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5G, 6G, networking, edge computing and
quantum computing influencing the future
of telecommunications and computing.
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Quantum Computing
2
Quantum computing
uses properties of
quantum physics—
superposition and
quantum entanglement—
to perform computations
and tasks at a much
faster speed than is
possible with classical
computers. This nascent
technology is developing
quickly, and the race for
first place is on.
KEY INSIGHT

An IBM Quantum System One is now operational
at the Kawasaki Business Incubation Center,
serving Japan’s growing quantum community in
industry and scientific research.

Each trend offers six important insights.

EXAMPLES

3

Quantum computers can solve problems
that are computationally too difficult
for a classical computer, which can only
process information in 1s or 0s. In quantum computing, quantum bits, or qubits, are used instead of traditional bits.
Qubits leverage the quantum properties
of electrons to achieve superposition—
each qubit can exist in two states at the
same time—as opposed to a traditional
bit, which can only hold one state at a
time, a 1 or a 0. Quantum entanglement,
another important principle of quantum, is when two or more particles link
up and then remain connected, regardless of the distance between them.
Using entanglement, Chinese scientists
in 2017 successfully moved data from
a mountain in Tibet to a satellite in
orbit, more than 870 miles away. Albert
Einstein called entanglement “spooky
action at a distance.” Though the principles of quantum mechanics are difficult
to comprehend, the business and scientific benefits remain very real.

DISRUPTIVE IMPACT

4

Quantum computers, due to their ability
to solve previously unsolvable problems, are being applied to the world’s
toughest challenges. In one instance last
year, a quantum computer was used to
design a more effective qubit. In health
care, quantum computers will help
simulate chemical reactions to speed up
drug discovery and predict how proteins
will fold in the body, supporting the development of protein-based therapies.
In finance, quantum calculations will be
used to improve forecasts and probability models, enhancing both the speed
and accuracy of recommendations. Despite the many positive use cases, quantum also poses a concern for cybersecurity. Concerned that bad actors could be
hacking and saving encrypted data sets
now to decrypt years later when quantum computers make it possible, the
U.S. government has begun an effort to
create new post-quantum cryptography
standards.

EMERGING PLAYERS

• D-Wave Systems
• Google
• Harvard-MIT Center for
Ultracold Atoms
• IBM
• Intel
• Microsoft
• National Institute of Standards
and Technology
• Rigetti Computing
• Samsung
• Sandbox
• Seeqc
• U.S. National Laboratories
• University of Science and Technology
of China

3. Examples

5. Emerging Players

6. Action Scale

We track longitudinal tech and science trends. This measurement indicates how long we have followed
the trend and its progression.

Real-world use cases, some of
which should be familiar to you.

Individuals, research teams, startups, and other organizations operating in this space. Mature organizations are included when they are
producing new contributions.

FTI’s analysis of what action your
organization should take.
Fields include:

Concise description of this trend
that can be easily understood and
repeated to others.

3
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1. Years on the List

2. Key Insight

The implications of this trend on
your business, government, or
society.

5

• Baidu

642

4. Disruptive Impact

Act Now

1

For nearly two decades, the Future Today Institute has meticulously researched macro forces of change and the emerging trends that result. Our
focus: understanding how these forces and trends will shape our futures. Our
15th annual Tech Trends Report identifies new opportunities for growth and
potential collaborations in and adjacent to your business. We also highlight
emerging or atypical threats across most industries, including all levels of
government. For those in creative fields, you will find a wealth of new ideas
that will spark your imagination.
Our framework organizes nearly 600 trends into 13 clear categories, which
are being published as separate reports. Each report includes specific use
cases and recommendations for key roles in many organizations: strategy,
innovation, R&D, and risk.

EMERGING
SOURCES
TRENDS

Telecommunications& Computing

 Watch Closely
Mounting evidence and data,
but more maturity is needed. Use
this trend to inform your vision,
planning, and research.

 Informs Strategy
Strong evidence and data. Longer-term uncertainties remain.
This trend should inform your
strategic planning.

 Act Now
Ample evidence and data. This
trend is already mature and
requires action.

© 2022 Future Today Institute
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SCENARIOS
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SCENARIO

Dog Taxi • Mid-future optimistic scenario

You will find scenarios imagining future worlds as trends evolve
and converge. Scenarios offer a fresh perspective on trends and
often challenge your deeply held beliefs. They prompt you to
consider high-impact, high-uncertainty situations using signals
available today.

5G has enabled hyperlocation
and connectivity from anywhere.
It also paved the way for
GuardMyDog™, which harnesses
the power of 5G and small
autonomous vehicles to chauffeur
pups to doggy day cares. Most
doggy day cares connect with the
GuardMyDog network, so they
can provide both vast outdoor
playgrounds and on-demand
fleets of dog taxis.

1. Headline
A short description offering you a glimpse into future changes.
2. Temporal and Emotive Tags
A label explaining both when in the future this scenario is set and
whether it is optimistic, neutral, pessimistic, or catastrophic.
3. Narrative
The descriptive elements of our imagined world, including the
developments leading us to this point in our future history.

632

© 2022 Future Today Institute

Scenario sources:
The Future Today Institute uses a wide array of qualitative and
quantitative data to create our scenarios. Some of our typical
sources include patent filings, academic preprint servers, archival research, policy briefings, conference papers, data sets,
structured interviews with experts, conversations with kids, critical design, and speculative fiction.

