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This new report aims
to shed light on the
trends in innovation in
Al since the field first
developed in the 1950s.

WIPO Director Genera I, Francis Gurry




Preface

| am pleased to present the first report in a new
flagship series, WIPO Technology Trends. This
first edition features artificial intelligence (Al) as
the theme. It is a fitting topic for the launch of
the series as Al is a cutting-edge technology
with impacts on a wide range of businesses
and activities.

Al is fast becoming part of our everyday lives,
changing how we work, shop, travel and
interact with each other. Yet we are only at

the beginning of discovering the many ways

in which Al will have an impact on — and
indeed challenge - business, society and
culture. There are numerous misconceptions
and misgivings about the nature of Al, and in
particular the challenge it poses to humankind.
Given these widely held reservations and
concerns, it is essential to have a factual basis
for policy discussions about innovation in Al.
Through this report, we hope to contribute
evidence and bring clarity to this important
area of debate.

Based on a detailed study of patents and other
information, this new report aims to shed light
on the trends in innovation in Al since the field
first developed in the 1950s. Research has
involved the analysis of patent data related

to Al inventions, as well as data on scientific
publications, litigation filings and acquisition
activity. These data findings are discussed in
detail and accompanied by commentary and
industry perspectives from more than 20 of the
world’s leading experts in Al; more complete
datasets, patent search methodology and
expert contributions are openly available on
the WIPO website. We hope that this report will
prove an invaluable resource for businesses,
researchers and policymakers in the field, as
well as for those general readers who want to
find out how Al research has so far developed -
and where it is going.

The analysis offers unique insights into trends
in Al techniques (i.e., the different approaches
used in Al, such as machine learning and
fuzzy logic), Al functional applications (such
as natural language processing, speech
processing and computer vision) and Al
application fields (i.e., those industries and
other sectors in which Al innovation is being

put into practice). One of the most striking
findings of the report is that 50 percent of all Al
patents have been published in just the last five
years — a remarkabile illustration of how rapidly
innovation is advancing in this field.

This report identifies the key players in

Al from both the corporate and public
sectors across different research areas and
industries. Furthermore, the analysis of the
data and the inputs from Al experts address
many of the policy issues raised by Al, such
as the regulation and control of data, the
incentivization of further research, the role of
intellectual property (IP) protection and the
development of human-centered and ethical Al
to benefit all.

Together, the analysis of technological trends
presented in this report and the voices of Al
experts collected here are a valuable new
addition to a growing knowledge base on Al.

| hope that this contribution will help to shift
debate away from speculative interpretation
and toward evidence-based projections,
thereby informing global policymaking on
the future of Al, its governance and the IP
framework that supports it.

|

Francis GURRY
Director General
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Foreword

Foreword

Andrew Ng
CEO, Landing Al
and deeplearning.ai

I remember watching the final chess match
between Deep Blue and Gary Kasparov while
| was a graduate student at MIT in the 1990s.
When Kasparov resigned, | jumped out of

my chair in excitement — the Al community
had finally triumphed over the human

chess champion!

This moment stands out for me, among

many milestones in the development of Al,
such as the rise of deep learning, lessons in
scalability and the DARPA Grand Challenge.
Al is automation on steroids, and we had
“automated” the process of playing chess. |
was once captain of my high school chess
team and used to play competitively, but at
that moment | was happy to retire and leave it
to the computers. This was not a sad event for
me; on the contrary, | was thrilled to give up
chess this way.

As Al continues to develop and transform
industry after industry, | hope it will create
many more similarly joyful experiences. We
have a duty to address serious issues relating
to unemployment and inequality, but we should

neural network, the better the neural network
performed. We started looking for the biggest
computers we could find. That discovery, and
the idea of using distributed computing to
scale up neural networks, led to the creation of
Google Brain in 2011. Since then, deep learning
has made great progress as we’ve collected
more data and created the powerful computers
to make it work.

But we still have a long way to go in the field.
For example, a toddler can usually recognize
a cat after just one encounter, but a computer
still needs more than one example to learn.
We need to find ways to train computers on
training datasets as small as 100, or even
10. Manufacturing lines, for example, use
computer vision to check for defects in parts
but hopefully they will never have a million
examples of defects to train on. Effective
“unsupervised learning” — learning without
labelled data — remains a holy grail of Al.

Even without this “holy grail,” Al is already
creating massive economic value in the world
today. In covering Al, the media tends to focus
on images, speech and natural language
processing because those types of data

are very human. Everyone can understand
what it means for a computer to identify a

cat or recognize your speech. But a lot of the
economic value today is driven through deep
learning on “structured data.” Think of this as
machine learning applied to massive Excel
spreadsheets (only bigger than the biggest
Excel spreadsheet in the world). This data — for
example, what trucks should be dispatched
when, what products to recommend to what
user — is more specific to individual companies
and industries. Structured data gets less
attention because it’s not as visual or intuitive.
But it is driving massive value today and will

also never lose sight of the value and possibility continue as incumbent companies across all

that Al brings.

This report illustrates some of those
possibilities and where they are arising. One of
its findings is that deep learning is the biggest
and fastest growing technique in Al. When |
was at Stanford in the 2000s, my PhD student,
Adam Coates, came into my office with a
chart showing that the more data you fed to a

industries transform themselves with Al.

With this potential to transform every industry
and create so much economic value, Al
presents just as great a technological shift as
the Internet did. In the Internet era, companies
including Microsoft and Apple saw the Internet
trend early, and their leaders made strategic
decisions to become true Internet companies.



This meant investing in the right technology,
building teams, developing a digital strategy
and adapting how they communicated about
their products.

We are seeing a small number of incumbent
companies undergo a similar transformation

in the Al era. Google and Baidu were leaders
in hiring Al talent and building pilot Al projects;
they are now fully Al-driven companies. But Al
transformation is not limited solely to Internet
search companies. The biggest untapped
opportunities today lie outside of the software
industry in industries such as agriculture,
healthcare and manufacturing.

Every organization can leverage its data and
domain expertise to build pilot Al projects.
They will then be able to build internal Al
teams that push their industries forward and
create unique Al solutions. | recently released
the Al Transformation Playbook to help
organizations in all industries navigate their
own Al transformations.

In order to help more people and businesses
harness the potential of Al, we should consider
the following three actions:

1. Build more public-private partnerships:
When companies and universities or
government organizations work together,
both sides can benefit. For example,
university researchers can access more
data and understand relevant problems,
and corporations can understand the latest
breakthroughs in technology.

2. Continue promoting the free and open
sharing of Al knowledge and resources:
Companies have joined universities as
leading forces for publishing free and
open Al research. The arXiv repository
has made a huge difference to the Al
revolution, as has the hosting service GitHub
because it dramatically accelerates the
free dissemination of ideas. Other fields
can learn this lesson and move away from
paywalled journals.

3. Promote increased understanding of Al:
Today, you can get a PhD to learn Al, but it’s
not the only option. Traditional degrees, jobs
that allow you to learn, and at-home online

learning programs (such as MOOQOCs) are
all good ways for people to learn and work
on important problems. The more widely
accessible information we have, the more
flexibility people will have to learn.

Today, a significant amount of Al research

and education is taking place in the United
States and China. These countries are home
to many of the best universities in the world,
and their governments have provided funding
and created thoughtful regulations that enable
innovation. But the United States and China
have also built incredible business ecosystems.
It’s very difficult for other countries, even those
with great education, to compete with the
business, engineering and investing talent of
those two countries.

To close this gap, and work towards
decentralizing the concentration of Al
technology, we must invest in education.
Governments should invest heavily in educating
their citizens and enter public—private partner-
ships to adopt Al-powered systems safely.

Al will transform every facet of society. It
brings tremendous promise to improve our
lives and the world we live in, but it will require
the creation of an Al ecosystem to ensure
long-term, sustainable growth. As this report
highlights, Al technology and innovation has
until now been focused on a small number

of regions and organizations. In building a
fairer and more equitable Al-driven society,
we must empower businesses, governments
and citizens who may be impacted by
automation to ensure that the benefits of Al are
widely shared.

WIPO Technology Trends 2019
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Executive summary

Artificial intelligence (Al) is increasingly
driving important developments

in technology and business, from
autonomous vehicles to medical diagnosis
to advanced manufacturing. As Al moves
from the theoretical realm to the global
marketplace, its growth is fueled by a
profusion of digitized data and rapidly
advancing computational processing
power, with potentially revolutionary
effect: detecting patterns among billions
of seemingly unrelated data points, Al
can improve weather forecasting, boost
crop yields, enhance detection of
cancer, predict an epidemic and improve
industrial productivity.

Al is the new
electricity. | can
hardly imagine an
iIndustry which is
not going to be
transformed by Al.

Andrew Ng, Landing Al and deeplearning.ai

Technology trends can be discerned
through patent analytics

Drawing on WIPQO’s expertise in patent data
analytics, this first publication in the series
WIPO Technology Trends investigates the
trends in the emerging Al era: it analyzes
patent, scientific publishing and other data

to review past and current trends in Al, while
offering insights into how innovation in this field
is likely to develop in the coming years.

This publication is among the first to
systematically research trends in Al technology
in order to discover which fields show the
largest amount of innovative Al activity, which
companies and what institutions are leading

Al development, and the location of future
growth markets.

