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“In the past, a lot of S&P 500 CEOs wished
they had started thinking sooner than they did
about their Internet strategy. | think five years
from now there will be a number of S&P 500
CEQs that will wish they'd started thinking
earlier about their Al strategy.”

Andrew Ng



Applying Al

Travel back in time just 20 years and many industries
look significantly different than they do today: To rent a
movie for a relaxing night at home, you would have to go
to a Blockbuster store rather than using Netflix or another
streaming service. It was not Amazon but companies like
Barnes & Noble, Toys “R” Us, and Sears who dominated
retail. And Microsoft’s market position seemed unas-
sailable until Google came into the world and began to
dominate the Internet market. Many companies unde-
restimated the potential of the Internet and had to watch
their business models become irrelevant. Only a few
learned to adapt; the others did not, and today nobody
even remembers their names.

Today, just like the Internet 20 years ago, artificial intel-
ligence (Al) is already here, even though you might not
have noticed it yet. Al is often not obvious, forming part
of other software or tools that companies already use.
When you navigate with your smartphone, an Al-based
algorithm will find the best route using real-time data
from many other smartphones. When you book an Uber
or Lyft, an Al-based algorithm will determine the price
based on many factors including demand. When you
want to watch a film on Netflix, you get recommendations
for other films based on your previous film choices and
on the choices of others - using an Al-based algorithm.
And when you talk with your Echo speaker or your Google
Assistant, Al-based algorithms are translating your voice
into text, understanding your intention (or at least trying
to), and delivering answers.

With more available data, greater computing power at

a lower price, and by enabling technologies such as the
Internet of things (loT), Al has emerged to become a dis-
ruptive force for the years to come. There is little doubt
that Al will be relevant for all companies, regardless of
their industry or size. A recent McKinsey report suggests
that Al could create an annual potential economic value of
up to USS 5.8 trillion. This value potential is also reflected
in the valuations of Al startups: For instance, Chinese Al
startups SenseTime and Face++, both providing facial
recognition technology, are valued at more than USS 3
billion each.

But where are you with respect to Al? Have you heard the
starting pistol? Or are you still at the edge of the track,
curiously or apprehensively watching what’s going on and
not really knowing what to do?

You wouldn't be alone: In a recent BCG survey, only 20%
of the surveyed companies said that they use a concrete
Al application. And those companies that apply Al do

so to a varying degree — some apply Al within just some
products or processes, some integrate Al into their stra-
tegy, and a few build their strategy around Al. So far, only
a few companies already use Al at scale, predominantly
the large technology companies. Google uses Al within
virtually all its products, and in 2017 the company adop-
ted its “Al first” strategy. Amazon’s enormous investments
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in Al have made it the most valuable company worldwide
and Facebook’s high market valuation is due to the same

reason. And in China, companies like Tencent and Alibaba
are aggressively investing in Al.

However, making a profit from Al takes more than sim-
ply connecting to an Al black box and feeding it tera-
bytes of data. Al is certainly not a magic bullet that solves
all problems. Therefore, companies need to first separate
the hype from the actual capabilities and potential of Al
understanding how they define Al and how it might create
value for them. Starting the process of moving an entire
company towards the adoption of Al is a challenging task.
It requires an understanding of the technology, as well as
of its possibilities, and requires deep organizational and
cultural changes. Furthermore, companies need to create
the necessary enabling factors, including access to the
right data, an adequate infrastructure, and the right talent
—and not only in terms of programming skills.

That sounds overwhelmingly complex - but don't get
discouraged. Al certainly is not reserved for technology
companies like Google and Facebook, especially as there
is no need to reinvent the wheel. A lot of Al algorithms are
readily available “off-the-shelf,” and there are many appli-
cations where relatively low-complexity Al applications
can already outperform the current manual processes.
The goal of this paper is to help you assess the potential
of Al for your company and to provide guidance on how
to develop an Al strategy. It is the first part of a multip-
le-piece series on Al strategy by the appliedAl initiative.



Getting started:
What do we mean by
artificial intelligence?

