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Foreword

Artificial intelligence is a broad term that has captured people’s interest. Until recently,
it was confined to scientific circles as one of the most advanced branches of study and
struggled to find its way into the industrial arena. While many reasons can be cited for
its delayed entry, I strongly believe it is due to the lack of prescriptive books, like the one
you hold in your hand. It is the ever-increasing speed of processors churning out data
in massive volume that necessitated automation in the data space. Al precisely handles
this task of “understanding the data” while producing analytical results. With increasing
volumes of data, industries were frantically searching for new tools to analyze the data,
and Al came to the rescue at the right time. However, Al is complex enough that only a
few in the mainstream can make sense of it. This author team comes to the rescue at the
right moment, by providing insight with great examples.

Al has started showing promise recently in the commercial space as many have
started using Al for simple use cases to eliminate some mundane tasks that can be
automated. From a very early age of my childhood, I was fascinated with the scientific
approach to solving problems and the curiosity only grew with time for me. Al grabbed
my attention when I was looking for ways to address various problems the financial
industry was trying to solve. At that time, I had an opportunity to design systems as a
chief enterprise architect, positioning me to merge my curiosity with my role at work. I
have been following Al since then and looking for ways to use it in the industrial space.
There have been many use cases that came to reality recently using Al. The prompt-
based phone answering systems we used to use are now being replaced by speech-
enabled systems, empowering customers to directly ask for what they want rather than
the system taking them (painfully) through prompts. The Internet is now fully sprinkled
with chatbots to take over customer service online. The financial industry has long been
using machine learning (a branch of Al for predictive data analytics and automated
decision making in various applications. Tesla and many other firms have started using
Al in autonomous vehicles. Increasingly, many companies have started exploring AI/ML
for potential use cases in their space.
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FOREWORD

AI/ML is a complex subject and requires well-versed authors to introduce it to a
widespread audience. In this book, Eberhard, Martin, and Thomas did a great job of
introducing the subject in plain English. They have successfully bridged the gap between
Al and the mainstream audience and explained the subject in simple terms. This book
is appropriate for audiences ranging from enthusiastic readers to scientific researchers.
It will help people in various roles, such as analysts, programmers, architects, business
managers, senior managers, and C-level executives, to be exposed to the subject. The
book will bring its audience from a level of having no knowledge about AI/ML to a good
understanding of the field, while creating the ability for people to use the tools in their
field.

The authors take the reader into the topic of creating an information architecture
(IA) surrounding AI/ML. The goal is to create a structure for deploying AI/ML in any
organization and helping business executives to absorb it in their own organization. The
book very cleanly outlines imperatives for architecture surrounding Al, even to a novice
reader. The authors have been able to successfully identify various entities in IA where
there is none presently available in the industry in the field of AI. The book will help
appropriate personnel in proper positions achieve organizational success.

After IA on Al the reader is guided through the process of operationalizing Al
instead of just being left with an understanding of the subject. Understanding and
implementation are two entirely different aspects which the authors clearly understand.
The reader is not left with unanswered questions about how to operationalize Al. The
authors clearly know that it becomes more relevant in Al than in other fields and have
helped to guide the reader in the process. To that end, they have further classified
different aspects of Al into subdomains with simple explanations. I find it very important
for any level of Al expert to take a concept to implementation.

The authors not only focus on bringing AI/ML into the mainstream but also look at
the big picture while correlating AI/ML to other fields such as blockchain and quantum
computing. They clearly demonstrate a broad understanding while bringing AI/ML to
IT fields such as governance, change management, and DevOps. As Al is a new field and
still in experimental stages in the commercial arena, it’s not easy to put controls around
it. However, the authors understand the importance of governance in the field of IT and
don’t leave Al without it. They explain the basic need of it in IT before drawing the reader
into Al governance itself. The authors have covered the entire scope of Al in language
that can be easily understood.
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FOREWORD