WIPO has devised a new framework for the
understanding of developments in the field, with
Al-related technologies grouped to reflect three
dimensions of Al: techniques used in Al, such
as machine learning; functional applications,
such as speech processing and computer
vision; and application fields, including
telecommunications and transportation.

For each of these areas, this report provides
data and analysis that identify trends, key
players, geographical spread and market
activity, including acquisitions and litigation.

In addition, it includes contributions from Al
experts from across the globe, addressing
issues such as existing and potential uses and
impact of Al technology, legal and regulatory

questions, data protection and ethical concerns.

Al-related inventions are booming, shifting
from theory to commercial application

Since artificial intelligence emerged in the
1950s, innovators and researchers have filed
applications for nearly 340,000 Al-related
inventions and published over 1.6 million
scientific publications.

Notably, Al-related patenting is growing rapidly:
over half of the identified inventions have been
published since 2013.

WIPO Technology Trends 2019
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While scientific publications on Al date back
decades, the boom in scientific publications
on Al only started around 2001, approximately
12 years in advance of an upsurge in patent
applications. Moreover, the ratio of scientific
papers to inventions has decreased from
8:1in 2010 to 3:1 in 2016 - indicative of a

shift from theoretical research to the use

of Al technologies in commercial products
and services.

Some areas of Al are growing more
quickly than others...

Machine learning is the dominant Al technique
disclosed in patents and is included in more
than one-third of all identified inventions
(134,777 patent documents). Filings of machine
learning-related patent have grown annually
on annual average by 28 percent, with 20,195
patent applications filed in 2016 (compared
with 9,567 in 2013).

The machine learning techniques revolutionizing
Al are deep learning and neural networks, and
these are the fastest growing Al techniques in
terms of patent filings: deep learning showed
an impressive average annual growth rate of
175 percent from 2013 to 2016, reaching 2,399
patent filings in 2016; and neural networks grew
at a rate of 46 percent over the same period,
with 6,506 patent filings in 2016.

Among Al functional applications, computer
vision, which includes image recognition, is the
most popular. Computer vision is mentioned

in 49 percent of all Al-related patents (167,038
patent documents), growing annually by

an average of 24 percent (21,011 patent
applications filed in 2016).

Those Al functional applications with the
highest growth rates in patent filings in the
period 2013 to 2016 were Al for robotics and
control methods, which both grew on average
by 55 percent a year.

The growth rates observed in the identified
Al-related patent data are noticeably higher
than the average annual growth rate for patents
across all areas of technology, which was 10
percent between 2013 and 2016.

...and many Al patents include
inventions that can be applied in
different industries...

Al-related patents not only disclose Al
techniques and applications, they often also
refer to an application field or industry. Analysis
shows that many sectors and industries are
exploring the commercial exploitation of Al.
Twenty application fields were identified in

the present analysis and at least one was
mentioned in 62 percent of the total identified
Al patent data. These include, in order of
magnitude: telecommunications (mentioned in
15 percent of all identified patent documents),
transportation (15 percent), life and medical
sciences (12 percent), and personal devices,
computing and human—-computer interaction
(HCI) (11 percent). Other sectors featuring in
the results include banking; entertainment;
security; industry and manufacturing;
agriculture; and networks (including social
networks, smart cities and the Internet

of things).

Many Al-related technologies can find use
across different industries, as shown by

the large number of patents in Al that refer

to multiple industries. Transportation is
prominent not only in the overall results, it
also features among those fields showing

the highest growth rates in Al-related patent
applications, with a 33 percent annual growth
between 2013 and 2016 (8,764 filings in 2016).
Rapidly emerging within the transportation
category are aerospace/avionics (67 percent
annual growth, with 1,813 filings in 2016) and
autonomous vehicles (42 percent annual
growth, with 5,569 filings in 2016). The boom
in transportation technologies becomes
more evident when we look at trends over
the period 2006-2016: representing just 20
percent of applications in 2006, by 2016 it
accounted for one-third of applications (more
than 8,700 filings).

While not showing the same high rate of
growth as transportation, patent filings in
Al-related telecommunications still grew
annually by an average of 23 percent between
2013 and 2016, with 6,684 filings in 2016.
Within telecommunications, the most growth



was seen by computer networks/Internet (17
percent) and radio and television broadcasting
(17 percent). Life and medical sciences grew
by 12 percent in the same period, with 4,112
filings in 2016, including medical informatics
(18 percent growth) and public health (17
percent growth). Personal devices, computing
and HCI grew an average of 11 percent
annually between 2013 and 2016, with 3,977
filings in 2016, and within this category notable
growth occurred in the sub-field of affective
computing (37 percent), which recognizes
human emotion.

Other sectors and sub-categories within
sectors with notable growth in patent filings
include: smart cities (47 percent annual
growth); agriculture (32 percent); computing
in government (30 percent); and banking and
finance (28 percent).

...while certain Al techniques,
applications and industries appear to
be closely linked.

Nearly 70 percent of inventions related to

Al mention an Al technique, application or
field in combination with another. The most
frequent combinations in patent filings are:
deep learning with computer vision; computer
vision with transportation, telecommunication
and security; ontology engineering with
natural language processing; and machine
learning with life and medical sciences. These
combinations suggest areas to watch for rapid
developments in Al in the near future.

Companies, in particular those from Japan,
the United States of America (U.S.) and
China, dominate patenting activity

Companies represent 26 out of the top 30

Al patent applicants, while only four are
universities or public research organizations.
This pattern applies across most Al
techniques, applications and fields. Of the
top 20 companies filing Al-related patents, 12
are based in Japan, three are from the U.S.
and two are from China. Japanese consumer
electronics companies are particularly
heavily represented.

Machine learning

IS the dominant Al
technique disclosed
In patents and is
Included in more
than one-third of all
identified inventions.

IBM and Microsoft are leaders in Al
patenting across different Al-related areas

IBM has the largest portfolio of Al patent
applications with 8,290 inventions, followed
by Microsoft with 5,930. Both companies’
portfolios span a range of Al techniques,
applications and fields, indicating that these
companies are not limiting their activity to

a specific industry or field. Rounding out
the top five applicants are Toshiba (5,223),
Samsung (5,102) and NEC (4,406). The State
Grid Corporation of China has leaped into
the top 20, increasing its patent filings by an
average of 70 percent annually from 2013

to 2016, particularly in the machine learning
techniques of bio-inspired approaches,
which draw from observations of nature,
and support vector machines, a form of
supervised learning.

In certain techniques and fields, the highest
numbers of patent applications originate from
companies with a high degree of specialization
and expertise in that field. Examples include
Baidu, which ranks highly for deep learning,
Toyota and Bosch, which are prominent in
transportation, and Siemens, Philips and
Samsung in life and medical sciences. Some
well-known companies that do not feature
among the top overall players in Al patents are
nonetheless prominent in certain areas; these
include Facebook and Tencent in networks and
social networks. Industry expertise and access
to specialized data may explain why certain
companies lead in specific industries.

WIPO Technology Trends 2019
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Universities contribute significantly to Al
research in specific fields, with Chinese
universities dominating

Despite the dominance of companies in Al,
universities and public research organizations
play a leading role in inventions in selected Al
fields such as distributed Al, some machine
learning techniques and neuroscience/
neurorobotics.

Chinese organizations make up 17 of the top 20
academic players in Al patenting as well as 10

of the top 20 in Al-related scientific publications.

Chinese organizations are particularly strong in
the emerging technique of deep learning. The
leading public research organization applicant
is the Chinese Academy of Sciences (CAS),
with over 2,500 patent families and over 20,000
scientific papers published on Al. Moreover,
CAS has the largest deep learning portfolio
(235 patent families). Chinese organizations
are consolidating their lead, with patent filings
having grown on average by more than 20
percent per year from 2013 to 2016, matching
or beating the growth rates of organizations
from most other countries.

The Republic of Korea’s Electronics and
Telecommunications Research Institute (ETRI)
stands out as second in patent filing among
universities and public research organizations
and ranks among the top 30 patent
applicants overall.

There are 167 universities and public research
organizations ranked among the top 500
patent applicants. Of these, 110 are Chinese,
20 are from the U.S., 19 from the Republic of
Korea and 4 from Japan. Four European public
research organizations feature in the top 500
list; the highest-placed European institution

is the German Fraunhofer Institute, which

is ranked 159", while the French Alternative
Energies and Atomic Energy Commission
(CEA) is in 185™ position.

The U.S. and China are the main targets
for Al patent filing...

The U.S. and China are the two most popular
offices for filing Al patents, in line with

patenting trends in other fields, followed by
Japan. These three offices account for 78
percent of total patent filings. There has been
an increasing use of WIPO’s PCT System,
which allows patent applicants to file in multiple
jurisdictions by filing a single application. The
PCT route ranks fourth among the top targets
for Al patent filings.

...but filings are
increasingly international

Many patent applications are extended to more
than one jurisdiction. One-third of all Al patent
applications are filed in additional jurisdictions
after their first filing and 8 percent are filed in
five or more jurisdictions.

Out of the top three filing offices, 40 percent
of patent applications first filed in Japan and
32 percent of patent applications first filed in
the U.S. are subsequently also filed elsewhere.
Just 4 percent of patent applications first

filed in China are subsequently filed in

other jurisdictions.

Chinese companies and universities currently
tend to file in China only, compared with
applicants from other countries, particularly
the U.S.

