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Complex Behavior of Traffic Flow

Negative Perturbation Triggering Oscillating Congested Traffic
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Perturbing traffic flows and, paradoxically, even decreasing them may
D GESS sometimes cause congestion. | |



Phase Diagram of Congested
Traffic States
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Congested Traffic States
Simulated with a Traffic Model
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Similar congested traffic states are found for several other traffic

D GESS models, including “microscopic” car-following models.



Theoretical Phase Diagram of Traffic States and

Universality Classes
Small Perturbation

Large Perturbation

Q ,, (vehicles/h/lane)
Q ,, (vehicles/h/lane)

AQ (vehicles/h/lane) AQ (vehicles/h/lane)

Phase diagrams are not only important to understand the conditions under which
certain traffic states emerge. They also allow one to categorize the more than 100
traffic models into different universality classes. From the universality class that

D GESS reproduces the empirically observed stylized facts, one may choose any |

I
representative, e.g. the simplest or the most accurate one, depending on the purpose.



Empirical Phase Diagram for Scaled Flows

A scaling by the outflow, that varies from day to day, gives a clearer picture.
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Traffic Congestion is Predictable

A5 North, April 11, 2001 V (km/h)
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Traffic Physics

An Analytical Theory
of Traffic Flow

W Wik




Freeway Traffic Control
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Cooperative Driving Based on Autonomous
Vehicle Interactions

= On-board data acquisition (,perception®)

“Attention:

Traffic jam” = Inter-vehicle communication

= Cooperative traffic state determination (“cognition”)

= Adaptive choice of driving strategy
(“decision-making”)

= Driver information

= Traffic assistance (higher stability
and capacity of traffic flow)

Detection of an upstream front v
Detection of a downstream jam front
Vehicle trajectories —

Vehicle trajectories of the opposite driving direction
Encounters with transmitter cars and message reception ®

Message reception
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Driving direction
Position (km)
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Overcoming Congestion by Real-Time Feedback

D GESS



Enhancing Traffic Performance by Adaptive

Cruise Control
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Internet of Things -




Mechanism Design: Modify Interactions with
Real-Time-Measurements and -Feedback
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With the Internet of Things,
we can now make self-
organization work, 300 years
after Adam Smith’s
“Invisible hand” concept!
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Urban Planning vs. Enabling
Self-Organization
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The Noble Goals of Traffic Planning

= Better mobility

Less pollution

Less noise

Less traffic



But This Is Often the Reality ...




... and This: Urban Gridlock




Can We Fix Traffic Congestion
with Big Data and Super-Al?

D GESS
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Exponential Growth of Computing

Twentieth through twenty first century
Logarnthmic Plot

The Al Revolution Is on Its Way

All Human Brains

One Human Brain ,
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One Insect Brain

Exponential growth of computing. 20th through 21st century
Coutesy of Ray Kurzweil and Kurzweil Technologies, Inc. Li




Smart Cities: Artificial Intelligence As
Opportunity!
How Will Mobility and Logistics Change with Al?
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Automated Traffic Flow
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Hybrid Traffic and Logistics of the Future
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Could Cities Be Run Like Giant Machines?




BILLIONS OF DEVICES

7 THE INTERNET OF THINGS

The World’s Sensor Network is Growing Quickly

AN EXPLOSION OF CONNECTED POSSIBILITY
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D-Wave Systems Yy A

D-Wave Systems, Inc. ['lis a quantum computing company, based in Burnaby, British Columbia, Canada. D-Wave is the
first company in the world to sell quantum computers.[&citation needed]citation needed]

D-Wave One D-Wave Two D-Wave 2X D-Wave 2000Q[#°I[50]

Available May 2011 May 2013 August 2015 January 2017

Code-name Rainier Vesuvius

Qubits 128 512 1152 2048

Couplers 352 3000 5600

Josephson junctions 24,000 128,000

I/O / control lines 192

’ZF:;ZT:t?Jre 0.02 K 0.015K

Power consumption 15.5 kW 25 kW

Temporal Defense Systems

Lockheed Martin Inc.

syere Lock'heed I(;ockheed Martin Google/NASA/USRA Google/NASA/USRA]

Martin 00gle/NASAUSRA | o5 Alamos National Volkswagen Group52!

Laboratory

Virginia Tech!®®!



Google says its quantum computer is
100 million times faster than PC

Controversial D-Wave system gets thumbs up

By lain Thomson in San Francisco 9 Dec 2015 at 01:31 87 SHAREY

Two years ago Google and NASA bought a D-Wave 2X quantum
computing system and the Chocolate Factory has now pronounced itself
D GESS very pleased with the results.