4
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What’s the new normal? Most of us feel an urgent need to
get back to normal, especially as we continue to witness
and endure an unprecedented amount of change. Early
this year, Russian President Vladimir Putin waged an unprovoked war against Ukraine, which led to a rapid global
response. Switzerland broke with tradition and took a side,
freezing Russian assets and denying entry to oligarchs.
Anonymous, the global hacker collective, waged a cyberwar against Russia, infiltrating government databases and
state propaganda websites.
Within the past 12 months, DeepMind solved a 50-yearold problem in biology, opening up new pathways to
drug discovery. AI systems proved that they can generate images and text as well as a human. Facebook and
Square changed their names to Meta and Block, signaling
a digital land grab in the emerging Web 3.0. The biggest
streamers—Netflix, Disney+, AppleTV, Hulu—discovered a
formidable competitor in social commerce networks like
Shein. Seemingly every day, a new set of signals emerge to
challenge our existing mental models.
It might feel pointless to forecast the future past a few
weeks or months. But strategic foresight results in preparations, not predictions. Trends invite us to consider alternative outcomes from those we previously imagined. They
also unlock something invaluable in each one of us: the
ability to re-perceive reality. The act of “re-perception”
awakens you to the possibility of a future that differs from
your current expectations. It helps you understand that you
cannot know all things at all times, and that you should be

5

OVERVIEW
SOURCES

Telecommunications& Computing

curious, rather than absolutely certain, about what you
perceive in the present.
Our 2022 Tech Trends Report is designed to help you
re-perceive the world so that you can confront deep uncertainty, adapt and thrive. In this 15th anniversary edition,
we have analyzed nearly 600 technology and science
trends that impact most industry sectors. We created 14
separate volumes, and each report focuses on a related
cluster of trends. You will also find vivid scenarios depicting the unexpected ways in which the future might unfold.
In each volume, we discuss the disruptive forces, opportunities and strategies that will influence your organization
in the near future.
Now, more than ever, your organization should examine
the potential near and long-term impact of tech trends.
You must factor the trends in this report into your strategic
thinking for the coming year, and adjust your planning,
operations and business models accordingly. But we hope
you will make time for creative exploration. The new normal is unfolding for those who know how to re-perceive
signals in the present.

Amy Webb
CEO
The Future Today Institute

© 2022 Future Today Institute
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This is volume 11 in the Future Today
Institute’s 2022 Tech Trends Report. Each
volume covers a different set of topics.
To find additional volumes, visit
www.futuretodayinstitute.com/trends

13

Telecommunications& Computing

00

01

02

03

04

05

06

07

08

09

10

11

12

13

Telecommunications& Computing

KEY INSIGHTS

Key Insights
 5G is the fifth generation mobile

network and a global wireless
standard. Despite a slow initial
rollout, 5G is expected to expand
significantly in 2022, beginning with
network upgrades early in the year.
 Spectrum for private use will be

available in 2022, enabling owners
to build private 5G networks for
organizations.
 Significant decoupling has occurred

in recent months, splitting the 5G
players into “China” and “not-China” categories.

 6G will be the sixth generation of

wide-area wireless technology,
following the transition to 5G. Although experts place the timing of
a 6G launch between 2028–2030,
many industry leaders are already
working to understand and define
this new standard.
 Thanks to the cloud, NaaS services

are flexible and inherently more
scalable than older network configurations.

7

be deployed to facilitate near-realtime experiences and applications,
especially as the number of connected devices grows.
 Early steps to build a quantum inter-

net are already in progress.
 The global quantum computing race

is well underway. Several nations, including the U.S., France, the U.K., and
China, want to become the global
leader in quantum computing.

 Zero-touch will disrupt how we

build, run, and operate new services.

 Geopolitical players vying for in-

fluence in the 5G space have more
than just market penetration to
gain—political ideology (specifically around privacy and access)
is embedded in technology policy,
and the winner of this battle will set
the tone for the remaining century.

 Edge computing will increasingly

 Space-based internet could further

squeeze the margins of communications service providers across the
globe and render them less relevant.

 Two major instances of light-based,

or photon-based, quantum computing systems were developed in
the last year, illustrating a quantum
computing method that is more effective than using superconductive
materials.

© 2022 Future Today Institute
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The 5G Economy
8

© 2022 Future Today Institute

5G is going to underpin significant megatrends in our society.
— David Christopher, executive vice president and general manager of partnerships
and 5G ecosystem development, AT&T
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5TH YEAR ON THE LIST

5G

5G is the fifth generation of wireless connectivity.

10

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

5G is the fifth generation
mobile network and a
global wireless standard.
Despite a slow initial
rollout, 5G is expected
to expand significantly
in 2022, beginning with
network upgrades early
in the year. 5G promises
high speeds, ultra low
latency, and the ability
to connect billions of
devices.

5G utilizes new radio interfaces and
higher frequencies to transfer more data
at faster speeds and lower latency. The
wireless network leverages low-band,
mid-band, and high-band spectrums to
make connectivity available at various
capacities and speeds. Though launched
in 2019, 5G is just beginning to reach
meaningful scale in 2022, beginning with
a new C-band (mid-band spectrum) upgrade by AT&T and Verizon (in the U.S.)
early in the year that will make 5G accessible to individuals across a broader geographic area. 5G offers download speeds
of up to 1 gigabit per second—significantly faster than previous networks such as
4G LTE—and latency of 1 millisecond,
making downloads and connections feel
almost instantaneous. Monetization of
5G has been challenging for network
operators due to costly deployments
and a dearth of B2B use cases. However, growing interest around immersive
and highly connected capabilities and
experiences could help bolster demand,
creating improved business models.

The benefits of 5G span myriad industries and applications. At CES 2022, Qualcomm unveiled its Snapdragon Digital
Chassis, developed in partnership with
Renault, which promises always-on connectivity. Remote training for health care
practitioners will be possible through
augmented reality applications where instructors can place their hand in a trainee’s field of vision, something the U.S.
Department of Defense is testing now.
The metaverse is an obvious beneficiary
of 5G, due to its dependence on fast and
zero-lag interactivity. Real estate owners
could also achieve new income streams
by making their rooftops available for 5G
deployment by network operators. However, 5G deployment can create unintended challenges. In early 2022, C-band
upgrades were initially delayed after
aircraft makers voiced concerns that the
new connectivity would leverage radio
frequencies extremely close to the ones
they use—potentially creating disruption
or safety hazards for airplanes.

• 5G Fund for Rural America
• AT&T
• Ericsson
• Google
• Huawei
• LG
• National Spectrum Consortium
• Nokia
• Open Radio Access Network (O-RAN)
• Qualcomm
• Samsung
• Spectrum Forward Other
Transaction Agreement
• T-Mobile
• U.S. Department of Defense
• Verizon

© 2022 Future Today Institute
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2ND YEAR ON THE LIST

Private 5G Networks

Private 5G networks will catalyze the growth of
smart factories.

