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Foreword

We live in a time of relentless change yet stubborn continuity.

The technology, media and telecommunications sectors remain as fascinating as

ever in 2018. Many milestones will be reached this year. Progress will be exponential

in some fields. But in other areas the way in which we live and work may shift
imperceptibly.

Technology's progress can seem daunting at times: reports of technological advances’ negative impacts abound, disseminated at the speed
of light by ever faster networks. Machines are perceived by some as threats to the human race: they are stronger, faster, more responsive

and even better at playing board games. Are our jobs and very way of life at stake or is this the start of one of the greatest enhancements to
the human experience?

Machine learning (ML), a core element of artificial intelligence, will progress at a phenomenal pace this year. But this will be from a low base.
As impressive as it is today, in 50 years' time the ML abilities of 2018 will be considered baby steps in the history of this technology.

Over the coming year, ML will become more commonly deployed in enterprises, but will remain far from ubiquitous. Alimost every high-end
smartphone will have a machine learning chip, but those chips will not yet be fully utilized. Nearly a million ML chips will be installed in data

centers, but this quantity will seem small within a decade.

ML is being deployed to make existing technology work better and augment services for customers, but in 2018 almost none of it is
replacing human labor.

Indeed, technology remains a human creation with (for better and worse) human traits - the point at which it attains autonomy from human
control is far away. Sentient machines still only exist within science fiction, at present.

Technology is leaping forward, but humans hold the reins. It is being applied for the betterment of people, not their belittling.
Technology empowers people to consume content where, when and with (or without) whom they want. Despite this technology-given
capability, people will choose to spend over half a trillion dollars in 2018 on consuming content live, often with other people and not

on-demand.

People are using digital to augment their live experience - be this in buying and distributing tickets via their smartphones, or streaming
events on ever faster mobile networks.

And the pace and reach of those networks is likely to get steadily faster. The majority of voice calls have already moved to mobile networks.
Now it is the turn of home broadband, thanks to the ever falling cost per gigabyte of data carried.

Communicating at 35,000 feet has historically been a niche service, constrained by bandwidth and cost, often funded by expense accounts.
But a rise in the supply of connectivity is likely to democratize in-flight connectivity, spurring a surge of selfies from 35,000 feet.

Most successful technologies - from the radio to the eReader, from the steam engine to the fitness band - undergo a period of rapid
progression before reaching an inexorable plateau.

In 2017, the smartphone had its tenth birthday. On this occasion many smartphones looked as they did on their prior anniversary. This has
raised the question as to whether the smartphone’s zenith had already been reached.
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Augmented reality: on the cusp of reality

Deloitte Global predicts that over a billion smartphone users will
create augmented reality (AR) content at least once in 2018, with
three hundred million being monthly creators and tens of millions
making and sharing content weekly.

We further predict that tens of thousands of apps incorporating
AR capability will become available during the year, and that by
year-end billions of smartphone users will have downloaded an
app or an app update, or an operating system (OS) update, that
incorporates AR content creation capability.” We expect billions of
people are likely to view — on smartphones and other screens -
AR content created on a phone.

While AR is likely to drive device usage, app downloads and
smartphone sales, we expect discrete app revenues for AR content
to be less than $100 million globally in 2018. This should not,
however, be interpreted as meaning that AR will add just $100
million in value. We expect AR capability will be a key differentiator
for some genres of apps (social networks, messaging, shopping,
games) and operating systems, and will be an important driver of
smartphone upgrades.

While 2018 is likely to be a significant year for AR, subsequent

years will be equally important. The core enabling technologies,
particularly cameras, sensors and processors, for AR should
continue to improve, and the range of applications will grow rapidly.?
This is likely to increase the number of users making and sharing AR
content regularly, and to grow direct AR revenues beyond $1 billion
by 2020.

Atits core, AR is a special effect that enables digital images to be
superimposed on real ones. The technology has been deployed in
various forms for decades, but it is only recently that AR content
creation capability has gone mainstream, albeit in a simplistic form.?
Over the past three years, AR has become an increasingly popular
smartphone application, often for entertainment applications such
as face swapping and adding facial hair and live face filters. Thus

far, smartphone AR creations typically have been photographs or
primitive animations that are proudly artificial and cartoonish.

Starting in 2018, AR content created on a smartphone will look
increasingly photorealistic — viewers of AR content may perceive it
to be real when they view it on a smartphone - and will often be
recorded and shared as video. The more realistic the digital image,
the greater the “wow"” factor of the resulting composite.* We predict
that while almost all AR (more than 95 percent) in 2017 was cartoon
style, AR will be over 50 percent realistic in 2018.

The majority of AR usage in 2018 is likely to involve the now-
mainstream practice of creating content using smartphone
cameras. In the medium term, the technology is likely to be
used increasingly by enterprises and government for a variety
of applications, with instruction manuals, technical support and
public service announcements being possible applications.®

Photorealistic AR is being enabled by a combination of software
and hardware advances, one of the most significant of which is

the launch of dedicated AR frameworks in smartphone operating
systems. Apple Inc.'s framework, ARKit, was launched with iOS 11
and works with the iPhone 6s mobile device (launched in 2015) and
later models. Google's framework is called ARCore and works with
premium Android devices.® These frameworks are visual inertial
odometry systems (VIOs) with some simple two-plane detection.”

The VIO enables the device user’s physical position to be tracked
in real time by combining inputs from the camera at 30 times a
second with the inertial measurement unit (IMU, which combines
the accelerometer and gyroscope),® which takes readings at 1,000
times a second. Plane detection enables flat surfaces such as

a floor or table to be identified, enabling an object to be placed
where the viewer would expect it.

By the end of 2018, we expect about 800 million smartphones

to have both an OS with dedicated AR support and sufficiently
powerful hardware - central processing units (CPUs), graphics
processing units (GPUs), digital signal processors (DSPs) and neural
chips - to power them. Creating AR content requires significant
computing power. The more powerful and energy-efficient the
processors and the GPUs inside the smartphone, the smoother the
resulting videos and the lower the battery drain. Over time, as the
hardware gets more power-efficient, AR content creation will not
be limited to only the latest, most powerful devices, although the
latter are likely to continue to offer the best user experience and
results.

The most significant impact of the availability of AR frameworks

is on content creation. Dedicated AR support within a standard

OS lowers the cost of developing AR apps. It removes the need, for
example, for third-party tools to create the AR effect. It means that
a developer's resources can be focused on creating compelling
content, and that more junior staff can work on the technical
implementations. Furthermore, smaller developer teams, and even
individuals, can develop apps with AR functionality. Lower barriers
to entry should increase the supply of apps that feature

AR throughout 2018.
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The introduction of these frameworks has moved in tandem
with major advances in some of the smartphone’s hardware
components.

Recent advances in IMU technology enable the device to sense,
with a greater degree of precision, how much it has moved relative
to where a camera is being pointed. This way, it is possible to
extract stereoscopic 3-D information using just one camera on the
phone, lowering the bill of materials for the device.

If the user is moving his or her hand together with the smartphone,
the camera takes 30 or more photos per second and calculates
how far apart they are based on an accurate estimate from an

IMU that contains an accelerometer and the gyroscope. Accurate
measurement has required making certain hardware changes,
particularly clock synchronization of all the sensors involved. The
camera and IMU can work together to estimate precisely the 3-D
space only when the precise time each measurement was taken is
known.

Semiconductor manufacturers are incorporating these
technologies into their latest chips; older smartphones lack the
hardware required to support accurate AR frameworks.’

But the hardware improvements are only part of the story;
algorithms are also critical to creating and displaying compelling
AR content. Better algorithms assist in multiple ways.

One of the most important developments is greater precision
when identifying edges of surfaces. Identifying surfaces - of a table,
floor, pavement or other flat surface where an object might rest -
helps position the digital image automatically and means that the
object does not appear (unconvincingly) to be hovering in midair.
Historically, positioning AR content was effected by placing printed
trackers resembling large bar codes on the floor; this required the
user to have access to a printer, reducing the addressable market.
Now AR delivers the same sort of experience without requiring any
physical printed image-based trackers, vastly increasing the base of
people willing to try out AR.

Superior algorithms also enable shadows in scenes lit by the sun
or artificial light, again making the illusion look more real. Animated
AR characters can “react” to the changes in environment (such as a
light being switched off), further creating the illusion that the digital
objects are real.
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In recent years, with custom AR technologies, feature tracking has
been applied within face-tracking and face-filter apps, allowing
users to augment faces, both comically and also practically (for
example, showing how a face would look with a particular hue of
lipstick applied). In 2018, software enhancements also will offer
improved feature detection, going beyond the face and enabling
detection of and interaction with a wider range of objects, from
bicycles to buildings. These enhancements should enable AR to be
used in a wider range of applications, such as self-service technical
support. For example, when assembling flat-pack furniture, AR
could be used to stick a virtual arrow next to the part of a shelf
where a bolt needs to be inserted.

Smartphones that include depth sensors - of which over 100
million may be in the market by the end of 2018 - will enable
devices to work with depth information, providing more accurate
augmentation and scanning of 3-D objects using the front-facing
camera. Infrared (IR) sensors are also needed for augmented
reality to work in low-light environments. This sort of depth
information will further enhance augmented reality capabilities
once IR sensors are incorporated on both sides of smartphones.

As stated earlier, AR is not new to 2018; what differs is quality,
especially with regard to photorealism. Prior to 2018, AR was more
rudimentary, as that was all the technology permitted. There

have also been practical applications, such as positioning items

of furniture in a room to see how they might look in a prospective
customer’s home, but the bulk of regular usage of AR has been for
selfies with face filters.

As of 2018, AR should enable users to appear to be singing along
with their favorite singer, interacting with a tiger, juggling balls with
a star footballer, or indeed being in the same space as any other
person, animal or object they may want to incorporate. This is
behavior akin to having one’s photo taken with a waxwork model or
cardboard cutout of a celebrity, but the AR artifact should look far
more convincing - and will also likely move.

In most cases, AR will be used to create short videos designed for
sharing. The more convincing the simulation, the more fervent is
likely to be the reaction from those receiving the content and thus
the more rewarding the activity.

