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... leading to the 4th industrial (r)evolution...
Breakthroughs - A new era of artificial intelligence

Communication technology Embedded systems Watson
2011

bandwidth and computational power miniaturization

Semantic technologies

information integration
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Systems of “human-like” complexity
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... leading to the 4th industrial (r)evolution...

Breakthroughs - Everybody and everything is networked ,

Communication technology

bandwidth and computational power

Embedded systems

miniaturization
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The fourth industrial (r)evolution
“Information Revolution” ;

Everybody and everything is networked. - Big Data & Cyber-Physical Systems

Vision of Wireless Next Generation System (WiNGS) Lab at the
University of Texas at San Antonio, Dr. Kelley

Weidmiuller, Vission 2020 - Industrial Revolution 4.0
Intelligently networked, self-controlling manufacturing systems)

Ill Ill

»loca Jloca
to ,,global” to ,,global”

around 1750 / around 1900 around 1970 / today

1%t industrial revolution Power revolution Digital revolution
Mechanical production Centralized electric power Digital computing and
systematically using the infrastructure; mass production communication technology,
power of water and steam by division of labor enhancing systems’ intelligence
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The connected world
“Information Revolution” — not reduced to Industry 4.0 :

7 . Building
Industry 4.0 will &

address and solve some
of the challenges facing
the world today such as
resource and energy
efficiency, urban SR - L. V=X
production and D > 29 (8 4\ G

demographic change.” ) 74 '

Smart
metering

Henning Kagermann et.al.,
acatech, 2013
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o " ... and more
1%t industrial revolution Power revolution Digital revolution Information revolution
Mechanical production Centralized electric power Digital computing and Everybody and everything is
systematically using the infrastructure; mass production communication technology, networked — networked
power of water and steam by division of labor enhancing systems’ intelligence information as a “huge brain”
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... leading to the 4th industrial (r)evolution...
And how do these systems work? ;

Toward< :elligent and (partly-)

autonomous systems AND systems of systems
around 1970

around 1900

around 1750

1%t industrial revolution Power revolution Digital revolution
Mechanical production Centralized electric power Digital computing and
systematically using the infrastructure; mass production communication technology,
power of water and steam by division of labor enhancing systems’ intelligence
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Innovations in 4.0
The vendor change around ,,cars”

Characteristics of Industrial Revolutions:
The vendor change &==7=

Ford 021C concept car
2012, designed by Newson
now at Apple (1999)

car in 2015, based on their
experience in visual sensors

Latest version of Google’s
self driving car (Huffington
Post, 28.5.2014)

Car specialists? — No.

= Connectivity & data
specialists.

= Energy & sensor

specialists.

Goagle

Tesla X 2015, other Teslas
since 2006; Forbes: “most
innovative enterprise”

Google: First autonomic car
with street license, 2012

Joday

Around 1750 Around 1900 Around 1970
1%t Industrial Revolution Power Revolution Digital Revolution Information Revolution
Mechanical production Centralized electric power Digital computing and Everybody and everything is
infrastructure; mass production communication technology, networked — networked

systematically using the
power of water and steam by division of labor
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Innovations in 4.0
The vendor change around ,,cars”

Characteristics of Industrial Revolutions:
The vendor change -

Ford 021C concept car
2012, designed by Newson
now at Apple (1999)

car in 2015, based on their

Latest version of Google’s
self driving car (Huffington experience in visual sensors

Post, 28.5.2014)

An autonomous car is
more like a computer
on wheels than a car

which includes one or
many computers.

Goagle

Tesla X 2015, other Teslas
since 2006; Forbes: “most
innovative enterprise”

Google: First autonomic car
with street license, 2012

Around 1750 Around 1900 Around 1970 Joday
1%t Industrial Revolution Power Revolution Digital Revolution Information Revolution
Mechanical production Centralized electric power Digital computing and Everybody and everything is
systematically using the infrastructure; mass production communication technology, networked — networked
power of water and steam by division of labor enhancing systems’ intelligence information as a “huge brain”
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Innovations in 4.0
The two ways of innovation

11

5 ® Globalisation ‘ . -

'.8 4 Autonomous BusinessDictionary com
('U . . Crver 20,000 Terms. Clear. Concize. Comprehensive.
N @ Mobility . ~intelligent

©  systems

v Big Data —

"'6 Urbanisation - @ Connectivity

iy New health

%"D paradigms Revoluti

Q evolutionar

- Internet of @ Individualisation - y

o Things

@ New education
@ New ecology

Cyber Physical
' Systems

Industry 4.0
.

