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Artificial Intelligence: Maximizing the Benefits

Software advances have turned everyday things into things with
extraordinary capabilities — from smart phones, to smart watches, to smart
TVs, and even smart cars. Systems have learned to recognize patterns in
data, make predictions based on these patterns, and use those predictions
to help see and do things better. These technologies simplify daily lives
and boost the ability to solve complex problems. This tremendous effect

is driven by growth in the availability of massive datasets and computing
power that make technologies increasingly beneficial and enable what is

known as artificial intelligence (Al).

It began in the 1940s when Alan Turing made a name
for himself in the field. Turing was a codebreaker
during the Second World War in the UK’s Bletchley
Park, where he designed the Bombe machine. The
Bombe machine was meant to decrypt German

war messaging.! At Bletchley Park, Turing found

the resources and enthusiasm to create a machine
that could do what the human decoders were

doing, but faster and more efficiently. Alan Turing's
groundbreaking research and inventions laid the
foundations for the field. The progress of computing
power goes hand in hand with the development

of artificial intelligence. Turing’s Imitation Game,

also known as the Turing Test, is a well-known
challenge that poses a set of questions that attempts
to distinguish between a human and a computer.

Turing introduced the challenge in his famous work,
“Computing Machinery and Intelligence.”?

Five decades later, IBM’'s Deep Blue computer used
Al to beat chess grandmaster Garry Kasparov, a
symbolically significant demonstration that machines
were gaining ground on human intelligence. Since
then, key advances have been made in developing a
range of Al-based systems to serve as powerful tools
of analysis and performance. Al-based technologies
have become widespread, intuitive, and integral for
business and consumers alike. Today’s Al applications
are the result of an increase in volume, variety, and
velocity of data; the sophistication of algorithms

that turn the data into a real-world application; and
the advancements in the seamlessness of storing,
accessing, and using data.



Al brings about a wealth of opportunities, and
policymakers should take steps now to overcome
obstacles and accelerate the benefits the technology
can have on economic expansion and society. How
quickly we reap these benefits, how broadly these
positive effects can spread, and the direction Al
takes will be shaped by leaders from government,
academia, industry, and the public who all have a
key stake in shaping the future of Al. These groups
must come together to listen, learn, and think

about their vital roles in advancing practices Al brings about a wealth
that empower Al to deliver its greatest positive o
of opportunities, and

potential. It will remain crucial to promote
the resporjsible development and use of AI, pOl icymakers ShOU |d ta ke
engendering the trust necessary for adoption
of a new technology and ensuring that society StepS now to overcome
is prepared for the workplace of the future.

obstacles and accelerate
Al is giving medical science a new shot in .
the arm to help humans live longer, healthier the beneﬂts the teChnOIOgy
lives. A new generation of Al-based tools is can have on economic

responsible for helping humans fly airplanes . .
safer, identify cancers in X-rays faster, predict the expa nsion and SOC|ety.
weather more accurately, and navigate across town
more swiftly.

This paper outlines examples of how Al-based
systems are driving incredible economic progress
around the world. It describes what Al is, how it works,
and discusses the fundamental benefits brought on

by Al. This paper also explores how advancing Al

will require smarter policies to address emerging
challenges.
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Artificial Intelligence:
What It Is and How It Works

Al researchers and practitioners have yet to agree

on an exact taxonomy and semantics for artificial
intelligence and associated technologies. Al is an
umbrella term used to identify computerized systems
exhibiting an unprecedented ability to accomplish
rational and complex tasks.® The implementations of
Al vary greatly, hence the difficulty of categorizing its
uses and applications. Al encompasses systems with
the ability to discover, process, analyze, create, and
interpret data patterns from which results or decisions
derive. Algorithmic models, natural language
processing, deep learning, cognitive computing,
machine learning models, and neural networks fall
under the Al umbrella.

Al is enabling technologies to sense, remember,
learn, predict, and act. Although some may think

it automatically implies human-level intelligence, it
more accurately implies an advanced set of tools and
resources that provide more accurate answers and
deliver more relevant information by augmenting and
extending human potential.

Artificial Intelligence: Maximizing the Benefits

Much of today’s technology is geared toward enabling
intelligent task-specific Al also known as narrow Al.
Narrow Al refers to any system that is designed for

a specific or narrow set of tasks — like playing chess
or translating languages. These narrow intelligence
systems do not typically have any capabilities beyond
their targeted focus. For example, a computer that
can drive a car is unable to screen an MRI for cancer.

There is a notable distinction between narrow Al and
what is known as Artificial General Intelligence (AGI).
AGl is not well-defined but refers to the idea of a
future kind of Al that is able to transfer its capabilities
in one domain to other domains.* While researchers
continuously work on making computers smarter,
many experts predict that AGI could be years from
becoming a reality.’
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In Healthcare, Al Is:

Speeding Enabling |dentifying |dentifying Analyzing DNA
up the drug doctors to lung cancer autism in to predict
discovery predict heart signals in tissue  babies and diagnose
process® attacks more slides more earlier and genetic
accurately® accurately© with greater diseases®
accuracy?

Technical Approaches in Artificial Intelligence

Since the start of research on Al, numerous Algorithms are informed by the developers’ choice
breakthroughs have unlocked successively bigger in data sets, general knowledge, perception, and
opportunities to solve problems. Algorithms are end goal. Algorithms are trained to derive certain

the recipes or commands that have propelled these results or achieve certain tasks, and in turn they vary in
opportunities. An algorithm is a set of sequential complexity. Some algorithms become more complex
steps and directions that turn data inputs, referred on their own when they “learn.” Learning algorithms
to as “training data,” into desired outputs.® In learn from the datasets and instructions to recognize
computer science, algorithmic approaches are patterns. Learning allows algorithms to optimize

used to arrive at results faster and more efficiently. results and delivery.’

Figure 1: Timeline of Al Development

ARTIFICIAL INTELLIGENCE

Any technique that enables b S E B L

computers to mimic human
behavior using logic, if-then
rules, or machine learning.

Machine learning uses DEEP LEARNING

statistical methods to
enable machines to
improve with experience.