The term “artificial intelligence” was first coined in the
1950s. However, there has been a long, and still ongoing,
debate on what is actually meant by artificial intelligence.
Often Al is defined by referring to human intelligence - it
is defined as computers acting “intelligently” " or when
they “do things at which, at the moment, people are
better” 2 However, these definitions are not really helpful
as human intelligence is not clearly defined, and also a
simple calculator will most liely perform the multiplication
of two ten-digit numbers better, and certainly faster, than
a human.

Broadly defined, Al refers to a machine that can learn,
reason, and act independently when faced with new
situations. What we mean when we talk about Al today

is artificial narrow intelligence, which includes more
practical and readily available technologies. It has nothing
to do with simulating real human intelligence but rather
involves using math and algorithms to make machines
predict answers — systems and algorithms that can per-
form one single task very well but can't be reused for a
different task or problem.

Al is an umbrella term that combines many different
technologies and subfields. The bulk of the advances in
Al are in machine learning, the most important subfield
of Al. Machine learning uses statistics to find patterns in
large amounts of data and uses these patterns to make
predictions. The technical ideas behind most machine
learning applications have been around for many deca

Artificial Intelligence

Goals:

Reasoning, problem solving
Knowledge representation
Planning

Learning

Natural language processing
Perception

Decision tree learning

Motion and manipulation
Social intelligence
Creativity

General intelligence

Clustering
Bayesian networks

Approaches:
Cybernetics and brain simulation
Symbolic

) Genetic algorithms
Sub-symbolic

' John McCarthy, 1956
2 Elaine Rich, 1983

Association rule learning
Artificial neural networks
Deep learning s
Inductive logic programming
Support vector machines

Reinforcement learning
Representation learning
Similarity and metric learning
Sparse dictionary learning

Rule-based machine learning
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des, but we have only recently been able to combine this
form of Al with enough computational power and data to
make it work really well.

At the heart of this technology is the idea of automa-
ting complex areas of knowledge work, using machi-
nes where we traditionally couldn’t due to the lack of
“intelligent” capabilities. In particular, Al has advanced
capabilities in six domains:

e Computer vision

e Computer audition

e Linguistics

e Mathematical/logical machines

e Interpersonally intelligent machines
e Motion and robotics

To understand the business value of Al, it is helpful to
understand the ability of Al to make predictions more
cheaply and accurately than ever before — an idea raised
by Ajay Agrawal, Joshua Gans, and Avi Goldfarb in their
book “Prediction Machines.” To understand this idea, con-
sider the example of a translation model: A sentence is
fed in in one language and the translation of it is returned
in another language. In reality, the model is predicting the
(most likely) sentence in the target language, given the
input sentence. To decide if this translation is accurate still
requires human judgement.

Machine Learning

Deep Learning

Automatic speech recognition
Image recognition

Natural language processing

Drug discovery and toxicology
Customer relationship management
Recommendation systems
Bioinformatics

Gesture recognition




Applying Al

You may well feel that this is thinking around a couple

of corners. But in general, reframing problems that can
potentially be solved by Al as predictions is quite a good
way to approach possible use cases. And it is worthwhile:
for classical predictions, such as finding indications of
lung cancer on X-ray images, Al can help to complete the
task more accurately, quickly and cheaply, which, in some
cases, can even alter a business model. For example,
when the value of human prediction decreases due to
the fact that an Al algorithm is simply better at the job,
employees and doctors will have more time to focus on
the actions resulting from the predictions.

This way of thinking can also increase the use of Al, espe-
cially if one extends its usage to similar problems that
until now have not been viewed or framed as prediction
tasks.

At this point it should be clear that, for companies, the
successful adoption of Al could enhance performance
enormously and hence create a significant competitive
advantage.

How does Al create value
for companies?

Al can create value for companies in various ways: It can
enhance productivity, optimize processes, create new

processes, and improve the customer experience.

This is reflected in the results of a recent survey: Compa-
nies are applying Al to pursue a wide range of goals. More
than half of the surveyed companies’ representatives said
they wanted to use Al to make their existing products bet-
ter. This is followed by optimizing internal business pro-
cesses, freeing up workers, and making better decisions.