IMPORTANT:
= |n times of Industrial Revolutions, the revolutionary innovations dominate.
® |n the times between, the evolutionary innovations dominate.
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From the Basics to Innovation in 4.0
The innovators’ dilemma

Revolutionary |ﬂﬂUVﬂmf5
filemma

When
New Technologies

Evolutionary Cause Great Firms
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About Innovation Cultures in 4.0
Innovation — A question of culture?!

Since the 1960s:

= research on organizational cultures in respect to innovation, “innovation culture”

Breakthrough of the “culture concept” in the 1980s

Hofstede’s “cultural dimensions
theory” (1980)

= 5 cultural dimensions

= Still most cited European social scientist

= Critics addresses mainly the particular
dimensions and the measurement process,
but not the general approach.

Hofstede (1991):

Culture is the collective programming
of the mind which distinguishes the
members of one group from another.

24.11.2016
S. Jeschke

Organizational culture...

= .. transfers the concept of culture from
cultural anthropology (national cultures)
to organisations.

= .. represents the collective values, beliefs
and principles of organizational members.

= .. is a product of such factors as history,
product, market, technology, and strategy,
type of employees, management style,
and national culture.

[Wikipedia, 2015]

Innovation culture:

Innovation culture describes a specific type
of organisational culture adressing the
generation of innovation in the
organisation.

[Wikipedia, 2015]
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Demographic change...
Population shift (international)

15

Aging/shrinking societies

24.11.2016
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Demographic change...
Population shift (national)

Aging/shrinking Germany

1960

STOC jwesapung saydsiisiiels @

300

Tausen d
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Service Innovations
Expectation management — from B2C to B2B and the Generation Y!

N

Business units — such as marketing, sales, customer

support — communicate with each other, but also Rk o waran's dowmipaded
. . Your were born."

directly and autonomously with the customer.

Traditional enterprise
Communication

Customer focused
multi-channel
communication

24.11.2016
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Service Innovations
Businesses in the customer’s pockets: the ,Service Society”

Services become available and experts become obsolete!

As information becomes more and accessible, experts lose information power.
This observation is inline with all earlier changes along the information chain,
starting with the book printing ...

”m /\ Expert systems losing
Expert q“t-‘% ground: Experts and

Knowledge service providers lose

o their unique selling
Tourist Guide Real Estate

_— roposition
Py prop
expertise . @
« ” Information
replaced” by

information and knowledge

transparenc
LY p y Travel Agent Management of

Salesman > 4  services: The new
business model

¥ [
Smartphone
single point of contact A ‘
for all information Vg ‘l, ‘0"
,,;_;f . ¥ Cjb‘y
l} Ef

Informed Customer Profound Decisions
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Service Innovations
... dealing to ,Logistics as a Service” (LaaS)

Logistics 4.0 or ,,Logistics as a Service” (LaaS)

The terminology is based on concepts as Software-as-a-Service (SaaSs), [;] -
Platform-as-a-Service (Paa$) .... up to Anything-as-a-Service (XaaS). =

It is sometimes referred to as "on-demand XY”, without hosting or
owning the necessary infrastructures and tools.

The philosophy behind it is: “Just do it — | don’t care how!”

