classification will be used throughout this whitepaper
several aspects of the roles played by platforms in the digital
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2. 10T Platforms

loT now number in the hundreds of billions so it should not be a surprise that the loT platform

market is huge and is soaring . Itis difficult to agree on a number since it depends on the definition
of an loT and how they are counted : a connected sensor is an IoT . A smartphone has some 14
different sensors in it, each generating data that can be retrieved through the network. There are
3.3 billion smartphones today in the world; hence there are close to 50 billion 10T embedded in
smartphones . However, some would disagree by not counting them as such but as one phone is
one loT. According to the  Zinnov Zone 10T Platforms 2019 the market hasreached $1.9Bin 2019
and it is expected to pass the $9B by 2024, a CAGR of 35%.

~ .
ARV e

vaY, @ .' éy “d Walmart g4+ 3

sl TELCARE i + :

" TESLA RETAILNEXT fitbit

4F
(M

«+ BOSCH
loT Applications cAT vented for e "
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@ . watson Axeda ThingWerx :I‘ .r! amazon ‘!;\m)er . Ir:wmntr

loT platforms

Predix O Svan SIEMENS  gricssoN £ “*BlackBerry Junier

abale &= ' NOKIA y -
C15¢0 & atst .g& ncatet cent (ly ® Telefonica ?lw ite LoRa
vodafone Bluetooth 4.0

@ McAfee
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ERICSSON 2 JuniPer verizon’
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ARM Quacomw OO B raspperypi | EMC % BSOUARE ORACLE

Figure4 A graphical overview of 10T platforms. Notable are the number of players and the subdivision in various categories. |
credit: Vinay Solanski, IIM Ahnadzhd based on data from Zinnov Zone

There are plenty of loT platforms ; the Zinnov Zone 2019 report put the number to over 400, and
again the number depends the definition of a platform . Itis interesting that the IoT platforms can
be clustered based onwhattheyfocuson ,asshow nin Figure4. Note thatthere are several overlaps |,

as expected :

1 Hardware IloT/device management platforms
1 Connectivity management platforms
1 loT applications enablement platforms
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Zinnov, Zinnov Zones for loT Platforms 'z SN In addition, there are

APPLICATION ENABLEMENT PLATFORM (AEP) companies producing loT
= Nurture Zone Breakout Zone Execution Zone Leadership Zone (Sensors an d d eV| Ces) s
» i O companies providing
sp ooyt storage and computation
AR Orace PIC/ Rockwell Automation infrastructures for loT
- P 2 and companies providing
g R, oo securi ty tools and
i services for IoT - a quite
CONNECTIVITY MANAGEMENT PLATFORM (CMP) eXtenSIVe Iandscape *
§° Nurture Zone Breakout Zone Execution Zone Leadership Zone NOtlce that n Flgure 5
the Chinese companies

scheT are missing inthe area of
a sensors and devic es, and

SCALABILITY

Global Deveioper Base Numbe: Connected Devices, Geographe Coves
g
5 &
3 5 2
',

Sl yet, they have t he | i onés
2@l B share of the production
S of loT (most are based in
: = low High WUXi).
g DEVICE MANAGEMENT PLATFORM (DMP)
.;: E Nurture Zone Breakout Zone Execution Zone | Leadership Zone I o T S ar e t h e ﬁ p h y :
= starting  point of the
Digital  Transformation.
‘:ﬂ, R/ Rockwes Avtomaton They ar e t he it o

Bosch

transforming atoms into
bits (sensors). More and
more products are
PROWESS designed to be connected
i e and to generate data for

Low

GTM Strategy. Techacal Capabiity, Ecosystem Mat,

R RSN remote monitoring as
Figure5 The main players in the 10T platform spaBelcos are providing theonnectivity well as for building
management platforreas expectedimage credit: Zinnov Zosie services. This latter is a

crucial aspe ct of the
digital transformation business model, the one that fosters the creation of value, for both the
product producer as well as for the ecosystems that can grow around a product.