More systematically, the extent to which companies can
use Al is defined by two dimensions - the field of applica-
tion as well as the depth of internal Al knowledge:

The field of application. There are two Al-application
fields:

e Product/service-centric Al: Using Al to improve
existing products or create new Al-driven products
— either specific to one industry (vertical) or generic
(horizontal)

e Process-centric Al: Using Al to improve o redesign
internal processes

The depth of internal Al knowledge. Companies can use
Al with a varying degree of internal knowledge - either
doing their own research and development, taking part
in joint developments with external developers, or using
existing Al solutions.

Taken together, these two dimensions define a company’s
potential Al usage.

Percentage of surveyed executives who cite the following as benefits of Al

Enhance features, functions
and performance of our products

Free up workers to be more creative
by automating tasks

Optimize internal
business operations

Make better decisions

Create new products

Optimize external processes like
marketing and sales

Capture and apply scarce
knowledge where needed

Pursue new markets

Reduce head count through automation

Source: Deloitte State of Cognitive Survey, August 2017
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Depth of internal Al knowledge required
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Let’s take a closer look at a few examples: At one
extreme, there is Google — a company that adopted an
“Al-first” strategy in 2017. Google uses Al at scale, both
for improving internal processes as well as within a wide
range of products. These applications are fueled by heavy
investment into Al research — Google employs more than
1,800 Al researchers in more than ten global locations.
However, there are also examples of German companies
using Al:
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mendation, demographic predictions, pricing and price
forecasting, invoice steering, and advanced fraud detec-
tion. Zalando has built up significant Al engineering and
research teams, and employs more than 100 machine
learning engineers who are embedded in different teams.
There is also a dedicated Zalando research department
with 15 researchers closely connected to universities and
Al experts.

“Ten years from now, scarcely any Bosch
product will be conceivable without artificial
intelligence. Either it will possess that intel-
ligence itself, or Al will have played a key role
in its development or manufacture.”

Volkmar Denner, Bosch CEO

Bosch applies Al for improving processes, for example

to optimize manufacturing or supply chain management,
as well as to create new products. Bosch has also built up
Al research teams with a staff of more than 300 in four
global locations, investing more than € 300 million.

German fashion e-tailer Zalando uses Al to improve all
their core processes across different business functions.
Among them are product search and customer recom-

But, as mentioned previously, Al is not restricted to the
big players. Smaller companies can apply Al without
starting from scratch - by using existing online machine
learning infrastructures.
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Common pitfalls
of Al applications

To create value from Al, companies need to approach its
application strategically. Often, we observe the opposite:
A company decides to “do Al” and begins by hiring a few
data scientists and machine learning experts. They are
then allocated to a newly created department, most likely
on the third or fourth level of the hierarchy; they are then
left to come up with some use cases.

Let’s say that these new employees, despite their lack of
domain knowledge, come up with a couple of potential
applications. Highly motivated, they go hunting for the
appropriate data - and get nowhere. Other departments
are unlikely to be willing to cooperate, either because of

a “not invented here” approach, meaning not in that par-
ticular department, or due to other reasons. Maybe they
fear that the Al project could be a threat to their authority,
importance, existence, or even their jobs.

But let’s assume that the data scientists do manage to get
some data; not the amount they wanted or in the quality
they were hoping for, but enough to start a project. If

they get this far, they will probably be confronted with the
problem that Al projects are difficult to implement within
existing budget processes; as Al projects contain uncer-
tainty by design, it is difficult to estimate costs and quality
before the project implementation has begun. If they

give it a go, they will ask for the appropriate hardware:
perhaps some GPUs or the all-clear to train their models
in the cloud. And then they will be told by the IT depart-
ment that all employees get the same computers, without
exception. And that no data is to leave the company’s
servers, without exception.

Does that scenario sound familiar to you? More systema-
tically, we commonly observe five pitfalls when it comes
to Al applications:

1.

Companies develop isolated Al use cases that do not
create value for their business. A lot of companies start
to implement Al use cases with neither a clear understan-
ding of whether a particular use case is linked to the ove-
rall objectives of their organization nor a realistic estimate
of the added value. After all, Al is not an end in itself.

2.