The authors not only highlight AI/ML for their benefits but also show the limitations
of the field and suggest new advances required to push the envelope. The book will
help professionals prepare for future advances in their field while they are deploying Al
at their organization. I personally like this aspect of illustrating the limitations of AL It
shows the depth of an author in a given field to draw out the limitations of the field. Only
awell-rounded expert in the field is capable of providing limitations of the field, and
the authors no doubt show their depth. I would encourage everyone in IT and scientific
fields to read through this book to get an understanding of the field from a fresh set of
eyes and to develop a new perspective. The book is a very good read, even for those who
are not in technical fields, as it is written in simple English and is in reach to a casual,
interested reader of Al It will improve understanding of the field while enriching one’s
capability to invite AI/ML into their organization, regardless of the industry.
I congratulate the authors on their well-written book and encourage them to
continue to provide valuable bridges and insights in the future.
Srinivas Thummalapalli
Chief Enterprise Architect
Fifth Third Bank
July 2020
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Book Layout

This book is for a reader who is looking for guidance and recommendations on how to
overcome Al solution deployment and operationalization challenges in an enterprise
and is, furthermore, eagerly interested in getting a comprehensive overview on how
Al impacts other areas, such as design thinking, information architecture, DevOps,
blockchain, and quantum computing - to name a few. The anticipated reader is looking
for examples on how to leverage data to derive to actionable insight and predictions
and tries to understand current risks and limitations of Al and what this means in an
industry-relevant context. We are aiming at IT and business leaders, IT professionals,
data scientists, software architects, and readers who have a general interest in getting a
holistic Al understanding.

The chapters of this book are organized into four main parts.

Part I: Getting Started sets the scene for the book in terms of providing a
short introductory chapter, an Al evolutionary perspective including technological
advancements, and a short description of the most important Al aspects with machine
learning (ML) and deep learning (DL) concepts.

It consists of the following three chapters:

o Chapter 1: Al Introduction gives an overview of Al in enterprises,
providing examples of high-value use cases and showing how Al
can be applied in practice. It describes how to increase enterprise
automation using Al and introduces the Al life cycle from an

enterprise point of view.

o Chapter 2: Al Historical Perspective describes why the theoretical
Al underpinning of the second half of the twentieth century led to
the remarkable Al boost in the last decade. We also venture a glimpse
into the future, briefly elaborating on technological advancements
that we will most likely observe in the near future.
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BOOK LAYOUT

Part II: Al Deployment concentrates on successful AT deployments by advocating
the implementation of a pervasive information architecture for Al, which is an essential
component of every Al deployment that is all too often neglected. We are then providing
examples how to turn data into actionable predictions and insight, describing how to
leverage ML-based matching for improved and trusted core information management,
and sharing guidelines with the reader to overcome operationalization challenges in
enterprise environments, including key design thinking and DevOps aspects in the

Chapter 3: Key ML, DL, and DO Concepts introduces key concepts
of ML and decision optimization (DO) and explains the differences
between these two concepts. We also discuss labeling data in

smart ways to minimize labor cost and expert time in labeling and

introduce the concept of automated creation of Al models.

context of Al

It consists of the following four chapters:

XXiv

Chapter 4: Al Information Architecture elaborates on the role of an
information architecture to deliver a trusted and enterprise-level Al
foundation. This chapter is important to the reader in order to fully
understand the impact of Al on an existing information architecture
to deploy sustainable Al solutions.

Chapter 5: From Data to Predictions to Optimal Actions explains
how predictions from ML and decision optimization can be
combined to achieve optimal outcomes for enterprises, including a
set of practical examples.

Chapter 6: The Operationalization of Al deals with the
implementation of Al artifacts into an often highly complex and
diverse enterprise environment. This includes real-time scoring;
monitoring of, for instance, ML models to maintain their accuracy
and precision; and turning data into actionable insight.

Chapter 7: Design Thinking and DevOps in the AI Context
describes how design thinking and DevOps methods can be
applied to develop Al systems and devices, products and tools, and
applications. We also elaborate on how AI and its siblings can be
leveraged and infused into design thinking and DevOps concepts.



