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To all informational agents — existing in all
possible worlds.



Preface

There is an agreement across various domains about the impact of “information” on
our modern-day life. Terms such as information, revolution or information society
express this realization succinctly.

Simplistically, we may say that we are all involved in a kind of transition or
race, in which a postindustrial society passes on its baton to information society.
Although there is no single definition for concepts such as information society, it is
possible to consider information society as a society where the state of well-being
and advancement (on an individual as well as on a collective level) seems to depend
on the efficient management of the so-called “life cycle” of information.

Essentially, the life cycle of information considers information as a product and
involves fundamental information processes such as the acquisition of information
and its storage, manipulation, retrieval, dissemination, or usage.

The relationship between information society and these fundamental information
processes is extremely rich and versatile. For instance, the question of how
information is generated could be divided into dimensions: material, biological, and
mental. The material dimension may consider the processes that are responsible for
the existence of our universe, while the biological and the mental dimensions may
contemplate the production of biological systems and organisms or the processes of
human creativity facilitated by a brain.

The motivation of this edited book is to understand the subject of information
from a variety of perspectives. In order to generate this understanding, this
book includes contributions ranging from cosmology, quantum physics, biology,
neuroscience, computer science, and artificial intelligence to the Internet, big
data, information society, and philosophy. Although each chapter provides its own
domain-specific treatment of information, this edited book aims to synthesize these
individual contributions, in order to generate an understanding that goes beyond the
intuitive and often too casual conceptions that exist about one of the most important
concepts of modern society and frontier science.

Tokyo, Japan Alfons Josef Schuster
March 2017

vii



Acknowledgements

I would like to take this opportunity to thank everyone who contributed to this
edited book. I am grateful beyond words to the various authors for their wonderful
and profound contributions. In times, where time sometimes can be a luxury, I am
deeply touched and thankful for experiencing their understanding, dedication, and
reliability. The same thankfulness needs to be extended to the various reviewers
in this project. Their commitment, thoroughness, and positive feedback always led
to an improvement of the quality of this edited book. My gratitude also goes out
to the publisher Springer, in particular, to Helen Desmond, for her kind support,
advice, and guidance throughout this project. Finally, I simply would like to say
many thanks to you all again!

ix



Contents

PartI Introduction

1

From the Tannhiuser Gate to z8_GND_5296: A Day Trip on

the Life-Cycle of Information ........................., 3
Alfons Josef Schuster
1.1 INtroduCtion.......uvueieititttt e 3
1.2 From Caveman to SPaceman .............evvverereiiereeeeeeeeeennn. 5
1.3 Digits, Revolutions, and the Information Life-Cycle............... 7
1.3.1  The Information Life-Cycle.......................ooeeee. 10
1.4  Data, Information, and Knowledge................cooovviiiiiin... 11
o B D 1 - 12
142  Information ..........coovviiiiiiiiiiiiiiieeeeen, 13
143 Knowledge .......oovvviiiiiiiiiii 13
1.5  Fundamental Information Life-Cycle Processes.................... 14
1.5.1  Acquisition and Collection...................coovvviennnn.. 15
1.5.2  Storage and Classification....................ooevveeennn... 16
1.5.3  Analysis and Manipulation......................ooeeeennn.. 17
1.5.4  Retrieval, Dissemination, Usage, and Maintenance....... 19
1.6 Information SOCIELY .......evviiiiiiiiiiiiiiieeeens 20
1.6.1  Decentralized Information Society ........................ 20
1.6.2 A Voice for Information Society ........................... 22
1.7 SUMMATY ..ottt eeees 23
R OTENCES . . .. 23