Acquisitions complement internal
research and IP strategies

In total, 434 companies in the Al sector have
been acquired since 1998, with 53 percent
of acquisitions having taken place since
2016. The number of acquisitions identified in
the Al sector has increased every year since
2012, reaching 103 in 2017. Although Alphabet
(including Google, DeepMind, Waymo and

X Development) ranks 10" in the number of
inventions filed, with 3,814 in total, it ranks
1stin terms of acquisitions of Al companies.
Apple and Microsoft have also been active

in acquisitions.

Certain companies, such as IBM and Intel,
target mature companies. The majority of
acquired companies are, however, startups
with small or non-existent patent portfolios.
This suggests that targets are being acquired



for other assets, including talent, data, know-
how and other IP.

Cooperation in Al research is limited,
but so is conflict

In many cases, organizations that cooperate
in research are credited as co-assignees

on patent applications. However, none of
the top 20 applicants shares ownership of
more than 1 percent of its Al portfolio with
other applicants.

Overall, the amount of litigation identified

in the report is relatively low (less than 1
percent of patents being litigated), which
may be due to the fact that products have
not yet come to the market and infringement
may be difficult to prove. There have been
1,264 Al patent families identified in litigation,
with 74 percent of cases in the U.S., and
4,231 in patent opposition cases worldwide.
The top three plaintiffs in litigation over

Al patents are Nuance Communications,
American Vehicular Sciences and Automotive
Technologies International.

Technology trends can inform
policymaking on the future of Al

The analysis presented in this report offers
new insights into trends in Al innovation. It
shows the extent to which artificial intelligence
is playing an increasingly important role in a
range of technological and other activities.

The potential societal impact of Al has already
been identified — and much more is to come. In
this regard, Al must be viewed in conjunction
with its expected effect on the workforce, the
economy and society as a whole.

Policymakers will have to move quickly to
keep up with Al-related developments and
shape the direction of Al’'s evolution. A variety
of stakeholders will have to reflect on the
correct policy mix to maximize the widest
possible benefits from Al, with particular
focus on Al-related strategies, policies, laws
and regulations addressing legal and ethical
considerations; access to and ownership

of digital data and its effect on IP systems;
availability of an appropriately skilled

Chinese
organizations make
up 17 of the top 20
academic players in
Al patenting as well
as 10 of the top 20

In Al-related scientific

publications.

workforce; and investment strategy and
related funding.

This report documents how Al-powered
technologies are rapidly entering global
markets and brings together viewpoints

from experts at the cutting edge of Al. ltis a
contribution that aims to provide decision-
makers in the public and private sectors with
an improved knowledge base for discussions
on the future of Al and the policy and

regulatory framework for this fast-moving area.
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1 Introduction

A few decades ago, it was only humans
who could play chess or read handwriting.
Having been the focus of research in
artificial intelligence (Al) for several

years, both are now routinely done by
machines. Today, researchers are working
on many more applications of Al which will
revolutionize the ways in which we work,
communicate, study and enjoy ourselves.
Products and services incorporating such
innovation will become part of people’s
day-to-day lives within the next few years
as we embark on what some Al experts
describe as the age of implementation.

Yet Al remains a challenging subject

for many people. Definitions vary, have
changed over time and are in some cases
contentious. The technology is complex
and wide-ranging, potentially affecting
many different areas of human activity. And
Al raises complex questions about privacy,
trust and autonomy that are difficult to

grapple with, and this has led to fears about
humans themselves being under threat.

According to many
observers, the current
Al boom began about
seven years ago. It
followed a series of
ups and downs, often
referred to as “Al
summers and winters.”



For the purposes of this report, Al systems

are viewed primarily as learning systems; that
is, machines that can become better at a task
typically performed by humans with limited

or no human intervention. This definition
encompasses a wide range of techniques and
applications, as we will see in subsequent
chapters, and can be broken down into

many different categories of technology. The
techniques and applications included in this
report refer to individual tasks performed by Al
systems, known as “narrow Al.” This is to be
distinguished from concepts such as artificial
general intelligence or superintelligence; namely,
Al systems able to successfully perform any
intellectual task that could be undertaken by
the human brain or the hypothetical ability

of a machine to far surpass the human brain.
Such concepts are not something that current
technology permits, and they are therefore only
addressed in passing in this report. More on
these concepts and other approaches to Al
can be found in the list of further reading in the
Annex (see pages 150-154).

The Al wave

According to many observers, the current

Al boom began about seven years ago. It
followed a series of ups and downs, often
referred to as “Al summers and winters,”

as interest in Al has alternately grown and
diminished — as demonstrated by the data on
research investment. Interviewed for this report,
Andreessen Horowitz partner Frank Chen
describes Al as “an offshoot of a resurgence of
a very old technique ... where from observation,
you can have sets of algorithms making
predictions on business, health and legal
matters.” For example, he says, you can predict
how a jury would vote based on testimony

in court, or whether a patient has cancer

based on analysis of a number of x-rays. “The
technique is basically: give me examples and

| will figure out which ones are relevant. The
bigger the set of data you have, the better
predictions you make.”

The growth in computing power and
connectedness, which enables large volumes
of data to be compiled and shared, has opened

A short history of Al

1956

The term “artificial intelligence” is coined
at a Dartmouth conference and Al is
founded as an academic discipline.

1956-1974

The golden years of Al enjoy government
funding in promising, logic-based
problem-solving approaches.

1974-1980

Overly high expectations coupled with
the limited capacities of Al programs
leads to the first “Al winter”, with reduced
funding and interest in Al research.

1980-1987

The rise of knowledge-based expert
systems brings new successes and a
change in the focus of research and
funding toward this form of Al.

1987-1993

The second “Al winter” starts with the
sudden collapse of the specialized
hardware industry in 1987. The Al hype
brings with it negative perceptions by
governments and investors, as expert
systems show their limitations and prove
expensive to update and maintain.

1993-2011

Optimism about Al returns and increases.
New successes are marked with the

help of increased computational power
and Al becomes data-driven. In 1997,
IBM’s DeepBlue beats world champion
Kasparov at chess. In 2002, Amazon
uses automated systems to provide
recommendations. In 2011, Apple releases
Siri and IBM Watson beats two human
champions at the TV quiz Jeopardy.

2012-today

Increased availability of data, connected-
ness and computational power allow for
breakthroughs in machine learning, mainly
in neural networks and deep learning,
heralding a new era of increased funding
and optimism about the Al potential. In
2012, Google driverless cars navigate
autonomously and in 2016 Google
AlphaGo beats a world champion in the
complicated board game Go.
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1 Introduction

up many new opportunities for Al technologies,
which are in turn reinforced by the greater
availability, systematic collection of and access
to data. But, as we will see in this report, this
accumulation and analysis of data raises
further questions for Al researchers.

The impact of Al technologies on humans is
likely to be profound. Martin Ford, author of
The Rise of the Robots, thinks many workers
will have to become skilled in different areas,
while employers and governments will have
to address how best to deal with the loss of
employment and growing inequality. “In the
next 10 to 20 years,” he predicts, “the jobs that
will be most vulnerable to automation will be
those that are routine and predictable. If what
you do is encapsulated in data, at some point
it’s a pretty good bet that there will be an Al
that can do that kind of work.”

Assessing the state of Al

Now is therefore a good time to take a close
look at the state of research and exploitation

of Al technologies. Patents provide a valuable
means of assessing trends in research as they
reveal the areas of innovation that inventors
are focused on. Moreover, patent application
documents are publicly available once
published, and include useful information, such
as the name of the applicant, date of patent

application and technical details of the invention.

By analyzing patent data, it is possible to

track changes over time and identify which
jurisdictions are seeing most patenting activity.
Moreover, digging deeper into the substance
of applications provides insight into the types
of technologies being developed and those
that are emerging, what they are applied to and
which fields they cover.

Much of this report therefore focuses on analysis
of patent data: a description of the methodology,
categorizations and classifications used are
presented in the next section of this chapter.
Chapter 2 highlights the main trends across all
areas, while Chapters 3 to 6 explore the data

in greater detail. Chapter 3 looks at trends

in patents related to Al over time, Chapter 4

discusses the most prominent companies and
universities and public research organizations
filing patents, Chapter 5 focuses on geographical
trends and Chapter 6 looks at market trends.

Patents, however, only provide a part of the
picture, as much research is never patented.
This report therefore also includes analysis
of scientific publications, identifying trends
over time and by geography as well as by
subject area. In addition, Chapter 6 provides
other relevant information on acquisitions
and funding as well as patent litigation and
oppositions and open source investment.

The analysis of the data in this report is
complemented by the viewpoints and
comments given by invited Al experts, some
focusing on specific issues in Al or case
studies and others addressing more general
concerns. Some of these contributors

sent written submissions and others were
interviewed during the research. A list of
contributors can be found on pages 10-11.

The final two chapters in this report, Chapters

7 and 8, look at public policies and the future

of Al, and draw in more detail on some of these
contributions. In a field that is evolving so fast,
it is hard to make predictions, but some areas
merit particular attention. Data ownership is
clearly a central concern, along with issues
around data access, privacy and bias. Related
to this is the role that businesses, governments,
intergovernmental organizations and educational
institutions should play in the development

and regulation of Al technologies, including the
related intellectual property (IP) framework.

The insights offered, combined with the

data on trends presented throughout this
report, should provide a valuable guide to key
technological developments, issues of concern
in Al and the policy responses in place.