The use of AR in photography will probably be the most
commonplace application of AR video, simply because the camera
app is one of the most-used smartphone features. There will be
other applications, both useful and frivolous, that feature AR, but
they are unlikely to be used as frequently.
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TPUs: Google has developed a series of ASICs for machine
learning, called TPUs. TPUs are optimized to run the open-source
ML software TensorFlow (also developed by Google).”” The
first-generation TPU was announced in 2016, and the second-
generation chip was introduced in May 201778 As is common in

the evolution of chip markets, debate continues about the relative
performance of TPUs compared with GPUs. But in tests performed
in Google's own data centers on inference tasks, TPUs have shown
performance gains over certain GPUs, just as GPUs did compared
with CPUs, where the gain was 10 to 50 times. Critically, even when
the absolute performance advantage of the TPU over the GPU

for a task was not as large, the performance per watt was always
considerably superior. For power-constrained applications such as
the large server farms where companies do most of their inference,
this is likely to be important. The first-generation TPUs appear to
have been used only for inference, not for training, although the
second-generation devices may be able to do training as well. It is
unclear at this time whether the relative performance advantage
of TPUs over GPUs for certain inference tasks will be comparable
for training tasks. Actual chip volumes have not been disclosed by
Google, but estimates suggest around 100,000 units seems likely.”

Lower-power ML accelerator chips: Over time, Deloitte Global
believes that other chips, optimized for machine learning at even
lower power, will see increased deployment in non-data-center
markets, specifically for sensor networks, Internet of Things
devices and gateways, and medical technologies. Deloitte Global
predicts there will be over half a billion mobile chips running

ML inferences on smartphones, tablets and other devices in
2018.8° One example outside the smartphone world would be
the Movidius chip from Intel, which is specifically used for ML
acceleration for vision processing.®’

When looking at Internet of Things applications that are mobile

or not connected to the power grid, power requirements need to
be measured in milliwatts at most. By contrast, GPUs for machine
learning frequently consume over 250 watts per chip, and even
TPUs require around 75 watts. Inside a data center, on a rack of
cards cooled with fans connected to massive power lines and in a
building with an air-conditioning plant capable of cooling kilowatts
of heat, the energy consumed and the heat produced are difficult
challenges.

26

For applications such as sensor networks, power draw would
likely need to be below 10 milliwatts. Equally, any ML chip that
needs to work inside the human body cannot use much power

or produce much heat; its power consumption may need to be
measured in microwatts or less. While there are commercial chips
in smartphones and other mobile devices that are at the high end
of the range, there is nothing that works at the low end. That is
unlikely to change in 2018, but over the next year or two, there may
be significant progress in low-power ML chips; in early 2017, one
university laboratory produced an ML chip that consumes only
288 microwatts.®

Other ML accelerators: There are a number of companies looking
to develop their own ASICs (or new computing architectures) that
will be optimized for artificial intelligence and machine learning.

At the time of writing, these companies have received hundreds

of millions of dollars in funding, and have written papers claiming
their solutions will be better than the current GPU/CPU solutions,
especially for low-precision arithmetic. None seems to be selling
these solutions in commercial volumes yet, so the impact in 2018

is unlikely to be large. But in 2019 and beyond, these devices may
capture some part of the market.

Neuromorphic chips: There is an additional class of chips that

do not fit into the conventional classifications above. IBM's True
North chip is one of a class called neuromorphic chips, which are
potentially capable of accelerating ML tasks and being very energy-
efficient.® At this time, there do not appear to be any commercial-
scale uses of these chips in data centers, although the US military
has stated that it is exploring the technology for ML applications.®
Itis difficult to predict neuromorphic chip volumes for 2018, but

it seems likely to be below 100,000 units and possibly even below
10,000.
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Machine learning: things are getting

INtense

Deloitte Global predicts that in 2018, large and medium-sized
enterprises will intensify their use of machine learning. The number
of implementations and pilot projects using the technology will
double compared with 2017, and they will have doubled again by
2020. Further, with enabling technologies such as ML application
program interfaces (APIs) and specialized hardware available in the
cloud, these advances will be generally available to small as well as
large companies.

ML is an artificial intelligence (Al), or cognitive, technology that
enables systems to learn and improve from experience - by
exposure to data - without being programmed explicitly.

Despite the excitement over ML and cognitive technologies, and
the aggressive forecasts for investment in these technologies,
most enterprises using ML have only a handful of deployments
and pilots under way. According to a 2017 Deloitte Consulting LLP
survey of executives in the US who said their companies were
actively using cognitive technologies and were familiar with those
activities, 62 percent had five or fewer implementations and the
same number of pilots under way.8’

But progress in five key areas should make it easier and faster to
develop ML solutions while also removing some of the barriers
that have restricted adoption of this powerful technology. Progress
along these vectors should lead to greater investment in ML and
more intensive use within enterprises. This in turn should cause
enterprises to double the number of ML pilots and deployments
by the end of 2018. By then, over two-thirds of large companies
working with ML may have 10 or more implementations and

a similar number of pilots.

Analysts are predicting strong growth in investment and adoption
of ML globally. International Data Corporation (IDC) forecasts that
spending on Al and ML will grow from $12 billion in 2017 to $57.6
billion by 2021.88 But adoption of ML is still in its early phases.

Deloitte Consulting LLP recently surveyed “cognitive-aware”
executives in the US at companies that are active in cognitive
computing with at least 500 employees. Half of the respondents
worked for companies with 5,000 or more employees. Qualifying
respondents had a moderate or better understanding of the
technology and were familiar with their company’s use of it.

While respondents were highly enthusiastic about the potential of

cognitive technologies, the majority (60 percent) had just a handful
of implementations and pilots per company under way.
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What has held back the adoption of ML? Qualified practitioners
are in short supply.®® Tools and frameworks for ML work are
immature and still evolving.®" It can be difficult, time-consuming
and costly to obtain the large data sets required by some ML
model-development techniques.®” Even when they work well, some
ML models are not deployed in production, as their inner workings
are inscrutable and some executives will not run their business

on systems they do not understand. Others may be constrained
by regulations that require businesses to provide explanations

for their decisions or to prove that decisions do not discriminate
against protected classes of people.” Black-box models, no matter
how accurate or useful their outputs, cannot be deployed in such
situations.

However, Deloitte Global has identified five key vectors of progress
in ML that should unlock more intensive use of the technology in
the enterprise.

Three of these five advancements - automation, data reduction
and training acceleration - make ML easier, cheaper or faster (or
some combination thereof). They will have the effect of expanding
the market for ML. The others - model interpretability and local
ML - enable applications in new areas, which should also expand
the market.

ML continues to improve in other ways as well and is evolving so
rapidly that another key improvement is likely to arise over the
course of the year.

Our top five vectors of progress - ordered by breadth of
application, with the widest first - are detailed below.

1. Automating data science. Time-consuming ML tasks, such as
data exploration and feature engineering, which typically take up
as much as 80 percent of a data scientist's time, can increasingly be
automated.®*

Data science, an often misunderstood, specialist discipline, is in
reality a blend of art and science. Much of what data scientists
spend time on - from data wrangling to exploratory data analysis,
feature engineering, feature selection, predictive modeling, model
selection and so on - can be wholly or partially automated. For
instance, while building customer lifetime value models for guests
and hosts, data scientists at Airbnb used an automation platform
to test multiple algorithms and feature engineering steps - which
they would not otherwise have had the time to do. Automation
enabled them to discover changes they could apply to their
algorithm that increased accuracy by more than five percent -

a significant impact.®



A growing number of tools and techniques for data science
automation, offered by established companies as well as venture-
backed start-ups, should help shrink the time required to execute
an ML proof of concept from months to days.”® Automating data
science means data scientists can be far more productive.

It thereby helps overcome the acute shortage of data scientists,
enabling enterprises to double their ML activities.

2. Reducing the need for training data. Training an ML model can
require up to millions of data elements. This can be a major barrier.
Acquiring and labeling data to be used for training can be highly
time-consuming and costly. Consider, as an example, a project that
requires MRl images to be labeled with a diagnosis. It might cost
over $30,000 to hire a radiologist to review and label 1,000 images
at a rate of six images an hour. Privacy and confidentiality concerns
can also make it difficult to obtain the data in the first place.

But a number of promising techniques are emerging that aim to
reduce the amount of training data required for ML. One involves
the use of synthetic data, generated algorithmically to mimic the
characteristics of the real data.”” A team at Deloitte Consulting LLP
tested a tool that was able to build an accurate model with only

a fifth of the training data previously required; it synthesized the
remaining 80 percent of data.

Synthetic training data can also open the door to the
crowdsourcing of data science solutions. A number of
organizations have engaged third parties to devise ML problem-
solving models and are posting data sets appropriate for sharing
that outside data scientists can work with.”® Researchers at MIT
used a real data set to create synthetic alternatives that could

be used to crowdsource the development of predictive models
without needing to disclose the original data set. In 11 out of

15 tests, the models developed from the synthetic data vault
performed as well as those trained on real data.”®

Another technique that could reduce the need for training data is
transfer learning. With this approach, an ML model is pre-trained
on one data set as a shortcut to learning a new data set in a similar
domain, such as language translation or image recognition. Some
ML tool vendors claim their use of transfer learning can cut the
number of training examples customers need to provide by several
orders of magnitude.’®
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3. Accelerating training. As detailed in the prediction Hitting the
accelerator: the next generation of machine-learning chips, established
and start-up hardware manufacturers are developing specialized
hardware (such as GPUs, FPGAs and ASICs) to slash the time
required to train ML models, by accelerating the calculations
required and the transfer of data within the chip. These dedicated
processors can help companies speed up ML training and execution
manyfold, which in turn brings down the associated costs.

For instance, a Microsoft research team using GPUs completed
a system in one year to recognize certain conversational speech
as capably as humans could. With CPUSs, it would have taken
five years.10"

Google stated that designing its own Al chip, a TPU, for neural
networks execution and adding TPUs to CPU and GPU architecture
helped the company save the cost of building a dozen extra data
centers.'02

Early adopters of these specialized Al chips include major
technology vendors and research institutions in data science and
ML, but adoption is spreading to sectors such as retail, financial
services and telecom. With GPU cloud computing offered by all the
major cloud providers (IBM, Microsoft, Google, AWS), accelerated
training should become mainstream, increasing the productivity of
teams working on ML and multiplying the number of applications
enterprises choose to undertake.

