Machine Learning

Applications in Architecture and Urban Design

WILEY Blackwell



This edition first published 2022
© 2022 John Wiley & Sons Ltd

All rights reserved. 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, except as
permitted by law. Advice on how to obtain permission to reuse material from this title is available at
http://www.wiley.com/go/ permissions.

The right of Silvio Carta to be identified as the author of this work has been asserted in accordance with law.

Registered Offices
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial Office
9600 Garsington Road, Oxford, 0X4 2DQ, UK

For details of our global editorial offices, customer services, and more information about Wiley products visit us at
www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print-on-demand. Some content that
appears in standard print versions of this book may not be available in other formats.

Limit of Liability/Disclaimer of Warranty

In view of ongoing research, equipment modifications, changes in governmental regulations, and the constant
flow of information relating to the use of experimental reagents, equipment, and devices, the reader is urged

to review and evaluate the information provided in the package insert or instructions for each chemical, piece

of equipment, reagent, or device for, among other things, any changes in the instructions or indication of

usage and for added warnings and precautions. While the publisher and author have used their best efforts in
preparing this work, they make no representations or warranties with respect to the accuracy or completeness

of the contents of this work and specifically disclaim all warranties, including without limitation any implied
warranties of merchantability or fitness fora particular purpose. No warranty may be created or extended by sales
representatives, written sales materials or promotional statements for this work. The fact that an organization,
website, or product is referred to in this work as a citation and/or potential source of further information does
not mean that the publisher and author endorse the information or services the organization, website, or product
may provide or recommendations it may make. This work is sold with the understanding that the publisher is
not engaged in rendering professional services. The advice and strategies contained herein may not be suitable
for your situation. You should consult with a specialist where appropriate. Further, readers should be aware that
websites listed in this work may have changed or disappeared between when this work was written and when it
is read. Neither the publisher nor author shall be liable for any loss of profit or any other commercial damages,
including but not limited to special, incidental, consequential, or other damages.

Library of Congress Cataloging-in-Publication Data
Names: Carta, Silvio, editor.
Title: Machine learning and the city: applications in architecture and urban design / edited by Silvio Carta.
Description: Hoboken, NJ: John Wiley & Sons, 2022. | Includes bibliographical

references and index.
Identifiers: LCCN 2021052711 (print) | LCCN 2021052712 (ebook) |

ISBN 9781119749639 (paperback) | ISBN 9781119749585 (pdf) |

ISBN 9781119749622 (epub) | ISBN 9781119815075 (ebook)
Subjects: LCSH: Architecture and technology. | City planning. | Machine

learning. | Artificial intelligence.
Classification: LCC NA2543.T43 C375 2022 (print) | LCC NA2543.T43 (ebook)

| DDC 711/.40285-—dc:23/eng/20211208

LC record available at https://lccn.loc.gov/2021052711
LC ebook record available at https://lccn.loc.gov/2021052712

Cover Design: Wiley
Cover Image: Neural Networks Public Places.
Authors: Roberto Bottazzi, Dr. Tasos Varoudis, Piyush Prajapati, Xi Wang, Bartlett School of Architecture, UCL, 2020.

Setin 9.5/12.5pt STIXTwoText by Integra Software Services, Pondicherry, India
Printed and bound by CPI Group (UK) Ltd, Croydon. CRO 4YY

C9781119749639_040522



Contents

Preface xiii
Acknowledgements xv
Introduction xvi

Section| Urban Complexity !

Urban Complexity 3
Sean Hanna

Emergence and Universal Computation 15
Cassey Lee

Fractals and Geography 31
Pierre Frankhauser and Denise Pumain

Project 1 Emergence and Urban Analysis 57
Ljubomir Jankovic

Project 2 The Evolution and Complexity of Urban Street Networks 63
Nahid Mohajeri and Agust Gudmundsson
Section Il Machines that Think 69

Artificial Intelligence, Logic, and Formalising Common Sense 71
John McCarthy

Defining Artificial Intelligence 91
David B. Fogel

Al: From Copy of Human Brain to Independent Learner 121
Shelly Fan



viii | Contents

7 The History of Machine Learning and Its Convergent Trajectory Towards Al 129
Keith D. Foote

8 Machine Behaviour 143
lyad Rahwan, Manuel Cebrian, Nick Obradovich, Josh Bongard, Jean-Francois Bonnefon,
Cynthia Breazeal, Jacob W. Crandall, Nicholas A. Christakis, lain D. C ouzin, Matthew O.
Jackson, Nicholas R. Jennings, Ece Kamar, Isabel M. Kloumann, Hugo Larochelle, David
Lazer, Richard McElreath, Alan Mislove, David C. Parkes, Alex ‘Sandy’ Pentland, Margaret
E. Roberts, Azim Shariff, Joshua B. Tenenbaum, and Michael Wellman

Project 3 Plan Generation from Program Graph 167
Ao Li, Runjia Tian, Xiaoshi Wang, and Yueheng Lu

Project 4 Self-organising Floor Plans in Care Homes 171
Silvio Carta, Stephanie St. Loe, Tommaso Turchi, and Joel Simon

Project 5 NP - Neural Networks and Public Places 177
Roberto Bottazzi, Tasos Varoudis, Piyush Prajapati, and Xi Wang

Project 6 Urban Fictions 183
Matias del Campo, Sandra Manninger, and Alexandra Carlson