How the research was done

This section explains the methodology used

for the analysis in this report, which was
conducted by CNRS Innovation, and how the
data were collected, classified and categorized.



Methodology and data

The bulk of this report comprises analysis of
data on patents and scientific publications, and
it is important to distinguish how they differ
and what each can tell us about research and
innovation trends.

Al technologies may be described in patent
applications, protected by patents, disclosed

in scientific publications, shared through open
source projects or collaboration platforms, or
developed in-house and protected by trade
secrets. As the most commonly used means of
sharing research developments and protecting
technical inventions, patents and scientific
publications provide particularly useful ways to
analyze trends in Al technologies. In addition, as
they are systematically collected in a structured
data format in patent and non-patent databases
and can be publicly accessed, they provide an
appropriate source of data to analyze and draw
meaningful conclusions. Patents and scientific
literature are habitually used by industry
academia and economists as an established

indicator to track and analyze technology trends,

bearing in mind that certain technologies’
advances may not be published in scientific
articles or described in patent applications.

Patents are intellectual property rights. Patents
are territorial, meaning that they provide
protection only in the jurisdiction where an
application was filed and a patent is granted.
Patents are thus generally granted by national
patent offices — or through regional systems,
such as the European Patent Convention (EPC)
administered by the European Patent Office
(EPO). In many jurisdictions, the patent office
examines each application to see whether it
meets certain requirements, including that the
invention must fall under a patentable subject
matter in the jurisdictions in question (e.g.,
discoveries, scientific theories, mathematical
methods and computer programs per se are

in general not patentable, whereas software is
patentable in some jurisdictions), be novel (i.e.,
not be part of the state of the art), involve an
inventive step (i.e., be “non-obvious”), have a
potential industrial application, and the claimed
invention be sufficiently disclosed. Where
patents for the same invention are filed in

\. = A definition of Al

ﬁ=\ Aristotelis Tsirigos,
NYU School of Medicine

In recent years, accelerated urbanization,
globalization and the abundance of
products, services and information

has begun to fundamentally transform
our society. As individuals, we are
experiencing an increasingly complex
and demanding environment. In
response, mobile applications and
automated services are being developed,
allowing us to more effectively navigate
this complex new world. All this is made
possible by powerful algorithms that are
slowly acquiring fundamental human-like
capabilities, such as vision, speech and
navigation. Collectively, these computer
algorithms are called artificial intelligence
(Al). Beyond emulating these ordinary
human capabilities, Al is quickly moving
forward to master more specialized tasks
performed routinely by human experts.

numerous jurisdictions, they are described as
being members of the same patent family (see
the box on Data collection and preparation on
page 22) and equate to a single invention.

Patents are normally published 18 months
after filing. If the patent office decides that the
application meets all the patentability criteria
and other requirements, the patent is granted,
though this may take several years. The term of
protection is ordinarily 20 years from the filing
date in most jurisdictions, though it may lapse
before, if the applicable renewal fees are not
paid, and some jurisdictions have provisions
to extend the patent protection term under
certain circumstances.

In many fields of technology, and across all
jurisdictions, many patent applications filed

do not meet one or more of the patentability
criteria and are not granted or are withdrawn by
the applicants for different reasons. A patent
family may include members for which patents
have been granted, others not granted or still
under patent examination.

Once a patent is granted, a patent holder has, in
general, the right to exclude others from making,
using, selling, offering for sale, or importing for
those purposes, the claimed invention, without
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Data collection and preparation

The patent data have been prepared using the patent database Questel Orbit and were
extracted on March 31, 2018. Scientific publication data have been prepared using
Elsevier Scopus and were extracted between June 15, 2018 and June 29, 2018. Litigation
data is based on Darts-IP and Orbit databases. The coverage of these databases

is available in the background paper to this report (see Data collection method and
clustering scheme, available at www.wipo.int/tech_trends/en/artificial_intelligence) and
like any data source may not be exhaustive.

Patent data are extracted from the FamPat collection provided by Questel. The FamPat
collection indexes patent applications and granted patents from more than 100 patenting
authorities. These patents are grouped into patent families. A patent family includes all
those patents in different offices that relate to the same or similar technical content. The
earliest application in the family has what is known as the priority number, and other
applications in the family share one or more pieces of priority data for the purposes of
novelty and inventive step. There are different definitions of patent families; for the current
report the FamPat families were used, grouping together the same invention sharing the
exact priority data seeking patent protection in different jurisdictions. More information
about patent families and the impact the choice of the patent family type may have on the
analysis can be found in the section of further reading in the Annex (see pages 150-154).

In the graphs and analysis, each patent family is represented by one single patent
document chosen from among the different filing offices in this order of preference: EPO,
WIPO, USPTO, INPI (France), DMPA (Germany), UK IPO (the United Kingdom) and then
other offices of first filing. This ensures that even where there are several members of a

patent family it is only counted once.

For patent data in this report, the earliest priority date is used in most of the graphs and
analysis that include a date. This is the date when the first patent application in a patent
family was filed at a patent office (priority application). It is the closest point of reference to
the time when the invention was actually made.

Some graphs in this report use the earliest publication date to present data for patents.

The publication date is the date on which a patent application is first published (i.e., made
available to the public) and thus becomes part of the prior art. In general, first patent
publications are made 18 months after the earliest priority date. Studying data based on the
publication year provides insight that is closer to the present day and also helps compare
patent publications with scientific publications.

their consent. Generally speaking, an inventor
has the right to a patent, which can be assigned
to another natural or legal person. In cases
where an invention is created by an employee,
many jurisdictions provide a special rule for the
determination of the ownership of the invention.

Many patent offices provide mechanisms for
third parties to challenge patent rights through
administrative mechanisms, namely opposition/
observation proceedings, invalidation or other
equivalent processes such as inter partes
review. Patents can also be challenged in court
proceedings (litigation). Trends in oppositions
and litigation regarding Al patents are analyzed
in Chapter 6.

Among the different data sources available,
patents provide several advantages for
analyzing trends in Al. They are collected in
accessible databases. They also include much
relevant information, such as the application
date, the name of the applicant (organization
or individual) and inventor(s), and a thorough
technical description of the invention, including
previous technical solutions known as “state of
the art.”

Once published, the information in a patent is
available for researchers to read, study and
analyze for research or academic purposes
and once a patent has expired or lapsed, it is
part of the public domain.


https://www.wipo.int/tech_trends/en/artificial_intelligence

However, much research is not patented but
published instead in scientific journals. These
publications have also been analyzed in the
research for this report. In each chapter, trends
in scientific publications related to Al are
discussed in detail and compared with the
patenting activity in the same field. Once an
invention is disclosed in a scientific publication,
it is no longer considered novel and therefore
cannot be patented, except in those jurisdictions
allowing a grace period. Scientific publications
therefore complement the information available
in patent databases, while the information in
patent publications may be of use to researchers
working on scientific publications as they can
contain unique information, in particular in those
cases where companies choose to file a patent
application and not publish a scientific paper.

Counting and categorizing patents

Patent applications and the related patent
families in Al can be identified by using patent
databases. For the purposes of this report,
patent families from different offices around the
world have been searched, with no time limits
imposed. The total numbers used in this report
refer to these overall results.

Despite the availability of information in patent
documents, it can however be difficult to
identify exactly which patent families relate to
Al because of the lack of an agreed definition
and the changing concepts of what constitutes
Al. The data in this report are based on the
classification scheme discussed below, the
classification codes used by patent offices and
an extended list of specific keywords, which
were selected based on a review of existing
literature, well-established hierarchies and
web resources. Samples of the results were
manually checked and validated using a text-
mining tool. Full details of the data analysis are
provided in the appendix.

This process resulted in a total list of 339,828
patent families related to Al, and these patents
form the basis of the analysis in the chapters
that follow. The patent families related to Al
represent about 0.6 percent of all patent
families, based on the total collection of 59.3
million patent families at the time of the search.

How will industry
adopt Al?

/4 Kai-Fu Lee, Sinovation Ventures

| personally think it will be making all
the known technologies really honed

to fit actual applications — that will

be the largest social contribution to
humanity. If you look at the history

of speech recognition or computer
operating systems, or the notion of the
Internet, we’re at the end of the age

of discovery and there’s likely to be

an age of implementation. They were
experimental in laboratory conditions
and not yet applied in industry. Which
are the early adopters? Which ones

are the momentum drivers? Which are
mainstream usage? Fixing and tweaking
technologies so that they can become
applicable — that will be 100 percent the
most important thing.

In the next five years, probably Internet
and financial and e-commerce are the
biggest industries that will be affected
- those where there are immediate
transactions of money. After that we
will see areas such as retail, healthcare,
manufacturing, transportation and
automotive, and logistics, including
warehousing/transportation/delivery.
Eventually Al will penetrate everything.

Patent classification

Patent examiners use codes to classify patent
applications and other documents according
to their technical features. This facilitates
searching and examination. There are several
patent classification systems used by patent
offices. The patent search for this report drew
on the three main ones:

e International Patent Classification (IPC):
maintained by the World Intellectual
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Property Organization (WIPO) and used by
more than 100 offices.

e Cooperative Patent Classification (CPC):
jointly developed by the United States Patent
and Trademark Office (USPTO) and the EPO
and based on the IPC, it is also used by
China’s Patent Office (CNIPA).

e Fl and F-term list: these classification codes
are developed and used in Japan (JPO).