4. Explaining results. ML achievements get more impressive by
the day. But ML models often suffer from a critical flaw: many are
black boxes, meaning it is not possible to explain with confidence
how they make their decisions. This makes them unsuitable or
unpalatable for many applications, for reasons ranging from trust
in the answers generated by a model - as when customers are
offered incentives - to regulatory compliance. For example, the US
financial services industry adheres to the Fed'’s Supervisory Letter,
SR 11-7, Guidance on Model Risk Management, which among other
things requires that model behavior be explained.’®

A number of techniques have been created that help shine light
into the black box of certain ML models, making them more
interpretable and accurate. MIT researchers have demonstrated
a method of training a neural network that delivered accurate
predictions and the rationales for those predictions.!®*
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The receiving technology on planes has also improved in recent
years; the introduction of flat-panel antennae reduced drag. One
criticism of legacy satellite antennas was that they made planes

less aerodynamically efficient.?®® There will also be improvements

to the receiving technology in aircraft. One vendor is using multiple
receivers instead of one, enabling a more consistent service. One
receiver allows users to stay connected, while a second acquires the
new spot beam as an aircraft moves from one beam to another.%?

Another vendor is expecting to introduce modems that can
increase speeds in the aircraft to up to 400 Mbit/s, markedly faster
than existing modems which allow for speeds of 15 Mbit/s available
on some planes with legacy IFC technology.>*°

One ATG vendor has introduced the use of four antennas to pick
up signals more effectively and offer faster speeds.

In 2018, more consumers across the globe are likely to be on
planes with IFC. In 2017, 80 percent of flyers in North America
traveled on routes with IFC.%"

However, in other markets such as Europe and Asia-Pacific (APAC),
IFC rollout was limited. This is likely to change in coming months as
more airlines launch IFC services on more planes and more routes,
including in formerly underserved regions.

In Europe, International Airlines Group (IAG), the parent company
of Aer Lingus, British Airways, Iberia and Vueling, aims to have

90 percent of its short-haul fleet equipped by early 2019.22
Initiatives such as the European Aviation Network (EAN) and the
deployment of over 300 on-ground base stations specifically
designed for IFC should aid the European deployment.?*

IFC prospects are also picking up in APAC. For example, Virgin
Australia and Qantas plan to equip the majority of their fleet with
IFC by the end of 2018.2%# Chinese airlines are set to take advantage
of the October 1, 2017, lifting of the ban on the use of portable
devices on domestic flights.?*> China Eastern, China Southern,
Hainan and Xiamen airlines are offering IFC on some of their
international routes. Air China will have a number of its Airbus 350
aircraft equipped with IFC by December 2017.2%¢

In the next decade, the largest percentage growth is expected
across Latin America, where the number of connected aircraft is
forecast to increase from 44 in 2015 to 1,529 by 2025.27

Demand for the new IFC capacity coming on stream should be
significant. Historically, usage has been concentrated among
business users, most of whom expense usage. Consumers have
always wanted in, but at lower price points and with better quality.
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Demand for connectivity is now so strong that consumers would
prioritize it over most other amenities. One survey found that if
respondents had to select from a range of services, 54 percent
would choose Wi-Fi. This is almost three times the proportion

(19 percent) that would choose a meal.?® Another survey,
conducted among IFC users, found that almost 90 percent would
trade seats, additional legroom or another amenity for a faster and
more consistent wireless connection.?*

Consumers' connectivity motivations will vary. Some may want to
remain productive and respond to work emails. Others may want
to continue conversations (when permitted), share selfies from
the sky or stream their choice of music rather than the airline’s
selection.

Airlines’ motivations are likely to be to meet customer demand,
attract and retain customers, and generate revenue.Revenue
could come directly, from the sale of airtime, or indirectly, when
IFC is offered free, as a way to acquire new customers or improve
loyalty. If it proves a revenue generator, IFC will allow airlines to
augment the already booming ancillary services market, which has
increased more than 13 times between 2007 and 2016.3%°

The most popular charging model is for a certain period of
connection time or for a flight (regardless of the route).*" Some
airlines may choose to offer certain, typically low-bandwidth
services (such as texting) for free or offer connectivity for free for

a certain period of time as a way to increase service awareness and
entice further usage.3%

Other airlines may choose to delay IFC deployment, given the
capital cost of between $200,000 and $300,000 per plane®, the
revenue forgone from grounding the plane during the three-day
installation®®*, and the on going cost for capacity. Some of these
costs may be offset by savings if IFC means that existing seatback
entertainment systems can be uninstalled or not installed in the
first place. Removing seatback entertainment would eliminate

a major maintenance cost, remove the capex spend on new
hardware or upgrades, and reduce fuel costs by reducing the
plane’s weight.2%

Some of the cost savings could be put toward purchasing capacity
and media content to be made available for consumption on
customers' personal devices. Improvements in compression
should enable content (including movies and TV programs) to be
streamed at high quality with less bandwidth.20¢
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Endnotes
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Augmented reality capability is likely to be included as standard across
multiple social network platforms, causing AR functionality to be
downloaded by default.

For examples of applications of AR, see Made with ARKit, Madewitharkit.
com, as accessed on 2 November 2017: http://www.madewitharkit.com/.

Until five years ago, the AR that most people have experienced was in

TV programs in the form of graphics created by professional designers.
This would include, for example, charts used in news programs or player-
tracking tools used by sports commentators.

For more information on the photorealism now available with AR, see
Reality, realistically augmented, Max-Planck-Gesellschaft, 24 February 2017:
https://www.mpg.de/11073847/augmented-reality-photorealistic.

Public service announcements could include augmented reality guides on
sugar, salt and fat content in packaged foods. Users could scan a bar code
and then have a visual representation of the sugar, salt and fat content

in the food. Sugar could, for example, be represented visually via the
equivalent number of sugar lumps in a soft drink.

For more information on how this works, see ARCore: Augmented Reality at
Android scale, Google, 29 August 2017: https://www.blog.google/products/
google-vr/arcore-augmented-reality-android-scale/; Introducing ARKit,
Apple Inc., as accessed on 02 November 2017: https://developer.apple.
com/arkit/. iPhone and ARKit are trademarks of Apple Inc., registered

in the US and other countries. Deloitte’s TMT Predictions report is an
independent publication and has not been authorized, supported or
otherwise approved by Apple Inc.

This essay is a very useful explanation of the underlying technologies that
enable current AR systems in smartphones; see Why is ARKit better than
the alternatives? Medium, 1 August 2017: https:/medium.com/super-
ventures-blog/why-is-arkit-better-than-the-alternatives-af8871889d6éa.

The camera tracks where you are relative to a point in the real world. The
IMU measures the user’s movement. A Kalman filter determines which of
the inputs (the camera or the IMU) is likely to be giving the more accurate
reading.

As of October 2017, there was a base of a few hundred million smartphones
that had dedicated support for AR. Apple smartphones with an A9, A10

or A11 processor are compatible with ARKit. Samsung S8 and Note 8 are
compatible with ARCore. For more information, see Introducing ARKit,
Apple Inc., as accessed on 2 November 2017: https://developer.apple.com/
arkit/; Google wants to bring augmented reality to your smartphone with
ARCore, Digital Trends, 18 October 2017: https://www.digitaltrends.com/
mobile/google-arcore-augmented-reality/.

Snapchat has launched an augmented reality art platform that enables
artwork to be placed within photos. The first artist to collaborate with this
initiative was Jeff Koons. For more information, see Artwork All Around You,
Snapchat, as accessed on 2 November 2017: https:/art.snapchat.com/.

A Games of Thrones AR promotion was made available via Facebook. This
was delivered by an app update. Game of Thrones rolls out AR camera
effect on Facebook, The Drum, 26 August 2017: http://www.thedrum.com/
news/2017/08/26/game-thrones-rolls-out-ar-camera-effect-facebook;

see Harness the power of Augmented Reality with camera effects
platform, Facebook, 18 April 2017: https://developers.facebook.com/blog/
post/2017/04/18/Introducing-Camera-Effects-Platform/; Introducing AR
studio, Facebook, as accessed on 2 November 2017: https://developers.
facebook.com/products/camera-effects/ar-studio/.

13.
14.

15.
16.

18.
19.
20.

21.

Adults are, for the purposes of this survey, those aged 18 to 75. In most
developed countries, this represents the vast majority of all adults. If we
were to include 16-to-17-year-olds as well, the penetration would increase
a little. The data is from Deloitte’s Global Mobile Consumer Survey across
16 developed markets, with a total sample of 29,056 respondents. The
countries surveyed are Australia (2,002), Belgium (2,002), Canada (2,002),
Denmark (1,003), Finland (1,002), Germany (2,000), Ireland (1,036), Italy
(2,000), Japan (2,003), Luxembourg (1,000), the Netherlands (2,000),
Norway (1,002), Spain (2,000), Sweden (2,002), the UK (4,002) and the

US (2,000). Deloitte’s Global Mobile Consumer Survey (GMCS) refers to
individual Deloitte member firms’ 2017 GMCS surveys, conducted between
May and July 2017. For more details, see https://www?2.deloitte.com/global/
en/pages/technology-media-and-telecommunications/articles/gx-global-
mobile-consumer-trends.html.

Ibid.

Ibid. The average views for 2017, based on survey responses, were 46.

Our view is that people in general underestimate the number of times
they interact with a phone, as most people do not count how many times
they do it. As of 2016, iPhone mobile device owners unlocked their phones
an average of 80 times per day. Apple's Penchant for Consumer Security,
Tech.pinions, 18 April 2016: https://techpinions.com/apples-penchant-for-
consumer-security/45122.

Ibid. As of 2017, this was 92 percent.

Deloitte Global estimates that there will be 180 million units of
smartphones sold by multiple vendors retailing at $1,000 or more (in

US dollars, or when converted into US dollars) in 2023. We estimate that
the average selling price will be $1,250 for this category, with the most
expensive devices priced at close to $2,000. Deloitte Global's forecast for
global tablet sales in 2017 was 165 million, a 10 percent decrease from the
prior year, and significantly lower than the 2014 peak of 230 million units.
See Deloitte Global's TMT Predictions 2017 - Have we passed peak tablet?
Deloitte Touche Tohmatsu Limited, 11 January 2017: https://www2.deloitte.
com/uk/en/pages/press-releases/articles/technology-trends-for-2017.html.

The figures are obtained by leveraging various press releases by GfK.

See Smartphone average selling price sees record year-on-year growth

in 3Q, GfK, 24 October 2017: http://www.gfk.com/insights/press-release/
smartphone-average-selling-price-sees-record-year-on-year-growth-in-
3q/; Global smartphone sales hit a quarterly high in Q4 2015, GfK, 3 March
2016: http://www.gfk.com/insights/press-release/global-smartphone-
sales-hit-a-quarterly-high-in-g4-2015/; Strongest Q3 smartphone sales

on record driven by demand in China, MEA and emerging APAC, GfK,

25 November 2015: http://www.gfk.com/insights/press-release/strongest-
g3-smartphone-sales-on-record-driven-by-demand-in-china-mea-and-
emerging-apac/; Global smartphone sales exceed 1.2b units in 2014, GfK,
17 February 2015: http:/www.gfk.com/insights/press-release/global-
smartphone-sales-exceed-12b-units-in-2014/.