11

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Spectrum for private use
will be available in 2022,
enabling owners to build
private 5G networks for
organizations.

Private 5G is a mobile network that’s
similar to a public 5G network, with
some enhancements. Like public 5G
networks, private ones offer gigabit
speeds and lower-latency and higher-throughput connectivity. Private
networks can be deployed within the
confines of just one location—such as a
manufacturing plant—where always-on
connectivity is required for machinery,
computer systems, and logistics. For
example, a private 5G network would
enable an auto manufacturing plant to
move parts along an assembly line using
connected robotics. A private network
can be configured to afford certain machines priority over others, and enable
an operator to prioritize or deprioritize
activities as needed, depending on what
activities are underway at a given time.

Because private networks give local operators more control over access points
and devices, they can be more secure.
By controlling access and deprioritizing
activities, private networks can limit or
even isolate exposure to third parties,
which could serve as added protection
against the theft of employee information, data, and intellectual property.
As collaborative robots become more
specialized and organizations adopt
self-driving machines, build digital
twins, and bring augmented reality into
the enterprise, private 5G networks will
unlock compelling use cases in smart
factories, hospitals, high-tech farms,
government agencies, and many other
industries.

• AWS Private 5G
• Comcast Business
• Nokia
• Ericsson
• AT&T

© 2022 Future Today Institute
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5TH YEAR ON THE LIST

5Geopolitics

In 2021, Millicom became the first telecom operator in Latin America to deploy an O-RAN network
in partnership with Parallel Wireless.

12

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

The battle for 5G
influence has shifted.
Continued pressure on
previously dominant
Chinese 5G leaders has
created an increasingly
bifurcated deployment.

Banned Chinese companies Huawei and
ZTE sought relief from their restrictions
when the Biden administration took office. However, the past year has shown
that U.S. foreign policy is increasingly
inextricably linked with technology—5G
and 6G in particular—and the determination of the U.S. to openly compete
with China in these areas is being solidified as a bipartisan value. In addition
to these two market leaders, numerous
other China-based technology and
microelectronic companies were added
in 2021 to the list of companies not allowed to do business in the U.S. Though
Ericsson and Samsung have benefited
enormously in the U.S., they’ve faced
challenges in the Chinese market, including falling China revenues. Ongoing
pressure on Chinese players in the U.S.
has also created opportunity for newer,
smaller American companies to expand
into the market.

The battle for foreign influence over developing geographies, particularly those
in Africa and Latin America, is increasingly waged in the context of 5G and 6G,
driving foreign policy decision-making
in the United States and abroad. Latin
American leaders in particular have
worked hard to maintain positive relations with both China and the United
States. In 2021, mobile service provider
Millicom was the first to bring O-RAN
(Open Radio Access Network) compliant
networking to Latin America, signaling
that network providers there will be
open to working with companies from
varying geographic regions.

• Airspan Networks
• Altiostar
• Ericsson
• Huawei
• JMA Wireless
• Mavenir
• National Democratic Institute
• Nokia
• Open Radio Access Network (O-RAN)
• Parallel Wireless
• Samsung
• ZTE

© 2022 Future Today Institute
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SCENARIO

Florida Man Charged with Stealing from Neighbors • Mid-future pessimistic scenario
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5TH YEAR ON THE LIST

6G

6G will be the sixth generation wireless network.

14

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

6G will be the sixth
generation of wide-area
wireless technology,
following the transition
to 5G. Although experts
place the timing of a 6G
launch between 2028–
2030, many industry
leaders are already
working to understand
and define this new
standard.

6G is still a nascent standard, but industry leaders do not want to be caught unprepared. Several key players launched
research or experiments in 2021 to grow
their understanding of the technology. SoftBank and the Next Generation
Mobile Networks Alliance released their
concepts for 6G. Hexa-X, an industry
consortium that includes Nokia and
Ericsson, released a white paper that
aims to answer questions around the
technical infrastructure of a 6G network, as well as potential use cases and
applications. In June 2021, Samsung
and the University of California, Santa
Barbara successfully demonstrated a 6G
terahertz wireless communication prototype, achieving real-time throughput
of 6.2 gigabits per second over a 15-meter distance.

6G is not 5G+. If achieved in its full
potential, 6G will support throughput/
data rates up to 1 terabyte per second
and latency of 10–100 microseconds,
removing any present issues of capacity.
This type of capability will support the
realization of possibilities such as true
telepresence, immersive smart cities,
and scaled telesurgery. Holographic
technologies, which cannot be supported at scale with existing 4G or 5G
bandwidth, are likely to scale in number
and frequency of applications as 6G
becomes available, enabling a realistic
rendered local presence in a variety of
settings. Other senses, such as smell
and taste, could be incorporated to enrich virtual experiences, building upon
nascent proprioceptive mixed-reality
capabilities.

• Beijing University of Posts
and Telecommunications
• Ericsson
• Hexa-X
• Huawei
• Next G Alliance
• Nokia
• NTT DoCoMo
• Samsung
• Skolkovo Institute of Science
and Technology
• SoftBank
• University of Oulu
• University of Padova
• University of Surrey
• University of Texas at Austin 6G@UT
• ZTE

© 2022 Future Today Institute
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2ND YEAR ON THE LIST

Breaking the
Millisecond Barrier

A new 1 millisecond standard for latency is
being developed.

15

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Latency, or the amount
of time it takes for data
to be transmitted from
one place to another,
currently ranges
from about 15 to 44
milliseconds, depending
on whether you are
using fixed broadband
or satellite internet.
New protocols could
lower that speed to just 1
millisecond.