Part I The World of Large and Small Systems

2

Expanding Beyond the Solar System: Current Observation

and Theory ........ ... 29
Ko Yamada and Satoshi Inaba

2208 T 031 (6 10 1o7 i ) 1 29
2.2 Observation of Extrasolar Planets .......................ooooinn... 30

xi



xii

4

Contents
2.2.1  Radial Velocity Survey Detection.................c........ 32
2.2.2  Transit Search Detection ..............ccocvviiiiiiiannnn. 33
2.2.3  Gravitational Microlensing Detection ..................... 34
224 Direct Detection ............ceeeiiiiiiiiiiiiiiiiiiiiiean. 35
2.3 Characteristic of Extrasolar Planets .......................coooiait 35
2.4 Planet Formation ..........ccoooiiiiiiiiiiiiiiii i 39
2.4.1  Formation of a Protoplanetary Disk ....................... 39
2.4.2  Formation of Protoplanet.................c.ooooiiieainan. 40
2.4.3  Formation of Gas Giant Planets............................ 41
2.5 Data Processing for Extrasolar Planet Research .................... 44
2.5.1  Data ACqUISItION . ..oovvuntiiitt et 44
2.5.2 DataManagement ...........cccevviiiiiiieiiiiiiiiieieennn. 45
253  Data Analysis ....oooeeiiiiiiiiiiiiiiiiiiii e 46
2.6 SUMIMATY . ...ttt et e et e e e e e aiaes 47
ReferenCes. ... ooii e 48
Information in Quantum Theory .....................oiiiiiiiiiii, 51
Andrew Whitaker
3.1 INrOdUCHION . ..ttt 51
3.2 Quantum Information Theory .............cooouiiiiiiiiiiiinnnnnnn. 52
3.3 Quantum COmMPULAtION ... .vuuutetttttttttttteaaaans 53
3.4 Quantum Cryptography ... .......eueuuuuuuuiiiiiinnnanns 56
3.5  Quantum Teleportation...............uuuuuuuuuuuuennnninnnnnnnnnnnnns 58
3.6 Quantum Information ................oooiiiiiiiiiiiiiiiiin e, 59
3.7  The Universe as a Quantum COmputer..............uuuuuuuuunnnnnns 62
3.8 SUMMAIY ..ttt eeeees 63
RefereNCeS . ... eeei e 64
Part III The World of Living Things
The Potential of Plants and Seeds in DNA-Based Information
S 0] 69
Karin Fister, Iztok Fister Jr., and Jana Murovec
4.1 INtrodUCHON . ... 69
4.2 Materials and Methods ............coooiuiiiiiiiiiiiiiiiiiaa 71
421 DNABASICS..ovttitiiiiiiiiiiiiiiiiiiiiiii s 72
422 Coding Program .........cccoiiiiiiiiiiiiiiiiiinnnnnns 73
423  Code DNA Synthesis and Cloning......................... 74
424  PlantMaterial ..o 74
4.2.5 Plant Transformation ..............cooeiiiiiiiinn... 74
42.6  DNA Isolation and PCR Analysis .............ccooveeett. 75
4277  Sanger SEqUENCING .......ovvviriiiiiiiiiiiiieiieeeeeeeennn. 76
43 ReSUIS .o 77
43.1 Coding Program ..........ccooiiiiiiiiiiiiiiiiiinnnnnns 77
4.3.2  Storing Data in N. Benthamiana and Reading Data
fromthe Plant..........oooooiiiiiiiiiiiiiiiiiiiiii i, 77



Contents xiii

4.4 DISCUSSION . .uettttett ittt 78
4.5 SUMMATY ..ottt et 79
ReferenCes. ... ooei e 80
Memory Processing in the Nervous System.............................. 83
Naoyuki Sato
5.1 INtroduCtion......oovuuuiiitiiii e 83
5.2 Physiological Basis of MEmMOIy .........ooooviiiiiiiiiiiiieennnnn. 85
5.2.1  Neuron: The Unit of Information Coding
and Processing .......ovvviiiiiiiiiiiiiiiiiiiiiiiiees 85
5.2.2  Synapse: The Principal Component of Memory .......... 86
5.2.3  Neural Oscillations: Dynamics for Cooperation
Among Neural Populations ...............ccoevviviiinn.... 88
5.3  Memory Classification ............uuviiiiiiiiiiiiiiiiiieeeeenns 90
5.3.1 Development: Shaping the Basic Structure
of the Nervous System .........cccvvviiiiiiiiiiiiinnnnnnn.. 91
5.3.2  Short-Term and Working Memory......................... 91
533 Long-TermMemory...........ooovvvvviiiiiiiniinnnnnnnnn.. 92
5.4  The Arrival of Big Data to Neuroscience ................ooouvvunnn. 93
54.1 BrainStructure Data.............oooiiiiiiiiiiiiiic 94
5.4.2  Database for Task-Related Brain Activation .............. 95
5.4.3  Database of Computational Models ....................... 95
5.5 CONCIUSION . ...ttt 96
RefereNCes. ... e e 96

Part IV The World of Intelligent Machines and Finiteness

6

From Computing Machines to Learning Intelligent Machines:
Chronological Development of Alan Turing’s Thought

onMachines ........ ..ot 101
Katsuhiko Sano and Mai Sugimoto
6.1  INtrodUuCtion...........c.ooiiiiiiii i i 101
6.1.1  Related Work ........coooiiiiiiiiiiiiiiii 102
6.2  How Can We Model Effective Computation by Human
Caclulator?. .......oiii e 103
6.2.1  The Entscheidungsproblem and Effective
or Mechanical Procedure........................ooeL. 103
6.2.2  Turing Machine in 1936: Computing Machine ........... 105
6.2.3  Universal Computing Machine ............................ 107
6.2.4  Unsolvable Problems in Turing’s 1936 Paper ............. 108
6.2.5 How Did Turing Solve the Entscheidungsproblem
Negatively? ....ooviiiiiiiiiiiiiiiiiiiiiiiii e 110
6.3  From the Universal Computing Machine to Practical
Computing Machines .............oooviiiiiiiiiii e, 112
6.3.1  Turing’s Dissertation at Princeton: Oracle Machine ...... 112