A subset of Machine Learning, Deep
Learning enables software to train itself
to recognize patterns in abstract data,
like speech and image recognition, by

exposing multi-layered neural networks

to vast datasets.

| | |
1950s 1960s 1970s 1980s 1990s 2000s 2010s  The future )

Since the early 1950s, subsequent breakthroughs in artificial intelligence have created new subsets — machine
learning and deep learning — that have in turn helped unlock even larger opportunities to solve bigger problems.
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In Agriculture, Al Is:

Making Creating Allowing Killing Making
farmers more smarter crop yields weeds more weather more
productive tractors? to be more accurately’ predictable’

predictable”

Figure 2: How Machine Learning Validates Predictions

Many algorithms are considered company trade
secrets because they are indeed the “secret sauce”
behind the world’s most useful services and products.
Sophisticated algorithms, datasets that have grown in
volume, velocity, and veracity, and the optimization of
information processing have enabled the integration
of Al into useful technologies and applications (see
Figure 1).

Machine Learning

Machine learning involves systems that learn by
taking advantage of statistical methods that allow
improvement with experience. These systems

are “trained,” often with human input using large
amounts of data. Machine learning models rely on
algorithms in order to learn how to respond to a
given set of data. Over time these systems develop
a model based on past patterns in data that informs
how they make predictions when fed new datasets
(see Figure 2).

Software
Algorithm

Prediction

Validate/Tune
Validate/Tune

Model
To train a computer to become a master chess ¢
player, a computer might start with a massive training
database of all possible moves in all possible chess
games. It then assigns each sequence of moves in a Prediction
game a value of win or lose. By evaluating millions Sl
of these games and identifying the moves that most




In Finance, Al Is:

B

&

i

Preventing Making Detecting
billions in credit  deposits easier  and fighting
card fraud by by merely financial fraud™
predicting taking a picture

fraudulent of a check!

transactions®

Helping
retailers keep
track of their
inventory”

Speeding up
insurance claim
processing®

frequently lead to a win, it can statistically predict
which moves are the most likely to lead to a win. This
ability to use machine learning to predict outcomes
based on training data has proved to be especially
helpful in areas like detecting credit card fraud or
predicting the new products and services consumers
might like.

Deep Learning

As Al researchers sought better ways to help
computers learn how to perform targeted tasks, they
developed what is called deep network learning —
which has proved to be especially capable at learning
to perform even more complex tasks like image

and voice recognition. Deep learning systems take
advantage of huge data sets, like a large collection
of photos, and run them through a multi-level web of
artificial neurons called a “neural network” because
it emulates the way neurons in our brain work. It is
called “deep” because these systems break down
the problem into many neuron-sized chunks, and
automatically generate multiple layers of abstractions
of the data to identify patterns (see Figure 3).
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For example, the first layer in a neural network might
classify individual pixels in a picture, then layer by
layer it works to identify edges, contours, features,
and then combinations of features. Each time the set
of data that is being used to train the system is run
through the neurons, they pick up new details about
the photos, until after many successive cycles, they
have learned a great deal about them. Ultimately
the system can make a prediction of how likely a
picture might be to contain, for example, a cat. For
targeted tasks, like face recognition, neural networks
have shown they can achieve greater than 99 percent
accuracy at distinguishing one person from another.®
The more data of the same type there is, the better
the accuracy of the output.

Automation

Automation enables systems, processes, and tools

to operate automatically or with minimum human
intervention.” Most of the Al-based systems deployed
today can accomplish these functions by aggregating
and analyzing data to streamline decisions and
processes.



8 V=

O

Artificial Intelligence: Maximizing the Benefits

In Cybersecurity, Al Is:

Improving Warding off Automating Analyzing Detecting

cyber threat hackers® cyber defenses”  malicious malware in

detection® behavior real-timet
patterns®

Figure 3: How Deep Neural Networks Make Decisions From Experience
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e Car
/O Cat Dog
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Deep learning, which enables computers \Gentitie
to learn to recognize abstract patterns
like a cat in a photo or voices from sound, N
works by simulating large, multi-layered
webs of virtual neurons. Cat Dog
o . Corners House = Person
When a neuron fires in one layer, it and contours
delivers a value of “1” to certain neurons detected
in the next layer, which will in turn fire if
it encounters a sufficient stimulus of “1” 2
Inputs. Cat Dog
To recognize a cat, it first divides the .I;eatu.fr'esd /O Person
image into pixels, then layer by layer it ldentitie
seeks to identify edges, contours, features,
combinations of features, and then the
object itself. Cat D
a og
To train the system, researchers input Combination /O
large data sets which, for example, might of features and
include millions of photos. parts identified
Every time the data is run through, the
neurons pick up more detail about the .
photos, until after dozens of times, they .ObJ?f:t Cat
have learned enough details to recognize identified
the object.



In Transportation, Al Is:

He

Creating Using Cutting train Enabling Making air
smarter traffic autonomous delays" smarter travel safer
lights that boats to ridesharing
reduce time at monitor to reduce
red lights by fish stock congestion*
40 percent" and gather

environmental

data"

Al Solutions for Business: Case Studies

Al-based tools and technologies are enabling
business processes that are faster, seamless, and
more efficient. The number of business applications
Al-based tools enable is unprecedented. Each year,
more and more business sectors continue to reap the
benefits of these technologies. Below are a few use
cases of business solutions powered by Al.

Content Marketing

Using data insights to personalize content and tailor
it to the needs of specific audiences has become

an easier process with the integration of Al. Al uses
aggregate data points to design and develop content
that is unique and relevant. Leveraging the full

power of Al has enabled businesses to market their
content more strategically. Adobe is an Al solution
provider that integrates data science and algorithmic
optimization capabilities into its Marketing Cloud and
personalization engine, Adobe Target."

Adobe’s Al platform, Adobe Sensei, powers this
capability by allowing customers to insert their
own data models into Adobe Target and receive
recommendations and automated deliveries of
personalized suggestions. The platform enables

8 www.software.org

businesses to use the new-found insight to determine
the best experience for consumers, predict products
or services consumers might seek next, and target
their advertising in a more precise manner.

Banking

Banking is an industry that consistently uses Al's
assistive traits to enhance customer experience and
protection of assets. Banks leverage Al-based tools
to create and deliver more efficient processes and
services. Al can be used to monitor global activity
and link malicious actors that banking institutions
may have in common. This helps banks reduce false
positives in sanction-screening.