The platforms become the enabler of value generation. The loT/device m anagement platforms
space is populated by industries that have adopted the Industry 4.0 paradigm, like Siemens, and

by software compani  es that leverage the storage and computation infrastructure to host the virtual
image of the I0T and of the data they gen erate ( i.e.,a Digital Twin and its shadow). It is interesting
to note that some  of th ese companies are seeing I0T and 0T platforms as a way to change their
business model.

The connectivity management space is dominated by telecommunications companies, a s expected .

They have struggled in this arena because of their usual definition of clients. There was much heated

discussion in Telecom ltalia at the turn of the century , for example, when it was clear that 10T will

become Anet wambdiweensthases who spearheaded support ing the loT and those who saw

them as very | ow income generators and as such to be tur
was a mistake, and today itis becoming clear thatthe value ofthe traditional client is decreasing.

The v alue of 10T is not increasing but their volume is, making up for the tiny revenues generated

by a single instance. Besides, controlling the 10T would have allowed the companies  to play the role
of intermediator towards the application and services. Telecom munication companies are now
scrambling to offer connectivity services tailored to loT , but they may have lost the bigger
opportunity of becoming the infrastructure to manage them and leverage them towards becoming
Page8

Platforms- Infrastructures for a New Economy
IEEE Digital Reality


https://digitalreality.ieee.org/
https://cmte.ieee.org/futuredirections/wp-content/uploads/sites/44/2019/10/1-5.jpeg

service providers.

The biggest business  slice is in the applications platforms which offer horizontal (like MS, AWS) or
vertical service support (like Siemens for Industry 4.0, SAP for enterprise management). There are
also companies that support both segments (like IBM).
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3. DataPatforms

IoT convert atoms (and more) into data. The data are the raw material in the Digital Transformation

and need to be harvested, stored, correlated and analyzed inorder to extract value. Data platforms

provide this functionality. Most of the time the owner of the platform is not the owner of the data ,
and quite often there may be several owners of

; data on the same platform
lﬂlﬂllﬂta @C“Qn amazon platfor m may not exist

. Also, note that a data
in a specific physical

location. It can be hosted on a technology platform

such as AWS or A zure.

llllll

1L
il
[

webservices
POF f,‘\
Cloudera @ Hé;'rlc')ﬁw'o;'ks

A data platform should provide, and it usually

does, functionalities for

nfini INFOBRIGHT (1%, kognitio

owner), for authentication

neutralization of the data

(i.e., its decoupling from the originator a nd/ or

(making sure that the

MAPR =1j Microsoft ORACLE data is trustworthy by authenticating the source)
and for monitoring (tracing the use of the data).

. Additionally, it can provide services, like
PlVOtQI generation of alert signal s when a data value

TECHNOLOGILS

changes or the correlation

of several data creating

a metadata that reflects the status of the

Figure6 The top 16 data analytics platforms according to

InformationWeek correlation.

Neutralization of data is tricky when dealing with multiple streams. As an example, the position of

aphone canbe decouple d from its owner. However, if the system support

s the correlation of several

data streams, like the subsequent position of the phone and its monitoring over a period of time
(like a few weeks) it may become straightforward to identify the owner of that phone by realizing
that such a phone is moving every morning during working days from A to B. That would suggest

the owner lives in A and works in B. More analysis may identify the
neutralization should be structured to make external correlat ion feasible,

owner . The approach to
i.e. , correlation should be

a service provided by the platform resulting in metadata. It is this metadata that is released as
answer s to queries. Rather than releasing specific data values the platform releases aggregated

values and metadata  to safeguard neutralization

The authentication of the source (in general not disclosed by the platform),
component to build trust on the platform. Watermarking of the data disclosed is
to ensure that the value generated by the data can be tracked and part of it retur

is an important
a critical function
ned to the data

owner. This is clearly a grey area , and there are many ways to approach it, none of whichare 100%

fool - proof.