BOOK LAYOUT

Part III: Al in Context takes into consideration that Al doesn’t stand by itself, it exists

within a larger context. This third part describes Al in the context of other key initiatives

across industries, such as blockchain, quantum computing, governance and master data

management, and change management.

It consists of the following five chapters:

Chapter 8: Al and Governance describes Al and governance aspects
and, furthermore, discusses the need for explainability, fairness, and
traceability. Since Al-based decision making ought to be meaningful
and human comprehensible, Al comes with a new dimension of
governance imperatives designed to ensure transparency, trust, and
accountability.

Chapter 9: Applying Al to Data Governance and MDM provides a
deep dive into applying ML to master data management (MDM) and
data governance solutions. It specifically highlights the application
of ML to improve required matching algorithms for MDM and to
discover hidden relationships in core enterprise information.

Chapter 10: Al and Change Management sheds some light on
change management in the context of Al and introduces key aspects
of Al change management, such as identifying and analyzing
sentiments for a more targeted change management with an

optimized outcome.

Chapter 11: AT and Blockchain describes the applicability of Al

to blockchain, which by itself is still a relatively new concept, and
provides examples, for instance, to increase tamperproof audit trail
for Al model versions, data sets used in training, and many others.

Chapter 12: Al and Quantum Computing looks at some Al
problems, which are likely to benefit from quantum computing. The
promise of quantum computing to surpass “classical” computers

for some computational problems may have a profound impact

on solving Al problems, for instance, complex back-propagation
algorithms used to learn high-dimensional artificial neural networks
(ANNs).



BOOK LAYOUT

Part IV: Al Limitations and Future Challenges discusses current Al limitations and
challenges, some of which are subject to research, while others may constitute insoluble
challenges that will leave room for human beings to fill that gap - even in the distant
future. Some closing remarks and an outlook into the future of Al will conclude this final
part of the book.

It consists of the following two chapters:

o Chapter 13: Limitations of AI addresses the promise of Al with
its breathtaking range of applications that seem to be without
limits. And yet, even for Al, there are a number of limits and future
challenges, as we learn about in this chapter.

o Chapter 14: In Summary and Onward gives an outlook on likely
future evolution of Al and Al adoption and shares thoughts on

possible consequences.
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CHAPTER 1

Al Introduction

Artificial intelligence (AI) has been a vision of humans for a long time. Works of fiction
have explored the topic of Al from many angles. For instance, Neuromancer, 2001:

A Space Odyssey, Terminator, A.L, Star Trek, Alien, Mother, and so forth feature Al in
many different manifestations: some human-like and some very different, some serving,
some working with, and some even fighting against humans.

While artificial general intelligence (AGI) as featured in science fiction and movies
remains more than elusive, there has been a lot of progress in several practical fields of
Al which have already moved from fiction to reality.

Especially, the Al areas of machine learning (ML) and deep learning (DL) have
advanced from research to practice and are meanwhile applied by a large number of
companies and organizations to a stunning breadth of use cases around the world.

We are now at a point where leveraging ML and DL is state of the art for modern
enterprises, yet larger-scale adoption still lies ahead. Early adopters will go deeper and
broader in their ML and DL applications, and those who did not yet start in earnest will
need to follow soon.

Al for the Enterprise

This book provides you with recommendations and best practices to apply Al holistically
in an enterprise and organizational context. To help leverage Al and deliver on its
promise in a meaningful and business-relevant way, we offer you a pragmatic view on Al
and how to unleash its transformational, disruptive power.

© Eberhard Hechler, Martin Oberhofer, Thomas Schaeck 2020
E. Hechler et al., Deploying Al in the Enterprise, https://doi.org/10.1007/978-1-4842-6206-1_1
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Enterprise Al entails leveraging not only advanced ML and DL but also natural
language processing (NLP) and decision optimization (DO) to come to automated
actions, robotics, and other areas to optimize existing business processes and to
implement new use cases. Al in the enterprise' aims to discover organizational
knowledge and deliver and infuse analytical insight into decision processes in a way that
is as aligned with how a human person would go about these tasks, but accelerates these
processes by orders of magnitude.