Difficulties in scaling use cases from pilot to production.
In many cases, companies develop projects - but they
have difficulties in scaling them up from a pilot project to
being applied on a much larger scale. Developing pilot
use cases in the lab is not always easy, but it is typically a
lot simpler than moving those pilot applications into

production. One reason for this is data management, or
the lack of it. In the lab, models are often developed with
data from only one source, whereas in the real world the
database has to be continuously updated, maintained, and
optimized.

3.

Many companies lack the internal resources and capa-
bilities to implement Al use cases - and they also have
no idea how to bridge this gap. Which raises the question
of why this is the case? The answer is quite simple: Just
try and hire an experienced Al programmer in Cham,
Berchtesgaden, Wedel, or Buxtehude. In fact, anywhere
outside of Berlin, Munich, or Hamburg. Typically, non-IT
companies lack both the talent and the infrastructure to
develop use cases internally, which can develop into a
vicious circle, for example if these companies invest in Al/
data infrastructure without a clear understanding of the
requirements of their potential applications and the sui-
tability of their newly acquired hardware components for
certain use cases. If they have underinvested, they might
have further problems finding experienced programmers
as the availability of decent GPUs is a determining factor
for almost all experts seeking a job.

4,

Investment in Al/data infrastructure without a clear
understanding of applications/use cases. However,
overinvesting into infrastructure is not a magic bullet, at
least not on its own. As well as having the hardware, you
also have to get the related processes right. You need to
govern access to data, and data protection must be taken
into account — you also need a data strategy to apply Al.

5.

Implementation of use cases without a clear main-
tenance strategy. All use cases must be maintained
carefully because every Al project requires an iterative
approach. In general, Al project teams start off with a
preliminary data set, build a first model, and evaluate the
results. The evaluation provides hints on how to improve
the model. Does the team need more or better data - or
is a better model required? Depending on the outcome,
the process is repeated and the model is evaluated again.
And this cycle continues, even once the model has been
put into production. There is always a need to update the
data as, for example, customer behavior could change.
And there is always a need to check whether the model is
still providing the expected outcome.



The systematic approach
towards Al

The very first step for applying Al has nothing to do
with Al itself. You have to be clear about the overarching
objectives or the purpose of the company: What is its
goal? That sounds simple - but there are lots of exam-
ples where companies have applied Al projects that did
not really support the overall purpose of the company
but, for example, helped with a comparatively minor part
of the production process. This could well be fine, but

it could also turn out not to be economically feasible.
Moreover, concentrating on side issues in the production
process might lead to huge Al opportunities in the core
business areas being missed.

And this is only one side of the coin. The other is to
understand how Al can help to achieve your objectives.
Applying Al should not be focused on technology alone.
Perhaps there is much greater potential for increase
revenues via customer recommendations rather than
improving the production process of the offered pro-
ducts? Finding out how to apply Al in the most effective
way should not (only) be left to the data scientists. Itis a
management task, and it requires executives to unders-
tand the principles and possibilities of Al.

Once both of these prerequisites have been fulfilled, it

is time to set up the company’s Al vision, which sets the
high-level goals of any Al application to be developed or
deployed. Needless to say, this should also be in line with
the overarching corporate strategy. The two should be
closely linked - but also monitored. A company needs to

understand how Al and “cheap predictions” might change
its key sources of value. In quite a few cases, the success-

ful implementation of Al projects or models has changed
the overall corporate objectives.

Corporate <—* Al strategy
strategy

Alvision ——

. How can Al
help to achieve
corporate
objectives?
Sets high-level
goals of Al
applications

Overall corporate

objectives/ purpose i

Al use cases

requirements
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At this point, it is time to get more specific. Based on its
Al vision, a company needs to identify relevant use cases
and also determine the enabling factors. This includes the
organization, the people, the technology, and the Al eco-
system required to execute and scale the use cases.
Again, this is not a linear process as the Al use cases and
the enabling factors are closely linked: On the one hand,
the use cases a company wants to implement determine
the requirements for data, talent, and infrastructure. On
the other, the available resources also determine which
use cases can be implemented in the short term.

To handle and manage the iterative process of setting up
and developing an Al project, a company should develop
clear plans for how its Al projects are to be set up, run,
and monitored, and also how the resulting Al-based solu-
tions are to be further maintained in the future.