Al can also help predict credit risk, monitor for
online fraud, and forecast economic occurrences
that can affect consumers and business. Al business
solution provider, Microsoft Azure Machine Learning
(AzureML), for example, developed an online fraud
detection model to help identify and address fraud
early on. The company also developed a forecasting
model using a linear regression algorithm to create a
predictive model of Microsoft stock (MSFT).™
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Enabling Advancing Reducing Transforming Improving
smarter ultra-accurate energy and the electric solar energy
thermostats demand improving the grid to reduce forecasts by
that save prediction that environment®® energy and 30 percent to
energy* helps us better improve the improve our
manage the environment® ability to use
grid= renewable
energy®
Manufacturing To help doctors, IBM Watson Health has created

Manufacturing is one of the most common displays

of how Al and automation can improve operations
and expand creation. Manufacturing and industrial
operations rely on several applications of Al, including
automation, neural networks, and machine learning.
Siemens PLM is an example of a company that is
harnessing Al to connect industrial facilities while
leveraging the power of automation, Internet of
Things (loT), and analytics.?

With its industrial operating system, Mindsphere,
Siemens PLM enables applications that develop

data analytics and insights on product performance.
Cloud-based applications on MindSphere like
Product Intelligence, allow users to get unified

and comprehensive data insights on product and
supply chain performance. Additionally, Siemens

PLM integrates predictive analytics in its industrial
operating system to identify any anomalies in facilities
or automation systems.

Health

The healthcare industry is one where the benefits

of Al-enabled technologies can have an incredibly
profound effect. From healthcare providers to patients
to organizational management, the list of Al-powered
solutions in healthcare is always growing. One pioneer
in the field of offering Al solutions in healthcare is IBM
and its Watson Health solutions.®

IBM Watson for Genomics, a system that interprets
genetic test results faster and more accurately. Watson
for Genomics uses analytics to research data and
existing medical research and find content relevant

to specific genomic sequences. For healthcare

teams, IBM Watson Care Manager uses analytics to
consolidate data, connect stakeholders, and automate
management workflows.

Human Capital Management

Al applications in the realm of business operations
and employee management have streamlined existing
processes and provided employers with a better grasp
of employee experience. Workday is one example of
a financial and human capital management company
that has been infusing its services with Al to help
businesses succeed.

Workday describes a framework for their customers
to navigate various Al applications.’” The company
leverages automated and natural language
processing technologies to enhance employer-
employee communication and handle repetitive
menial tasks. Other Al applications in this realm
include incorporating intelligent predictions to
inform decision-making and developing personalized
recommendations for professional development and
performance.



In Entertainment, Al Is:
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Design and Engineering

In the field of design, Al is making groundbreaking
contributions to the practice of generative design.
Generative design aims to replicate the natural
process of design by allowing designers to input
design parameters into a generative design system.'®
The system leverages sophisticated algorithms and
cloud computing power to deliver numerous design
options. This approach saves time and resources,
boosts creativity, and leads to novel geometry and
fabrication.

Autodesk, a design and engineering software
company, provides Al-powered generative design
software for its customers."” Airbus used Autodesk
generative design software to create a new

cabin partition that is stronger yet lighter than its
predecessor; Hack Rod used generative design to
assist in the creation of an incredible race car chassis;
and Nike used Autodesk software to design shoes
used by Olympic athletes.
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Relationship Management

Relationship management is the lifeblood of big
and small businesses across many sectors. Engaging
current and potential clients to provide effective
services and products has shifted from being nice-
to-have to must-have. The goal of relationship
management is to build strong working relationships
that ensure business prosperity. A pioneer in the
practice is Salesforce. The company has taken its
already successful approach and infused it with Al
capabilities that take relationship management to
the next level.

Salesforce calls its Al platform Einstein. The platform
learns from existing customer data to deliver insights,
predictions, and personalized recommendations."®
Customers of Salesforce CRM platform are unique in
their needs and uses; Einstein takes this individuality
to create tailored experiences. For Room & Board,

a furniture retailer, Salesforce Einstein combines
online reviews and sales to target highly personalized
recommendations in customer emails. Room &
Board reported 150 percent higher conversion rate
for customers engaged with this type of predictive
content.
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Al Industry Demand and Adoption:
Facts and Figures

Although the concept of Al has been around for S A 2017 PwC report on global impact and

more than 60 years, only recently have breakthroughs adoption of Al found that Al is certainly increasing
allowed Al-enabled tools to become so widespread. competitive advantage for business.

In business, Al-enabled systems and resources are 2 72 percent of business decisionmakers believe
not one-size fits all. They are customized solutions that Al will be the business advantage of the

to unique sector needs and wants. From finance future.

to transportation, the business applications of Al

are wide and varied. Al-driven technologies are so
popular with consumers that an estimated four billion
Al enabled devices are already in consumer’s hands.™

2 70 percent of business executives are optimistic
about Al's potential to enable proactive
approaches.

2 59 percent of business executives believe Al will

2 By 2019, analysts predict artificial intelligence will
improve big data analytics.

be incorporated into 75 percent of all commercial
apps,® and the number of devices we use that

incorporate Al will grow from four to seven billion
devices by 2020.%

2 According to Gartner, by 2021, 40 percent of new
enterprise applications implemented will include
Al-based technologies. #
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Driving Growth in the Economy With Al

Al is one of the most dynamic technological drivers
of economic growth, and could be a game-changer
for the global economy.

Al Is a Trillion-Dollar Economic
Accelerator

Economists predict that Al has the potential to
dramatically accelerate economic growth in new and
dynamic ways — doubling annual economic growth
rates by 2035.2 Al has the potential to contribute up
to an additional $15.7 trillion to the global economy
by 2030 (with a GDP that would be 14 percent
higher) — more than the current output of China and
India combined.?* One of the keys to this growth
comes from the fact that Al will help people make
more efficient use of their time — boosting labor
productivity by up to 40 percent. As a result, every
country would benefit in huge ways (see Figure 4.)?°
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But These Economic Gains Are
Not Assured

Although many are optimistic about the long-

term effect of Al on the economy, some prominent
economists worry that US economic opportunities
could be cut short because of delayed deployment of
the technology and miss out on vast economic gains
caused misplaced fears about the technology. They
warn that the US will need to strategically harness Al
to help spur greater productivity gains and to better
compete globally.? Recognizing Al's potential to
grow economies and solve problems, other countries
are already making strategic investments in Al.