Project 7 Latent Typologies: Architecture in Latent Space 189
Stanislas Chaillou

Project 8 Enabling Alternative Architectures 793
Nate Peters

Project 9 Distant Readings of Architecture: A Machine View of the City 201
Andrew Witt

Section Il How Machines Learn 207

9  What Is Machine Learning? 209
Jason Bell

10 Machine Learning: An Applied Mathematics Introduction 217
Paul Wilmott

11 Machine Learning for Urban Computing 249
Bilgecag Aydogdu and Albert Al Salah

12 Autonomous Artificial Intelligent Agents 263
laroslav Omelianenko

Project 10 Machine Learning for Spatial and Visual Connectivity 287
Sherif Tarabishy, Stamatios Psarras, Marcin Kosicki, and Martha Tsigkari



13

14

15

16

17

18

19

20

Contents

Project 11 Navigating Indoor Spaces Using Machine Learning: Train Stations

in Paris 293
Zhoutong Wang, Qianhui Liang, Fabio Duarte, Fan Zhang, Louis Charron, Lenna Johnsen,
Bill Cai,and Carlo Ratti

Project 12 Evolutionary Design Optimisation of Traffic Signals Applied to
Quito City 297
Rolando Armas, Herndn Aguirre, Fabio Daolio, and Kiyoshi Tanaka

Project 13 Constructing Agency: Self-directed Robotic Environments 303
Patrik Schumacher

Section [V Application to the City 309

Code and the Transduction of Space 311
Martin Dodge and Rob Kitchin

Augmented Reality in Urban Places: Contested Content and
the Duplicity of Code 341
Mark Graham, Matthew Zook, and Andrew Boulton

Spatial Data in Urban Informatics: Contentions of the Software-sorted City 367
Marcus Foth, Fahame Emamjome, Peta Mitchell, and Markus Rittenbruch

Urban Morphology Meets Deep Learning: Exploring Urban Forms in One Million
Cities, Towns, and Villages Across the Planet 379
Vahid Moosavi

Computational Urban Design: Methods and Case Studies 393
Snoweria Zhang and Luc Wilson

Indexical Cities: Personal City Models with Data as Infrastructure 409
Diana Alvarez-Marin

Machine Learning, Artificial Intelligence, and Urban Assemblages 445
Serjoscha Diiring, Reinhard Koenig, Nariddh Khean, Diellza Elshani, Theodoros
Galanos, and Angelos Chronis

Making a Smart City Legible 453
Franziska Pilling, Haider Ali Akmal, Joseph Lindley, and Paul Coulton

Project 14 A Tale of Many Cities: Universal Patterns in Human Urban Mobility 467
Anastasios Noulas, Salvatore Scellato, Renaud Lambiotte, Massimiliano Pontil, and
Cecilia Mascolo

ix



X

Contents

21

22

23

24

25

Project 15 Using Cellular Automata for Parking Recommendations in Smart
Environments 473
Gwo-Jiun Horng

Project 16 Gan Hadid 477
Sean Wallish

Project 17 Collective Design for Collective Living 483
Elizabeth Christoforetti and Romy El Sayah

Project 18 Architectural Machine Translation 459
Erik Swahn

Project 19 Large-scale Evaluation of the Urban Street View with Deep Learning
Method 495
Hui Wang, Elisabete A. Silva, and Lun Liu

Project 20 Urban Portraits 501
Jose Luis Garcfa del Castillo y Lopez

Project 21 ML-City 507
Benjamin Ennemoser

Project 22 Imaging Place Using Generative Adversarial Networks
(GAN Loci) 513
Kyle Steinfeld

Project 23 Urban Forestry Science 517
lacopo Testi

SectionV  Machine Learning and Humans 521

Ten Simple Rules for Responsible Big Data Research 523

Matthew Zook, Solon Barocas, Danah Boyd, Kate Crawford, Emily Keller, Seeta Pefia
Gangadharan, Alyssa Goodman, Rachelle Hollander, Barbara A. Koenig, Jacob Metcalf,
Arvind Narayanan, Alondra Nelson, and Frank Pasquale

A Unified Framework of Five Principles for Al in Society 535
Luciano Floridi and losh Cowls

The Big Data Divide and Its Consequences 547
Matthew T. McCarthy

Design Fiction: A Short Essay on Design, Science, Fact, and Fiction 561
Julian Bleecker

Superintelligence and Singularity 579
Ray Kurzweil



Contents | xi

2& The Social Life of Robots: The Politics of Algorithms, Governance, and
Sovereignty 603
Vincent J. Del Casino Jr, Lily House-Peters, Jeremy W. Crampton, and Hannes Gerhardt

Project 24 Experiments in Synthetic Data 615
Forensic Architecture

Project 25 Emotional Al in Cities: Cross-cultural Lessons from the UK and Japan on
. Designing for an Ethical Life 621

W"an Bakir, Nader Ghotbi, Tung Manh Ho, Alexander Laffer, Peter Mantello, Andrew
McStay, Diana Miranda, Hiroshi Miyashita, Lena Podoletz, Hiromi Tanaka, and Lachlan
Urguhart

Project 26 Decoding Urban Inequality: The Applications of Machine Learning for
Mapping Inequality in Cities of the Global South 625
¥odeem Khan

Project 27 Amsterdam 2040 631
Maria Luce Lupetti

Project 28 Committee of Infrastructure 635
Jason Shun Wong

Index 639