Ibid.
Ibid.

Deloitte Global expects the majority of smartphones shipped in 2023

are likely to feature a single 5-to-6-inch touch screen (measured on the
diagonal) and two to four cameras, weigh 150 to 200 grams, and have

a lithium-ion battery (the same composition as used in a 2018 model).

By 2023, the majority of screens are likely to be OLED; in 2018, about a third
are likely to incorporate these screens.

China to blaze connectivity trail with a billion 5G users by 2023, TechRadar,
18 October 2017: http://www.techradar.com/news/china-to-blaze-
connectivity-trail-with-a-billion-5g-users-by-2023.
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As of 2017, multiple vendors had launched handset models with dedicated
Al chips. These include proprietary chips, which shows the importance
being placed on this processor as a differentiator. For more information,
see Why are smartphone chips suddenly including an Al processor?
Android Authority, 30 September 2017: https://www.androidauthority.com/
smartphone-ai-processor-803019/.

Huawei boosts smartphone 4G reliability and performance with lattice
semiconductor tunable antenna solution, Lattice Semiconductor, 7 July

2015: http://www.latticesemi.com/About/Newsroom/PressReleases/2015/2 35.

0150707Huawei.aspx.

Android phone makers set to follow Apple’s lead with Face ID, TechRadar, 36.

8 October 2017: http://www.techradar.com/news/android-phone-makers-
set-to-follow-apples-lead-with-face-id.

InJune 2017, Qualcomm announced a fingerprint sensor that can scan
through glass, aluminium and metal. Qualcomm announces advanced
fingerprint scanning and authentication technology, Qualcomm, 28 June
2017: https://www.qualcomm.com/news/releases/2017/06/28/qualcomm-
announces-advanced-fingerprint-scanning-and-authentication.

Superaccurate GPS chips coming to smartphones in 2018, IEEE Spectrum,
21 September 2017: https://spectrum.ieee.org/tech-talk/semiconductors/ 37
design/superaccurate-gps-chips-coming-to-smartphones-in-2018.

38.
At the end of 2017, the largest-size phone in terms of RAM was 6 GB. 2017
Smartphone Comparison Guide, New Atlas, 9 May 2017: https:/newatlas. 39.
com/best-smartphones-specs-features-comparison-2017/49418/.
For an explanation of how this works, big.LITTLE, arm Developer, as 40.

accessed on 6 November 2017: https://developer.arm.com/technologies/
big-little.

For more information, see Qi (standard), Wikipedia, as accessed on
6 November 2017: https://en.wikipedia.org/wiki/Qi_(standard). 41.

Hotel room access via smartphone is already available in some hotels
as of 2017, but rollout is currently minimal. For more information, see
“Frustrating” hotel room key cards could disappear within five years, The

Telegraph, 7 July 2017: http://www.telegraph.co.uk/news/2017/07/07/ 42.

frustrating-hotel-room-key-cards-could-disappear-within-five/.

As of 2017, there were a few car manufacturers, including Volvo and Tesla,

that supported or planned to support smartphone entry. Volvo's truly 43,

keyless entry: your smartphone, Extreme Tech, 15 March 2016: https://
www.extremetech.com/extreme/224665-volvos-truly-keyless-entry-
your-smartphone; Tesla’s Model 3 doesn’t come with a key, Mashable,
29 July 2017: http://mashable.com/2017/07/29/tesla-model-3-keyless-
smartphone-app/.

44,

This system was already available as of 2017 but had been rolled out in only
a few cities, including London. Mobile payments, Transport for London,

as accessed on 3 November 2017: https:/tfl.gov.uk/fares-and-payments/
contactless/other-methods-of-contactless-payment.

There are likely to be an increasing number of smartphones that
incorporate 3-D facial recognition. Android phone makers set to follow
Apple’s lead with Face ID, TechRadar, 8 October 2017: http:/www.
techradar.com/news/android-phone-makers-set-to-follow-apples-lead-
with-face-id.

Single lens reflex (SLR) cameras have a construction materially different
from that of smartphones and are likely to maintain their lead over
smartphones in terms of image quality. There is always likely to be a

need for SLR cameras. However, we also expect a growing number of
photography enthusiasts to use a smartphone instead of an SLR when the
highest-resolution images are not required.

45,
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For those who view and share photos mostly via a smartphone, the SLR is
likely to become increasingly eschewed. This is a trend similar to that for
music; traditional hi-fi setups, occasionally including vinyl records, are likely
to continue to offer the highest-fidelity reproduction. But smartphones
streaming high- or standard-resolution audio files to single box speakers
are likely to be increasingly used for music instead of traditional hi-fi. This

is because it is convenient and the combination of streaming and single
speaker is continuously improving.

Review: iPhone 8, TechCrunch, 19 September 2017: https://techcrunch.
com/2017/09/19/review-iphone-8/.

The data is from Deloitte's Global Mobile Consumer Survey across 16
developed markets, with a total of 29,056 respondents. The countries
surveyed are Australia (2,002), Belgium (2,002), Canada (2,002), Denmark
(1,003), Finland (1,002), Germany (2,000), Ireland (1,036), Italy (2,000), Japan
(2,003), Luxembourg (1,000), the Netherlands (2,000), Norway (1,002), Spain
(2,000), Sweden (2,002), the UK (4,002) and the US (2,000). Deloitte’s Global
Mobile Consumer Survey (GMCS) refers to individual Deloitte member
firms' 2017 GMCS surveys, conducted between May and July 2017. For more
details, see https://www2.deloitte.com/global/en/pages/technology-media-
and-telecommunications/articles/gx-global-mobile-consumer-trends.html.

Ibid.
Some tablets now have the processing power of midrange PCs.

A standard 50mm lens for an SLR camera alone weighs more than most
smartphones.

On SLR cameras, this effect is most likely to occur when using telephoto
or macro lenses, as they create shallow depth of field. For an explanation
of what the bokeh effect is and how this looks, see Bokeh, Wikipedia, as
accessed on 3 November 2017: https://en.wikipedia.org/wiki/Bokeh.

For a list of smartphones with this capability, see 2017 is the year of dual-
camera phones, but the best cameras are still single, The Verge, 1 August
2017: https://www.theverge.com/2017/8/1/16074480/dual-camera-phones-
2017-best-image-quality.

Portrait mode on the Pixel 2 and Pixel 2 XL smartphones, Google,
17 October 2017: https://research.googleblog.com/2017/10/portrait-mode-
on-pixel-2-and-pixel-2-xl.html.

The camera takes two lower-resolution photos and combines them. This
mimics the process used by phones with two cameras but achieves it with
just one. Google says Pixel 2 is so good, it doesn't need dual cameras, Cnet,
4 October 2017: https:/www.cnet.com/news/pixel-2-is-so-good-it-doesnt-
need-dual-cameras-google-says/.

More information and some examples of photographs taken with optical
image stabilization are shown here: https://www.androidauthority.com/
ois-optical-image-stabilization-explained-677976/.

This type of functionality is likely to have become mainstream by 2023,

in the same way that techniques such as HDR (high dynamic range) have
rapidly rolled out. HDR is software that creates a composite image with

a high dynamic range based on multiple shots at different exposures
taken in close sequence. HDR was first introduced in 2010 on iOS devices.
HDR photography with iPhone 4 and iOS 4.1: how good is it? ArsTechnica,
13 September 2017: https://arstechnica.com/gadgets/2010/09/hdr-
photography-with-iphone-4-and-ios-41/. The iPhone 8 mobile device and
Google Pixel are two smartphones that as of October 2017 had HDR on by
default. iPhone is a trademark of Apple Inc,, registered in the US and other
countries. Deloitte Global's TMT Prediction 2018 report is an independent
publication and has not been authorised, supported or otherwise approved
by Apple Inc.
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How to use Apple’'s terrific document scanner in iOS 11, The Verge,
26 September 2017: https://www.theverge.com/2017/9/26/16362386/
apple-ios-11-notes-document-scanner-how-to-use.

For more examples, see FLIR ONE tips & tricks, FLIR, as accessed in 2017:
http://www.flir.com/flirone/support/tips/.

Deloitte's Global Mobile Consumer Survey, 2017 edition. Respondents are all
aged 18-75, except for the following countries (Argentina, 18-55; Brazil, 18-55;
China, 18-50; Mexico, 18-50; Netherlands, 18-70; Russia, 18-59; Turkey, 18-50).

Itis worth noting that Japan is a little unusual in smartphone/feature
phone mix. Most developed world countries in our 2017 GMCS study have
penetration rates of 85 to 90 percent for smartphones and only 10 to 15
percent for feature phones, but Japan has only penetration of 60 percent
for smartphones and 31 percent for feature phones. This may account for
why Japanese perceptions of smartphone overuse are lower than they are
elsewhere.

Regional differences may have something to do with which brand of
phone people have. Just as there was a big difference between Finland
and Norway in terms of worrying about phone usage, so it is with phone
brands; the mix between major operating systems is different in the two
countries.

It was only 2.8 percent of children and young adults in a 2013 study of
mobile phones. Adolescent mobile phone addiction: A cause for concern?
Dr. Mark D. Griffiths, International Gaming Research Unit, Nottingham
Trent University, as accessed on 3 November 2017: http://www.academia.
edu/3372702/Griffiths_M.D._2013_._Adolescent_mobile_phone_
addiction_A_cause_for_concern_Education_and_Health_31_76-78.

DSM-IV Substance Dependence Criteria, Danya, as accessed on
3 November 2017: https://www.danya.com/dlc/bup/pdf/Dependence_DSM.
PDF.

Is smartphone addiction real? We ask the experts, Digital Trends, 1
November 2015: https://www.digitaltrends.com/mobile/is-smartphone-
addiction-real/.

It's “digital heroin”: How screens turn kids into psychotic junkies, NY Post,
27 August 2016: http://nypost.com/2016/08/27/its-digital-heroin-how-
screens-turn-kids-into-psychoticjunkies/.