Putting the elements together leads to the “appliedAl
strategy house.” Every company that wants to imple-
ment Al and avoid the aforementioned pitfalls needs
to address all the elements comprehensively, that is:
Develop an Al vision, a portfolio of Al use cases, and a
clear strategy for the required enabling factors.

Execution

Clearly defined set of acti-

vities to reach a specific goal ¢ Welldefined

plan to execute
use cases
. Review of KPIs
. Review of use

cases portfolio
boundaries

Enabling factors

Factors needed to execute
and scale use cases
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Al strategy
aligned with overall strategy

Product/Service-centric Al Process-centric Al
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|deation and prioritization
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Organization People Technology
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Know-how Startup
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How to get there, step by step

The following section aims to give some guidance on how
to systematically approach all three pillars of the “strategy
house” mentioned before.

1.
Define your Al vision

The first and central element of any Al strategy is the Al
vision. It describes how a company wants to apply Al.

My company: The first step in drafting an Al vision is to
understand the current position of the company:

*  What are the overarching objectives of my company?
e What are my main products and process blocks?
In which of these do | have specific (secret) domain
knowledge and assets?

Competitive environment: The second step is to unders-
tand the competitive position and industry dynamics. Key
questions to ask yourself are:

e How is Al currently used and how will Al be used by
my company and my industry competitors?

*  Which assets and capabilities are available at my
company and at my competitors?

e Which new digital disruptors (might) move into my
industry? How are they already using Al?

Impact of Al: Third, you need to understand how Al might
change the fundamental source of value generation and
hence the business models in your industry.

My company

Competitive
environment

Applying Al

Fields of application: Fourth, based on the aforementio-
ned analysis you need to decide where your organization
could benefit most from Al — within a specific product or
service and/or by improving processes. While a company
focused on low prices might use Al to optimize processes,
a company with an innovation focus should rather invest
in new Al-augmented products. Understanding the two
different ways to apply Al is paramount as they each
require different stakeholders and different resources.
Companies just getting started with applying Al should
focus on the application where they expect the highest
value as available resources are typically limited.

Using Al for products or services could involve augmen-
ting existing products or services with Al, for example
adding a voice-based assistant to a car. However, it could
also involve creating new Al-driven products, for example
an insurance company offering a service that can auto-
matically assess damages by using an Al application.
Process-centric Al applications could, for example, involve
an algorithm that predicts raw-material prices based

on various parameters such as time of year, some key
economic indicators and the publicly available revenue
or profit figures of major competitors. The introduction

of such an algorithm would doubtless limit the power of
purchasing managers within a company, who, as one can
imagine, might not be too happy about this development.
Or it could involve the implementation of Al-based pre-
selection of potential job candidates in the HR depart-
ment. SAP, for example, offers a model that does exactly
that. This too might lead to apprehension within the HR
department as some, or even several dozen, staff might
feel that they will not be needed in the future.

Fields of
application

Impact of Al

Corporate .
objectives

How is our organiza-
tion positioned against
competition?

e What are the overar-

ching objectives? e How do competitors
use Al?
Notion of
products/processes

e What are products/
services and process
blocks in our context

e How might Al impact e

Where could your
organization most
benefit from Al?

my industry, business
model, products, and
processes?
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Product/Service-centric Al

Process-centric Al

Augment existing
products

Create new
Al-driven products

Disruptively
transform processes

Support existing
processes

Define level
of aspiration

If you think about it, there is another question underly-
ing the entire process: How far do you want to go? Any
company starting to move towards Al will have to define
its level of aspiration at some point. And again, there are
some landmark facts that might help in determining this.
One of these pillars is the industry average. What level
of Al do direct competitors already apply? Generally, a
company needs to at least match this level to stay com-
petitive. If all of a car manufacturer’'s competitors have
implemented voice-based controls, this manufacturer
also has to implement them.

In many industries, Al is not - yet - widely used. This
offers a unique opportunity as, right now, a company can
differentiate itself by building best-in-class Al solutions
that are ahead of the competition within their own indus-
try, or even beyond.

Definition

Finding cases

How to define the use
cases and make an initial
judgement?