B2B relations still
lacking generic
services like in
B2C relations

Managing .
Platforms RceaquT:srt

o T

Delivery Customer Delivery Service End Consumer

Requests and Status Updates

24.11.2016 M ‘ ‘ RWTH
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Service Innovations

2
Lateral thinking - what’s next? CE'D

SAS: all 2
types of 9 ¢
S reliability

.-AnticipatorYShipping: f It SChon’ \:
Amazo. L estellen o S8
x

payment

Cost
reduction
moral etc.
BIG DATA
ANALYTICS
F: A
o il
decision o

" & services
making

©® 2008-2009 ® sl years

|
Minimal Low Moderste High Intense

GILD: “Roboter
Recruiting”; selecting
employees on a purely
@algorithmic basis

gild
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Changes to the job market
Industry 4.0 does not only change the “routine” jobs -

The typical assumption...
.. that job changes in 4.0 are mainly addressing blue collar
jobs and/or routine jobs does not hold true.

From ,blue collar — low qualified“
to ,,white collar — middle class”...

but probably, this is just a transition phenomenon N7
IBM Watson

Social robots ~

... will become capable of

Decentralized platforms ,
taking over even complex

|

J’(A

hw | .
White collar iobs . with automated consensus EEMES  tasks with personal presence
J models (e.g. blockchain) take 3s in health or home care
... are under massive change over complex administrative
due to the enhancement in tasks e.g. in judiciaries

Al, here the impact often hits

“middle class jobs” Virtual and augmented

environments

... allowing for new
international players, even
in tasks requiring humans

and presence

24.11.2016
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And how do these systems work?
Reinforcement learning: Using rewards to learn actions

Remember Mario: What if the machine could learn, how to solve a level?
Why not use some kind of intelligent trial-and-error?

Gen 0 species Z3 genome 1 (7%)

Fitness: Z Max Fitness: 528
o =2 oo oy wAsAy AU EAY

Neuroevolution of augmenting
topologies (NEAT) [stanley, 2002]

= Genetic algorithms on top of neural networks

= At each state the system decides what action
to perform

= Actions are rewarded if Mario does not die in
return

= Level progress by evolving neural networks

I”

[SethBling, 2015] Human factor is “very smal
= reduced to very general, mainly formal

specifications of the neural network...

“.However, humans still influences the

Reinforcement learning (R-learning) derlying regresentation model
is inspired by behaviorist psychology —
maximizing the expected return by applying Howe'/er
a sequence of actions at a current state. IWHAT ®Baip I
e acg, .. Mav,
=>» can be applied to broad variety of problems arnj tlythis < Ocyy
’ and W syste ) e
"’E/v M js
4 and...

24.11.2016 R\ H
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Deep learning

Where the Story Goes: AlphaGo

T 5 [ P
T T T

|
f
1
I

Go originated in China more than 2,500 years ago. Confucius
wrote about it. As simple as the rules are, Go is a game of
profound complexity. This complexity is what makes Go hard
for computers to play, and an irresistible challenge to
artificial intelligence (Al) researchers.  [adapted from Hassabis, 2016]

|
FS
o

I
1
I

1
I

The problem: 2.57x102%19 possible positions - that is more than the number of atoms in the
9
universe, and more than a googol times (10'%°) larger than chess.

=» Bringing it all together!

Training set Learning non-human strategies

30 million moves recorded from AlphaGo designed by Google DeepMind,
games played by humans experts played against itself in thousands of games

and evolved its neural networks; Monte Carlo
v tree search
Creating deep neural networks x

_ e March 2016:
12 network layers with millions of Beating Lee Se-dol (World Champion)
neuron-like connections

AlphaGo won 4 games to 1.
(5 years before time)

Predicting the human move :

(57% of time) n Achieving one of the grand challenges of Al

24.11.2016 M ‘ ‘ RWTH

Data-driven learning
Reinforcement learning

S. Jeschke

[Hassabis, 2016]



The creative artificial mind

Playing with diversity !

What if ... we would use Al not only for “boring and lengthy routing work” —
but as an entity to inspire us, come up with its own ideas ...

= Enriching our perspectives through foreign intelligence types, in line with the diversity
philosophy, but in its original intention, namely in terms of “variety of mental models” ?