Smartphones aren't addictive - but their increasing usage points to

bigger problems, Medium, 21 April 2017: https://medium.com/@jhreha/
smartphones-arent-addictive-but-their-increasing-usage-points-to-bigger-
problems-2507991d3f04; Video games aren't addictive, New York Times,

1 April 2017: https://www.nytimes.com/2017/04/01/opinion/sunday/video-
games-arent-addictive.html.

Itis worth noting that distracted driving is actually illegal in many countries.
Therefore, the self-reported numbers of how often people admit to using
their phones while driving are almost certainly minimal; the actual numbers
are most likely higher.

Apps to fight distracted driving, DMV.org, as accessed on 3 November 2017:
https://www.dmv.org/distracted-driving-apps.php.

Death by narcissism: The rise of selfie fatalities, The Irish Times, 16 June
2017: https://www.irishtimes.com/life-and-style/health-family/death-by-
narcissism-the-rise-of-selfie-fatalities-1.3121386.

Have smartphones destroyed a generation? The Atlantic, September
2017: https://www.theatlantic.com/magazine/archive/2017/09/has-the-
smartphone-destroyed-a-generation/534198/.

The Author of “The Hitchhiker's Guide to the Galaxy” Perfectly Captured the
“Rules” About How We React to Technology, Business Insider, 25 May 2014:
http://www.businessinsider.com/douglas-adams-on-technology-2014-5.
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Children of the '80s never fear: video games did not ruin your life,
Smithsonian, 25 May 2017: https://www.smithsonianmag.com/history/
children-80s-never-fear-video-games-did-not-ruin-your-life-180963452/.

No harm in horror: when Congress investigated whether comic books were
poisoning young minds, New York Daily News, 14 August 2017: http://www.

nydailynews.com/entertainment/federal-inquiry-comic-books-ruining-kids-
article-1.816665.

Rock and roll is banned in Santa Cruz, California, History, 3 June 1956:
http://www.history.com/this-day-in-history/rock-and-roll-is-banned-in-
santa-cruz-california.

Don't touch that dial, Slate, 15 February 2010: http://www.slate.com/
articles/health_and_science/science/2010/02/dont_touch_that_dial.html.

In calendar-year 2016, the major supplier of GPUs to data centers for
machine learning was Nvidia. The company has a January 31 year-end,
soits fiscal 2017 figures are close to calendar 2016 but off by one month.
In the quarters prior to Q4 fiscal 2016, NVDA reported GPU sales to data
centers of about $75 million per quarter, which was largely for the high-
performance computing (HPC, aka “supercomputers”) market. In fiscal
2017, they publicly reported total sales to data centers of $830 million,
and so for calendar 2016, we estimate that GPU sales to data centers
were about $800 million. Of that, about $300 million was HPC and other,
and therefore GPU sales for ML were about $500 million. When Nvidia
sells to the data center for ML, they don't just sell a GPU chip but also

an entire package, which usually includes memory and cooling. With

a very high-end GPU chip, these boards are expensive. The exact price,
pricing mix by product (in 2016, Nvidia sold all P4, P40 and K40 boards
for ML applications, all at different price points) and discounts for volume
purchase are not public information, but Deloitte Global (based largely on
the resale market) believes the average price in 2016 was between $2,500
and $5,000 per board, which suggests the total number of GPU chips for
ML in the data center (assuming one chip per board) was in the range of
100,000 to 200,000 for calendar 2016.

How large is the deep learning data center market? Seeking Alpha, 26 June
2017: https://seekingalpha.com/article/4084040-large-deep-learning-data-
center-market?page=2.

Investor Day Presentation 2017, Nvidia, 10 May 2017: http://files.shareholder.
com/downloads/AMDA-1XA|D4/4376258341x0x942329/A2FCD200-F141-
4A26-8E5D-215F6F2171E0/NVIDIA _Investor_Day_2017.pdf, slides 24 and 25.

Alogical calculus of the ideas immanent in nervous activity, Springer,
as accessed on 3 November 2017: https:/link.springer.com/
article/10.1007%2FBF02478259.

Atale of two cities: GPU Computing and Machine Learning, Dr. Xiaowen
Chu, Department of Computer Science, Hong Kong Baptist University, as
accessed on 3 November 2017: https://www.comp.hkbu.edu.hk/~chxw/
ppts/hkust_chxw.pptx.

Intel Xeon Phi Knights Mill for Machine Learning, Serve The Home,
21 August 2017: https://www.servethehome.com/intel-knights-mill-for-
machine-learning/.

And the winner of the best FPGA of 2016 is, EE Times, 6 March 2017:
https://www.eetimes.com/author.asp?doc_id=1331443.

Can FPGAs Beat GPUs in Accelerating Next-Generation Deep Neural
Networks? ACM, 22 February 2017: http://dl.acm.org/citation.
cfm?id=3021740.

Microsoft unveils Brainwave, a system for running super-fast Al, Venture
Beat, 22 August 2017: https://venturebeat.com/2017/08/22/microsoft-
unveils-brainwave-a-system-for-running-super-fast-ai/.
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Baidu adopts Xilinx to accelerate machine learning applications in the data
center, Xilinx, 17 October 2016: https://www.xilinx.com/news/press/2016/
baidu-adopts-xilinx-to-accelerate-machine-learning-applications-in-the-
data-center.html; As semiconductors’ focus on Al grows, Xilinx could be
awinner, Barron's, 23 August 2017: http://www.barrons.com/articles/as-
semiconductors-focus-on-ai-grows-xilinx-could-be-a-winner-1503506665.

Intel to ship new Nervana Neural Network Processor by end of 2017,
TechCrunch, 17 October 2017: https://techcrunch.com/2017/10/17/intel-to-
ship-new-nervana-neural-network-processor-by-end-of-2017/.

Fujitsu's ‘DLU" Al processor promises 10x the performance of ‘'The
Competition, Tom’s Hardware, 19 July 2017: http://www.tomshardware.
com/news/fujitsu-dlu-deep-learning-processor,35037.html.

An open-source software library for Machine Intelligence, Tensor Flow, as
accessed on 3 November 2017: https://www.tensorflow.org/.

Tensor processing unit, Wikipedia, as accessed on 3 November 2017:
https://en.wikipedia.org/wiki/Tensor_processing_unit.

Will ASIC chips become the next big thing in Al? Forbes, 4 August 2017:
https://www.forbes.com/sites/moorinsights/2017/08/04/will-asic-chips-
become-the-next-big-thing-in-ai/#19ebf7ed11d9.

The Deloitte Global 2017 prediction was for 300 million smartphones to
ship with onboard ML chips. These tend to be found only in the higher-end
phones ($400 and up), and we assume that another 300 million to 400
million smartphones will have onboard ML chips in 2018. But not all 2017
phones will still be in use by the end of 2018 (breakage, upgrades, etc.),

so we assume that there will be at least 500 million, likely more than 600
million, phones with these chips by the end of the year. https:/www2.
deloitte.com/content/dam/Deloitte/xe/Documents/technology-media-
telecommunications/predicitons2017/ME-Predictions-2017-Brains-at-the-
edge.pdf.

Intel unveils neural compute engine in Movidius Myriad X VPU to unleash Al
at the edge, Intel, 28 August 2017: https://newsroom.intel.com/news/intel-
unveils-neural-compute-engine-movidius-myriad-x-vpu-unleash-ai-edge/.

Speck-size computers: now with deep learning, IEEE, 28 March 2017: http:/
spectrum.ieee.org/semiconductors/processors/specksize-computers-
now-with-deep-learning.

True North, Wikipedia, as accessed on 3 November 2017: https://
en.wikipedia.org/wiki/TrueNorth; IBM Finds Killer App for TrueNorth
Neuromorphic Chip, Top 500, 24 September, 2016 https:/www.top500.
org/news/ibm-finds-killer-app-for-truenorth-neuromorphic-chip/.

US Military Sees Future in Neuromorphic Computing, The Next Platform,
26 June, 2017: https://www.nextplatform.com/2017/06/26/u-s-military-
sees-future-neuromorphic-computing/.

Blogging the Periodic Table: Aluminum, Slate, 30 July 2010: http://www.slate.

com/articles/health_and_science/elements/features/2010/blogging_the_
periodic_table/aluminum_it_used_to_be_more_precious_than_gold.html.

It's Elemental: Aluminum, Jefferson Lab, Accessed on 6 November 2017:
https://education.jlab.org/itselemental/ele013.html.

2017 Deloitte State of Cognitive Survey, November 2017: https:/www2.
deloitte.com/us/en/pages/deloitte-analytics/articles/cognitive-technology-
adoption-survey.html#.

IDC Spending Guide Forecasts Worldwide Spending on Cognitive
and Artificial Intelligence Systems to Reach $57.6 Billion in

2021, IDC, 25 September 2017 https://www.idc.com/getdoc.
jsp?containerld=prus43095417.
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Deloitte study op. cit. 2017 Deloitte State of Cognitive Survey.

For a discussion of supply and demand of data science skills, see The quant
crunch: How the demand for data science skills is disrupting the job market,
IBM, accessed 6 November 2017: https://www-01.ibm.com/common/ssi/
cgi-bin/ssialias?htmlfid=IML14576 USEN&..

This article provides a perspective on the early stage of development of
ML tools: The evolution of machine learning, TechCrunch, 8 August 2017:
https://techcrunch.com/2017/08/08/the-evolution-of-machine-learning/.

For a discussion of the challenge and some ways around it, see Weak
supervision: The new programming paradigm for machine learning,
Stanford University, 16 July 2017: http://dawn.cs.stanford.edu/2017/07/16/
weak-supervision/.

For a high-level discussion of this challenge, see The business case for
machine learning interpretability, Fast Forward Labs, 2 August 2017: http:/
blog fastforwardlabs.com/2017/08/02/business-interpretability.html; for

a discussion of how the European Union’s new General Data Protection
Regulation effectively creates a “right to explanation” that will increase
demand for interpretable algorithms and models, see European Union
regulations on algorithmic decision-making and a “right to explanation”
report, Bryce Goodman and Seth Flaxman, Cornell University, 31 August
2016: https://arxiv.org/pdf/1606.08813.pdf.

For a discussion of ML automation, see Driverless Al blog, H20.ai,
13 July 2017: https://blog.h20.ai/category/automl/.

Automated machine learning - paradigm shift that accelerates data
scientist productivity @ Airbnb, Medium, 10 May 2017: https:/medium.
com/airbnb-engineering/automated-machine-learning-a-paradigm-shift-
that-accelerates-data-scientist-productivity-airbnb-f1f8a10d61f8.