Each of these classification schemes contains
more than 100,000 codes (so-called classes
or symbols), rising to around 250,000 in the
case of the CPC. This report identified several
hundred classification codes relevant to Al.

Categorization of Al technologies

Throughout this report, Al technologies are
analyzed using the scheme illustrated in figures
1.1 to 1.3. This was chosen based on the
Association for Computing Machinery (ACM)
Computing Classification Scheme, which has
been developed over the past 50 years. As this
scheme was last updated in 2012, it has been
adapted to take account of recent technological
developments such as the emergence of deep
learning. While Al experts may have different
perspectives and use different definitions of Al
technologies, this scheme has the advantage
of providing a clear analytical framework for the
report and the presentation of the evolution of
Al technologies over time.

The scheme comprises three main categories:

e Al techniques: advanced forms of statistical
and mathematical models, such as
machine learning, fuzzy logic and expert
systems, allowing the computation of tasks
typically performed by humans; different
Al techniques may be used as a means to
implement different Al functions.

e Al functional applications: functions such
as speech or computer vision which can be
realized using one or more Al techniques.

e Al application fields: different fields, areas or
disciplines where Al techniques or functional
applications may find application, such
as transportation, agriculture or life and
medical sciences.

The deep .
learning revolution

Myriam Coté, Mila

Deep learning has been at the heart of
Mila’s research since the 1990s, with
Yoshua Bengio being one of the founders
of the field and the scientific director

of the Institute. Seen in earlier years

as a marginal research topic, recent
breakthroughs in deep learning applied

to speech recognition, computer vision
and machine translation have been so
outstanding, with Al algorithms functioning
at close to human performance levels in
some cases, that it soon became clear its
impacts on industry, society and economy
are likely to be profoundly disruptive. In

a nutshell, deep learning is fueling a new
industrial revolution based on Al.

This scheme is used for categorizing both
patent publications (using classification code
and keywords) and scientific publications
(using keywords).
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Figure 1.2. Al functional applications
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Figure 1.3. Al application fields
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The digital twin

Digital twins mirror reality and can detect problems that would otherwise
remain imperceptible, representing the next step towards the goal of providing
“the right treatment for the right patient at the right time.” They are part of

a technology that links the real and digital worlds, using Al to turn data into
actionable insights. First, millions of examples of curated data are leveraged

to train deep learning neural networks. In a second step, the neural networks
are used to approximate parts of a combined individualized multi-scale
physiological model. This holds the potential for evaluating the effectiveness of
tailored treatments, paving the way for the expansion of precision medicine.

The first organ to be precisely simulated using the digital twin method
was the heart. Based on MRI and ECG measurements, the model
simulates the physiological processes of a patient’s most vital organ.
Virtual planning can then be performed to visualize its responses

to treatment on a computer before the actual intervention.

Siemens Healthineers is developing intelligent algorithms that generate digital
models of organs based on vast amounts of data. Cardiologists tested the use

of these algorithms in cardiac resynchronization in a research project at the
University of Heidelberg. Cardiac resynchronization therapy is a treatment option
for patients suffering from chronic congestive heart failure. It involves an advanced
pacemaker that resynchronizes the beating heart using two electrodes, one
implanted on the right ventricle, the other one on the left ventricle. The Heidelberg
cardiologists created a digital twin of the patient’s heart, virtually implanted

the electrodes, and virtually generated electrical pulses. If the asynchronous
pumping of the virtual heart was corrected, it served as an indication that
resynchronization therapy could also be successful in the real patient.

This is an excellent example of using digitalization and Al to help
physicians develop more precise prognoses. The simulation of different
scenarios not only improves treatment but also offers the potential for
major time savings. Time is a critical factor in many areas of healthcare,
and every minute saved by optimizing processes can significantly
improve patient experience and transform the delivery of care.

Photo © Siemens Healthineers. Note: The system is currently under development and not for sale. Its future availability cannot be guaranteed.

Case study by Siemens
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2 Trends In

artificial intelligence

Looking first

at trends Iin

Al techniques,
machine learning
predominates,
representing a
massive 89 percent
of filings mentioning
this Al technique
and 40 percent of
all Al-related
patents.

One of the most striking characteristics of
research in artificial intelligence (Al) is the
rapid growth that has been seen over the
past five years. The impressive numbers

of patent filings in this period and the
decrease in the ratio of number of scientific
papers to inventions are indicative of a shift
from theoretical research to the use of Al
technologies in commercial products and
services. This trend is also reflected in the
types of patents being filed, with significant
growth in specific Al applications and
sector-specific fields.

In this chapter, we present the overall
trends in Al, including the behavior of its
key players, geographical trends, and
acquisition and enforcement trends, using
the three categories of 1) Al techniques,
2) Al functional applications, and 3) Al
application fields, illustrated in figures

1.1 to 1.3 in Chapter 1. The growth rates
reported below are based on the average
annual growth rate of patent filings from
2013 to 2016. The findings are analyzed
in more detail in Chapters 3, 4, 5 and 6
that follow.



Trends in Al techniques

Looking first at trends in Al techniques,
machine learning predominates, representing
a massive 89 percent of filings mentioning this
Al technique and 40 percent of all Al-related
patents. Machine learning grew by 28 percent
from 2013 to 2016; in the same period, fuzzy
logic has grown by 16 percent and logic
programming by 19 percent.

Within machine learning, every Al technique
showed an increase in annual filing numbers
for the same period, but some stand out. Deep
learning is the fastest growing technique

in Al, with an 175 percent increase over the
period. Multi-task learning, the next fastest,
grew by 49 percent. Other techniques with
notable increases were neural networks, latent
representation and unsupervised learning.

Trends in Al functional applications

Turning to trends in Al functional applications,
computer vision, which includes image
recognition, is the most popular. Computer
vision was mentioned in 49 percent of all
Al-related patents and grew by 24 percent
during 2013 to 2016. The other two top areas

in functional applications are natural language
processing (14 percent of all Al-related patents)
and speech processing (13 percent).

While these three functional applications are
the most important in terms of the total number
of filings, others are emerging and growing fast.
Al filings concerning both robotics and control
methods have increased by 55 percent, for
example, while those for planning/scheduling
have grown by 37 percent.

Within computer vision — the top functional
application — biometrics has seen an average
annual growth rate of 31 percent and scene
understanding one of 28 percent. Within
natural language processing, semantics has
grown by 33 percent and sentiment analysis by
28 (though it still only accounts for 1 percent

of natural language processing applications).
Within speech processing, speech-to-speech
has grown by 15 percent, and speech

Does the data
4% reflect reality?

4
Haifeng Wang, Baidu

Regarding Al techniques, machine learning,
particularly deep learning for nearly the
past ten years, has been well studied and
significant progress has been made. And
for functional applications, computer vision,
speech processing and natural language
processing have also shown vast industrial
potential and have already been utilized in
practical applications. Such developments
correspond to the trends in patent filings
and in scientific publications.

For industry, there is a trend to combine
hardware with software to make Al
technologies more practically applicable.
Deep learning framework with chips

for Al could be another opportunity for
players aiming to dominate the future Al
industry. For application systems, the
need for the combination of different Al
techniques with functional applications
is getting more serious. Al application
systems also need to be integrated with
business scenarios.

recognition and speaker recognition have both
grown by 12 percent.

Trends in Al application fields

Lastly, in Al application fields, the top
industries are transportation (15 percent of all
Al-related patents), telecommunications (15
percent), and life and medical sciences (12
percent). Growing industries are transportation,
agriculture, and computing in government,

with annual growth rates of at least 30 percent
between 2013 and 2016.

Looking at trends over ten years, the boom
in transportation technologies becomes
more evident: representing just 20 percent
of applications in 2006, by 2016 it accounted
for one-third of applications (with more than
8,700 filings).

Telecommunications, the second most
important application field, has remained

at around 24 percent during this period, but
the proportion of filings mentioning business,
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Deep learning is
the fastest growing
technique in Al,
with an 175 percent
Increase between
2013 and 2016.

document management and publishing or life
and medical sciences has decreased.

Key players

Companies represent 26 of the top 30
applicants, most of them active in consumer
electronics, telecommunications and/or
software, as well as in sectors such as electric
utility and automobile manufacture. Just

four of the top 30 are a university or public
research organization.

IBM is the company with the largest patent
portfolio (8,290 applications), followed by
Microsoft (5,930 applications). Of the top 20
companies, 12 are based in Japan, three are
from the United States of America (U.S.) and
two are from China.

Computer vision is the main functional
application mentioned in patents by the
top companies (19 out of 20), though IBM
has a greater focus on natural language
processing. Machine learning is by far the
most represented Al technique in the top
applicants’ portfolios.

One notable trend concerns the leaders in deep
learning, the fastest-growing area of machine
learning. The Chinese Academy of Sciences
possesses the largest patent portfolio explicitly
dealing with deep learning techniques (235
patent families), and most of the main portfolios
in this field have been filed by Chinese
universities. Baidu leads among companies

owning quite large portfolios of patents related
to the deep learning sub-category of machine
learning, followed by Alphabet, Siemens,
Xiaomi, Microsoft, Samsung, IBM and NEC.

Organizations that cooperate in research

may be credited as co-assignees on patent
applications. However, the data indicate that
co-ownership of patents is rare for most
technologies. None of the top 20 applicants
co-owns more than 1 percent of its Al portfolio.