The benefits from future technology growth will be
concentrated in the countries that lead the way in this
revolution.
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Figure 4: Al Could Double Economic Growth

4.6

United Finland United Sweden Netherlands Germany  Austria France Japan Belgium Spain Italy
States Kingdom

I Baseline Il Al steady rate

Annual growth rates in 2035 of gross value added (a close approximation of GDP), comparing baseline growth in
2035 to an artificial intelligence scenario where Al has been absorbed into the economy.

Source: Accenture and Frontier Economics
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The Ethical and Legal Implications of Al

Excitement about Al has been tempered by concerns
about potential downsides. Some are concerned that
Al is poised to automate large classes of jobs and

put huge numbers of people out of work. Others
worry that if Al is used in high-stakes decision-making
that biases contained deep within data sets and
algorithmic models could unfairly bias the decisions
with life-altering results. Some have already identified
age, sex, and race biases in algorithms — for example
in systems used to rank teachers, and in a gender-
biased model used for natural language processing.?
Others wonder how autonomous systems like self-
driving cars would make ethical decisions and believe
it is important that Al decision-making can be made
transparent.

These are important questions. As Al advances,

it is critically important to proactively address

the influence that Al could have on people and
society in both the short and long run. Through

vital interdisciplinary research, it is possible to get
ahead of many potential issues and to develop
assessments, guidance, rules, and best practices for
maximizing positive opportunities from Al. There is

a broad range of important work to help Al become
a tool for societal good, develop best practices,

and tackle transparency and ethical issues. Some

of the promising work involves principles of failsafe
design, analysis of the influence of automation on the
workforce, and development of ways to ensure that
datasets do not amplify or encode systemic bias.?® In
addition, scientists are also advancing some promising
technologies for complex systems to help advance

safer and smarter systems by incorporating goals and
motivations more directly from humans.?

There are also many efforts focused just on ways to
better explain how Al may have reached a decision,
including a major effort by DARPA focused solely on
advancing explainable artificial intelligence.* These
systems could help us understand why a self-driving
car swerved off the road after perceiving a certain
object, or to investigate if an image classification
algorithm was trained to be biased.

To get at these and other issues, the Partnership

on Al, a group of Al leaders and public interest
advocates have come together to start the process

of formulating best practices on Al technologies:

to improve the public’s understanding of Al; to

create a dialog on the ethical, social, economic, and
legal implications of Al; and to help ensure that Al
technologies benefit and empower as many people as
possible.?’

Likewise, many governments also are examining these
issues. For example, a federal strategy for advancing
Al research in the United States is focused on
answering many of these key questions — including
major topics around addressing the ethical, legal,

and societal implications of Al; ensuring safety and
security of Al systems; and measuring and evaluating
Al technologies through standards and benchmarks.2

As Al advances, it is critically important to proactively address the influence

that Al could have on people and society in both the short and long run.

14  www.software.org



Artificial Intelligence: Maximizing the Benefits

Recommendations for Continued

Innovation in Al

To unlock the vast societal benefits and economic
growth brought on by Al-based systems, stakeholders
need to nurture future innovation by:

< Addressing the ethical, social, economic, and
legal implications of Al. As the development
of Al-based systems continues to grow, industry,
government, and public interest leaders must
continue to consider and address future ethical
issues. Stakeholders must work together to
advance critical solutions, engage and educate
the public about the technology, and develop
best practices for developers to minimize negative
implications of the technology.

2 Accelerating the scientific breakthroughs that
fuel greater opportunity. Since its inception,
public and private investment in R&D has
played a vital role in fostering technological
development. For example, in 2015 the federal
government invested more than $1 billion into Al
research.®* R&D is not only needed to advance Al
technologies and tools, but continued research
is also necessary at the intersection of Al, law,
policy, psychology, sociology, and ethics to better
understand societal consequences of Al.

2 Focusing on the importance of computer
science education. Al will lead to an increase
in new industries, companies, and jobs; it is
also likely to require new skills and change the

industries where the jobs are located.** To ensure
we can become a nation of learners, it is vital for
policymakers to focus on advancing early child
education, K-12 education, higher education,
alternatives to traditional education, transitional
safety net programs, and on workers whose jobs
might be affected by any form of automation to
help prepare them for the next set of jobs that will
inevitably become available.

Closing a looming talent gap by ensuring
more people can become data scientists and
programmers. There is a projected shortage of
people with the skills necessary to deploy and
advance Al technologies. Although demand for
data scientists is growing at about 12 percent

a year, by 2024 it means the US alone could be
short as many as 250,000 data scientists.*® By
2020, the US Bureau of Labor Statistics predicts
that there will be 1.4 million computing jobs but
just 400,000 computer science students with
the skills to apply for those jobs.*¢ This growing
gap could impede the development of the Al
applications necessary to solve some of our
biggest societal challenges, and it underscores
the importance of efforts to fill these well-paying
jobs.

To unlock the vast societal benefits and economic growth brought on by

Al-based systems, stakeholders need to nurture future innovation.

15
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Instilling trust in Al-based systems. To ensure
broad adoption of beneficial Al-based systems,
developers, researchers, and practitioners should
have privacy and security considerations as

a primary consideration. Privacy and security

considerations should be baked into Al tools and

systems before deployment.

Expanding accessibility and usability of large
datasets. Our ability to solve complex problems
is tied to the quality and availability of relevant
data. If Al is an engine for expanding societal
opportunities, then data is the fuel. By
increasing the availability of data,
including government data, that could
be used to train and test Al systems,

leaders could greatly expand Al
enabled solutions. Governments
should take steps to make more
of their own data available in
machine readable formats to
improve access to trainable data,
while also fostering data-friendly
policies that enable innovation

in the way data is used.

