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Computing Machinery and Intelligence

A. M. Turing

Computing Machinery and Intelligence.

Mind, Vol. 59, No. 236 (Oct., 1950), pp. 433-460

I proOPOSE to consider the question, ‘Can machines think ?’
This should begin with definitions of the meaning of the terms
‘machine ’and ‘ think ’. The definitions might be framed so as to
reflect so far as possible the normal use of the words, but this
attitude is dangerous. If the meaning of the words ‘ machine’
and ‘ think * are to be found by examining how they are commonly
used it is difficult to escape the conclusion that the meaning
and the answer to the question, ‘ Can machines think ? ’ is to be
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The Future of
Humankind

At last — a computer program that
can beat a champion Go player gt 24

ALL SYSTEMS g

They already do, say scientists.
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Industrial Systems
,that think”

Cognitive Systems
Human-like cognitive
capabilities
Perception, Learning,
Reasoning, Behavior

human-Inspired evolving
machines with self-learning,
reasoning, and finally more

Intelligent Systems
Pre-programmed behavior

to autonomously adapt to and more autonomous
changing situations features
(e Semantic Systems
L : .
‘:%(Q‘ & Express meaning by: uniform o - " .
B resource identifiers, semantic interoperability of entities in large scale,
[ v extensible markup, resource complex, orchestrated, cooperative configurations;
description ontologies
IOT Systems the network of physical objects or "things“ embedded with electronics, software,
Connected to the web sensors, and network connectivity, which enables these objects to collect and

exchange data

Smart systems incorporate functions of sensing, actuation, and control in order to describe and analyze a situation,
and make decisions based on the available data in a predictive or adaptive manner, thereby performing smart
actions. In most cases the “smartness” of the system can be attributed to autonomous operation based on closed
loop control, energy efficiency, and networking capabilities.

Smart Systems
Data and knowledge-
based systems

Industrial Innovation

Mechatronic Systems

Integration of Mechanics, Mechatronic Systems is a multidisciplinary field of engineering that includes a combination of systems engineering, mechanical engineering,
Electronics, Software electrical engineering, telecommunications engineering, control engineering and computer engineering.
1969 1990 1999 2001 1955 2014
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(Yesterdays) Products of the Future

My W

S
NEST Learning Thermostat 9G-TRONIC ABB YuMi Waymo
The New York Times VDI Getriebetagung Friedrichshafen Automatica Munich World's first fully self-driving ride on public roads
October 3, 2012 June 17-18, 2013 June 3, 2014 October 20, 2015
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,Thinking“ like Humans

Causal Models of the World In-born Understanding of Core
Capability to Domains

Understand Numbers, Space, Intuitive Physics,
and Explain Intuitive Psychology, Theory of Mind,

Causal Reasoning, Detection of
Agency, Infer Mental States, Goals,
Beliefs, Reciprocal Relations

Physical Forces,
Causal Relationships

Cognitive Engine Control Unit

Understand language
Understand others

Human Like Reinforcement
Learning
Learning-to-Learn Maximize Future Reward

Incremental/Representation/Concept Learning
Transferability, Richness and Efficiency

Rapidly Acquire and

Generalize Knowledge from Very Sparse Data

= Federal Ministry e TR

F F G Republic of Austria u

Promoting Innovation. Transport, Innovation

and Technology -at

Shared intentionality
Selective attention
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Cognitive

Abilities
*Perception
*Comprehension

*Reasoning
*Learning

. Adaptive Motion
*Planni ng Fluid for Kick-Down

7Y e AN

*Prediction

*Decision Making
* Autonomous

Cognitive Machine Control for ]

border-less MMI ACtlng
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Pro2Future :: Fostering the “Cognitive” in Industrial Systems

Reasoning & Acting Thinking*
Cognitive Reasoning, Planning & Predicting, Products
Decision Making, Autonomous Behaviour Production-Systems

— Aware
© . Machine
S Awareness & Comprehension / oo,
fd elr- mt
g Computational Cognitive Models, Se|f_corg1ﬁg_ Systems
O Memorizing, Learning, Mining, Semantics Self-Organizat. Human

" c Self-Awareness  Cognitive States

5 Q>J Activity Task

'5 = Movement Segmentation

o ‘= Perception Implicit  Behavior of Activities

N ED : Interaction, Analysis Identific.