6.3.2  Turing and Practical Computing Machines................ 112



xiv Contents
6.4  Three Requirements for Intelligent Behavior of Machines at
Lecture to the London Mathematical Society....................... 114
6.5 Learning Process to Organize Intelligent Machinery............... 116
6.5.1  How to Obtain Machine with Discipline and Initiative ... 117
6.5.2 P-TypeMachines ...........ccceviiiiiiiiiiiiiiiiiiiennnn. 118
6.5.3  The Scope of P-Type Machines and Beyond.............. 121
6.6 How Can We Construct an Intelligent Machine to Pass the
Imitation Game?........ooouuiiiiiiiiii i 123
6.6.1  The Imitation Game ............c.ooivviiiiiiiiiiiiieeeannnn. 123
6.6.2  Learning Process for Child Program....................... 125
6.7 CONCIUSION . ...eettittt ettt 128
ReferenCes. ... coiii e 129
7  Finite Information Agency ......................ooiii 131
Alfons Josef Schuster
7.1 IntroduCtion.......coooiuiiieii i e 131
7.2 Information Space SCenarios ..............coooeuuuuuuununnnnnnnnnns 133
7.2.1 Scenario 1 ......o..oeiiiiiiiiiiii 133
722 SCeNAIO 2 .ouueiiiii it 137
723 Scenario 3 ... 138
7.3 Mathematical Modeling..............ccoeviiiiiiiiiiiiiiiiiiana, 140
7.4 Interpretations of Finite Information Spaces........................ 141
7.4.1  The General Value of the Model ........................... 141
7.4.2  The Model from an Information Society
and Evolutionary Point of View....................oooel. 143
7.4.3  The Model from a Computational Point of View ......... 145
7.5 SUMMATY ...t 149
RefereNCeS. ... eeiei e 149
Part V. The World of Networks, Clouds, and Big Data Processing
8 Distributed and Connected Information in the Internet ............... 153
Jiirgen Vogel
8.1  INtroduCtion............ccoiiiiiiiiiiiiiiiiii i 153
82  WebData ...ooovii 155
8.2.1  Web Data Format and Web Applications .................. 156
8.2.2  Searching and Finding Data............................... 157
8.2.3  Evaluating Information Retrieval Algorithms............. 159
83 Social Data............oiiiiiiiii 160
84  UserData .....oovii i 161
85  TextData.....ccooiniiiiiiiii 163
86 MachineData...........cooiiiiiiiiiiiiiiii 165
8.7  BigData ...oooiiiiiiiii e 167
8.8 LinkedData........ccooiiiiiiiiiiiii 168
8.9  SUMMAIY....oiiiiiiii s 170
ReferenCes. .. .oovin e 170



Contents XV

Custom Hardware Versus Cloud Computing in BigData ............. 175
Gaye Lightbody, Fiona Browne, and Valeriia Haberland
0.1  INtrodUCtiON. ....ooinuttttt ettt 175
0.2 APPHCAIONS ..ottt 177
9.2.1  Genomics and Proteomics.............cceevviiiiieeeannnn. 177
9.2.2  Digital Pathology .........ccccovviiiiiiiiiiiiiiiiiii . 178
9.2.3  Self-Quantification .................coiiiiiiiiiiiiiiieaa, 178
924  Surveillance .........ccooiiiiiiiiiiiii 179
9.2.5 Internet-of-Things ..........cccooiiiiiiiiiiiiiiiiiiiian, 180
9.2.6  FINaNCe......ooevviiiiiiiiiii i 181
9.3  Computational Challenges ...........cccovvviiiiiiiiiiiiiiiieennnnn. 181
9.4  High-Performance Computing Solutions .................cccco...e. 182
9.4.1  Graphics Processing Units (GPU) Computing ............ 182
9.4.2  Field Programmable Gate Arrays............cooeeeeeennn. 183
9.4.3  Cloud Computing Platforms ...................oooooiiain 184
9.44  Deep Learning Libraries ..............ccccoviiiiiiiaannn. 185
9.5  The Role for Custom Hardware ................cccooiiiiiiiiiinn 186
9.5.1 DeepLearning .........ooouviiiiiiiiiiiiiiiiiiiiiiiien, 187
9.5.2  ASIC Enhanced Cloud Platforms.......................... 187
9.5.3  ASIC Deep Learning Processors...............coeeeeenn. 188
0.6 DISCUSSION ..ttt ettt e et 188
ReferenCes. .. covi e 190