Promoting the adoption

of cloud computing. The

cloud is essential to scale
intelligent opportunities
everywhere because it increases
available computing power,
expands the ability to work with
increasingly large datasets, and
enables ordinary things to gain

extraordinary intelligence and makes

them accessible at planetary scale. As

a start, governments should encourage

and enable broad cloud adoption, and then
harness Al opportunities to enhance the way
they deliver citizen services, improve security, and
solve major societal problems. At a time when
cross-border Internet traffic has been increasing
by more than 50 percent since 2005,% enabling
data to flow freely across borders has become

We are at the
beginning of a new era
in Al that is being applied in
thousands of innovative ways
to help us improve our lives,
grow the economy, and help solve
problems in ways that were simply
never possible before. To ensure that
Al can deliver its greatest positive
potential, industry, government,
academics, and public interest leaders
must all work together to advance
practices that enable us as a society
to take full advantage of emerging
artificial intelligence technologies.
Never before have Al-enabled
opportunities been so vast and
thoughtful policy so vital.

an essential enabler for solving critical societal
challenges and enabling future opportunities.
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public-policy/2017_joint_statement_algorithms.pdf.
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Preserving Values (May 2014), available at https://obamawhitehouse.
archives.gov/sites/default/files/docs/big_data_privacy_report_
may_1_2014.pdf
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https://arxiv.org/pdf/1707.05574.pdf.

Joe Tillerman, What Is Automation? APQC Blog (January 30, 2017),
available at https://www.apqc.org/blog/what-automation.
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2017), available at http://news.adobe.com/press-release/experience-
cloud/adobe-transforms-personalization-artificial-intelligence.
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https://gallery.cortanaintelligence.com/Experiment/MSFT-Opening-
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Mindsphere, Siemens, available at https://www.plm.automation.
siemens.com/store/en-us/mindsphere/.

Solving Health Challenges, IBM, available at https://www.ibm.com/
watson/health/#solutions.

Watson Care Manager, IBM, available at https://www.ibm.com/
watson/health/value-based-care/watson-care-manager/.
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2018), available at https://blogs.workday.com/report-artificial-
intelligence-a-way-forward/.

Generative Design, Autodesk, available at https://www.autodesk.
com/solutions/generative-design.
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available at https://www.autodesk.com/redshift/what-is-generative-
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Salesforce Einstein, https://www.salesforce.com/content/dam/web/
en_us/www/documents/datasheets/cheatsheet-winter-2017.pdf.

Digital Assistants to Reach More Than 4 Billion Devices in
2017, Newsbytes (June 4, 2017), available at http://newsbytes.
ph/2017/06/04/digital-assistants-to-reach-more-than-4-billion-
devices-in-2017/.
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according to IDC. See IDC Predictions Provide a Blueprint and
Key Building Blocks for Becoming a Digital Native Enterprise, IDC
(October 31, 2017), available at https://www.idc.com/getdoc.
jsp?containerld=prUs43185317.
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Artificial Intelligence: Maximizing the Benefits

Digital Assistants to Reach More Than 4 Billion Devices in 2017 as
Google Set to Take a Lead, IHS Markit Says, News Release (June
1, 2017), available at http://news.ihsmarkit.com/press-release/
technology/digital-assistants-reach-more-4-billion-devices-2017-
google-set-take-lead-i.

Christy Pettey, Artificial Intelligence and the Enterprise, Gartner (June
8, 2017), available at https://www.gartner.com/smarterwithgartner/
artificial-intelligence-and-the-enterprise/.
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to-drive-gdp-gains-of--15.7-trillion-with-productivity--personalisation-
improvements/s/3cc702e4-9cac-4a17-85b9-71769fba82a6.

Artificial Intelligence Poised to Double Annual Economic Growth
Rate.
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Jason Furman, “Is This Time Different? The Opportunities and
Challenges of Artificial Intelligence” speech presented at Chairman
of the President’s Council of Economic Advisors (July 7, 2016),
available at https://www.whitehouse.gov/sites/default/files/page/
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Seems to Care,” MIT Technology Review (July 12, 2017), available at
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See https://www.partnershiponai.org/.
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In 2015 the government's unclassified investment in Al-related
technology was approximately $1.1 billion, according to the National
Artificial Intelligence Research and Development Strategic Plan
report from the National Science and Technology Council, https://
www.nitrd.gov/PUBS/national_ai_rd_strategic_plan.pdf

Some jobs will change, some will be augmented by Al, and many
new types of jobs are likely to be created. "Historically, the income
generating effects of new technologies have proved more powerful
than the labor-displacing effects: technological progress has been
accompanied not only by higher output and productivity, but also
by higher overall employment.” https://www.technologyreview.
com/s/519016/stop-saying-robots-are-destroying-jobs-they-arent/
According to McKinsey, which looked at the jobs displacing effects
of the Internet, found the Internet has created 2.6 jobs for every

job lost. At the same time, McKinsey found that the Internet has
created as much economic growth in the last 15 years, as the
industrial age did in 50 years. See Matthieu Pélissié du Rausas et al.,
Internet Matters: The Net’s Sweeping Impact on Growth, Jobs, and
Prosperity, McKinsey Global Institute Report (May 2011), available at
https://www.mckinsey.com/industries/high-tech/our-insights/internet-
matters. Gartner estimates that while Al may eliminate as many as
1.8 million jobs, it will create 2.3 million jobs by 2020 — a net gain
of 500,000 jobs. See Jason Hiner, Al Will Eliminate 1.8M Jobs but
Create 2.3M By 2020, Claims Gartner (October 2, 2017), available at
https://www.techrepublic.com/article/ai-will-eliminate-1-8m-jobs-but-
create-2-3m-by-2020-claims-gartner/.

The McKinsey Global Institute, “The Age of Analytics: Competing

in a Data-Driven World,” available at https://www.mckinsey.com/~/
media/McKinsey/Business%20Functions/McKinsey%20Analytics/
Our%20Insights/The%20age%200{%20analytics%20Competing%20
in%20a%20data%20driven%20world/MGI-The-Age-of-Analytics-Full-
report.ashx.

Adams Nager and Robert Atkinson, The Case for Improving U.S.
Computer Science Education, The Information Technology &
Innovation Foundation (May 2016), available at http://www2.itif.
org/2016-computer-science-education.pdf.

Irving Wladawsky-Berger, “The Changing Nature of Globalization
in Our Hyperconnected, Knowledge-Intensive Economy,” The
Wall Street Journal (June 20, 2014), available at http://blogs.wsj.
com/cio/2014/06/20/the-changing-nature-of-globalization-in-
our-hyperconnected-knowledge-intensive-economy/?mod=ws;j_
ciohome_cioreport.

Atomwise, a San Francisco startup, will test millions of molecules

for up to 100 labs, find out which ones are most likely to work on a
disease or protein, and then ship 72 customized compounds to each
lab for testing. See https://www.axios.com/how-one-startup-is-using-
artificial-intelligence-to-search-for-new-dru-2366990915.html.