Around one-fifth of the top 500 applicants,
ranked by number of patents, are from
universities and public research organizations
from China. The highest placed such
organization is the Chinese Academy of
Sciences, which has 2,652 patent families,
placing it 17" in the overall list of applicants.
Patenting activity from Chinese universities
and public research organizations has seen
significant growth (between 20 and 80 percent
annually on average between 2013 and

2016), while patenting activity from top U.S.
universities and public research organizations
has diminished (by between 20 and 26 percent
annually) from 2013 to 2016.

Among universities and public research
organizations, computer vision is the main
functional application mentioned in patent
portfolios (as with companies), while machine
learning and neural networks are the most
frequently mentioned techniques.

The top universities/public organizations make
the vast majority of their priority patent filings
in their country of origin. Fraunhofer is the main
exception, with some priority filings also made
in the U.S. or via the European patent route.

Geographical trends

Looking at those offices where patents are filed,
it is possible to identify trends in developments
in Al research. The first patent filings in Al were
made in Japan in the early 1980s, but this
office was subsequently overtaken by both

the U.S. and China. Since 2014, China has led
the world in the number of first patent filings in
Al, followed by the U.S. Together, these three



offices account for 78 percent of total patent
filings. China and the U.S. also lead in the
number of scientific publications.

Two-thirds of Al patent families are filed at
one office only, while 9 percent are filed in
five or more jurisdictions and just 0.6 percent
are filed at more than 10 offices. The vast
majority of Chinese applications seem to be
focused on the domestic market, with only

4 percent protected in another jurisdiction.
This compares with 40 percent of patent
applications first filed in Japan and 32 percent
of those first filed in the U.S. that are then
subsequently filed elsewhere.

However, there are indications that patent
filings are becoming more international. The
PCT System, which allows applicants to

file in multiple jurisdictions by filing a single
application, is extensively used, as is the
European Patent Office. Popular offices for
filing subsequent applications after the first
one has been made include the U.S., China,
Canada and Australia.

The Chinese and U.S. offices lead in all
techniques and functional applications,
though Japan is prominent in fuzzy logic,
computer vision and speech processing,
while the Republic of Korea stands out in
ontology engineering.

Acquisition of Al patents

While it is too early to assess the impact of Al
technologies on individuals and society, certain
data can provide insight into business and
economic activity. For example, acquisitions
can be part of a company’s strategy and
complement its intellectual property (IP)
protection and development efforts.

Available data on acquisitions indicates that
434 companies in the Al sector have been
acquired since 1998, and that 53 percent of
acquisitions have taken place since 2016. The
vast majority of acquired companies in the field
of Al are U.S. ones (283 acquired companies),
while the United Kingdom (U.K.) ranks second
with 25 acquired companies.

Science and techno-
5@ logy in Al-innovations

e
™ By ‘ Kazuyuki Motohashi,
University of Tokyo

Recent progress in Al innovations has
been driven by the interaction between
computer science and cognitive science.
As an example, the idea of a deep neural
network (used for Al applications such

as autonomous driving, condition-based
maintenance of jet engines and new drug
discovery) comes from the mechanism of
how the human brain works. The sheer
speed of technological change in this field
demands interaction between scientific
research and technological progress,
blurring the distinction between academic
research and private enterprise.

This co-development of science and
technology can be captured by tracing
the evolution of research articles
(scientific findings) and patents (new
technologies). My own research shows
an upward trend in both scientific
publications and patents, but with the
volume of publications rising earlier. The
crossover of people between academia
and private firms contributes to this
process — those who had published
Al-related publications in public research
organizations later became involved in
patenting activities at a private company
(either through a joint appointment or by
moving job).

Science contributes to the development
of Al technology, but the role played by
the private sector increases over time
as it obtains IP rights over inventions.
Policymakers therefore need to be alive
to the interplay between open science
and proprietary technology in the Al
field. Policies promoting Al should cover
both public and private sectors, while at
the same time recognizing the potential
for tension between open science and
proprietary technology. They should also
be developed in line with competition
policy concerning the private ownership
of data and IP rights.
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How big data and Al can help support sustainable
development and humanitarian action

S Malcolm Johnson, ITU

Advances in information and communication technologies (ICTs) are driving global changes in
our society — from the way we communicate and behave with each other, to the forces shaping
our economies and societies. Without doubt, Al offers opportunities to unlock the value of

big data to enable more evidence-based decision-making, to measure progress toward the
Sustainable Development Goals (SDGs), and to drive transformations in development.

There are many examples of how big data and Al can be used to help achieve each and
every of the 17 SDGs. Al tools and techniques can be used to analyze poverty and hunger
and their root causes. In health, Al can improve the working methods of doctors and help
complement traditional medical tools and techniques, improving the accuracy and speed
of diagnosis. In education, Al and data analysis can be used to personalize education
packages for individual students. A key advantage to Al lies in its ability to analyze huge
datasets and identify patterns and correlations that may pass unnoticed in smaller, or more
piecemeal, data. Al can be used to monitor, plan and manage responsible production and
consumption across different industrial sectors.

However, there is growing public recognition that along with the opportunities, Al creates
challenges that are very complex and multifaceted. Navigating Al-related ethical, technical,
and socio-economic challenges such as its disruptive impact on employment may be as
difficult as delivering the solutions for social good — and both will require unprecedented
collaboration. If not, there is a risk of opening up another more sophisticated form of digital
divide, one with profound implications for inequality globally.

Recognizing that Al potentially impacts the work of every UN agency in their efforts in
contributing to the achievement of the SDGs, the UN is working hard to consider the
implications of Al. Every year, ITU hosts the “Al for Good” Summit in partnership with sister
UN agencies, XPRIZE Foundation and ACM to foster global multi-stakeholder dialogue to
ensure trusted, safe and inclusive development of Al technologies and equitable access

to their benefits. In January 2019, the ILO’s Global Commission on the Future of Work
published its findings. The first countries are issuing frameworks for autonomous driving,
including Germany, and UNECE is considering the implications of autonomous and self-
driving cars on the Vienna Convention on Road Traffic. In these and other ways, the UN
hopes to promote and advance the benefits of Al towards the three pillars of the UN: peace
and security, human rights, and development.




U.S. companies also lead the way as acquirers.

Six out of the top 20 companies have acquired
Al companies. Ten companies have made

at least five acquisitions in this field and
between them have made 79 acquisitions

in total. Alphabet, Apple and Microsoft have
been the most active entities, with 18, 11 and
nine Al-related acquisitions, respectively. The
number of acquisitions identified in the Al
sector has increased every year since 2012,
reaching 103 in 2017.

Funding provides further insight into Al activity.
As of May 2018, 2,868 companies related to Al
have been identified as receiving a disclosed
amount of funding (44 percent of 6,538
companies). This represents about US$46
billion in funding in total.

Enforcement of Al patents

Turning to legal disputes over Al patents,
available data on litigation and opposition
cases from different regions can be analyzed
to identify trends over time, as well as the most
active parties as plaintiffs and defendants:
1,264 Al patent families are mentioned in
litigation cases and 4,231 are mentioned in
opposition cases for the period 1975 to 2017
(years correspond to earliest priority years

of the patents implicated in the litigation/
opposition cases). There are 492 patent
families mentioned in both types of dispute.

The top three plaintiffs in litigation cases are
Nuance Communications, American Vehicular
Services and Automotive Technologies
International, while Microsoft, Apple and
Alphabet are the top defendants. The biggest
filers of oppositions to Al patents are Siemens,
Daimler and Giesecke+Devrient, while the main
defendants in oppositions are Samsung, LG
Corporation and Hyundai.

® Examples of
er Al applications

a" Boi Faltings, EPFL

Distributed Al can be used to optimize
resource sharing without appearing to
place restrictions on people’s behavior.
To take one example, recent work has
shown how to best place electric vehicle
charging stations so that users will

find them naturally and conveniently
available. Another use of distributed Al is
to enable intelligent infrastructure such
as smart grids. These connect intelligent
devices such as heating and washing
machines to renewable energy supplies
so that demand on the devices can be
matched continuously to the available
electricity supply, without noticeably
affecting the comfort of their users. Such
a technology is indispensable for the
large-scale take up renewable energy,
which is difficult to store.

Another area where Al can have a huge
impact is digital medicine. For instance,
utilizing recent advances in deep learning,
a smartphone app can detect skin cancer
at an early stage using an image taken
from a cellphone camera. In the future it
will be possible to detect diseases from
data collected by wearable sensors, and
to suggest optimal treatments to prevent
these diseases from developing. This will
however require a major data collection
effort and possibly new advances in
ensuring data privacy.

Al also has the potential to have a large,
beneficial influence on the tertiary
sector. Machine translation, for example,
allows people to communicate and do
business across language barriers, and
thus creates many new opportunities,
not only for profit, but also for enriching
people’s lives.
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Affective computing

Imagine your family has a history of depression on one side and panic attacks on

the other and your daughter is entering a highly demanding university program
where she has a nearly 50 percent chance of experiencing depression. To
prevent this from happening, she downloads a new Al app on her phone, and
consents to have it securely track her sleep, activity, mood, times of sending/
receiving texts and calls, and to communicate with her smart watch, which
continuously collects data related to her sleep, stress and physical activity.

