THE

Open,

THE OPEN GROUP PRESS

For Your Information

About Information, the Universe, and the Modern Age

Philip Tetlow

'an aren
PUB NG

LISHI
Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



For Your Information

Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



The Open Group Publications available from Van Haren Publishing

The TOGAF® Standard, 10" Edition:

Introduction and Core Concepts

Architecture Development Method

Content, Capability, and Governance

Leader’s Guide

ADM Practitioners’ Guide

Business Architecture

Enterprise Agility and Digital Transformation

A Pocket Guide

TOGAF® Business Architecture Foundation Study Guide
TOGAF® Enterprise Architecture Foundation Study Guide

The TOGAF Series:

The TOGAF® Standard, Version 9.2

The TOGAF® Standard, Version 9.2 — A Pocket Guide
TOGAF® 9 Foundation Study Guide, 4th Edition
TOGAF® 9 Certified Study Guide, 4th Edition

The Open Group Series:

The IT4IT™ Standard, Version 3.0

IT4IT™ for Managing the Business of IT - A Management Guide
IT4IT™ Foundation Study Guide, 2nd Edition

The IT4IT™ Reference Architecture, Version 2.1 — A Pocket Guide
Cloud Computing for Business — The Open Group Guide
ArchiMate” 3.1 Specification — A Pocket Guide

ArchiMate® 3.2 Specification

The Digital Practitioner Pocket Guide

The Digital Practitioner Foundation Study Guide

Open Agile Architecture™ — A Standard of The Open Group
Hospital Reference Architecture Guide: The Complete and Expanded English
Translation of the Dutch ZiRA

The Open Group Press:

The Turning Point: A Novel about Agile Architects Building a Digital Foundation
Managing Digital

Ecosystems Architecture

For Your Information - About Information, the Universe, and the Modern Age

The Open Group Security Series:

O-TTPS™ - A Management Guide

Open Information Security Management Maturity Model (O-ISM3)
Open Enterprise Security Architecture (O-ESA)

Risk Management — The Open Group Guide

The Open FAIR™ Body of Knowledge — A Pocket Guide

All titles are available to purchase from:
WWW.0pengroup.org

www.vanharen.net

and also many international and online distributors.

Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



For Your Information

About Information, the Universe, and the Modern Age

By Philip Tetlow

® THE
Open,

THE OPEN GROUP PRESS

Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



Title: For Your Information

Subtitle: About Information, the Universe, and the Modern Age
Author: Philip Tetlow
Series: The Open Group Press

A Publication of: The Open Group

Publisher: Van Haren Publishing, ’s-Hertogenbosch, www.vanharen.net
ISBN Hard copy: 97894 018 1224 5

ISBN eBook (pdf): 978 94 018 1225 2

ISBN ePub: 97894018 1226 9

Edition: First edition, first impression, August 2024
Layout: The Open Group

Copyright: © 2024, The Open Group. All rights reserved.

Document Number: G245
Published by: The Open Group, August 2024.
Comments relating to the material contained in this document may be submitted to:

The Open Group
Apex Plaza
Forbury Road
Reading

Berkshire, RG1 1AX
United Kingdom

or by electronic mail to: ogspecs@opengroup.org

Cover image by Clarisse Croset, souce https://unsplash.com/photos/two-girl-illustrations--
tikpxRBcsA used with permission under the Unsplash License.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted,

in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise,
without the prior permission of the copyright owner. Specifically, without such written
permission, the use or incorporation of this publication, in whole or in part, is NOT PERMITTED
for the purposes of training or developing large language models (LLMs) or any other generative
artificial intelligence systems, or otherwise for the purposes of using, or in connection with the
use of, such technologies, tools, or models to generate any data or content and/or to synthesize
or combine with any other data or content.

Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net


mailto:ogspecs@opengroup.org
https://unsplash.com/photos/two-girl-illustrations--tikpxRBcsA
https://unsplash.com/photos/two-girl-illustrations--tikpxRBcsA

Table of Contents

Preface \Y
Trademarks vii
Acknowledgements viii
Foreword ix
Prologue xii
Way Points xviil
Part I: History and Science i
1. Bring on the Information Cake 1
2. Back to the Beginning 21
3. There, Within the Name 31
4. Princeton and Bell Labs 45
5. Meaning 63
6. Logic and Common Foundations 84
7. The World War Web 89
8. The Quantum Revolution 132
9. Loop Quantum Gravity through Quantum Information 143
10. The Post-Internet World 158
11. Modern Thinking on Networks and Information 168
12. Intelligence Paranoia and the Arrival of the Digital Computer 200
Bridge 215
Part II: What Does This Teach Us? 216
13. Physics is a Kind of Language 217
14. Conservation 227
15. Information’s Needle 235
16. Information’s Thread 250
17. Semantics in Physical Reality 259
18. Bringing It All Together 272
19. Epilogue 284
Appendices 292
Appendix A: The Mathematics Involved 293
Appendix B: Referenced Documents 307
Index 337

Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



Preface

Preface

The Open Group Press

The Open Group Press is an imprint of The Open Group for advancing knowledge of
information technology by publishing works from individual authors within The
Open Group membership that are relevant to advancing The Open Group mission of
Boundaryless Information Flow™. The key focus of The Open Group Press is to
publish high-quality monographs, as well as introductory technology books intended
for the general public, and act as a complement to The Open Group standards, guides,
and white papers. The views and opinions expressed in this book are those of the
authors, and do not necessarily reflect the consensus position of The Open Group
members or staff.

The Open Group

The Open Group is a global consortium that enables the achievement of business
objectives through technology standards and open source initiatives by fostering a
culture of collaboration, inclusivity, and mutual respect among our diverse
membership of more than 900 organizations. Our membership includes customers,
systems and solutions suppliers, tool vendors, integrators, academics, and consultants
across multiple industries.

The mission of The Open Group is to drive the creation of Boundaryless Information
Flow™ achieved by:

Working with customers to capture, understand, and address current and
emerging requirements, establish policies, and share best practices

Working with suppliers, consortia, and standards bodies to develop consensus
and facilitate interoperability, to evolve and integrate specifications and open
source technologies

Offering a comprehensive set of services to enhance the operational efficiency of
consortia

Developing and operating the industry’s premier certification service and
encouraging procurement of certified products

Further information on The Open Group is available at www.opengroup.org. The
Open Group publishes a wide range of technical documentation, most of which is
focused on development of standards and guides, but which also includes white
papers, technical studies, certification and testing documentation, and business titles.
Full details are available at www.opengroup.org/library.

For Your Information v
Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



Preface

About the Author

Photo: Russell Edwards/TED

Philip Tetlow, PhD, C.Eng, FIET, is an Executive IT Architect, Web Scientist, and
onetime W3C member. He has been a Vice President of IBM’s Academy of Technology,
an IBM Quantum Ambassador, and is currently CTO of Data Ecosystems at IBM (UK).

He has more than 30 years’ experience in the IT industry, specializing in the delivery
of large complex IT systems centered on data and analytics, and has been a key
contributor to many important discussions on data and information.

He is a Visiting Professor of Practice at Newcastle University and an Adjunct
Professor of Web Science at Southampton University. In 2017, he gave the TED talk on
8 Steps to Understanding Information — and Maybe the Universe, and he has twice
won the IBM Academy of Technology’s President’s Award.

In 2008, his first book The Web’s Awake won an honorable mention in the Association
of American Publishers Awards. It then went on to score 9 out of 10 in a British
Computer Society review and currently holds a 5-star rating on Amazon UK.

Dedications

For Barrie, John, Yorick, Peter, Sal, and all that keeps me grounded. Here’s looking
forward.

vi The Open Group Press (2024)
Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



Trademarks

Trademarks

ArchiMate, FACE, FACE logo, Future Airborne Capability Environment, Making
Standards Work, Open Footprint, Open O logo, Open O and Check certification logo,
0SDU, Platform 3.0, The Open Group, TOGAF, UNIX, UNIXWARE, and X logo are
registered trademarks and Boundaryless Information Flow, Build with Integrity Buy
with Confidence, Commercial Aviation Reference Architecture, Dependability
Through Assuredness, Digital Practitioner Body of Knowledge, DPBoK, EMMM, FHIM
Profile Builder, FHIM logo, FPB, IT4IT, IT4IT logo, O-AA, O-DA, O-DEF, O-HERA, O-PAS,
O-TTPS, Open Agile Architecture, Open FAIR, Open Process Automation, Open
Subsurface Data Universe, Open Trusted Technology Provider, Sensor Integration
Simplified, Sensor Open Systems Architecture, SOSA, and SOSA logo are trademarks
of The Open Group.