We provide you with a pervasive view of Al that is driven by challenges and gaps - and
subsequently opportunities - for you to gain competitive advantage. One particular area
is related to Al life cycle and deployments, including Al operationalization challenges, the
need for a comprehensive information architecture (IA) to enable Al by providing the data
that fuels it, DevOps aspects, and how to come to actionable decisions based on insight
derived from ML/DL and DO models. We also explore Al in the context of specific areas,
such as master data management (MDM), governance and change management, and
blockchain, as well as future directions such as quantum computing.

The applicability of Al for the enterprise? offers a rather diverse perspective. ML,

DL, and DO are key areas that we stay focused on throughout the entire book. In this
introduction and furthermore in Chapter 5, “From Data to Predictions to Optimal
Actions,” we give you an understanding of the complementary nature of ML/DL on
the one hand and DO on the other hand, allowing to get from data to predictions to
optimized decisions to enable automated actions. In addition, we also provide you
with a high-level description of the progression and advancement of Al in the last
few decades, as this is essential in order to appreciate the maturity - or rather missing
capabilities - of AL

A discussion of Al in the enterprise requires an intensive treatment of an Al
information architecture and the challenging operationalization aspects of Al, including
DevOps in the context of AI. No enterprise can sustain today’s business dynamics and
required business agility without a robust information architecture (IA), including
aspects like data storage and management, governance and change management, and
master data management (MDM).

The impact of Al and the opportunities that Al represents for these areas is
extensively discussed in Part 3, Al in Context.

1See [1] and [2] for more information on Al in the enterprise.
2See [3] for more information on the Al-powered enterprise.
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Al Objective: Automated Actions

What most companies and organizations ultimately are looking to get out of applying Al
are automated decisions to drive automated actions in order to accelerate their business
or other objectives or assisting human decisions with recommendations where it is

not possible or not acceptable to replace human judgment. Automating or assisting
decisions and resulting actions can lead to enormous efficiencies and speed and in some
cases can enable entirely new business models that would otherwise be impossible - for
example, modern ecommerce, fraud detection, dating apps, and many more.

On the flip side, if not done well, automation of decisions and actions can lead to
damage or losses - such as a self-driving car causing a crash or an automatic trading
algorithm causing financial losses or decisions that are legally or morally wrong causing
fines or brand damage.

In the following sections, we begin from the objective “automated decisions driving
automated actions” and solve back to the means and technical approaches required to
achieve that objective.

Actions Require Decisions

Companies and organizations make a large number of decisions® day in and day out and
take a large number of concrete actions based on these decisions.

Big strategic decisions are made by leaders and boards, for example, whether to
acquire a company in order to expand a business, how to shape corporate culture and
image, and how much overall risk to take in balance with revenue objectives. These
strategic decisions may be informed by leveraging Al techniques; however, the final
judgment and decision remains the responsibility of human beings - and this will
not significantly change. Ultimately, leaders and boards remain responsible for these
strategic decisions and all their consequences, but Al may help them make better
decisions. There is usually not a high quantity of decisions of this kind, and they are well
suited to be made by humans after due consideration and discussion.

However, a by far larger volume of decisions in an enterprise or organization - it may
be millions or billions - need to be taken consistently, quickly, and with high frequency
based on data, guidelines, and constraints. Examples of such frequent decisions are
whether to open a door for a person who wants to enter, what to offer in a contextual

3See [4] for more information on the theoretical and application of decision analysis.



CHAPTER 1  AIINTRODUCTION

marketing campaign, optimization of agent-client interactions, deciding whether an
autonomous car should break in in a given situation, deciding whether to approve or
reject an insurance claim or loan request, and facilitating buying decisions.