The Al app provides her privately with information that is like a weather
forecast, but personalized to predict her mood, stress and health. For example,
it might indicate for tomorrow “30 percent chance of feeling happy,” “80
percent chance of higher stress” or “40 percent chance of becoming sick

(20 percent higher than yesterday).” As she uses the Al app, its forecasts
become increasingly accurate. The app also has the ability to make evidence-
based personalized recommendations, such as “40 percent higher chance of
happiness and 30 per cent lower stress if you go to bed an hour earlier tonight
and talk with a friend today — here are some you might consider to call.”

This describes an area of active research in the field of affective computing,
with technology that helps an individual better understand, monitor and
regulate their emotions. The most successful methods today for solving

mood forecasting rely upon getting large sets of labelled data for supervised
machine learning, and either using the data to train deep neural networks —
deep learning — or using a hybrid approach that allows personalized variations
in your data to guide the selection of the machine learning method used

for your personal forecast. In one application where there were more than
345,000 days of data, the approach takes as input the answers to questions
a person provides every day, and uses these in a recurrent neural network

to try to learn whether the person is likely to become “severely depressed.”
Another approach requires only passive data sensed from smartphones and
wearables, so that the user does not have to enter anything manually, and then
uses this passive data to predict the scores given by a trained psychiatrist.

Another area of active research is making personalized recommendations. To
solve this requires not only lots of data mining and modelling to learn which
evidence-based behaviors to suggest for each person (if the recommendations

are supporting improved health), but also engineering ways to make suggestions

that are inspiring and successful, as opposed to being irritating, frustrating
or annoying, which is what happens with most of today’s technology that
lacks emotional intelligence. This latter challenge is part of a much larger
body of work in affective computing, where systems sense and respond to
the user’s affective state in ways that help the user successfully achieve their
goals (e.g., increasing focus and calm, or improving their sleep regularity).

Case study by Rosalind Picard, MIT Media Laboratory
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3 Evolution of Al
patent applications
and scientific
publications

A significant growth

of patents in a field
IS usually observed
long after scientific
publications. There
Is a 10-year delay

for most techniques,

with the exception
of deep learning.

Key findings

Nearly 340,000 patent families and more
than 1.6 million scientific papers related to
artificial intelligence were published from
1960 until early 2018.

The number of patent applications filed
annually in the Al field grew by a factor of 6.5
between 2011 and 2017.

¢ The boom in patent applications, oriented

towards the industrial application of
technical solutions, lags that in scientific
publications by about 10 years. In addition,
the ratio of scientific articles to patents
published is reducing, suggesting a
greater interest in the practical use of

Al technologies.

The Al techniques on which the patent
literature focuses most extensively are
machine learning, followed by logic
programming (expert systems) and
fuzzy logic. The most predominant Al
functional applications are computer
vision, natural language processing and
speech processing.

The Al application fields most commonly
mentioned in patent literature include
telecommunications, transportation, and
life and medical sciences, but almost all
fields show a growth in patenting activity in
recent years.



¢ The most marked increases in patenting
activity between 2013 and 2016 features a
machine learning technique, deep learning.
Deep learning had an average annual growth
rate of 175 percent in this period. Robotics
and control methods (both 55 percent)
were the fastest growing Al functional
applications, and aerospace/avionics (67
percent) and smart cities (47 percent) were
the fastest growing application fields.

¢ There are also strong linkages between
clusters. For example, deep learning often
co-occurs with computer vision applications.

Historical development
The Al patent boom

Nearly 340,000 patent families and more
than 1.6 million scientific papers related

to artificial intelligence were published
between 1960 and early 2018. As explained
in Chapter 1, each patent family is counted
once and is represented by the patent
application filed earliest. For the purposes of
this report the terms “patent family,” “patent
application,” “patent filing” or “invention” may
be used interchangeably, referring to the
representative patent family member and the
corresponding invention.

Looking back over time, the data show that
interest in the field has grown constantly since
the early 1980s, and accelerated in 2012.
Between 2006 and 2011, patent publications
grew by about 8 percent a year on average,
but between 2012 and 2017, they grew by

an average of 28 percent a year. The actual
number of published applications per year
rose from 8,515 in 2006 to 12,473 in 2011 and
55,660 in 2017. This represents a 6.5-fold
increase in annual filings over a 12-year
period. It also means that 53 percent of all
patents in the Al field have been published
since 2013 — a remarkable recent increase in
patent publications.

Figure 3.1 shows the trends in Al patent
applications published from 1960 to 2017,
based on the earliest publication of a member
of a patent family. Patent applications are
typically published 18 months after the priority
date. Figure 3.1 also shows trends in scientific
publications from 1960 to 2017.

Scientific literature

Al is a major topic in scientific literature, with
a total of 1,636,649 papers published up to
mid-2018.

Figure 3.1 also compares patent filings

and scientific publications since 1960. It
shows that the boom in Al-related scientific
papers started about 10 years before that in
patents, with an average annual growth rate

of 8 percent between 1996 and 2001, almost
doubling to 18 percent between 2002 and
2007. Figure 3.2 shows the annual ratio of
scientific papers to patent families. The ratio
fell from eight papers per patent in 2010 to just
three papers per patent in 2015, suggesting
an increased interest in the practical uses and
industrial applications of Al technologies during
that period.

Categorization of Al technologies

Patents can be categorized according to their
technological content. Using the scheme
described in Chapter 1, we know that 44
percent of all Al patents mention at least
one Al technique, while 75 percent mention
a functional application and 62 percent an
application field. Since patent documents
can refer to one or more of these categories,
Figure 3.3 shows the overlaps between

the three areas as they are mentioned in
patent documents.

The majority of patent families (68 percent
or 232,423 inventions) fall into at least two
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Figure 3.1. Al patent families and scientific publications by earliest publication year

Al patent families grew by an average of 28 percent and scientific publications by 5.6 percent annually
between 2012 and 2017
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categories, and 14 percent (47,580 inventions)
fall into all three categories. Among those
patent families that fall into a single category
alone, representing only 31 percent of all patent
families (104,473 inventions), the majority (63
percent, 66,044 inventions) mention only a
functional application, while 22 percent (22,699
inventions) mention only a technique and 15
percent (15,959 inventions) mention only an
application field.

The statistics indicate that patent

applicants tend to focus their filings on
industrial applications, unlike scientific
publications which are more likely to focus

on Al techniques: 64 percent of scientific Al
publications mention at least one specific
technique, compared with 44 percent of patent
families. As pointed out by Kai-Fu Lee, “we
are now in the age of Al implementation”. The
trends in patents and scientific publications for
each of the three areas are discussed in more
detail below.

Al techniques

A total of 150,637 patent families dealing

with the development or use of a specific Al
technique were published up to early 2018.
This number includes documents that refer
only to Al techniques as well as those that

also mention functional applications and/or
application fields, and represents 44 percent of
all Al patent families.

Figure 3.4 illustrates the patent trends for

various Al techniques. Machine learning is the
dominant technique, and the only one to show
a significant increase in filings in recent years.

Figure 3.5 shows the breakdown of Al
techniques by total number of applications.
Machine learning represents 89 percent of
patent families related to an Al technique,

or 40 percent of all Al patent families. This
reflects the progress made thanks to machine
learning in landmark applications such as
reliable cat image recognition in 2012 by
Google Brain’s team headed by Andrew Ng
and Alphabet’s Google DeepMind AlphaGo
beating a human in the complex board game
Go in 2016.

While much less common than machine
learning, other Al techniques such as logic
programming (with 99.5 percent of patent
families related to expert systems) and fuzzy
logic show a steady filing rate since the late
1980s. A recent, though moderate, increase
in patent filings is evident for these two
techniques, with between 1,500 and 2,000
priority filings in 2015 and 2016. However, other
Al techniques, namely ontology engineering
and probabilistic reasoning, represent a very
low number of filings in the field (less than 1
percent of all patent families).

It is worth noting that, if we look beyond the
total numbers of patent families and examine
instead the average annual growth rate of
filings in the different sub-categories, we can
see that deep learning demonstrates by far
the biggest recent growth in the field, with

an impressive 175 percent average annual
growth between 2013 and 2016. Other machine
learning techniques show a similar very steep
increase in filing growth rate in recent years,
namely multi-task learning (49 percent) and
neural networks (46 percent).

This recent interest in deep learning and neural
networks is confirmed by data extracted from
GitHub, a collaborative platform for open
source software development, which evidence
a constantly increasing number of repositories
mentioning these techniques between 2014
and 2017, from 238 GitHub repositories
mentioning neural networks and 43 mentioning
deep learning in 2014, to 3,871 and 3,276 in
2017, respectively.

Turning to the scientific literature, a total

of 1,050,631 scientific publications dealing

with Al techniques have been published

up to mid-2018, representing 64 percent of

the total scientific publications collection.
Machine learning is the most common field
described (representing 54 percent of scientific
publications), followed by logic programming
and fuzzy logic (see figure 3.6).

The growth in publications relating to Al
techniques is similar to that seen with patent
filings. Looking at the history of Al development,
it is interesting to note when certain techniques
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Figure 3.4. Patent families for top Al techniques by earliest priority year
Machine learning grew by an average of 26 percent annually between 2011 and 2016
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Machine learning is the dominant Al technique,
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first appeared in scientific publications, using
as a benchmark the first year when there were
at least 200 publications:

1982: logic programming is the first Al
technique to be substantially addressed in
the scientific literature. This technique is
characterized by a very high annual growth
rate from the outset (146 percent a year on
average, from 208 papers in 1982 to 2,986
papers in 1985).