Eliza Strickland, Al Predicts Heart Attacks and Strokes More
Accurately Than Standard Doctor’s Method, |IEEE Spectrum (May
1, 2017), available at https://spectrum.ieee.org/the-human-os/
biomedical/diagnostics/ai-predicts-heart-attacks-more-accurately-
than-standard-doctor-method.

A new study from Stanford University reports that a newly developed
machine learning algorithm can identify tissue slides exhibiting a
specific type of lung cancer with far greater accuracy than human
epidemiologists. See Graham Templeton, Al Beats Doctors

at Visual Diagnosis, Observes Many Times More Lung Cancer
Signals, ExtremeTech (August 18, 2016), available at https://www.
extremetech.com/extreme/233746-ai-beats-doctors-at-visual-
diagnosis-observes-many-times-more-lung-cancer-signals.

Jon Fingas, Al Can Predict Autism through Babies’ Brain Scans,
Engadget (February 20, 2017), available at https://www.engadget.
com/2017/02/20/ai-can-predict-autism-in-babies/.

Jennifer Kite-Powell, “Artificial Intelligence and Data Driven
Medicine,” Forbes (July 27, 2016), available at https://www.forbes.

18 www.software.org

com/sites/jenniferhicks/2016/07/27/artificial-intelligence-and-data-
driven-medicine/.

Al enabled precision farming is helping farmers track crop yields, soil
nutrition, and rainfall with unheard of precision — increasing overall
productivity per acre by 15 percent.

John Deere, one the first agricultural equipment manufacturers

to embed connectivity into their products, found that precision
agriculture technology raised profitability per acre by $5 to $100, and
increased overall productivity by 15 percent. See Jeff Hawn, Wireless
Tech Set to Revolutionize Farming, loT (October 8, 2015), available at
http://www.rcrwireless.com/20151008/internet-of-things/iot-wireless-
set-to-revolutionize-farming-tag15.

Combining remote sensing and machine learning to predict crop
yield. See Alex Brokaw, This Startup Uses Machine Learning and
Satellite Imagery to Predict Crop Yields (August 4, 2016), available at
https://www.theverge.com/2016/8/4/12369494/descartes-artificial-
intelligence-crop-predictions-usda and Jiaxuan You, Xiaocheng Li,
Melvin Low, David B. Lobell, and Stefano Ermon, Sustainability and
Atrtificial Intelligence Lab, available at http://sustain.stanford.edu/
crop-yield-analysis/.

Blue River Technology builds cutting-edge machine vision tools

that help famers scan fields, assess crops, and to help crop sprayers
identify weeds and blast them with pesticide with pinpoint accuracy.
See James Vincent, John Deere Is Buying an Al Startup to Help
Teach Its Tractors How to Farm, available at https://www.theverge.
com/2017/9/7/16267962/automated-farming-john-deere-buys-blue-
river-technology.

Doug Henschen, “Bad Winter Weather Meets Big Data Prediction,”
InformationWeek (March 10, 2014), available at http://www.
informationweek.com/big-data/software-platforms/bad-winter-
weather-meets-big-data-prediction/d/d-id/1114192

More than $118 billion in sales were lost in the US to false credit
card transaction declines in 2014, well more than the $9 billion

lost to actual instances of fraud. Artificial software is now helping

to better predict fraudulent transactions and avoid false positives.
For example, companies like Visa are using software enabled data
analytics to help the company identify $2 billion in annual credit card
fraud and giving it the chance to address those vulnerabilities before
that money was lost. See Steve Rosenbush, “Visa Says Big Data
Identifies Billions of Dollars in Fraud,” Wall Street Journal (March 11,
2013), available at http://blogs.wsj.com/cio/2013/03/11/visa-says-
big-data-identifies-billions-of-dollars-in-fraud/ and Steven Overly,
“How Atrtificial Intelligence Could Stop Those Awkward Moments
When Your Credit Card Is Mistakenly Declined,” The Washington
Post (December 2, 2016), available at https://www.washingtonpost.
com/news/innovations/wp/2016/12/02/how-ai-could-stop-
those-awkward-moments-when-your-credit-card-is-mistakenly-
declined/?utm_term=.04dc5e48ae51.

Most large banks offer the ability to deposit checks through a
smartphone app that takes a picture, and uses Al and ML to decipher
and convert handwriting on checks into text via OCR to eliminate

a need for customers to physically deliver a check to the bank. See
Gautam Narula, Everyday Examples of Artificial Intelligence and
Machine Learning, TechEmergence (February 1, 2018), available at
https://www.techemergence.com/everyday-examples-of-ai/.

PayPal uses deep learning to detect and fight fraud. See Derrick
Harris, How PayPal Uses Deep Learning and Detective Work to
Fight Fraud, Gigaom (March 6, 2015), available at https://gigaom.
com/2015/03/06/how-paypal-uses-deep-learning-and-detective-
work-to-fight-fraud/.

Atrtificial Intelligence Helps Solve Retail’s Inventory Problem, Intel,
available at https://www.intel.com/content/www/us/en/retail/
solutions/inventory-with-artificial-intelligence.html.

Artificial Intelligence systems have learned how to approve simple
insurance claims in as little as 3 seconds. Daniel Schreiber, Lemonade
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Sets New World Record: How A.l. Jim Broke a World Record without
Breaking a Sweat, available at https://www.lemonade.com/blog/
lemonade-sets-new-world-record/.

Brian E. Thomas, Why Al Is Crucial to Cyber Security, CIO (June
16, 2017), available at https://www.cio.com/article/3201147/cyber-
attacks-espionage/why-ai-is-crucial-to-cyber-security.html.

Shanika Gunaratna, “How A.l. Could Be Our Most Intelligent Defense
Against Hackers,” CBS News (January 19, 2017), available at https://
www.cbsnews.com/news/how-a-i-could-be-our-most-intelligent-
defense-against-hackers/.

Rob Marvin, “How Businesses Are Applying Al to Cybersecurity,”
PCMagazine (October 23, 2017), available at https://www.pcmag.
com/article/356817/how-businesses-are-applying-ai-to-cybersecurity.

Henry Kaiser, Al-Powered Cyber Security, ToolboxTech, available
at https://it.toolbox.com/blogs/erpdesk/ai-powered-cyber-
security-010418.