For a partial list, see Automated data science and data mining, KDnuggets,
4 March 2016: https://www.kdnuggets.com/2016/03/automated-data-
science.html; as of October 2017, one start-up in this area, DataRobot, had
raised $125 million from venture investors. Google has introduced machine
learning modeling techniques called AutoML. Using machine learning

to explore neural network architecture, Google, 17 May 2017: https:/
research.googleblog.com/2017/05/using-machine-learning-to-explore.
html.

New resources for deep learning with the Neuromation platform, Medium,
9 October 2017: https://medium.com/neuromation-io-blog/new-resources-
for-deep-learning-with-the-neuromation-platform-55fd411cb440.

9 Reasons to crowdsource data science projects, InformationWeek,
19 February 2016: https://www.informationweek.com/big-data/big-
data-analytics/9-reasons-to-crowdsource-data-science-projects/d/d-
id/1324377.

Artificial data give the same results as real data - without compromising
privacy, Massachusetts Institute of Technology, 3 March 2017: http:/news.
mit.edu/2017/artificial-data-give-same-results-as-real-data-0303.

For instance, see Extract insight from data with indico’s API, Indico, as
accessed on 7 November 2017: https://indico.io/product?api=custom.

How Alis shaking up the chip market, Wired, 28 October 2016:
https://www.wired.com/2016/10/ai-changing-market-computer-chips/.

Building an Al chip saved Google from building a dozen new data centers,
Wired, 4 May 2017: https://www.wired.com/2017/04/building-ai-chip-saved-
google-building-dozen-new-data-centers/.

Supervisory guidance on model risk management, The Federal Reserve
System, 4 April 2011: https://www.federalreserve.gov/supervisionreg/
srletters/sr1107a1.pdf.
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Making computers explain themselves, Massachusetts Institute of
Technology, 27 October 2016: http://news.mit.edu/2016/making-
computers-explain-themselves-machine-learning-1028.

Machine-learning interpretability with H20 driverless Al, H20.ai, September
2017: https://www.h20.ai/wp-content/uploads/2017/09/MLI.pdf.

DataScience.com releases python package for interpreting the decision-
making processes of predictive models, DataScience.com, 23 May 2017:
https://www.datascience.com/newsroom/datascience-releases-skater-
python-package-for-predictive-model-interpretation.

New DataRobot release extends enterprise readiness capabilities and
automates machine learning in insurance industry pricing models,
DataRobot, 24 July 2017: https://www.datarobot.com/news/new-datarobot-
release-extends-enterprise-readiness-capabilities-and-automates-
machine-learning-in-insurance-industry-pricing-models/.

For more information, see Research FF0O6 - Interpretability, Fast Forward
Labs, July 2017: https://www.fastforwardlabs.com/research/FFO6.

See Deloitte Global's TMT Predictions 2017 - Brains at the edge: machine
learning goes mobile, 14 January 2017: https://www2.deloitte.com/us/
en/pages/technology-media-and-telecommunications/articles/tmt-
predictions.html.

Google's TensorFlow Lite brings machine learning to Android devices,
TechCrunch, 17 May 2017: https://techcrunch.com/2017/05/17/googles-
tensorflow-lite-brings-machine-learning-to-android-devices/; Microsoft
wants to bring Al to Raspberry Pi and other tiny devices, ZDNet, 30 June
2017: http://www.zdnet.com/article/microsoft-wants-to-bring-ai-to-
raspberry-pi-and-other-tiny-devices/; Facebook open sources Caffe2, its
flexible deep learning framework of choice, TechCrunch, 18 April 2017:
https://techcrunch.com/2017/04/18/facebook-open-sources-caffe2-
its-flexible-deep-learning-framework-of-choice/; Apple announces new
machine-learning APl to make mobile Al faster, The Verge, 5 June 2017:
https://www.theverge.com/2017/6/5/15725994/apple-mobile-ai-chip-
announced-wwdc2017.

Microsoft wants to bring Al to Raspberry Pi and other tiny devices, ZDNet,
30June 2017: http://www.zdnet.com/article/microsoft-wants-to-bring-ai-to-
raspberry-pi-and-other-tiny-devices/.

The rise of Al is forcing Google and Microsoft to become chipmakers, Wired,
25 July 2017: https://www.wired.com/story/the-rise-of-ai-is-forcing-google-
and-microsoft-to-become-chipmakers/; Apple is working on a dedicated
chip to power Al on devices, Bloomberg, 27 May 2017: https://www.
bloomberg.com/news/articles/2017-05-26/apple-said-to-plan-dedicated-
chip-to-power-ai-on-devices.

For more information, see Research FF0O6 - Interpretability, Fast Forward
Labs, July 2017: https://www.fastforwardlabs.com/research/FFO6.

Deloitte analysis based on multiple sources. These sources are referenced
in subsequent end notes.

Deloitte analysis based on multiple sources.

Deloitte Global estimates based on multiple sources, including for pay TV
revenue; see Global Pay TV & OTT Trends, Digital TV research, 11 October
2017: https://www.digitaltvresearch.com/ugc/press/217.pdf; for advertising
revenue, see Internet advertising expenditure to exceed US$200bn this
year, 26 March 2017: https://www.zenithmedia.com/internet-advertising-
expenditure-to-exceed-us200bn-this-year/ and Global Advertising
Forecast, 5 December 2016: https://www.magnaglobal.com/wp-content/
uploads/2016/12/MAGNA-December-Global-Forecast-Update-Press-
Release.pdf.
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In the US, as of Q1 2017, there was a DVR/time-shifted TV average of 34
minutes across US adults aged 18+, out of a total of 4:58. As at this time,
there were 230,906,000 adults aged 18+, of which 162,171,000 (about 70
percent) time shifted. Total time-shifted viewing hours for this period were
about 7,850,804,000 minutes per day, or 48 minutes per viewer who uses
time-shifting. Exhibit 1, average time spent per adult 18+ per day and Table
2A - user by medium for Q1 2017. Nielsen Total Audience Report Q1-2017,
Nielsen, 7 December 2017, page 16: Table 2A - Users by medium for g1
2017: http://www.nielsen.com/us/en/insights/reports/2017/the-nielsen-
total-audience-report-g1-2017.html. In the UK, in 2016, time shifted viewing
was 13.8 percent of the total. Viewing report, page 23, BARB: http://www.
barb.co.uk/download/?file=/wp-content/uploads/2017/04/Barb-Viewing-
Report-2017.pdf.

Deloitte Global estimate based on multiple sources, including Global
Pay TV & OTT Trends, Digital TV research, 11 October 2017: https://www.
digitaltvresearch.com/ugc/press/217.pdf.

There are 292,497 viewers aged 2+, of which 204,720 had access to
DVR/time-shifted TV. Nielsen Total Audience Report Q1-2017, Nielsen,

7 December 2017, page 16: Table 2A - Users by medium for Q1 2017: http://
www.nielsen.com/us/en/insights/reports/2017/the-nielsen-total-audience-
report-q1-2017.html.

There were 90 days in the first quarter of 2017, and daily viewing was an
aggregate 1,126,702,554 hours.

US population numbers are from US Census Bureau, US Department of
Commerce, as accessed on 1 November 2017: https://www.census.gov/
quickfacts/fact/table/US/PST045216; US TV viewing from Nielsen. See
Nielsen Total Audience Report Q1-2017, Nielsen, 7 December 2017: http:/
www.nielsen.com/us/en/insights/reports/2017/the-nielsen-total-audience-
report-q1-2017.html.

Amazon wins rights to stream 10 Thursday night NFL games, Financial
Times, 5 April 2017: https://www.ft.com/content/1313d7f4-19ba-11e7-9¢35-
0dd2cb31823a.

See Amazon Video, Amazon.co.uk, as accessed on 5 June 2017: https://
www.amazon.co.uk/b/?_encoding=UTF8&filterld=OFFER_FILTER%3DSUBSC
RIPTIONS&node=3010085031&ref=DVM_PDS_PDS_UK_SB_C_BRANPBb2.

National Football League and Twitter announce streaming partnership

for Thursday Night Football, NFL Communications, as accessed on 5 June
2017: https://nflcommunications.com/Pages/National-Football-League-
and-Twitter-Announce-Streaming-Partnership-for-Thursday-Night-Football.
aspx.

Twitter shares leap on live-streaming deals, Financial Times, 3 May 2017:
https://www.ft.com/content/046b7f76-2f78-11e7-9555-23ef563ecf9a.

BBC partners with Twitter to live stream five general election specials,
The Drum, 28 May 2017: http://www.thedrum.com/news/2017/05/28/bbc
partners-with-twitter-live-stream-five-general-election-specials.

Juventus v Real Madrid: Live stream Champions League final online or
watch on TV with BT Sport, BT, 4 June 2016: http://sport.bt.com/football/
champions-league/juventus-v-real-madrid-live-stream-champions-league-
final-online-or-watch-on-tv-with-bt-sport-511364183126976.

Facebook makes biggest pitch yet for competing with TV, Financial Times,
19 May 2017: https://www.ft.com/content/5326b5a2-3bf5-11e7-821a-
6027b8a20f23.

For information on costs, see Hulu, as accessed on 5 June 2017:
https://www.hulu.com/welcome.
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SiriusXM subscribers exceeded 31 million at the end of 2016. Total

revenue increased by 10 percent to $5 billion. See SiriusXM Reports Fourth
Quarter and Full-Year 2016 Results, SiriusXM, 2 February 2017: http:/
investor.siriusxm.com/investor-overview/press-releases/press-release-
details/2017/SiriusXM-Reports-Fourth-Quarter-and-Full-Year-2016-Results/
default.aspx. The total value of the commercial radio market was $17.37
billion as of 2015: US Radio Revenue: $17.4 Billion, Down 1% Last Year, Radio
World, 3 March 2016: http://www.radioworld.com/business-and-law/0009/
us-radio-revenue-174-billion-down-1-last-year/336865.

RAJAR Data Release Report, Q1 2017, RAJAR, 16 May 2017: http://www.rajar.
co.uk/docs/news/RAJAR_DataRelease_InfographicQ12017.pdf.

By 2021, US online radio advertising revenue will account for more than
one-tenth of the global online radio advertising revenue, PWC: https://
www.pwc.com/gx/en/industries/entertainment-media/outlook/segment-
insights/radio.html.

Deloitte Global estimate based on multiple sources including Technavio as
seen in Concert ticket market to top $24bn by 2021, IQ, 6 November 2017:
https://www.ig-mag.net/contact-us/#.WgB7wFu0Opo; Measuring Music
2017, UK Music, 2017: https://www.ukmusic.org/assets/general/Measuring_
Music_2017_Final.pdf.