The following are some typical examples of large-quantity and high-frequency
decisions that we will explore more in the following sections:

o Next best offer: Deciding what products to offer to a customer when
logging on to a website

e Accurate travel information: What flight departure and arrival times
to display on airport screens and websites

o Floor production optimization: Whether to hold a production line
on a factory floor

These kinds of decisions* are not optimally made by humans, because the quantity
of these decisions it too large and the input parameters for these decisions are complex,
making it infeasible to staff making these high-volume decisions with humans.

In order to automate these kinds of high-volume data-driven decisions, in the
past, typically inflexible deterministic programs were used that required developers to
formulate deterministic algorithms and pre-defined rules to process input parameters
and determine the desired decision. This required developers to be available to change
code when needed, even for small adjustments, which can be required rather often over
time. Or humans would still determine these decisions following rules and guidelines
defined for them and/or based on their own judgment, allowing adjustment to changing
circumstances but requiring significant staffing causing high cost and needing more
time per decision to be made.

Decisions Require Predictions

In order to determine high-volume decisions with a degree of flexibility and yet in an
automated fashion, data-driven predictions are needed. These predictions can be
generated using state-of-the-art Al techniques, using relevant data to fuel a process that
accesses and feeds data into a predictive model and obtains the resulting predictions, as
you can see in Figure 1-1.

“See [5] for more information on automated decision making.
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Predictive
model Predictions

Figure 1-1. From Data to Predictions

This predictive insight then serves as one of the basic inputs for the decision-making
process. The following are just a few examples of predictive insight, corresponding to the
three examples of required decisions we gave in the previous section:

o Likely product interest to inform next best action: What products
customers likely are interested in and ready to buy next, and what
is the likelihood of a customer buying one or even several of the
proposed products. This prediction is needed to decide what product
or service to offer next to the customer, guaranteeing the highest
likelihood for acceptance.

o Projected flight arrival at the gate to inform accurate travel
information: When a plane that is still in flight will arrive at the
gate, given all circumstances, such as air traffic, head or tail winds,
taxi time, and many more. This prediction is needed to decide what
arrival time to display for an inbound flight.

o Predicted quality of parts for floor production optimization:
Whether based on current sensor information, the next batch of
parts produced by a machine in a plant will be good or faulty.

This prediction is needed to decide whether to continue production
or hold the production line.

However, predictions alone are typically not enough to make smart, ideally optimal
decisions. For example, using a prediction of a customer’s interest in a product just by
itself could result in a problematic decision, such as offering something that is not in
stock and then disappointing the customer with a long wait time. You need more than
just predictions to make smart decisions.



CHAPTER 1  AIINTRODUCTION

Smart Decisions: Prediction and Optimization

Often, decisions and actions cannot be taken purely based on individual predictions.
Revisiting the previous example, what product really makes sense to offer to which
customer, apart from the customer’s interest, can also depend on stock in warehouses
and time to deliver, profitability by product, size of marketing budget, customer status,
acceptance or denial history of past offers, and many other parameters.

In situations where decisions need to be made more holistically, not only based on
predictions, but in the context of business constraints and other factors, predictions alone
cannot adequately solve the problem. Sets of predictions need to be combined with
optimization based on these predictions and additional data, constraints, and objectives in
order to determine the optimal combination of decisions and resulting actions.

Figure 1-2 illustrates this flow from relevant data via predictive insight toward
optimized decisions. Predictive ML and DL modeling in combination with decision
optimization (DO) enable this flow.

Predictive
model

Figure 1-2. Flow from Data to Optimized Decisions
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The Al discipline of ML established approaches to make predictions based on
data, without requiring deterministic code for each different problem. ML algorithms
build mathematical models based on sample data, which is used to train these models.
There are a wide range of ML model types for different problem domains, which are
trained by ML algorithms. Three main types of ML algorithms are supervised learning,
unsupervised learning, and reinforcement learning algorithms.

For more information on ML, DL, and DO concepts, see Chapter 3, “Key ML, DL, and
DO Concepts”