WELT DER ZUKUNFT
Googles smarte Stadt, ein digitaler Alptraum

Von Henryk M. Broder | Veroffentlicht am 28.10.2017 | Lesedauer: 3 Minuten

Quelle: Getty Images/lkon Images

Google will in Toronto ein voll vernetztes Testfeld fir das Leben von morgen
errichten: Eine Stadt vom ReiBbrett, total vernetzt und Uberwacht wie eine

D GESS moderne Justizvollzugsanstalt. Unserem Autor gruselt es.



r—

8 :"}J 0=

[l

4
b
iE
2
-
-

== = s r‘_' Pt

Report
Disrupting cities through technology

DGESS Thursday 17 — Saturday 19 March 2016 | WP1449



Mercer's 2015 Quality of Living Ranklngsfz]

D GESS

| City Country
1| Vienna o Austria
2 | Zirich E3 Switzerland
;A3 | Auckland & New Zealand
?_4 | Munich - Germany
75 TVancouver 7' (1Y | Canadia
.H6 Dusseldorf | B Germany
;77 | Frankfurt B Germany
:8 I Geneva £ Switzerland
9 | Copenhagen f:: Denmark
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Exponential vs. Factorial Growth, Dark Data,
Loss of Centralized Control

400
—— X doubles every 18 months Systemic
350 { —— X doubles every 12 months complexity
3001 — X grows as a factorial with the number of years 4
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250 | down control: Data
Distributed volume
X 200 1 control
_ Processing
150 - Blg Data: power
Evidence-based
100 | decision-making
Not enough data to
30 1 take good decisions
0 e, —— . .
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Cause and Effect in Networked Systems

S

Intended effect Side effect
/v\<
Feedback effect Cascading effect
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Complex Systems Cannot Be Steered Like A Car!
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Systemic Instabilities Causing Unwanted Traffic
Jams — and Many Other Problems!







Engineered Breaking Points to Stop Cascades

DGESS |



The Sustainability Challenges Call for A More
Resilient Society

Bedundancy
RNy Cities and
.,‘Decentrallzatlon regions are
flstrlbuted @oleli(o] MM rclevant
e iSubsidiarity . [ESHSEUIPETTE]
65 # Modular Design units for a
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New paradigm:
From top-down
power and control to
empowerment and
coordination

Co-creation, co-evolution, collective intelligence
D GESS
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Traffic Light Control

D GESS



IC I

omparing 3 Ways to Organize a Complex

System
Optimal top-down Bottom-up Bottom-up
regulation self-organization self-regulation

Central
Traffic Control
Authority

Central control, Travel time minimization, Same, but other-regarding
“benevolent dictator” “homo economicus” coordination with neighbors
D GESS | |



ID I

ecentralized Concept of Self-Organized Traffic
Light Control

Inspiration: Self-
organized oscillations
at bottlenecks

Optimal compromise
between coordination
1007 and local flexibility

75% —

50%

25%

traffic lights serving east-west

Published in JSTAT (2008)
D GESS ;
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IB I

ottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control
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15 1 ¥
10 - 3
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0 * -
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D GESS Stefan Lammer and Dirk Helbing



IB I

ottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control
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IB I

ottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control

Adam Smith’s invisible

| hand works
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D GESS Stefan Lammer and Dirk Helbing



IB I

ottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control

Adam Smith’s invisible

| + hand fails
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IB I

ottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control
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ottom-Up Self-Regulation Can Outsmart
Optimal Top-Down Control
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| » hand works
35 A Selfish !
= optimization, :
qé')’ 30 - Top-down self-organization x"' e S s
= ' /; - — i)
o 25 regulation o e
3 / : 5
- .
15 - PR 5
10 - L - ™ Other-regarding 5
T optimization,
5 1 . self-regulation
0 — T T T T T T ._—’
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Capacity utilization

D GESS Stefan Lammer and Dirk Helbing



Towards Self-Organized Traffic Light Control in
Dresden

D GESS



The Measurement and Control Area

"™\ »
N
S,
<
-
¢
S

| >
o oS %
45 > RN
) . e J ‘\‘\ > d
v/ ) - v
g ‘_f',"" o O ; o
4 N ('~ e ! i
- - d e
| i T N\ - ]
3 K » ' ! A .
o Y J » ™ 4
ey .’ TN e . -
‘ 2. 4 5\ T\ Zwinger it
, ~ g ‘ e B
Uy l‘ 5 J A’,f-'. _.’ - » v,
$‘ .'""-; £ y § ; A \
: , s r
S 7 o <« SRUDE Frauenkirche
-
> i A A iy
ty / I e - J
P . o ,.‘ ""{ . " ,” g ’
3 } > ‘? are 5 ‘.
p
2 »)
7 .

D GESS



ID I

isturbance of Traffic Coordination by Bus and
Tram Lines

Tram 1 Tram 2 Tram 6 Tram 10
Tram 11 Bus 75 Bus 94 CarGoTram

N S >
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IS I

ynchronize Traffic by Green Waves or Use

Gaps as Opportunities?
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erformance in Dependence of the Traffic

Volume
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Gain in Performance

Public Motorized Pedestrians
transport traffic and Cyclists
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Socio-Ecological
Finance FIN4+:

Participatory
sustainability
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CIRCULAR
ECONOMY




1 THE INTERNET OF THINGS

AN EXPLOSION OF CONNECTED POSSIBILITY
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Mapping Noise and Other Externalities
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The No. 1 Principle