Why are B2B publishers doubling down on events and information?
The Media Briefing, 5 November 2015: https://www.themediabriefing.
com/article/why-are-b2b-publishers-doubling-down-on-events-and-
information.

Deloitte Global estimate based on multiple sources including Deloitte
Football Money League: Planet Football, Deloitte LLP, January 2017:
https://www2.deloitte.com/uk/en/pages/sports-business-group/articles/
deloitte-football-money-league.html; Why TV ratings in sports are

more important than attendance, Business Insider, 17 November 2015:
http://uk.businessinsider.com/sports-tv-ratings-more-important-than-
attendance-2015-11.

Measuring Music 2016 report, UK Music, 9 September 2016:
http://www.ukmusic.org/assets/general/measuring-music-2016.pdf.

The Demographics of the Broadway Audience, 2015-2016 SEASON,
The Broadway League, as accessed on 1 November 2017: https://www.
broadwayleague.com/research/research-reports/.

For West End, see Top West End shows join Mayor's “London Is Open for
Summer” campaign, Greater London Authority, 27 July 2017: https://www.
london.gov.uk/press-releases/mayoral/west-end-support-for-london-is-
open-for-summer; for Broadway, see The Demographics of the Broadway
Audience, 2015-2016 SEASON, The Broadway League, as accessed on 1
November 2017: https://www.broadwayleague.com/research/research-
reports/.

U2 has the biggest tour of 2017 with Joshua Tree International

Trek, Billboard, 10 July 2017: http://www.billboard.com/articles/
business/7858100/u2-joshua-tree-tour-biggest-2017; U2's The Joshua Tree
tour 2017 earns $62 million in first month on the road, Billboard, 15 June
2017: http://www.billboard.com/articles/columns/chart-beat/7833762/u2-
joshua-tree-tour-2017-hot-tours.

2017 mid-year special features, Pollstar, 14 July 2017: https://www.pollstar.
com/article/2017-mid-year-special-features-132376.

2016 Top markets report media and entertainment case study, Department
of Commerce, USA, as accessed on 1 November 2017: https:/www.trade.
gov/topmarkets/pdf/Media_and_Entertainment_China.pdf.

Statistics - 121st Canton Fair, China Foreign Trade Centre, as accessed
on 5 June 2017: http://www.cantonfair.org.cn/html/cantonfair/en/
about/2012-09/137.shtml.
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GSMA Mobile World Congress 2012 shatters attendance records, GSMA,
1 March 2012: http://www.gsma.com/newsroom/press-release/gsma-
mobile-world-congress-2012-shatters-attendance-records/.

2017 event highlights, Mobile World Congress, as accessed on 5 June 2017:
https://www.mobileworldcongress.com/start-here/2017-event-highlights/.

There is no event experience like CES, CES, as accessed on 5 June 2017:
http://www.ces.tech/Why-CES/CES-by-the-Numbers.

See CES 2012 sets all-time records for attendance, exhibitors and
claimed floor space, Engadget, 13 January 2013: https://www.engadget.
com/2012/01/13/ces-2012-sets-all-time-records-for-attendance-exhibitors/.

Linden Lab launches enterprise version of Second Life virtual world,
VentureBeat, 3 November 2009: https://venturebeat.com/2009/11/03/
linden-lab-launches-enterprise-version-of-second-life-virtual-world/.

Ibid.

Second Life discontinues enterprise platform, Hypergrid Business,
19 August 2010: http://www.hypergridbusiness.com/2010/08/second-life-
discontinues-enterprise-platform/.

Why are B2B publishers doubling down on events and information?
The Media Briefing, 5 November 2015: https://www.themediabriefing.
com/article/why-are-b2b-publishers-doubling-down-on-events-and-
information.

Record breaking year for GSMA Mobile World Congress as 108,000 attend
industry’s premier event, GSMA, 2 March 2017: https://www.gsma.com/
newsroom/press-release/record-breaking-year-for-gsma-mobile-world-
congress-as-108000-attend/; exchange rates used as of 01 November 2017.

The European Club Footballing Landscape, UEFA, as accessed on

1 November 2017: http://www.uefa.com/MultimediaFiles/Download/
OfficialDocument/uefaorg/Finance/02/42/27/91/2422791_DOWNLOAD.
pdf.

Ibid.
Ibid.

For information on spend on broadcast rights, see Annual Review of Football
Finance 2017, Deloitte LLP, Chart 7: https://www2.deloitte.com/uk/en/pages/
sports-business-group/articles/annual-review-of-football-finance.html.

Theatrical market statistics, Motion Picture Association of America, as
accessed on 1 November 2017: https://www.mpaa.org/wp-content/
uploads/2017/03/MPAA-Theatrical-Market-Statistics-2016_Final-1.pdf.

How China has taken over the worldwide box office market in 2017, Forbes,
4 March 2017: https://www.forbes.com/sites/markhughes/2017/03/04/
how-china-has-taken-over-the-worldwide-box-office-in-
2017/#2b32a8687092.

Food sales hit record as Cineplex profit more than doubles, The Star, 8
May 2015: https://www.thestar.com/business/2015/05/08/cineplex-profit-
double-as-concessions-spending-hits-record.html.

Ibid.

China’s live streaming boom may be about to pay off globally for Beijing
start-up, The Street, 12 February 2017: https://www.thestreet.com/
story/13999036/1/chinas-live-streaming-boom-may-be-about-to-pay-off-
globally-for-beijing-start-up.html.

Showdown brewing: With lessons learned in China, a rival is taking on
Facebook, Snapchat and YouTube, CNBC, 19 July 2017: https://www.cnbc.
com/2017/07/19/showdown-brewing-with-lessons-learned-in-china-a-rival-
is-taking-on-facebook-snapchat-and-youtube.html.
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YY reports second quarter 2017 unaudited financial results, YY, 10 August
2017: http://investors.yy.com/s/download/YY%20Reports%20Second%20
Quarter%202017%20Unaudited%20Financial%20Result.pdf.

China'’s live streaming boom may be about to pay off globally for Beijing
start-up, South China Morning Post, 13 February 2017: http://www.scmp.
com/tech/start-ups/article/2070238/chinas-live-streaming-boom-may-be-
about-pay-globally-beijing-start.

China’s live streaming boom may be about to pay off globally for Beijing
start-up, The Street, 12 February 2017: https://www.thestreet.com/
story/13999036/1/chinas-live-streaming-boom-may-be-about-to-pay-off-
globally-for-beijing-start-up.html.

Super Chat in live streams, Google, as accessed on 1 November 2017:
https://support.google.com/youtube/answer/7277005?visit_id=1-
636198443586041810-2420432504&p=live_purchase&rd=1.

Introducing Cheering: Celebrate, together, Twitch Blog, 27 June 2016:
https://blog.twitch.tv/introducing-cheering-celebrate-together-
da62af41face.

eSports revenues will reach $696 million this year and grow to $1.5 billion
by 2020 as brand investment grows, Newzoo, 14 February 2017: https:/
newzoo.com/insights/articles/esports-revenues-will-reach-696-million-
in-2017/.

esports video & the future of TV, IHS, 11 May 2017: https://technology.ihs.
com/592040/esports-video-and-the-future-of-tv.

F1 launches the Formula 1 eSports Series, Formula One World
Championship, 21 August 2017: https://www.formulal.com/en/latest/
headlines/2017/8/f1-launches-the-formula-1--esports-series.html.

FIFA and EA Sports to launch new eSports series, SportsPro Media,
30 October 2017: http://www.sportspromedia.com/news/fifa-and-ea-
sports-to-launch-new-esports-series.

In the US, subscription stacking for multiple SVOD services has been a
notable feature for several years, but as of 2018, we are seeing acceleration
in the trend spanning multiple media.

We estimate that about a fifth of US homes in the 1970s would have had
10 or more media subscriptions. Appetite for monthly media remains
strong; these media subs have come back, but via a changed delivery
mechanism, and we may even be paying about the same; $1,200 in 2017 is
the equivalent of $284 in 1977, or under $24 per month.

It seems likely that at least a fifth of US homes in the 1970s would have had
10 or more media subscriptions. For that to turn into 10 or more digital
media subscriptions shows that while the delivery mechanism may be
changing, human appetite for monthly media remains strong.

In 1977, the average newspaper cost about $5 per month delivered, cable
TV was $7.50 and weekly magazines were $2 to $3 per month. A two-paper,
four-magazine home with cable (not usual) would be spending well over
$25 per month.

Select the premium subscription that suits you, Telegraph, as accessed on
3 November 2017: http://www.telegraph.co.uk/subscriptions/.

Spotify and Hulu unveil first of its kind premium entertainment
streaming bundle, Spotify, 7 September 2017: https://news.spotify.com/
us/2017/09/07/spotify-and-hulu-streaming-bundle/.

Number of global mobile subscribers to surpass five billion this year,
finds new GSMA study, GSMA, 27 February 2017: https:/www.gsma.
com/newsroom/press-release/number-of-global-mobile-subscribers-to-
surpass-five-billion-this-year/.
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For example, Spotify can be quickly accessed from a wide range of
connected speakers and other devices, ranging from smart watches to
connected lights. For more information, see Spotify Gear, as accessed on
3 November 2017: https://www.spotifygear.com/.

This process uses name, address and credit card information that is already
stored on the phone; entering all this information in a form could take a few
hundred keystrokes, putting off most potential subscribers.

For more information, see Prints charming: biometric security reaches
the billions, Technology, Media and Telecommunications Predictions 2017,
Deloitte Touche Tohmatsu Limited, 11 January 2017: www.deloitte.com/
tmtpredictions.

Doubling up on pay-TV, Deloitte TMT Predictions, Deloitte Global,

January 2014 https://www2.deloitte.com/content/dam/Deloitte/global/
Documents/Technology-Media-Telecommunications/dttl_TMT_Predictions-
2014-Ic2.pdf.

How Disney wants to take on Netflix with its own streaming services, The
New York Times, 8 August 2017: https://www.nytimes.com/2017/08/08/
business/media/disney-streaming-service.html.

Sky to launch “Simple and Affordable” OTT service in Spain, Variety,
26 July 2017: http://variety.com/2017/tv/news/sky-launching-ott-
spain-1202508252/.

Formula 1 plans to launch in-house streaming service in 2018, Autosport,
21 October 2017 https://www.autosport.com/f1/news/132542/f1-plans-to-
launch-live-streaming-service.