Latency causes problems in applications
that require real-time experiences, such
as gaming, videoconferencing, and VR.
The number of devices using a network
and the amount of data being exchanged
contribute to increased latency. As more
and more devices, people, and activities
rely on connectivity, latency poses a significant challenge. Various players have
created new standards and protocols
to achieve decreased latency. The U.S.
Department of Defense has leveraged
Open Radio Access Network standards to
create a prototype network that delivered
sub-15 millisecond latency. CableLabs,
creator of DOCSIS 3.1 (which stands
for data-over-cable service interface
specifications), announced in April 2021
that it had certified the first DOCSIS
3.1–compliant cable modem—a key step
in making lower-latency connectivity
available. Reducing latency won’t just
make everyday life more seamless; it will
also enable the emergence of key new
technological capabilities.

Growth and development in many
industries are almost certain to result
in an ultra low latency environment.
Autonomous vehicles will be able to
realize the full benefits of cooperative
perception, by communicating upcoming obstacles and congestion with surrounding vehicles in real time. Health
care examinations, procedures, and surgeries performed remotely in real time,
leveraging haptic technologies, assistive
robotics, and augmented reality, will become possible and safe. Synthetic media
will be applicable in real-time scenarios, such as instantaneous translation
during a videoconference, making it
appear as though meeting participants
are speaking in each other’s native language. Ultra low latency also promises
to upend high speed trading and financial services, enabling seamless participation in global financial markets, and
instant execution of trades.

• CableLabs
• Internet Engineering Task Force’s L4S
• Kyrio
• NCTA
• NYU Wireless
• U.S. Department of Defense

© 2022 Future Today Institute

00

01

02

03

04

05

06

07

08

09

10

11

12

13

Telecommunications& Computing

Networking
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Network-as-a-Service
(Naas)

NaaS models are cloud based and eliminate the
need for organizations to set up and maintain
their own network infrastructure.

17

KEY INSIGHT

EXAMPLES

DISRUPTIVE IMPACT

EMERGING PLAYERS

Cloud advancements
have unlocked an
emerging network
operating model that
no longer requires
organizations to build,
own, or maintain their
own infrastructure.

Network-as-a-service (NaaS) broadly defines a new model for network consumption, which is externally managed by a
service provider and is subscription- or
consumption-based, much like the cloud
consumption model. Traditionally, companies would need to make a big capital
investment in physical, static, hardware-based appliances, switches, load
balancers, and virtual private networks.
Rather than investing in capital-intensive
physical networks, NaaS uses an operating expense model and includes hardware, software, maintenance, monitoring, patching, provisioning, and service.
The different NaaS variations available
today range from MVNOs (mobile virtual
network operators) to SASEs (secure
access service edge).

Organizational computing needs are
becoming more complex, and NaaS
models build in optionality: External
or internal IT managers can deploy
services to distributed workforces, with
low-latency connectivity and limited
packet loss when engaging with a company’s software-as-a-service applications
or other high-value services. Early NaaS
technologies offer greater security than
the last generation of networks. Thanks
to the cloud, NaaS services are flexible
and inherently more scalable than older
network configurations.

• Cisco Plus NaaS
• Cloudflare Magic WAN
• Akamai Aura Managed CDN
• Perimeter 81
• Palo Alto Networks Prisma
• Amazon Web Services

© 2022 Future Today Institute
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SCENARIO

Dog Taxi • Mid-future optimistic scenario

5G has enabled hyperlocation
and connectivity from anywhere.
It also paved the way for
GuardMyDog™, which harnesses
the power of 5G and small
autonomous vehicles to chauffeur
pups to doggy day cares. Most
doggy day cares connect with the
GuardMyDog network, so they
can provide both vast outdoor
playgrounds and on-demand
fleets of dog taxis.

18

© 2022 Future Today Institute

00

01

02

03

04

05

06

07

08

09

10

11

12

13

Telecommunications& Computing

Watch Closely

Informs Strategy

Act Now

Network Trends

Zero-Touch

Zero-touch systems will eventually enable self-healing services for networks.

19

What if networks could automatically
diagnose and heal themselves? What if
they could understand your intentions
and respond correctly, in the moment?
Reducing the need for human intervention isn’t simply about automation—zero-touch moves beyond that to anticipate needs using artificial intelligence
and machine learning. Next-generation
networks will need to meet always-on
expectations for service and to stay
competitive. Zero-touch will disrupt
how we build, run, and operate new
services. It changes the roles people
play within traditional businesses—the
way we allocate resources, respond to
customer needs, and mitigate threats.
For example, Norwegian communications service provider (CSP) Telenor
has simplified network slicing with
zero-touch digital orchestration. Comcast Business launched a new offering
that uses AI to detect and respond to
service degradation without the need

for operator intervention. Traffic is then
automatically prioritized and rerouted
around network failures.

squeeze the margins of CSPs across the
globe and render them less relevant.

Mesh Networks
Satellite-Based Internet
Services
Amazon, SpaceX, and others are developing satellite technology that would
beam internet services directly to the
enterprise and consumer devices, and
in the process bypass internet service
providers. Space-based internet will
eventually be capable of fast, low-latency connectivity anywhere in the world
without extensive ground infrastructure. There is a vast array of companies
with planned “microsat” or “cubesat”
launches over the next five years. The
addition of intersatellite laser crosslinks
enables peer-to-peer communications
and minimizes the need for ground
stations. The result is fast internet in remote areas with little ground infrastructure investment. All of this could further

A mesh network is a group of devices
within close proximity that enables fast
and efficient data routing. Amazon’s
Sidewalk program is a location-tracking
mesh network operating at the scale of
a neighborhood that utilizes consumer
devices already connected via CSPs or
ISPs. It plans to link its ecosystem of
smart home devices like Ring and Echo
using Bluetooth low-energy and unlicensed spectrum like the 900MHz band.
Sidewalk pools internet bandwidth from
devices within a half-mile that have the
service turned on. The more neighbors
who participate, the more bandwidth
the mesh network has. It can transmit
software and security updates, too.
One early use case: If a consumer loses
her keys attached to a Tile device, she
can use the Sidewalk network to automatically locate where she left them.
© 2022 Future Today Institute
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This technology offers a compelling
convenience factor. If, for some reason,
a consumer’s Wi-Fi goes down, he can
temporarily continue to stay online
but with limited bandwidth (80 kilobits
per second). Sidewalk needs ISPs to
function, but it has inserted itself into
the consumer relationship with those
providers.