Altair is a trademark of Altair Engineering, Inc.

AltaVista is a trademark of Yahoo Holdings, Inc.

Amazon is a trademark of Amazon.com, Inc.

Apple, HyperCard, iPhone, and Macintosh are trademarks of Apple, Inc.

Commodore is a trademark of C= Holdings (formerly Commodore International B.V.).
D-Wave is a trademark of D-Wave Systems, Inc. eBay is a trademark of eBay, Inc.
Facebook and Instagram are trademarks of Meta.

Friends Reunited is a trademark of Friends Reunited Limited.

Google and YouTube are trademarks of Google, Inc.

HTML, W3C, and XML are registered trademarks of the World Wide Web Consortium.
IBM is a registered trademark of International Business machines.

Intel is a registered trademark of Intel Corporation.

Microsoft is a registered trademark and Bing is a trademark of Microsoft Corporation.
Mosaic is a trademark of The Mosaic Company.

Netscape is a trademark of Netscape Communications Corporation.

Olivetti is a registered trademark of Telecom Italia.

Motorola is a registered trademark of Motorola Trademark Holdings, LLC.

MTV is a trademark of Viacom International.

Snapchat is a trademark of SNAP Inc.

Tandy is a trademark of Tandy Corporation Ltd.

Twitter is a trademark of Twitter, Inc.

Wikipedia is a trademark of Wikimedia Foundation, Inc.

Yahoo! is a trademark of Yahoo, Inc.

All other brands, company, and product names are used for identification purposes
only and may be trademarks that are the sole property of their respective owners.

For Your Information vii
Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



Acknowledgements

Acknowledgements

First, I must thank the amazing Charles H. Bennett of IBM Research and the equally
amazing Bruno Michel from TED. Although they probably don’t realize it, in their
own way they both brought me to this book. Without their wise words and
encouragement, none of this would have come to pass.

Next, I must credit the simply glorious words of James Gleick and Carlo Rovelli. Their
books have taken me far beyond the world I expected and their unparalleled ability
to explain the complex in accessible ways has helped me greatly. They are closely
followed by a list of many other amazing authors, too long to mention. As I write,
their various works litter my browser’s bookmarks and office shelves — a constant
reminder to tidy up!

On to those who’ve been kind enough to share their insight. That’s quite a roll call in
itself, containing many individuals who are exceptional in their own right. It includes
the likes of David Kenyon and John Palser at Bletchley Park Museum, Professors
Brian Randell and Cliff Jones at Newcastle University, Jamie Martin at IBM’s archives,
William Hery, now retired from Bell Labs Innovations, and my old friends John Tait,
Wendy Hall, and the late Yorick Wilks. They’ve selflessly given their time to help with
investigations and been the error checkers, the panel of experts who helped point out
the weaknesses of those intent on sensationalizing many well-known historic events
and scientific facts. They represent what I hope is the best available means to set the
record straight. It is their compass that I have followed.

Now the friends, colleagues, and confidants who’ve chivvied me on and provided the
space to think properly. They know who they are, but I'll call them out anyway. A
round of applause please for Mark Moloney, Toby Dupont, Tadhg Murphy, John
Handy-Bosma, Alastair McCullough, Peter Ford, Ken McCreash, Peter Appleby, Peter
Smith, Richard Hopkins, Susan Schreitmueller, Andrea Martin, Rashik Parmar, John
Cohn, Mike Hudgell, Dean Newton, Junaid Butt, Fausto Martelli, Nathan Sykes, Sergio
Rodriguez, Mark Mattingley-Scott, Kugendran Naidoo, Dinesh Garg, Leigh Chase, Ed
Pyzer Knapp, Nick Bronn, Kate Marshall, Barrie Thompson, Grace Brown, Chris
Burton, Neal Fishman, and Charlie Drees. Where would the world be without the
kinship of others.