There are quite a companiese offerin§ dditd plagfarms as

shown in Figure6, and to a

certain extent any of the vertical platforms further discussed have data support facilities. In addition,
there are plenty of service oriented data platform s, like the ones hosting photos or the ones created

by municipalities.

Data platforms are relatively young, just a bit more than 15 years old, with Apache Hadoop being
one of the first open source platforms to become widely adopted (e.g. , by Yahoo and Facebook),
Some data platforms are specifically focusing on some application segment, like Cloudera
introducing enterprise support in 2008. Data platforms are expected to keep growing and evolving

as more and more data are being produced, harvested and leveraged. In 2003 (

note the Berkeley

st u dhiow finuch Information i) t here was an estimated productlbyon
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2011the amounthad reached 1.8 zettabyte s (360 times more, an almost exact doubling every year
whichis f aster t han Mamudritevil each &8y ) yottabytes in 2020 which  corresponds to

1.5GB per person per day. Most of these data will not be stored or leveraged through data analytics
but even a fraction of them is a mind -boggling amount that is fueling the Digital Transformation.
The 31 most current data platforms are presented here.
Pagell
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Figure7 Leading companies in the Industry 4.0 space. Image credit: IOT Analytics

Industry has adopted a number of standards and platforms in the various phases of the value chain,
platforms for the supply chain, for manufacturing, and for delivery . In these last two decades the
new paradigm of Industry 4.0 has been defined and is now making traction in several industries.

Industry 4.0 is the result of technology evolution (sensors/loT, roboti zation, softwari  zation, Artificial
Intelligence and autonomous systems), of a global value chain with a multiplicity of suppliers on

one side and a multiplicity of markets on the other , and the possibility to transfer and execute a
significant part of the processes in cyberspace (CAD, data analytics, simulation, additive
manufacturing, Digital Twins).

It is important to recognize that Industry 4.0
technology but rather about a changing

(or the evolution of Industry 3.0) is not about

the world market where o f course technology is a crucial
enabler. The softwarization of products is accelerating their evolution (the life cycle gets shorter),

making it possible to go for scale and niche/ customization at the same time,  making it possible to
leverage an ecosystem (if you look from the point of view of the big players) and also enabling small
players to take advantage on products created by the big comp anies . The acceleration is in the

market , and industry must respond. The responseis to further shorten the product & life cycle and
increas e the spectrum of the features possible by leveraging cyberspace, i.e. , the Digital
Transformation.
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Data are becoming more and more central to industry, as a tool to increase industry effectiveness

(in supply manufacturing and delivery), as a way to increase features , and as a way to decrease
operation/maintenance cost turning these phases into opportunit ies to deliver services. Several
Digital twin Digital twin Digital twin

production

Real Ideal Real

production [prrwes product

o _, Automation
Ao SS 5

Continuous improvement

Collaboration platform

Figure8 The Collaborative Platform supporting Digital Twins as the glue across the various phases of the manufacturing value
Image credit: Siemens

companies are leverag ing this transformation each one targeting a specific aspect (see Figure8).

Digital Twins are becoming a crucial technology in Industry 4.0. Siemens identifies  three roles for
Digital Twins in industry:

1 Product Digital Twins : provide a virtual representation of a product. They can beusedast he
starting point for designing a product, simulating its characteristics and how it would fit in the
market and cooperate with other entities;

1 Production Digital Twins : used to validate production processes before anything goes into
production on the shop floor. All manufacturing equipment have their digital twins which can be
used for simulating the whole production process;

1 Performance Digital Twins . data are generated throughout the production process and by
the product during its operation. These data are captured by the performance digital twin for

actionable insight and decision making.

Digital twins are supported by the Siemens Product Lifecycle Management (PLM) platform and by

the other software packages forming Xcelerator , a complete suite applicable to several industry
verticals, including suppor t to Electronic Design Automation (EDA), Application Lifecycle
Management (ALM), Manufacturing Operations Management (MOM), Embedded Software and
Internet of Things (loT).