Securing Distributed
Infrastructure

SpaceX plans to eventually operate more than 40,000 satellites in its megaconstellation.
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Few companies house all of their data,
equipment, and IT infrastructure under
one roof. They rely instead on managed
service providers, third-party cloud
providers, data centers, and the like. As
technology becomes more sophisticated,
IT becomes increasingly distributed,
making it challenging to safeguard both
those systems and their supply chains.
Given the large number of cyberattacks
on organizations in 2021 (and already in
2022), IT professionals are seeking new
ways to secure distributed infrastructure.

Location-Aware Wi-Fi
A decade ago, Google was working on
indoor positioning systems—like a GPS,
but for buildings—in order to help users
navigate the great indoors. It was granted patents in 2017 for a system that uses
IPS (indoor positioning system), LEDs,
and Wi-Fi to make indoor navigation
more accurate. The Fine Time Measurement protocol will enhance location
dramatically, and as it is built into newer Wi-Fi systems, indoor navigation will
gain more utility. Location-aware Wi-Fi
will also make it easier on network administrators to locate and scrape access
point data as needed.

Adoption of Hybrid Cloud
The three biggest cloud providers in the
U.S.—Microsoft, Amazon, and Google—have collectively invested tens of
billions of dollars building infrastructure: data centers, monitoring systems,
and software. These robustly designed

systems prevent downtime and data
loss, and few other companies in the
world can compete. But the cloud isn’t
public infrastructure; it’s private. And as
private companies, cloud providers currently control access to their services—
services that are becoming the lifeblood
of businesses. These private companies
sometimes compete with the cloud provider’s offerings as well. Take Netflix,
for example. It runs its streaming business on Amazon Web Services, which
is in direct competition with Amazon
Prime’s streaming service. A concentrated market for an invaluable service creates high risk. It can take several years
for a large company to integrate its data
into the cloud, making selection a highstakes choice and the cost of switching
prohibitive. Some companies are now
looking to hybrid models, which offers
a computing environment that makes
use of an on-premises data center with a
public cloud.

© 2022 Future Today Institute
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5TH YEAR ON THE LIST

Edge Computing

Edge computing allows for data storage and
analysis on the individual device, improving performance, speed, and security.
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EMERGING PLAYERS

Edge computing
performs computations
near or at the source
of data. As the amount
of data collected and
generated grows, edge
computing can provide
a solution that is faster,
safer, and more efficient
than cloud computing
solutions.

Edge computing differs from the current norm, as much of today’s computing takes place in the cloud, with
distributed data centers handling the
processing work. It addresses some of
the limitations of cloud computing, such
as data security and privacy concerns,
and data-transfer delays preventing
immediate analysis. Edge computing
requires custom hardware, but many
leading technology companies are
already offering such products today, including some meant for niche use, such
as Amazon Web Services’ Snow Family,
which provides edge devices of all sizes
to suit needs ranging from individual
remote data storage and analysis to the
relocation of entire data centers.

One key beneficial application of edge
computing is swarm intelligence, which
allows the insights and learnings gathered from decentralized data sources
to be grouped together in a way that
retains the security of the data on the
edge, while providing a wider set of
learnings to each user. Edge computing
offers myriad benefits to many industries. Health care applications include
the sharing of anonymized insights that
protect patient privacy while enhancing
diagnostics and providing patient-specific solutions, such as automated
insulin delivery systems using artificial
pancreas sensors under the skin to
detect when insulin is needed. Autonomous vehicles are another area that
will require meaningful edge capabilities. Due to the nature of driving, these
vehicles will not be able to wait for a
command after sending data to a cloudbased platform for analysis; they will
need to make split-second decisions—
something only edge capabilities can
provide at scale.

• AWS IoT Greengrass
• AWS Snow Family
• Cisco Catalyst IR8100
• Dell PowerStore and PowerEdge
• Intel
• Lenovo ThinkEdge
• Microsoft Azure Pro R

© 2022 Future Today Institute

Tech and the business models around tech are
really ‘embedded ideology.’ So what tech is and
how it is used is a form of governance.
— Tyson Barker, German Council on Foreign Relations
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Near-Real-Time Application
Environments
Within the next decade, there could
be as many as 50 billion devices online
generating enormous amounts of data.
While data centers could accommodate
cloud-based solutions for that data,
many of those devices will likely require real-time interaction. Enter edge
computing. With the rise of immersive
and interactive applications, including
extended reality—and in the further
future, the metaverse—more processes
will be pulled onto devices to decrease
or eliminate lag. Products are already
in the market to address such use cases,
including AWS IoT Greengrass, the platform for extending Amazon Web Services to edge devices, which was created
to more easily deploy applications.
Hyperfine’s Swoop Portable MRI acquires critical images within minutes at the bedside, and leverages
embedded deep learning processes to enhance image quality.

AI at the Edge
As ubiquitous computing expands,
pulling data from countless connected

24

devices, the opportunity to conduct
artificial intelligence–based analysis
at the edge is becoming more apparent. Health care applications are able
to leverage the security of edge while
providing real-time information, such
as new portable MRI machines that provide nearly immediate image capture
with the help of built-in machine learning that ensures high-quality image
production. Other industries stand to
benefit as well—closed loop manufacturing systems can use AI at the edge
to enhance automation and system
management without significant human
oversight. Open standards such as the
Open Neural Network Exchange, as well
as industry offerings, including Microsoft’s new SynapseML open-source
library, are helping to implement on-device machine learning. Other companies are expanding their offerings as
well, including Lenovo’s recent addition
of Nvidia’s GPUs (graphics processing

units) into its edge devices and the acquisition of FogHorn, a California-based
developer of edge AI software for the
industrial and commercial Internet of
Things solutions by Johnson Controls.

Edge Management
As data and applications increasingly
live on devices, new methods will be
required to manage the data in an effective way. One such recent example is a
partnership between U.K. startup Wejo
and market leaders Microsoft and Palantir. Connected vehicles will generate
an enormous amount of data, making
latency and data storage costs a major
barrier. Wejo’s new ADEPT platform optimizes how the data is managed within
the vehicle, filtering and processing the
data at the edge, and transmitting only
the most essential data to the cloud.
Such systems are likely to become
more common as edge management is
increasingly needed.