How to identify relevant
use cases?

e Opportunity driven

e Asset driven
e Capability driven

1

How to prioritize the use
cases?

Industry average
Best-in-class
Beyond

2.
Find and prioritize use cases

As a next step, and based on their overall Al vision,
companies need to implement a portfolio of use cases.

It is important to start thinking of use cases with a final
solution in mind: How can Al solve a particular problem or
improve a particular product? At this stage, don't forget
that Al is not and cannot be the solution for everything.

To find the use cases, companies should follow a
four-step approach:

e First of all, the use cases need to be identified. To
do this, identify use cases that build upon strategic
goals (opportunity driven) as well as existing strength
(asset and capability driven). Which use cases do you
need to implement to execute your Al vision? What
data do you have? Which Al capabilities have you
already developed?

Prioritizing Execution

How to get started with
the execution?

Value x Complexity e Detail value chain confi-

guration

e Validate assumptions of
use cases

o  Start with data explora-
tion phase



e Then, these use cases need to be defined in a clear
and comprehensive way.

e Only after this can each use case be prioritized
based on its potential value for the implementing
company as well as the expected level of complexity.
Companies should start with those use cases that
are relatively easy to implement and provide high
value. But they also have to think strategically about
use cases that would provide high value but are not
easy to implement yet.

o Finally, the prioritized use case needs to be executed.
For this, companies should develop a clear plan.

3.
Creating the enabling factors

To be able to follow the Al vision and implement the use
cases, a set of enabling factors is required: The organi-
zation, the people, the technology, and the Al ecosystem.
However, the respective importance of the individual
factors will differ depending on the aspired-to Al vision.
First, companies need to set up the right Al organization.
You have to create the right organizational setup — where
is your Al team located? But you also have to create

the right governance structure, and this also includes
changes to the board roles.

Second, you need to get your employees ready for Al and
recruit the necessary talent. New roles are emerging: Al
engineers are required who can build learning systems
from an engineering perspective. Getting the right people
with the right skills is currently a major challenge. As
hiring is hard, reskilling your existing data scientists or
software engineers might be an important option.

But that on its own is not enough. Other employees,
including the executives, need to have a basic unders-
tanding of what Al will enable and how it will change their
working lives. You will have to bring everyone on board, as
silent resistance at various points within a company can
be detrimental for the success of an Al project due to the
iterative approach that is required.

Companies not only need new Al skills but also have

to adapt their culture: Using learning systems implies
accepting failure. Employees’ fears need to be addressed
to create acceptance for the use of Al-based solutions.
And the company needs a very high level of transparency
in order to implement Al projects successfully. All this is
not easily done within an organization.

Third, a company needs to build up the required techno-
logy. This includes the Al infrastructure as well as the
data. Data certainly is the key element of applying Al, as
training Al models requires a great deal of it. If a company
does not already have well-defined data governance it is

Applying Al

often unlikely to have useful data. YoU'll need to identify
data sources, build data pipelines, clean and prepare data,
identify potential signals in your data, and measure your
results.

But you also need the right IT infrastructure. Principally,
you will have to decide whether to use your own servers
and GPUs or rely on the cloud. This question is not only
about data security but also about cost and economic
feasibility.

Fourth, you need to address your ecosystem. At this
point, no company has truly comprehensive experience
when it comes to applying Al. Therefore, a company
should exchange knowledge externally - with startups,
academia, and other companies.

4.
Execution

Finally, the use cases need to be implemented. Al isn't like
traditional software: an Al system learns continuously as
new data is fed into the system. Thus, an Al system needs
to be monitored to ensure that a model is still delivering
the expected results. For this, a company needs to put in
place the right processes.
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About appliedAl

The appliedAl Initiative, Europe’s largest non-profit
initiative for the application of artificial intelligence tech-
nology, aims to bring Germany into the Al age and offers
its wide ecosystem of established companies, both large
and small, researchers, and startups neutral ground in
which to learn about Al, implement the technology, and
connect with each other. NVIDIA, Google, MunichRe,
Siemens, Deutsche Telekom, and many more are
partners of the initiative, which started in early 2018.

You can find more information about appliedAl at:
www.appliedai.de
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