One Al enabled solution has been shown to have a 98.8 percent
accuracy in detecting APTs in real-time. How to Use Deep Learning
Al to Detect and Prevent Malware and APTs in Real-Time, Network
World (March 11, 2016), available at https://www.networkworld.com/
article/3043202/security/how-to-use-deep-learning-ai-to-detect-and-
prevent-malware-and-apts-in-real-time.html.

Carnegie Mellon traffic light partnership produces reductions of 40
percent in vehicle wait time, nearly 26 percent in travel time and

21 percent in projected vehicle emissions. Smart Traffic Signals,
Carnegie Mellon University, available at https://www.cmu.edu/
homepage/computing/2012/fall/smart-traffic-signals.shtml. At a
time when we spend 40 percent of city driving time idling, and the
average American spends 42 hours a year in traffic, cities are turning
to intelligent systems that use cameras, radar, and radios, to decide
in real-time which lights should be red, and which green, in order

to move traffic more systematically along streets. See Steve LeVine,
A Professor with a Way to Reduce Time Spent at Red Lights, Axios
(October 25), available at https://www.axios.com/a-professor-with-a-
way-to-lessen-time-at-red-lights-2501261920.html.

John Markoff, “No Sailors Needed: Robot Sailboats Scour the
Oceans for Data,” The New York Times (September 4, 2016),
available at https://www.nytimes.com/2016/09/05/technology/no-
sailors-needed-robot-sailboats-scour-the-oceans-for-data.html.

Rebecca Smith, Lord Adonis Says Technology Like Artificial
Intelligence Will Help Cut Train Delays and Reduce Traffic Jams,
City A.M. (December 14, 2017), available at http://www.cityam.
com/277473/lord-adonis-says-technology-like-artificial-intelligence.

Study: Carpooling Apps Could Reduce Taxi Traffic 75%, MIT
(December 1, 2016), available at http://www.csail.mit.edu/
ridesharing_reduces_traffic_300_percent.

For years, early forms of Al in the form of autopilots have helped

us fly safely across long distances. Now, the average flight of

a Boeing plane involves only seven minutes of human-steered

flight, which is typically reserved only for takeoff and landing. Now
DARPA is working a DARPA project called Aircrew Labor In-cockpit
Automation System (ALIAS) that aims to help reduce pilot workload,
and augment emergency capabilities to improve air craft safety.

See Graham Drozeski, Aircrew Labor In-Cockpit Automation System
(ALIAS), DARPA, available at https://www.darpa.mil/program/aircrew-
labor-in-cockpit-automation-system and John Markoff, “Planes
Without Pilots,” The Washington Post (April 6, 2015), available at
https://www.nytimes.com/2015/04/07/science/planes-without-pilots.
html?_r=0.

Connected thermostats are helping people cut their home heating
and cooling costs by as much as 20% simply by letting our homes
to turn down the thermostats when we are away. Nest Labs, “Nest
Learning Thermostat Efficiency Simulation: Update Using Data from
First Three Months,” Nest, (April 2012),available at Nest Learning
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Thermostat Efficiency Simulation: Update Using Data from First
Three Months, April 2012, http://downloads.nest.com/efficiency_
simulation_white_paper.pdf.

Katie Fehrenbacher, “Al for Energy: A Huge Opportunity, but Still
Early Days,” https://www.greentechmedia.com/articles/read/ai-for-
energy-a-huge-opportunity-but-still-early-days#gs.LGY0Yb4

By infusing the electric grid with software and sensors, and enabling
it to connect to circuit breakers, meters, and appliances, the smart
grid is poised to change the way electricity is generated, distributed,
managed, and consumed — providing up to $2 trillion in customer
benefits over the next 20 years. Siemens software is helping advance
this future through more capable grid technologies that infuse

the grid with decentralized intelligence to maximize autonomy.

This software not only provides communities an easy on-ramp for
reaping the benefits of the smartgrid, it's also giving communities a
reliable and cost-effective way to boost their energy resiliency. See
Intelligence Replaces — Making Power Grids Ready for the Future,
available at http://w3.siemens.com/smartgrid/global/en/projects/
Pages/Intelligence-replaces-copper.aspx.

By infusing the electric grid with software and sensors, and enabling
it to connect to circuit breakers, meters, and appliances, the smart
grid is poised to change the way electricity is generated, distributed,
managed, and consumed — providing up to $2 trillion in customer
benefits over the next 20 years. Siemens software is helping advance
this future through more capable grid technologies that infuse

the grid with decentralized intelligence to maximize autonomy.

This software not only provides communities an easy on-ramp for
reaping the benefits of the smartgrid, it's also giving communities a
reliable and cost effective way to boost their energy resiliency. http://
w3.siemens.com/smartgrid/global/en/projects/Pages/Intelligence-
replaces-copper.aspx

The solar and wind forecasts that IBM Research is producing using
machine learning and other cognitive computing technologies

are proving to be as much as 30 percent more accurate than ones
created using conventional approaches. By improving the accuracy
of forecasting, utilities can operate more efficiently and profitably,
which in turn can increase the use of renewable energy sources. IBM,
Machine Learning Helps IBM Boost Accuracy of U.S. Department

of Energy Solar Forecasts by up to 30 Percent, News Release

(July 16, 2015), available at http://www-03.ibm.com/press/us/en/
pressrelease/47342.wss.

Software like Autodesk’s Maya for motion graphics and animation,
Shotgun for managing visual effect workflows, Arnold for rendering
advanced visual effects, and MotionBuilder for 2D character
animation, and Flame for 3D visual effects are transforming the way
special effects are made, and their believability. See Visual Effects
Software, Autodesk, available at https://www.autodesk.com/industry/
media-entertainment/vix-film-tv.

Netflix uses Al to better personalize recommendations to its 100
million subscribers, which they estimate has avoided canceled
subscriptions that would reduce its revenue by $1B annually.

Louis Columbus, McKinsey’s State of Machine Learning and Al,

2017 (July 9, 2017), available at https://www.forbes.com/sites/
louiscolumbus/2017/07/09/mckinseys-state-of-machine-learning-and-
ai-2017/#76d8d88675bé.