© 2022 Future Today Institute
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Big Tech Companies
at the Edge

Users can leverage AWS Snowball to store data on location and later migrate the data to Amazon S3.

25

Nearly every major tech player now has
a presence in edge computing. Amazon
Web Services has edge offerings including infrastructure (such as local zones),
storage, content delivery, disconnected
edge (its Snow Family), robotics, machine learning, and IoT (its Greengrass
solutions). IBM’s edge application manager provides autonomous management
for edge computing. Google’s Distributed Cloud gives customers access to hundreds of network edge locations globally
and supports customer-owned edge or
remote locations. Facebook (now Meta)
is quiet regarding edge technologies but
has recently filed patent applications,
including one for a “distributed, pluggable architecture for an artificial reality
(AR) system” and one with a solution
for “memory-based distributed database systems.” Microsoft Azure Private
Multi-Access Edge Compute offers
various services and products, including

a service to attach and configure Kubernetes clusters, and Azure Stack Edge, a
portfolio of devices. Intel boasts that it
has the “most diverse edge-ready compute, memory, and storage tech”—and it
just might. Its numerous offerings span
edge-to-cloud, hardware, software, and
ecosystem solutions.

Serverless Edge
Today, most data on the edge is ultimately stored in content distribution
networks (CDNs), which store the data
in a more localized data center that
is closer to the user. While the idea
of serverless edge does not yet have a
distinct definition, the premise is that
data will be increasingly distributed and
more flexibly stored for the user. The
most apt present day example is AWS’
Lambda@Edge. With Lambda, code is
run closer to the users, reducing latency. Customers do not have to manage
infrastructure, and they pay only for the
compute time they consume.
© 2022 Future Today Institute
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When Your Clothing Controls You • Mid-future pessimistic scenario

Press Release

Contact: Akira Spence, Communications Director
EPC.org | @akiras on the Matter Network

U.S. Supreme Court Rules in Favor of eSkin Data Collection
Washington, D.C., September 15, 2037: The U.S. Supreme Court
rejected a case Monday that would have protected consumer
data privacy rights when it ruled that employers can collect and
store data drawn from employee uniforms.
The Electronic Privacy Center had closely watched the landmark
case of Agnelli v. Monere after years of lobbying for individual
data privacy rights. In the case, Pittsburgh factory worker Petra
Hashimoto alleged that her employer, Smeeth Boot Co., and
Deux Pellis, a San Francisco–based e-skin manufacturer, used
her employee uniform without her permission in order to control
her mood and optimize her work performance. Hashimoto did not
give permission to gather the personal data used—which included
health measurements and mental health assessments based on
hormone levels—or to use it in any way.
The Supreme Court’s conservative majority ruled that Deux Pellis
had the legal right to collect and store data gathered through
its technology, and that employers were within their legal
rights to mandate the collection of data and use it to improve
business operations.
“This is a sad day for all Americans,” said Jalen Reddy, chief privacy
counsel at Electronic Privacy Center, or EPC. “We assumed a
federal precedent was set with the 2019 Supreme Court case of
Carpenter v. United States, which ruled that the government must
have a warrant before accessing a person’s sensitive cellphone
location data. Employers can now essentially do what they wish
with your data.”
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EPC has for three years lobbied Congress over concerns about
e-skins and dubious data collection practices. In 2031, Deux Pellis
introduced its eSkin clothes, material that can harden and soften
in real time to improve a wearer’s posture. The eSkin also uses
body chemistry to offer diet tips and share such data with digital
assistants for healthier grocery shopping lists. It prescribes, orders,
and delivers medications based on that body data.
The price of such clothing has dramatically dropped in the past
two years—with e-skin shirts now available at Walmart for an
affordable $72. EPC voiced skepticism to Congress about the
motives of the affordability of such clothing and demanded
transparency about who ultimately owns the data collected.
Court documents from the Hashimoto case show the extent
of consumer data collection by manufacturers and tech
companies—and how it can be used. EPC has launched a petition
to force companies to detail what data is collected and let
employees and consumers decide how it’s used. But the Court’s
recent decision will make that difficult. EPC expects there will be a
consumer backlash against e-skins. But it’s difficult to say whether
that pushback will be long-lasting because so many people rely on
them day-to-day.
Headquartered in Washington, D.C., EPC is an independent
nonprofit research center. EPC’s mission is to focus public attention
on emerging privacy and related human rights issues.
The names, companies and incidents portrayed in this scenario are
ficticious. No identification with actual persons (living or deceased),
places, buildings, and products is intended or should be inferred.
© 2022 Future Today Institute
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5TH YEAR ON THE LIST

Quantum Computing

An IBM Quantum System One is now operational
at the Kawasaki Business Incubation Center,
serving Japan’s growing quantum community in
industry and scientific research.
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Quantum computing
uses properties of
quantum physics—
superposition and
quantum entanglement—
to perform computations
and tasks at a much
faster speed than is
possible with classical
computers. This nascent
technology is developing
quickly, and the race for
first place is on.

Quantum computers can solve problems
that are computationally too difficult
for a classical computer, which can only
process information in 1s or 0s. In quantum computing, quantum bits, or qubits, are used instead of traditional bits.
Qubits leverage the quantum properties
of electrons to achieve superposition—
each qubit can exist in two states at the
same time—as opposed to a traditional
bit, which can only hold one state at a
time, a 1 or a 0. Quantum entanglement,
another important principle of quantum, is when two or more particles link
up and then remain connected, regardless of the distance between them.
Using entanglement, Chinese scientists
in 2017 successfully moved data from
a mountain in Tibet to a satellite in
orbit, more than 870 miles away. Albert
Einstein called entanglement “spooky
action at a distance.” Though the principles of quantum mechanics are difficult
to comprehend, the business and scientific benefits remain very real.