Part VI The World of Society and Philosophy

10 Information Overload in a Data-Intensive World........................ 197
Tibor Koltay

10.1  INtrodUCtiON . . ...ttt et e e e e e e e e iiee e eeeaas 197

10.2 Information Overload ............ccooiviiiiiiiiiiie e 198

10.2.1 General Characteristics of Information Overload......... 199

10.2.2 Information Overload in Business Environments ......... 200

10.2.3 Information Overload in Everyday Life

Information Seeking............cooeeiiiiiiiiiiiiiinn... 201

10.2.4 The Role of Information Technology...................... 202

10.2.5 Information Overload in the Data-Intensive World ....... 202

10.3 Alleviating the Symptoms of Information Overload ............... 203

10.3.1 Design and Information Architecture...................... 204

10.3.2 Interacting with Information ............................... 205

104 DISCUSSION .ttt ettt ettt tiiee e e e et iiae e e e eiaaeeaaaaans 212

105 SUMMATY ...ttt eeees 213

R ereNCeS . . et 213

11 Causal/Informational Theories of Mental Content ..................... 219
Fred Adams

T1.1 INtroduCtion .. ....oeeieiiie ettt e et e ee e e e ieae e eeaaas 219

11.2  Natural vs. Non-natural Meaning............ccooevvviiiiiiiinnnnn... 221



xvi Contents
11.3  Isomorphism Plus Causation and Conditions of Fidelity........... 221

11.4 Information-Based Theories ..........cc.cooviiiiiiiiiiiiiiiiennnnn, 223

11.5 Attack on Wisconsin Semantics ...........ooueeeeeeiniiiiieeennnnn 224
11.5.1 Contra Stampe .......coeeviiniiiieeeiiiiiiieeniiiaeenn. 225

11.5.2 ContraDretske ........ccooviiiiiiiiiiiiiiiiiiiiiiiiee.. 226

11.6 Dretske’s Response: Indicator Function Account................... 228

11.7 Fodor’s Asymmetrical Causal Dependency Theory of Meaning... 230

11.8  CONCIUSION . .. ettt et 231
ReferenCes. ... ooeii e 232
IndexX ..o 235



Contributors

Fred Adams Department of Linguistics and Cognitive Science, University of
Delaware Newark, Newark, DE, USA

Fiona Browne School of Computing and Mathematics, Ulster University, New-
townabbey, Co. Antrim, UK

Iztok Fister Jr. Faculty of Electrical Engineering and Computer Science, Univer-
sity of Maribor, Maribor, Slovenia

Karin Fister Faculty of Medicine, University of Maribor, Maribor, Slovenia

Valeriia Haberland Tungsten Centre for Intelligent Data Analytics, Goldsmiths,
University of London, New Cross, London, UK

Satoshi Inaba Faculty of International Research and Education, School of Inter-
national Liberal Studies, Waseda University, Shinjuku-ku, Tokyo, Japan

Tibor Koltay Faculty of Pedagogy, Institute of Learning Technologies, Eszterhdzy
Kaéroly University, Jdszberény, Hungary

Gaye Lightbody School of Computing and Mathematics, Ulster University,
Newtownabbey, Co. Antrim, UK

Jana Murovec Biotechnical Faculty, University of Ljubljana, Ljubljana, Slovenia

Katsuhiko Sano Department of Philosophy, Graduate School of Letters, Hokkaido
University, Sapporo, Hokkaido, Japan

Naoyuki Sato School of Systems Information Science, Future University
Hakodate, Hakodate, Hokkaido, Japan

Dr Alfons Josef Schuster (Assistant Professor in Information Studies), School of
International Liberal Studies, Waseda University, Shinjuku-ku, Tokyo, Japan

Mai Sugimoto Faculty of Sociology, Kansai University, Suita, Osaka, Japan

XVii



XViii Contributors

Jiirgen Vogel Engineering and Information Technology Department, Bern Univer-
sity of Applied Sciences, Biel, Bern, Switzerland

Andrew Whitaker School of Mathematics and Physics, Queen’s University
Belfast, Belfast, Northern Ireland, UK

Ko Yamada Faculty of Political Science and Economics, School of Political
Science and Economics, Waseda University, Shinjuku-ku, Tokyo, Japan



	Preface
	Acknowledgements
	Contents
	Contributors