GE, one of the first to apply Digital Twin technology in manufacturing and in the di gital
transformation of industry, spun off a slate of software packages that have now become the Predix
Platform for industrial machines. The software is made available in the form of Platform as a Service
(Paas).
As one can imagine there are a variety of platforms used by the industry, each one specialized for
a given vertical. It is important to note the shift from management of data (Industry 3.0) to the
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leverag ing of data (Industry 4.0) and the use of data similar to autonomous systems taking a life
of their own.
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5. Automotivelndustry

In the manufacturing industry the car platform is a quite different sort of platform . It has been used
by the car manufacturing industry for over50years now as away to decrease the cost of production.
The idea is to have a common base:

floor pan, drivetrain, suspensions The Global Fleet Of Electric Vehicles

Millions

and axles, and to  build different cars
on that common base . The customer
will see, choose and pay on the bas is
of what is built on the platform.
Indeed, most customers and drivers
will not even realize that their

127
. 87
Cadillac has exactly the same
Apl atfor mod as a mt
Chevrolet. That is the beauty for a 60
car manufacturer: decreasing cost
and decoupling it from the price the »
market is willing to pay. 25 I
13
- - 4 6 .
In the beginning the platform was — -

designed to be used by a specific car
. 2017 2018 2020  2022€ 2024  2026E  2028€  2030F
manufacturer but since the

decoupling was so  successful several

manufacturers agreed to share the

same platform, to further decrease

cost. Figure9 The expected growth roduction and sales of Electric Vehicles. Im:
credit: Business Insider Intelligenc

Source: International Energy Agency

It may seem inappropriate  to

describe a platform t h a't is rooted i n -ttihree oc | iarsosvekatianl yto fitre Iprésent
industry evolution. As a matter o f fact , however, in the last 60 years, the car has evolved
dramatically, more in terms of production than in terms of end result (although it is a perceived fact

t hat t oday 6m®muck maresperformant, energy savvy, and safer than their  relatives from 60
years ago) .
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Carshavemore than a Boeing airliner. Image credit: David McCandless
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Robotization in the assembly line is now an accomplished

fact as is the computer design of cars and computer

simulation of their performance. Even more important, the

whole supply and delivery chain is now controlled by

computer s, and many of t he c agsdam@e funct
software based.

Over these last decades cars have become computers with
four wheels. Today the cost of a car is unbalanced towards

the software and electronics, both in terms of design as well

as manufacturing. The shift towards the transformation of

cars from product to services has sta rted an d is part of the
digital transformation of the industry.

However, much remains to be done. The software in our
cars is a collection, mostly uncoordinated, of software
designed and produced by different companies with plenty

of duplication. An average car purchased today may have
over 100 million lines of code , and these are expected to
double ortriple inthe next decade. These lines of code are
distributed over 30 to 50 ECUs (Electronic Control Units)
communicating across CANs (Controlled Area Networks,
note the plural for networks). Now if 100 million lines of

code seem excessive , consider that a figh  ter plane like the

F-22 has less than 2 million lines of code , and the newest
Boeing 787 has Ajusto 14 mil lion
comparison the number of lines of code in a car become s

even more staggering

Is it because cars are more complex than a Boei ng 78772
No, it is because cars are not an integrated system ; they
are an assembly of many systems. Rather than having a

single software system, a variety of software systems are
used, and the number of lines of code skyrocket.

The car industry has evolved linearly over these decades
but now it is facing a revolution, actually a double
revolution. On the one hand electric motors will be
replacing internal combustion engines , and on the other
hand, autonomous driving systems will be replacing the
driver. Bo th revolution s will occur over the next two
decades.

As shownin Figure9, in 2029 -2030 the car industry expects
to sell 40 million electric cars; thatis , 1 out of 3 cars will
be an electric car (assuming 60 million total cars sold per
year in that period . A peak was reached in 2016 with 72
million cars sold excluding commercial vehicles . Over the
last 3years there hasbeen areduction in sales with a small
but growing erosion created by electric cars sale). In the
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