Quantum computers, due to their ability
to solve previously unsolvable problems, are being applied to the world’s
toughest challenges. In one instance last
year, a quantum computer was used to
design a more effective qubit. In health
care, quantum computers will help
simulate chemical reactions to speed up
drug discovery and predict how proteins
will fold in the body, supporting the development of protein-based therapies.
In finance, quantum calculations will be
used to improve forecasts and probability models, enhancing both the speed
and accuracy of recommendations. Despite the many positive use cases, quantum also poses a concern for cybersecurity. Concerned that bad actors could be
hacking and saving encrypted data sets
now to decrypt years later when quantum computers make it possible, the
U.S. government has begun an effort to
create new post-quantum cryptography
standards.

• Baidu
• D-Wave Systems
• Google
• Harvard-MIT Center for
Ultracold Atoms
• IBM
• Intel
• Microsoft
• National Institute of Standards
and Technology
• Rigetti Computing
• Samsung
• Sandbox
• Seeqc
• U.S. National Laboratories
• University of Science and Technology
of China

© 2022 Future Today Institute

The term “quantum supremacy” was first used by
John Preskill in 2011 to describe the moment when a
programmable quantum device would solve a problem
that cannot be solved by today’s classical computers,
regardless of the usefulness of the problem.
— IEEE Computing Edge
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Quantum Computing Trends

Quantum Internet

Chinese optical quantum computer Jiuzhang 2.0 can solve a problem 10^24 faster than a classical
computer.
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It sounds simple enough: The quantum internet is the network connecting quantum connections between
quantum devices. Today’s classical
computers connect to the internet and
transmit data using a set of standardized
protocols; tomorrow’s quantum machines will require protocols to transmit
quantum bits (qubits). Because quantum computers operate fundamentally
differently than our existing machines,
our current internet protocols and
architectures may not be transferable.
There is now a nascent but growing
effort to develop the protocols that the
quantum internet might require. Very
early trials are underway: Quantum key
distribution was demonstrated back
in 2004 with a bank transfer. Quantum
networks in Tokyo; Calgary, Alberta;
and Los Alamos, New Mexico, are in
testing, using quantum key distribution
on just a few trusted nodes. A group at

Stony Brook University in New York are
starting to build a quantum repeater to
transmit qubits long distances.

Autonomous Quantum Design
Last year, researchers at the University
of Science and Technology of China
used a quantum algorithm to design an
improved quantum bit. This new qubit,
called a plasonium, is an advanced
design intended to improve quantum
processors. The research is significant,
because complex computer chips require a large number of simulations for
optimization. For years, classical computer chips have been designed using
algorithms and existing computers—but
the computing resources required to design advanced quantum systems aren’t
really possible. Tasking a quantum computer with designing improvements will
accelerate insights and advancements in
the space.

Self-Repairing Quantum
Systems
Last July, Google’s Sycamore processor
detected and fixed computational errors. It was an achievement, to be sure,
but the process itself introduced additional errors. That’s a common issue in
quantum computing: The error rates of
their calculations are still high, relative
to classical systems. But new research
from the Maryland-based Joint Quantum Institute used trapped-ion qubits,
which offered higher stability—and then
used a special type of error-correction
code to reduce the error rates. For now,
the error correction has only succeeded
on a single logical qubit—but this approach will undoubtedly evolve as more
research teams design, test, and build
self-repairing systems.

Quantum Supremacy
Quantum supremacy, a significant
computational advantage allowing a

© 2022 Future Today Institute
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(From left) Dolev Bluvstein, Mikhail Lukin, and Sepehr Ebadi at the Harvard-MIT Center for Ultracold Atoms
developed a special type of quantum computer known as a programmable quantum simulator.
Image credit: Harvard University.
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quantum computer to achieve a task
or calculation that would be infeasible for a classical computer, has only
been reached a few times. The first
announced instance occurred in 2019,
when researchers from University of
California, Santa Barbara and Google
said their 53-qubit computer, Sycamore,
solved a challenging calculation in 200
seconds that would take the world’s
fastest classical supercomputer 10,000
years. Since late 2020, physicists at the
University of Science and Technology
of China announced they had built two
quantum computers: Jiuzhang, a photonic quantum computer through which
up to 76 photons were detected, and
Zuchongzhi 2.1, a 62-qubit programmable superconducting quantum processor. Each machine is capable of carrying out Gaussian boson sampling—a
baseline quantum calculation—orders
of magnitude faster than even the most
advanced classical supercomputer.
Though not strictly quantum suprema-

cy, in February 2021, researchers from
Google and quantum computing company D-Wave Systems used a method
called quantum annealing to solve a
real-world problem 3 million times faster than a classical computer would take
to accomplish the same task. Though
that problem was previously solved by
different means, this method proved
that quantum annealing does have a
true computational advantage.

Global Quantum Computing
Race
The global quantum computing race is
well underway. Several nations, including the U.S., France, the U.K., and
China, want to become the global leader
in quantum computing. Last year, several U.S.-based companies announced
efforts or breakthroughs related
to quantum: IBM unveiled a quantum-computing chip with 127 qubits,
breaking through the three-digit qubit

milestone, and a team at Harvard-MIT
Center for Ultracold Atoms announced
they had developed a programmable
quantum simulator capable of operating
with 256 qubits. The U.S. also boasts five
quantum research centers in national
laboratories across the country. France
has made significant investments in
quantum as well, with the announcement in 2021 that the country will spend
1.8 billion euros on a national quantum
strategy and launch a new quantum
computing platform at the High-Performance Computing Center at the French
Atomic Energy Commission in January 2022. In September 2021, the U.K.
National Quantum Technologies Programme broke ground on a new National Quantum Computing Centre. Other
countries, including Canada, Japan,
Germany, and India, are making meaningful investment in this area, but the
most noteworthy showdown is occurring between the U.S. and China. China
has meaningfully funded research and
© 2022 Future Today Institute
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Quantum Computing Trends

development in quantum computing,
making it a focal part of its strategic
plans for the decade, and the University
of Science and Technology of China has
announced meaningful breakthroughs.
China has more total patents for quantum technology, but the U.S. has more
patents in quantum computing specifically. The United States and other countries have a vested interest in who wins
this race—quantum computing holds
the key to communications security and
encryption—an area that the U.S. surely
does not want to hand to China as an
advantage.