Last, but of course not least, I simply must mention my family. Writing can be a
lonely, indulgent task and I know it pulls me away from them. Yet still they stay close,
always there, always supportive. 'm blessed and I know it. I love them dearly.

viii The Open Group Press (2024)
Copyright protected. Use is for Single Users only via a VHP Approved License.
For information and printed versions please see www.vanharen.net



Foreword

Foreword

Bletchley Park was the wartime home of the Government Code (GC) and Cypher
School (CS) in the UK — now relocated to Cheltenham and renamed as Government
Communications Headquarters the (GCHQ). For the last 103 years, this organization
has been the UK’s principal signals intelligence organization. When, in 2015, I was
appointed as Research Historian for the Trust, which now runs Bletchley as a visitor
site, I expected to have to learn a great deal about codes and cryptanalysis. Eight
years later, I do indeed know a lot about codes and, more correctly, ciphers. I can talk
at length about Enigma, JN-25, FISH, and explain the intricacies of a Vernam Cipher
or a One-Time-Pad.

However, the more I've studied the workings and wartime successes of GC&CS, the
more I've come to believe that cryptanalysis is not the whole story. The purpose of
Bletchley Park was to provide intelligence to Allied leaders and commanders;
information derived from enemy communications. Much of this communication was
indeed encrypted, but in many ways that was incidental. It wasn’t important because
it was encrypted, it was encrypted because it was important. At its heart, the wartime
GC&CS dealt with information — data, and although the volumes of that data were
tiny in comparison to the scales dealt with in the modern world, they were, for the
1940s, both enormous and groundbreaking. Bletchley Park’s Hollerith machine
section alone consumed over two million 80-column punch-cards per week — six tons
of cards — all individually punched and processed by female operators. Intelligence
data was also painstakingly recorded on millions of index cards, all ordered and
cataloged to allow meaningful intelligence information to be stored and rapidly
retrieved when required. Bletchley Park is famous for its machines, the Bombes or
Colossi, but those machines were actually only cogs in what was an enormous
human-mechanical information system.

Bletchley Park was also the home of a number of famous men and women, the great
minds of their era, all of whom applied themselves to the various problems of reading
enemy messages. Nevertheless, the great Codebreakers were not all the same. Some
were lifers; men like John Tiltman, who while not a household name, was a giant in
the world of cryptanalysis from the 1920s until the 1980s. Some, like Margaret Rock,
came late to codebreaking, but stayed and saw out their careers with GCHQ. Others,
meanwhile, were only accidental codebreakers; their wartime work being a short
episode in careers which focused before and after the war on other things, albeit
related things. In this category are Alan Turing, Bill Tutte, Max Newman, and others
who form subjects of this book, along with their American counterparts, including
Claude Shannon and John von Neumann. Each of these individuals was to an extent
forced to interrupt their pre-war intellectual life to work on projects — either bombs
or code — not of their own choosing. Each returned to their original lines of thought
after 1945, but did so profoundly influenced by their wartime experience. My own
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reading about these characters led me to wonder about their wider world, the
connections between them, and the influence of their wartime activities on their
longer term grander ideas.

We had just produced a temporary exhibition about Bill Tutte, telling the story not
only of his startling achievements as a cryptanalyst, but also his later influence on
our modern world, when Phil Tetlow, the author of this book, arrived at Bletchley
Park. Inspired in part by our exhibition, Phil took the bold step of walking up to our
information desk and asking to speak to a historian. Several hours and multiple cups
of coffee later, I discovered that I was not alone in my fascination with the
information story at the heart of Bletchley, and with the extraordinary network of
minds who worked in it and were influenced by it. Between us, we traced the threads
of this story and it led us to a place 3,400 miles away: The Institute for Advanced
Study (IAS) at Princeton University in New Jersey. This was housed in the 1930s in
Fine Hall — then the mathematics department, now the home of the department of
East Asian Studies — a beautiful Tudor-style building which is best known as one of
the locations for A Beautiful Mind — the biopic of one of its later alumni, John Nash.
The IAS in the 1930s was a vital nexus linking many of the characters in this book,
including Turing, who worked there at the behest of Max Newman, as well as figures
such as J. Robert Oppenheimer and John von Neumann, who would work on the
other great intellectual endeavor of World War II, the Manhattan Project. The rolls of
the IAS also include luminaries like Kurt Godel, and of course Albert Einstein.
Arguably, the meeting of these minds in the years before World War II and the
interaction of these human particles, created a powerful intellectual reaction which
brought about, and continues to underpin the modern post-industrial Information
Age.