1985: machine learning techniques are
substantially described from 1985 onwards.
They then show moderate growth until 2002
and then an average annual growth rate of
25 percent between 2002 and 2005, before
slowing down between 2008 and 2013.
1991: fuzzy logic appears in the scientific
literature around 1991 and has shown a
moderate increase since then.

Ontology engineering and probabilistic

Data and public

W™ research: the example
== of precision medicine

;\_,F
:l'& a\ Aristotelis Tsirigos,

NYU School of Medicine

A growing number of academic labs,
established companies and startups are
shifting their focus toward the field of
precision medicine, that is, the design
of therapies tailored for each individual
patient. Progress in this field will require
the systematic collection of a vast
amount of clinical data from patients

in each disease type and subtype. In
turn, the availability of this data will
allow Al to realize its full potential and
answer clinically critical questions for
each patient. For example, will a patient
respond better to drug A versus drug B?
What is the optimal dosage? How do we
minimize side-effects? What type of data
do we need to monitor and to predict
relapse as early as possible?

How can we deliver effective care in
under-served populations? As with every
new big technology that promises a big

reasoning are emerging techniques, and
are still under the chosen threshold of 200
publications a year (probabilistic reasoning
peaked at 500 publications in 2007 but the
publication rate has declined since then).

leap forward, there is a clash with existing
cultural and ethical norms.

Clearly, access to data is essential for
the success of Al, bringing forward many

When scientific publications on various
machine learning approaches are compared
with patenting activity (see figure 3.7), two main
trends are stand out:

Bio-inspired approaches are significantly
more common in scientific publications than
in patent filings (in terms of percentage of
the corresponding corpus). A similar trend

is observed in neural networks, machine
learning (general approaches) and multi-
task learning.

Rule learning forms an exception to the overall
trend and is significantly more common in
patents than in scientific publications.

A breakdown of scientific publishing in various
logic programming approaches is presented
in figure 3.8 and compared with patenting
activity. As with patent activity, expert systems
is the most common approach. Description
logics and logic programming (general) are
represented more in scientific literature than in
patent filings.

challenges related to the protection of
human subjects in research, privacy
concerns, ownership issues and fair
access to data. Despite these challenges
and occasional setbacks, our view is that
it is possible to strike the right balance
and protect our rights while improving
patients’ lives.

Each of the different types of machine
learning shows a significant increase in the
number of both scientific publications and
patent filings over the period studied. There
are, however, some interesting similarities
and differences. Some examples of these
illustrated in figure 3.9 are:

e Supervised learning, support vector
machines, deep learning, classification and
regression tree and instance based-learning
all show continuous growth in the number of
scientific publications.
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Figure 3.7. Patent families and scientific publications related to machine learning sub-categories
as a share of the total for Al

Rule learning and supervised learning are represented more highly in patent families than
scientific publications
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Figure 3.8. Patent families and scientific publications related to logic programming sub-categories
as a share of the total for Al

Among logic programming sub-categories, description logics is represented significantly higher in scientific
publications than in patent filings
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Figure 3.9. Machine learning patent families and scientific publications, by earliest priority year and
publication year, respectively

Growth in patent families usually follows scientific publications, except for rule learning which saw a burst of
patent filing in 1999
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Figure 3.10. Patent families for functional application categories and sub-categories
Computer vision represents 49 percent of patent families related to a functional application
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Figure 3.11. Patent families for top functional applications by earliest priority year
Computer vision grew by an average of 23 percent annually between 2011 and 2016
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Figure 3.12. Patent families for top computer vision sub-categories by earliest priority year
Biometrics has grown by an average of 30 percent since 2013, surpassing all other computer
vision sub-categories
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Figure 3.13. Patent families for top natural language processing sub-categories by earliest priority year
Information extraction grew by 24 percent and semantics by 33 percent between 2013 and 2016
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¢ Neural networks, machine learning
(general), probabilistic graphical model,
bio-inspired approaches, unsupervised
learning and reinforcement learning show
overall growth with periods of slower
increase, or even temporary decrease, in
scientific publications.

¢ Most types of machine learning show a
delay between publications and patents
(a significant growth of patents in a field
is usually observed long after scientific
publications). There is a 10-year delay for
most techniques, with the exception of
deep learning.

e Deep learning has an untypical profile with
both scientific publications and patents
showing a high growth rate from 2013 to
2016, with 96 percent and 175 percent a
year on average, respectively; patents grew
from a starting point of 118 in 2013, whereas
scientific publications grew from 654.

Al functional applications

A total of 256,456 patent families related to Al
functional applications have been published
up to early 2018, which represents 75 percent
of all patent families related to Al. These
documents may refer only to Al functional
applications or include Al techniques or Al
application fields.

The three Al functional applications with the
highest number of patent families are computer
vision, natural language processing and speech
processing (figure 3.10). These represent 49
percent, 14 percent and 13 percent of all
patent families related to Al, respectively. This
underlines the importance of these three
functional applications to the field of Al.

Figure 3.11 shows filing over time for the top
four functional applications. Beyond these fields,
inventions related to planning and scheduling,
robotics and predictive analytics are the next
most frequent in the patent literature, each of
them occurring in about 10,000 patent families.
Moreover, it is the areas with a relatively small
number of applications that have shown the
most growth recently; the average annual
growth rate of robotics and control methods
between 2013 and 2016 was 55 percent.

We see a lot of
Investment at the
intersection of

Al and biology —
biological circuits,

more efficient drug

discovery — and
that’s red-hot
right now.

Frank Chen, Andreessen Horowitz

Figure 3.12, figure 3.13 and figure 3.14 show in
turn a detailed breakdown of each of the three
functional applications with the highest number
of patent families: computer vision, natural
language processing and speech processing.

Among noteworthy findings are:

e Character recognition is the leading
sub-category in computer vision, both in
terms of date and the total number of patent
families, with the first patent filings occurring
in the 1980s.

e Biometrics has, however, overtaken
character recognition in recent years,
accounting for the highest numbers of
patent filings since 2012.

e Scene understanding, although appearing
later, is likewise showing significant growth.

e The number of patents related to
augmented reality was stable between 2014
and 2016.

¢ Within the natural language processing
category, the largest sub-categories are:
information extraction (including big data),
which accounts for 39 percent of the annual
filings since 2010; machine translation;
and semantics, which has seen a marked
increase in filings since 2010.

¢ Within the speech processing category,
speech recognition accounts for 86 percent
and speaker recognition for 50 percent
of patent families, as patent documents
address more than one speech processing
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Figure 3.14. Patent families for top speech processing sub-categories by earliest priority year
Speech recognition represents 86 percent of patent families related to speech processing
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Figure 3.15. Patent families and scientific publications related to Al functional applications as
a share of the total for Al

Al functional applications are generally more highly represented in patent families than they are in
scientific publications
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type. Furthermore, 19,524 patent

families are classified in both of these
sub-categories, explaining the marked
correlation in their annual filing trends.

As of mid-2018, 777,251 scientific papers
relating to Al functional applications had
been published, representing 47 percent of
the total scientific publications collection.

As with patent filings, computer vision and
natural language processing are prominent

in scientific publications, with 20 percent

and 11 percent of all Al scientific publications,
respectively (see figure 3.15). However, speech
processing is less represented in scientific
papers than in patents whereas distributed Al
is better represented.

The order of appearance of Al functional
applications in scientific publications, defined
as from the first year when there were at least
200 publications, is as follows:

e 1970: computer vision
e 1982 to 1986: robotics, planning
and scheduling, speech processing, and
knowledge representation and reasoning
e 1992: natural language processing
e 1996: distributed Al
e 2003: predictive analytics and
control methods.

In terms of trends in scientific publications,

there are three distinct patterns (see figure 3.16):

¢ Continuous growth: natural language
processing and predictive analytics

e General growth with a period of slower
increase (or temporary decrease): computer
vision, control methods, distributed Al,
planning and scheduling

e |ess regular growth: knowledge
representation and reasoning, speech
processing, and robotics.

Within the computer vision category,
biometrics and image and video segmentation
are the most represented in scientific

literature, followed by character recognition.
For the natural language processing category,
information extraction and semantics are the
most represented, while for speech processing

From the lab to the
¥ _“? real world

i
<
‘ r‘I Dario Floreano, EPFL

I’'m not surprised to see an increase of
patent applications in Al and robotics.
This decade is witnessing a major ramp-
up of governmental and industrial funding
for research in intelligent systems, with
several results being rapidly deployed
from the lab to the real world.

Students and researchers with a degree
in robotics and Al are in high demand
and will ensure sustained innovation in
the future.

it is speech recognition. These findings are
similar to those obtained from patent filings.

Comparing the date of scientific publications
and patenting activity, it is generally the case
that little or no delay exists between the two
in computer vision, predictive analytics and
speech processing, whereas a significant
delay (10 to 15 years) exists in natural language
processing, control methods, distributed

Al, knowledge representation and reasoning,
planning and scheduling, and robotics. This
suggests that it may have taken longer for
this latter group to move from basic research,
usually described in scientific literature, to

practical exploitation with commercial potential.

Al application fields

In all, 209,910 Al-related patent families (62
percent of the total) refer to one or several
application fields. These patent families fall into
20 different application fields identified in figure
3.17. The top two applications fields mentioned
in Al patents are telecommunications and
transportation, with more than 50,000 filings
each, followed by life and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>