Netflix looks beyond US originals, Broadcast, 28 September 2017:
https://www.broadcastnow.co.uk/international/netflix-looks-beyond-us-
originals/5122736.article.

HBO Nordic moves into originals with comedy drama “Gosta,” Variety,
19 September 2017: http://variety.com/2017/tv/news/hbo-nordicAfirst-
originals-gosta-1202563486/.

HBO Espana orders original series on Basque conflict ‘Patria,’ Variety,
21 September 2017: http://variety.com/2017/tv/global/hbo-espana-alea-
media-develop-patria-1202565131/.

TV series budgets hit the breaking point as costs skyrocket in peak TV era,
Variety, 26 September 2017: http://variety.com/2017/tv/news/tv-series-
budgets-costs-rising-peak-tv-1202570158/.

Young subscribers flock to old media, Politico, 21 October 2017: http:/www.
politico.com/story/2017/10/21/millennials-trump-paying-for-news-244001.

Scandinavia emerges as gold standard in digital subscriptions,
International News Media Association, 22 October 2017: https://www.inma.
org/blogs/earl/post.cfm/scandinavia-emerges-as-gold-standard-in-digital-
subscriptions.

How the Guardian found 800,000 paying readers, The Drum, 26 October
2017: http://www.thedrum.com/opinion/2017/10/26/how-the-guardian-
found-800000-paying-readers.

One publisher, Amedia, found that including live streams of lower-league
Norwegian football matches was crucial to triggering subscription sales,
even if the match was being covered by just one camera. Scandinavia
emerges as gold standard in digital subscriptions, INMA, 22 October 2017:
https://www.inma.org/blogs/earl/post.cfm/scandinavia-emerges-as-gold-
standard-in-digital-subscriptions.

NYTimes revenues boosted by digital subscriptions, online ads, Financial
Times, 31 October 2017: https://www.ft.com/content/015ed88f-d253-343¢
a18d-890c3e15ac93.
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Ibid.

Washington Post digital subscriptions soar past 1 million mark, CNN, 26
September 2017: http://money.cnn.com/2017/09/26/media/washington-
post-digital-subscriptions/index.html.

How The Washington Post grew digital subscriptions 145 percent, Digiday,
12 July 2016: https://digiday.com/media/washington-post-grew-digital-
subscriptions-145-percent/.

FT reports 650,000 digital subscribers with boosts around last year's Brexit
vote and US election, Press Gazette, 3 April 2017: http://www.pressgazette.
co.uk/ft-reports-650000-digital-subscribers-with-boosts-around-last-
years-brexit-vote-and-us-election/.

The Times and The Sunday Times achieve record subscriptions, News UK,
21 July 2016: https://www.news.co.uk/2016/07/the-times-and-the-sunday-
times-achieve-record-subscriptions-and-outperform-market-in-abc
figures-released-today/.

Guardian’s losses hit £69m but it gains more than 50,000 paying members,
The Guardian, 27 July 2016: https://www.theguardian.com/media/2016/
jul/27/guardian-losses-members.

The Guardian's membership scheme hits the 200,000 members
“milestone,” Campaign, 14 March 2017: http:/www.campaignlive.
co.uk/article/guardians-membership-scheme-hits-200000-members-
milestone/1427235.

Thank you for your support, which is more important now than ever, The
Guardian, as accessed on 5 June 2017: https://www.theguardian.com/
membership/2017/mar/13/thank-you-for-your-support-which-is-more-
important-now-than-ever.

Telegraph axes metered paywall and launches premium subscription
service, The Guardian, 3 November 2017: https://www.theguardian.com/
media/2016/nov/03/telegraph-paywall-premium-subscriptions.

Business Insider now has a 40-person research group and 7,500
subscribers, Digiday, 17 May 2017: https://digiday.com/media/business-
insider-now-40-person-research-group-7500-subscribers/.

CNN Plans to Offer Subscriptions for Digital News Next Year, The Wall Street
Journal, 3 November 2017: https://www.wsj.com/articles/cnn-plans-to-
offer-subscriptions-for-digital-news-next-year-1509701401.

Conde Nast sees commerce opportunities in branded subscription
boxes, Digiday, 16 May 2017: https://digiday.com/media/conde-nast-sees-
commerce-opportunities-branded-subscription-boxes/.

Ibid.

For more information on gift boxes, see the subscription page of Allure,
Allure, as accessed on 5 June 2017: https://subscribe.allure.com/subscribe/
allure/109007.

For example, EE in the UK offers six months of Apple Music to new and
existing customers; see Free Apple Music, EE, as accessed on 13 November
2017: http://ee.co.uk/why-ee/apple-music. Customers on Vodafone UK's Pay
Monthly Red Entertainment plan can have Spotify for up to 24 months; see
Get up to 24 months of Spotify Premium on us, Vodafone, as accessed on
13 November 2017: https://www.vodafone.co.uk/explore/music-tv-and-
sports/spotify/. In the US, customers who sign up to two or more lines of
T-Mobile ONE have free Netflix; see Netflix on us, T-Mobile, as accessed on
13 November 2017: https://www.t-mobile.com/offers/ucnext.

As of March/May 2017, there were 26.4 million subscribers to Sony's
PlayStation Plus network. Sony IR Day 2017, Sony, 23 May 2017: https://
www.sony.net/SonyInfo/IR/calendar/presen/irday/irday2017/GNS_E.pdf.
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Gran Turismo Sport review: A brilliant, but very new, direction for the series,
Ars Technica, 23 October 2017: https://arstechnica.co.uk/gaming/2017/10/
gran-turismo-sport-review/.

For more information, see Blockchain @ Media: A New Game Changer
for the Media Industry?, Monitor Deloitte, 2017: https://www?2.deloitte.
com/content/dam/Deloitte/tr/Documents/technology-media-
telecommunications/deloitte-PoV-blockchain-media.pdf.

Ad-blocking on the rise in emerging markets: Mary Meeker, The Hindu
Business Line, 1 June 2017: http://www.thehindubusinessline.com/
catalyst/ad-blocking-on-the-rise-in-emerging-markets-mary-meeker/
article9717805.ece.

Google to build ad-blocker into Chrome browser to tackle intrusive ads, The
Guardian, 2 June 2017: https://www.theguardian.com/technology/2017/
jun/02/google-build-adblocker-intrusive-ads-chrome-browser.

The Hindu Business Line: http://www.thehindubusinessline.com/
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with IFC by the end of 2018. This estimate is based on conversations with
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2017: http://www.getconnected.aero/2017/09/7000-aircraft-inflight-
connectivity/; In-flight connectivity revenue $32bn by 2026, Advanced
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at the end of Q2 2017 is 6,758; see Nearly 7,000 aircraft now have
in-flight connectivity, Get Connected, 18 September 2017: http:/www.
getconnected.aero/2017/09/7000-aircraft-inflight-connectivity/.
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to 400 Mbit/s, see Hughes unveils new JUPITER aero system for IFC, Get
Connected, 8 March 2017: http://www.getconnected.aero/2017/03/hughes-
jupiter-aero-systeme-ifc/.

From a satellite in geostationary orbit, beams are tightest at the equator
and more dispersed at the poles. Therefore, a flight would have higher
speeds at the equator than over the pole.

Sector dynamics, analysis & forecasts addressing the IFEC market,
Euroconsult: http://www.euroconsult-ec.com/ifec.
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phones/shdaily.shtml.
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inflight-connectivity-air-china/.
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Honeywell survey confirms growing demand for in-flight connectivity,
Inmarsat, as accessed on 31 October 2017: https://www.inmarsat.
com/news/honeywell-survey-confirms-growing-demand-for-in-flight-
connectivity/.

For a view on growth in ancillary revenues, see the top 10 airlines, ranked
by total ancillary revenue, which generated $2.1 billion in 2007. In 2016, this
had grown to more than $28 billion. Airlines look to take flight with lucrative
extras, 18 September 2017: https://www.ft.com/content/9ff6e4b4-9c40-
11e7-9a86-4d5a475ba4cs.

For example, Turkish airlines charge $9.99 per hour or $14.99 for 24 hours;
Air Canada charges $9.95 per flight for a laptop, $7.95 per flight for a
handheld device. Review: Turkish airlines economy aboard a transatlantic
777 flight, airlinereporter.com, 27 June 2016: http://www.airlinereporter.
com/2016/06/review-turkish-airlines-economy-aboard-transatlantic-777-
flight/.

Free messaging takes flight, Delta Air Lines, as accessed on 31 October
2017: https://www.delta.com/content/www/en_US/traveling-with-us/
onboard-services/delta-studio/in-flight-wi-fi.nhtml.

What's the cost of equipping a plane with wifi? Tnooz.com, 30 September
2013: https://www.tnooz.com/article/whats-cost-equipping-plane-wifi-
inflight-musings/.

Gogo Has More In-Flight Internet Bandwidth Than It Knows What to Do
With (Sometimes), Skift, 27 February 2017: https://skift.com/2017/02/27/
g0go-says-it-has-a-bandwidth-abundance-on-some-planes/.

Itis estimated that for a plane with 260 seats, seatback screens cost

$3 million per plane, while the weight of cabling required for the system
costs $90,000 in extra fuel per year per aircraft. For more information, see
Airlines Entertain Tablet Ideas, The Wall Street Journal, 27 September 2012:
https://www.wsj.com/articles/SB100008723963904439161045780206017
59253578.

For example, in 2018, Netflix will start offering a compression technology
that will allow passengers to watch Netflix at high quality, while airlines can
decrease their bandwidth costs by 75 percent. See Netflix takes to skies,
pitching airlines on in-flight streaming tech, Variety, 25 September 2017:
http://variety.com/2017/digital/news/netflix-airlines-in-flight-streaming-
technology-free-wifi-1202569965/.

For a view on this for JetBlue, see The connected aircraft: four airlines,
four views - from our archives, Via Satellite, 1 June 2017: http:/www.
satellitetoday.com/telecom/2017/06/01/connected-aircraft-four-airlines-
four-views-throwback.

Tech enabled flight attendants upgrade customer service, Fortune,
21 December 2015: http://fortune.com/2015/12/21/flight-attendants-tech-
devices/.

Calls Aren't Allowed on Planes, but Regulators Consider a Warning
Anyway, The New York Times, 9 December 2016: https:/www.nytimes.
com/2016/12/09/business/airplane-phone-calls.html?mcubz=1&_r=0.

Free Wi-Fi on the fly, T-Mobile, as accessed on 31 October 2017:
https://www.t-mobile.com/offer/free-in-flight-wifi-texting-uncarrier.html.