I'm a historian. I stopped studying mathematics at age sixteen — something I now live
to regret — and while I can use a computer, I make no pretense at understanding
how it works. Thus, while 'm able to recognize the intellectual phenomenon that
these individuals represented, it appears in my mind rather like a misty forest viewed
in the early morning sun: a vision of almost blinding light against which misty
shadows are visible, but exact forms are difficult to make out. The author of this
book, on the other hand, is powerfully equipped with the skills and tools of
information science, mathematics, and physics to see past the light and fog and truly
understand the forest. So, what this book does is to explore the thinking of each of
these individually in order to draw out their powerful and fundamental ideas and
call out the connections between them. In so doing, Tetlow builds a coherent history
of the idea of information as it developed in the twentieth century, explaining at the
same time both its power and its elusiveness as an idea which in many ways
continues to resist precise definition. He therefore gives us a clear view of the role of
these ideas in shaping the world we live in today.

However, he doesn’t stop there. The second part of the book goes on to look deeper
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into the role of information in our understanding of the universe and the often
contradictory theoretical principles we use to understand it. Tetlow, therefore, argues
that the universe itself is fundamentally informational.

This is not a book for the faint-hearted. The scope and complexity of the ideas it
contains is extraordinary, ranging from subatomic particles, via micro-chips, to the
World Wide Web and indeed the nature of the universe itself. We meet some of the
greatest minds of the last 150 years along the way and seek to understand how they
too saw the world and discussed and argued over its true nature. Many of the
individuals in this story are now dead, but the story itself is only just beginning. This
book presents an argument but does not necessarily provide a conclusion. Rather,
what it provides is an introduction, an invitation to a new way of thinking about
things which I hope will absolutely not be the last word on the subject. It asks,
perhaps demands, all of us to go away and ponder where we go next. It opens with a
reference to the great Douglas Adams. This is entirely appropriate as the second part
of the book can fairly be described as a meditation on “life, the universe, and
everything”. Adams, however, went on to point out that the answer “42” was really
only the beginning of a broader search, not just for answers but also questions. I was
deeply flattered to be asked to write the foreword for this book, as I feel that my
contribution in the process was relatively minor. Nevertheless, my journey with Phil
to this point has been a fascinating and inspiring one, and yet I am sure it is not over.
Like this book, it feels like just the beginning of a great quest.

Read on and get on board; you don’t want to miss it.
Dr David Kenyon, Research Historian, Bletchley Park

July 2022
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Prologue

In many ways, this is a personal story as it reflects on my career-long battle with the
slippery subject of information. In other ways, not so much as it tells of something
undeniably relevant to us all.

For my day job, I work at IBM® and advise big companies on how to get the most from
their data. It’s interesting work. I get to think hard about some fascinating problems,
while meeting lots of amazing people along the way. Many of them have changed the
world with their data, and I know I'm lucky to be part of that. On occasion, I also get
to contribute toward some rather influential discussions. For instance, I once helped
persuade those who run the World Wide Web to think differently about how data
changes the way it works.

Out of that came the field we now recognize as Sociotechnical Science [1] [2] [3] [4] [5]
[6], although some might know it better as Web Science [7] [8] [9] [10]. Whatever the
name, and however it came about, I'm just glad that I was able to assist in my own
small way. Back then, in 2005-2006, it was all very new and, to me at least, in the
excitement of fresh debate, some of the ideas being discussed felt almost trivial.

How wrong I was.

The point 'm trying to make has nothing to do with self-importance. Far from it. We
were just a bunch of interested practitioners shooting the breeze about electronic
data. No, all 'm trying to say is that something so apparently innocuous and innocent
close-up can have a massive impact at scale. It’s about how data, or more importantly
the idea of information, has grown to profoundly interest and influence us all. Or at
least, that was the point I wanted to make when I started to write this book.

Back in those early days of Web Science, I was certainly naive. I'd worked in and
around information technology for some time and had studied the standard texts on
data processing before that. So, I suppose I considered myself an expert. I thought I
knew a thing or two about data and information.

Again, how wrong I was.

In truth, the warning signs were there much earlier. As an eager undergraduate, I can
remember a conversation with my most senior tutor. Back then, I asked about the
difference between data and information, and my question was met with a painful
pause. That exchange still haunts me to this day, as I've eventually come to
understand that, at the most fundamental level at least, we still don’t really
understand what information is.

Hence the reason for this book. I've always felt it important to question the nature of
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