Quantum Boosts for Classical
Computers

The quantum computer Jiuzhang works by sending
particles of light (illustrated in red) into a network
of channels and then measuring the photons at the
other end.
Image credit: Yihan Luo
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While quantum computers are not yet
available (or usable) at scale commercially, several players including Rigetti
Computing and Seeqc are developing
solutions that help companies yield

the benefits of quantum by pairing the
technology with their classical computing systems. Rigetti’s solution leverages
the cloud to share quantum-derived
solutions with its classical computer
counterparts, and was implemented
in Microsoft Azure last year to realize
expanded benefits and efficiencies. Seeqc’s solution, which Merck has invested
in, is to build custom chips that layer
classic microchips over a qubit array.
Hybrid quantum-classical solutions are
still fairly rare, but they could hold the
key to more rapidly scaling the benefits
of quantum computing in commercial
applications.

Updating Post-Quantum
Cryptography Standards
Quantum computing poses a serious
risk to current cryptography standards,
as they are able to solve much more
complex problems than what classical
computers can tackle today. In order to

prepare for this threat, several institutions are working to develop post-quantum cryptography standards. Currently,
the five main families of post quantum
algorithms are code-based, isogeny-based, hash-based, lattice-based, and
multivariate-based. In early 2021, the
U.S. National Institute of Standards and
Technology (NIST) held a series of seminars on post-quantum cryptography
and released a white paper outlining
various challenges with post-quantum
cryptography and planning for migration to these new standards. NIST aims
to produce the first quantum-computer-proof algorithms by 2024. The
European Union Agency for Cybersecurity also released a white paper last year,
providing an overview of the situation
and current methods being explored.
The World Economic Forum’s Global Future Council on Cybersecurity has also
drawn up recommendations that begin
to address this risk.

Light-Based Quantum
In late 2020, physicists at the University
of Science and Technology of China
announced that they had developed a
photonic quantum computer named
Jiuzhang, a photonic quantum computer through which up to 76 photons
were detected. Jiuzhang is made from
photons—particles of light, rather than
superconductive materials. In December 2021, a different team of researchers
at Japan’s NTT the University of Tokyo;
and Riken, a Japanese research institute, announced they had developed
an optical fiber-coupled quantum light
source, which can be used to build a
full-size light-based quantum computer.
Light-based quantum yields significant
benefits over superconductive materials, namely by reducing quantum noise,
which can disrupt the stability and reliability of the quantum computer.

© 2022 Future Today Institute

Quantum computing is no longer a futuristic concept.
The world has entered into the quantum decade—an era
when enterprises begin to see quantum computing’s
business value. This year’s unprecedented advances in
hardware, software development, and services validate
the technology’s momentum.
— Anna Phan, Asia Pacific Quantum Alliance Lead, IBM Quantum
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How these trends impact your company
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STRATEGY

INNOVATION

R&D

GROWTH

The very nature of computing and connectivity
is changing meaningfully, requiring leaders to
create new plans that take advantage of new
capabilities in order to maintain a competitive
edge. While many companies are reluctant to
embrace cloud storage, the need to instantly
and easily access data and analyze it will soon
overtake the perceived risks of off-premises
storage. Executives should develop a longer-term vision for digital and data transformation, with a goal of developing a transformation plan in the near term.

Connected devices will be ubiquitous over
the next five years, even beyond what is
seen today. As 5G and 6G emerge, improved
connectivity will enable nearly everything to
collect, store and transmit data. This evolution
will impact nearly every business, from clothing
to furniture. Chief innovation officers and their
teams should evaluate the types of data their
products and services naturally have access to,
and develop longer-term scenarios to inform
their innovation road maps.

R&D teams should pursue near-term experiments in some of these more emerging
technologies, with the goal of identifying real
underlying business benefits. Computing and
connectivity can be difficult innovations to
prove out, as their benefits are often invisible,
and come across as commonplace efficiencies.
Instead, R&D teams should compare and contrast the benefits of new technologies, especially edge-based capabilities and quantum experiments for more scientifically complex industry
players, to identify the solutions that warrant the
most investment over the coming years.

As we continue to build our new normal—
working from anywhere, dealing with security
breaches, adapting to patchwork regulation—
adaptability will be key to every company’s
ability to thrive and succeed. There are ample
opportunities for growth. Companies capable
of monitoring signals and trends, modeling
next-order outcomes, and actively rehearsing
the future will identify new opportunities to
unlock growth.

© 2022 Future Today Institute
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Key Questions

We recommend using this report
to support your strategic foresight
activity in the coming year. Every
executive team should begin by
asking these questions:

1
 How would increased connectivity
speed and lower latency unlock
new growth for our business?
 How will the expectations of our
customers change when near-zero
latency and lightning-fast speed
become the norm?

35

2
 What previously “unsolvable”
problems might be solved as new
computing systems emerge? How
would these systems make our
business vulnerable?
 What new potential will be
unlocked through increasingly
powerful computing capabilities?

3
 How are we storing data, and are
our security measures extensible for
a post-quantum world?
 What new types of data could
we begin to collect, and what
insights might that unlock about our
customers and our business?

© 2022 Future Today Institute
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Trends in Action

Benefits of Strategic Foresight

The Future Today Institute Supports Executive Leaders and Their Teams

33% Higher Profitability

The Future Today Institute works closely with executive leadership and management
teams to transform their strategic thinking on the future.

Companies using a dedicated strategic foresight process outperformed the average
by a 33% higher profitability.

200% Growth
Companies using a dedicated strategic foresight process outgrew their competitors by
200% in desired areas.

We leverage these and other trends and use applied foresight to develop deep (20+
years), long-range (10+ years) and near-term (2+ years) scenarios and strategic plans.
FTI’s advisory services include signal mapping, trend identification, scenario
development, risk modeling, visioning, and strategic planning.

25% Improvement
Companies say that strategic foresight improves business objectives and planning,
helps define new markets, and builds flexible mindsets among executives, even in
times of deep uncertainty.
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