Google’s DeepDream, developed in 2015, is a tool that uses neural
networks to generate haunting, hallucinogenic imagescapes from
existing photography, and this has spawned new art inside Google
and out. Similarly, Project Magenta, involves music, and has led to
creation of a tool called NSynth, and a project called SketchRNN

is building neural networks that can draw. Cade Metz, “How A.l.

Is Creating Building Blocks to Reshape Music and Art,” The New
York Times (August 14, 2017), available at https://www.nytimes.
com/2017/08/14/arts/design/google-how-ai-creates-new-music-and-
new-artists-project-magenta.html.
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Content Technologies Inc., a U.S.-based artificial intelligence
research and development company is leveraging deep learning
to deliver customized books. The company launched Cram101
and JustFact101 to turn decades-old text books into smart and
relevant learning guides, making study time efficient. “Artificial
Intelligence In Education: Don’t Ignore It, Harness It!”, Forbes
August 22, 2017 Sebastien Turbot https://www.forbes.com/sites/
sebastienturbot/2017/08/22/artificial-intelligence-virtual-reality-
education/

Criminals Beware! Google’s Al Can Now Identify Faces from Heavily
Pixellated Images, Wired (February 8, 2017), available at http://www.
wired.co.uk/article/google-brain-ai-pictures-blur.

Personalized learning tailors the instruction, content, pace,
and testing to the individual student’s strengths and interests,
using technology, data, and continuous feedback to make that
customization possible.

Content Technologies, Inc. (CTl) is a company that is leveraging
deep learning, to create assemble custom textbooks. See https://
thenextweb.com/artificial-intelligence/2017/03/13/how-artificial-
intelligence-enhances-education/.

The Tacoma, Washington, school district worked with Microsoft to
develop a machine-learning model that can analyze student data,
such as demographics and academic performance, and historical
data to predict which students were at risk of dropping out and
prompt early intervention. After a multiyear pilot of the system, the
Tacoma school district was able to boost its graduation rates from 55
percent in 2010 to 78 percent by 2014. “Machine Learning Predicts
School Dropout Risk and Boosts Graduation Rates,” https://blogs.
technet.microsoft.com/machinelearning/2015/06/04/ml-predicts-
school-dropout-risk-boosts-graduation-rates/.

Content Technologies Inc., a US-based artificial intelligence

research and development company is leveraging deep learning

to deliver customized books. The company launched Cram101 and
JustFact101 to turn decades-old text books into smart and relevant
learning guides, making study time efficient. See Sebastien Turbot,
"Artificial Intelligence in Education: Don't Ignore It, Harness It!”
Forbes (August 22, 2017), available at https://www.forbes.com/sites/
sebastienturbot/2017/08/22/artificial-intelligence-virtual-reality-
education/.

Brainly, a social network that helps millions of students collaborate,
is exploring the power of Al on its platform to help students get
help from peers thousands of miles away. See Ben Dickinson, How
Artificial Intelligence Enhances Education (March 13, 2017), available
at https://thenextweb.com/artificial-intelligence/2017/03/13/how-
artificial-intelligence-enhances-education/.

Autodesk’s DreamCatcher Al system allows designers to set some

initial parameters and constraints that are then used explore every
possible alternative design solution and come back with ideas that
designers alone could never have imagined.

Autodesk is already using generative design technology on a project
with Airbus to reimagine and redesign a new airplane cabin partition
that is stronger than the original yet half the weight. See Jeff Walsh,
Machine Learning: The Speed-of-Light Evolution of Al and Design,
available at https://lineshapespace.com/machine-learning/.

MindSphere Applications, Defect Reporting, available at https://
www.plm.automation.siemens.com/store/en-us/mindsphere/apps/
defect-reporting.html.

MindSphere Applications, Assembly Line Self Optimizing App,
available at https://www.plm.automation.siemens.com/store/en-us/
mindsphere/apps/assembly-line-self-optimizing-app.html.

Using Microsoft's Azure for storing and analyzing the data,
companies such as Tetra Pak are developing predictive maintenance
technologies that allows the company to monitor more than 5,000
machines across the world in real time in order to predict machine
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problems before they occur so that maintenance can be performed
before breakdown can occur. Michel Poujol, Predictive Maintenance
Now Possible Thanks to Artificial Intelligence (August 21, 2017),
available at https://blog.soprasteria.com/predictive-maintenance-ai/.

A machine learning success story that gave new life to the US Postal
Service and saved hundreds of millions of dollars. Venu Govindaraju,
Reading the Handwriting on the Letter: UB Research That Gave New
Life to the US Postal Service (May 2016), available at https://www.
buffalo.edu/content/dam/www/research/pdf/Postal-Automation-
Highlights_20160516.pdf.

For the 21st-century digital battlefield, the US Air Force is
researching “cyberimmune system” technology enabled by artificial
intelligence. http://aviationweek.com/defense/can-artificial-
intelligence-protect-us-weapons-cyberattacks

Rangers are using Al to protect wildlife from illegal poaching.
Poachers kill an estimated 96 African elephants every day. Protection
Assistant for Wildlife Security (PAWS) is a newly developed Al that
takes data about previous poaching activities and outputs routes

for patrols based on where poaching is likely to occur. By targeting
areas where poaching is predicted to occur more often, PAWS helps
the wildlife rangers with the Uganda Wildlife Authority at Queen
Elizabeth National Park to effectively patrol a vast area of land with a
limited number of officers. See Jackie Snow, “Rangers Use Atrtificial
Intelligence to Fight Poachers,” National Geographic (June 12,
2016), available at https://news.nationalgeographic.com/2016/06/
paws-artificial-intelligence-fights-poaching-ranger-patrols-wildlife-
conservation/.

NASA's Frontier Development Lab (FDL) is pioneering a new
approach that uses artificial intelligence and machine learning to
better identify asteroids that could destroy the planet. lan Steadman,
“A.l. is Defending the Earth from Asteroids,” Next (August 30, 2016),
available at https://howwegettonext.com/a-i-is-defending-the-earth-
from-asteroids-d877cc17164e.

Several services now enable more efficient translation of government
information. For example, the PyeongChang Winter Olympics will

be using Al-based real-time translation services. Hila Mehr, “Artificial
Intelligence for Citizen Services and Government,” Harvard Kennedy
School (August 2017), available at https://ash.harvard.edu/files/ash/
files/artificial_intelligence_for_citizen_services.pdf.
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