o o Sensor-based Computl. Perception sensing Human Situation & of Goals

a O Pattern Spotting, Multi-sensor Fusion Presence Context Intention

Connectivity Interoperability Real-Time
Global
IndUStry 4.0 Internet Net Knowledge M2M Privacy
of D_iSCOVGrV Ethics Scalability
Things Big Data Safety & Security Adaptability
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Cognitive Man-Machine Cooperation - ,Human-Aware” Machines

. . . o Acting :: Guided @‘1 .
Symbiotic Man-Machine Collaboration Man-Machine Coltaboration e 35

Cognitive Systems - Attention Sensitive Machines
Industrial Assistance Systems

(Cognitive-, Motor-, Wearable-, Interaction-, Robotic Assistance) ‘*
. H Awareness :: Relating Cognitive
- Guided Interaction o o
- MaChlne Leamlng Industrial Workflow Model g
. . . Reasoning :: Guidance Decision
(Semi-Supervised, Open Ended Learning)
Lo ‘ e Personalization Training e
)/ T‘ Data ‘==
Awareness ::Activity, Cognitive Load T
Recognition High-Level Training
Perception :: Sensors/Actuators Bignal Sampling | Feature Extraction Sensor Low-Level | [al, a%,...,wy] | [@l*,al?,...,w]
Fusion iti al, a2,..., w
@ st Preprocessing| [Segmentation F1 Recognition [ bt J PersQuotient
I T ersQuotien
— %‘f? 52 [a%, a?,..., wy |
— > 9 F?2 e it by b S i [al,a?,....w]| [agt,ag?,...,w,]
LY o A [al, a2,..., w]
— F3 v e Assistance Decision
& s
— P S6 E4 " Assi
%2 ssistance System
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Collective Cognitive Awareness via

Distributed, Cognitive Agent-Based Systems

Handling the Overwhelming Complexity of Systems

Goal-oriented / Cognitive Decision Making for Optimization (efficiency,
time & resources, product quality, flexibility, etc.)

- ,Learning” Systems which Evolve with their Gained Experience

Feedback loop Transition of goal-oriented decisions into
explicit machine controls

Disturbance by:

1- Gravity (field forces)

2- Contact force (eg push)
3- Support Surface (SS} ilt
4- SS translation

Disturbances Disturbance

Compensation

estimations

* a b c
4(2—» Q—» LAN
- Estimations from

coNTROLLER L _________ -- , a- Vestibular
|

b- Joint torque ;Sensors
c- Jmnlangle/

________________________

b7 1 'RE 3 Prediction :: Modeling under Immense Learning :: Comparison between Prediction = Decision Making :: Cognitive Models for
Collective Awareness :: Eco-System of Productions Complexity and Observed Results process optimization
Systems as Social Agents
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Cognitive Decision Making - , Informing”“ Human Decisions

- Combination of Data-driven Approaches with Configuration Management Tools

- Timely / Optimal Decisions based on Situation/Context and Human Cognition i QL H
. . . . . 513 -
- Creation of Data Analytics and Decision Making Methods Bases I I;E ' e
- e
- Creation of Industrial Decision Support Tools \\ O E
Filter & Rate (Visual-) Interactive creation and (Visual-) Interactive Decision
steering of data models Support Systems
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www.uottawa.ca

Uni. of Ottawa I

MIT Media Lab

www.media.mit.edu

Carnegie Mellon University
www.cmu.edu
Vanderbilt University

www.vanderbilt edu

@
College of
Georgia Tech | | Charleston
www.gatech.edu

IPP Porto
www.ipp.pt

innovation programme under grant agreement No 767162

Oﬁﬂw winlab.rutgers.edu
| @ﬁ Uni. of Virginia

www.lancaster.ac.uk

Uni. College Cork
www.ucCie

Uni. of Sussex
Rutgers University ™~ . Cccexacuk

WS vuglma edu
vewiw.cofc.edu
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www.epfl.ch

| O/ INRIA Research Center

www.inria.fr |

Ecole des Mines

@
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Starlab Barcelona |@
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Lancaster University |

ETH Zurich

www.ethz.ch

Politechnico di Milano

www.polimi.it

University Trento
www.unitn.it

Chalmers Uni. of Techn
www.chalmers.se
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Pro?Future

Keio University
www.keio.ac.jp
Osaka University
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The Entanglement of Industrial and Cognitive System Technologies

Narrow Al Narrow Al — with Big Data Democratisation & Collaborative Al on Artificial General
rule-based (B-2-C, search, E-commerce) Embodied Al new Al Hardware Intelligence (AGI)

Personalisation:

76,897 Micro-Genres Deep Learning — Image Processing Data Scientist in a Box Quantum Computing

Now
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