Siemens “Product Design and Manufacture” -
https://www.youtube.com/watch?v=IDtmy6YorG4 (10/2016)

Setting: The original module

the elevator bell crank is to
be new-designed. Relevant
parameters are weight (!!),
strength, stress path,
energy efficiency...

enda:
den a8 ng
\'\\d“ oV rcg‘g“ q
a
\ “o\'“hu an .
h " sv“dwm The new module -
«N\H design-process supported by Al

S. Jeschke
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The creative artificial mind
Playing with diversity — allowing for alternative mental models! 2

What if ... we would use Al not only for “boring and lengthy routing work” —
but as an entity to inspire us, come up with its own ideas ...

= Enriching our perspectives through foreign intelligence types, in line with the diversity
philosophy, but in its original intention, namely in terms of “variety of mental models” ?

Siemens “Product Design and Manufacture” -
https://www.youtube.com/watch?v=IDtmy6YorG4 (10/2016)

Cognitive Computing:
using biological models

) 17:59/2526

Result (selective...):
* Much less residual stress

e 20% lighter
* Much more organic design

24.11.2016 ' M ‘ ( ‘ RWNTH

S. Jeschke

The new module -
design-process supported by Al




Deep learning
Microsoft Visual Storytelling (SIS): machines becoming creative .

“Creativity is a phenomenon whereby something new ... is formed. The created item may be
intangible (such as an idea, a scientific theory, a musical composition or a joke) or a physical
object (such as an invention, a literary work or a painting).” [adapted from Wikipedia, last visited 5/3/2016]

= DII (descriptions for images in
isolation): Traditional storytelling
software

= SIS (stories for images in sequence):
new approach towards storytelling,
including

= Based on SIND - Sequential Image
Narrative Dataset: 81,743 unique

Adult male

photos in 20,211 sequences, aligned Agroupofpeople [0~ . ' 1 e |The sun s setting over
to both descriptive (caption) and E that are sitting next PG diwn fn the ocean and
story language. to each other. Dlnck pavemenk mountains.

= [Margaret Mitchell / Microsoft, , , Sky illuminated with a
04/2016, together with colleagues v |Having a good time | [M] got exhausted |, . o ¢ 001d and

7 g
bonding and talking.|by the heat.

from Facebook] orange hues.

Visual-Storytelling by Microsoft
based on deep neural networks (convolutional neural
networks)

S. Jeschke
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Deep learning
Google DeepDream: machines becoming creative

“Creativity is a phenomenon whereby something new ... is formed. The created item may be

intangible (such as an idea, a scientific theory, a musical composition or a joke) or a physical

object (such as an invention, a literary work or a painting).” [adapted from Wikipedia, last visited 5/3/2016]

“Do Androids Dream
of Electric Sheep?”

Computational creativity (artificial creativity) ... is a
multidisciplinary endeavour that is located at the intersection
of the fields of artificial intelligence, cognitive psychology,

(science fiction novel by :
philosophy, and the arts. [adapted from Wikipedia, last visited 5/3/2016]

American writer Philip K.
Dick, published in 1968)

Live from Universidad de Malaga
Monday, July 2nd 2012

London 19:30
Madrid 20:30

Concert:. CAN MACHINES BE CREATIVE ?

Colossus piano: Gustavo Diaz-Jerez

Ugadi violin: Cecilia Bercovich
Alphard clarinet: Cristo Barrios

Kinoth violin: Cecilia Bercovich
piano: Gustavo Diaz-Jerez

»Can machines be creative?” by lamus, a

) ==

Van Gogh’s Starry Night
music by genetic algorithms, concert for interpreted by Google DeepDream
Turings 100th birthday [youtube] based on deep neural networks

24.11.2016 ‘ Rer
S. Jeschke
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Summary
... in five
steps!
« |1 driven
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4.0 — a revolution |
of a distributed

. artificial

intelligence

Society 4.0 -
nsa ndWiChed “

\Ne are fght \n ne
midd\e ofa between 4.0
A™ \ndustr'\a\ revoluton: other - .and
revolutions
» D\ nauves enten\ng e scene
« The ugalV’ of ne expert
4th Ind . « Shared econo™y
ustrial a The ‘@52 service’ paradie
« Nleelns demog\'ap\\'\c and
migraton challenges

Revolution

Innovation 4.0 —
culture

4.0 -
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