Increase positive
externalities, reduce
negative ones, and

ensure fair
compensation

D GESS



Multi-Dimensional Reward System

Value exchange

user-centric

pluralistic reputation system transactions
r
¢ m
Qualified Money M
1 —
Transparent Money || central bank electronic money

some transaction transparency
(publish some transaction features) loans

prints money

i fee/tax ty A fee/tax t, ¢
«——

Real Electronic || Virtual Electronic

cash Money (VEM)

> Money (REMO) ¢

payment U payment U u
- inflation + interest + speculative
real investments | rate wins/gains
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shops producing
products companies

«——
D GESS U transaction fee
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It is Now Possible to Create Such New
Money(s), As BitCoin Has Shown

$2,000
$1,800
$1,600
$1,400
$1,200

$1,000

800
’ —Gold

$600

—Bitcoin

$400 : +H -
$200 |
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Circular Economy +
Sharing Economy

* "euse, repair

SHARING EC
& m m ‘1 s




A multi-dimensional approach

IS a paradigm change
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So Many Goals...

Prosperity

Sustainability
Health

Education

Culture

But optimization neglects all goals but one!



Finance 4.0: A Multi-Dimensional Finance System
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More
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accounts
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With a multi-dimensional value (exchange)
system, there are many more possibilities to
find solutions that benefit all. The space of

possible solutions is significantly increased.



Multi-Dimensional Feedback, Not One-
Dimensional Control

We are living not
just on one thing,
say water.

We need

- carbohydrates
- proteins

- vitamins

- minerals

D GESS



A Typical Supply Network Today
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A Typical Metabolic Network
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OKOSYSTEM WALD

Symbiosis
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Social self-organization
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Self-Governance Is Efficient, Given Proper Design
Principles Are Followed

ELINUR INLL

2009 Nobel Laureate
in Economic Sciences V/ r




Tragedies of the Commons

Border between Haiti and Dominican Republic

Imagery Date: Dec 4f 2004 19°17'55.72" N 71°45°27.30" W elev 1890 ft Eye alt 4461 1t
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There are a number of
decentralized mechanisms to
promote cooperation and
soclal order, and to overcome
“tragedies of the commons”

D GESS



Direct Reciprocity, Repeated Interactions




Reputation, Indirect Interactions




Emergence of “Networked Thinking”

DGESS T. Grund, C. Waloszek, DH, Scientific Reports 3, 1480 (2013) !



From collective
intelligence to digital
democracy
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ANEW YORKN TIMES BUSINESS BESTSELLER

“As entertaining and thought-provoking as The Tipping Point by
Malcolm Gladwell. . . . The Wisdom of Crowds ranges far and wide,”
— '» ,’0\'000 ‘o""

THE WISDOM
OF CROWDS

JAMES
SUROWIECKI
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Bring the Best Ideas of Many Minds Together,
But How?

D GESS



Massive Online Deliberation Platforms (MOODs)

A way of electing Hong Kong's next Chief Executive must be found in time for legislation to
be enacted by the 2017 election. This must meet China's promise of Uni | g

and satisfy the majority of HK citizens. Itis also limited by the Basic Law (mini-constitution)
and "int tions' by the Select Committee of the National Peoples Council (SCNPC|

Candidates for eiecson as Hong
Kong's Chief Executive shoukd

Many people want f the electorate fee's |
10 have a sayin
Wno rums for

election

Basjing coukd ot The SCNPC says that
the Nominasing
Commitiee must be
basad on the present
Election Committe

The mechanics of

reasonable number
would ba complex

Business and other special
interests worry that populist
poltcians would gain control,
waste public money and
camage HK's business

wil lack legitimacy

eavironment

a0 ap
=3 E_‘"’.‘? di‘é A reiavely nigh thresnold to | 1 o
‘Comemon Balief Common Belief Law Qualify for “nosnination 10 have similar
Tha cim is wicely Tho dam s widey The Basc Law candidate status’ would keep concems
St 6 total win reasonabie
bounds
2i2] rspm———— R
Comman Beliet in & constautional crisis, and ikely the Low
The ciam = widaly of the The Basic Lw
ooty iy

Candidates for electon as Hong
Kong's Chiel Executive shoukd

be norminaled by the Nominating
Committee alone

We need to

Itis called a The Basic Law says that
Nominating 8 ‘broadly representatve’
Commitioe Nominating Committen
sfter al must 6o this

A choice between, say
e candidates that
majority do not wish to
08 elected can't be
classed as ‘Universal
Sufferage’

The SCNPC says that

Election Committe

Bul they heve lo

The Election Commiltee
includes companies and
induslry representatives
as well a5 members

wlocted under Universal

For example,
Sadoam Hussein
was elected by a
vote of 100%, as
the only condidate SONPG can
override an

interpretation it That can be
Gossnt ke changed

D GESS

build suitable
platforms to
collect, share
and integrate
ideas

Al present the Election

Commitiee is dominared

by business and other
ecial inlerests




Combine Different Perspectives
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REPORT

Evidence for a Collective Intelligence Factor in the
Performance of Human Groups

Anita Williams Woolley'”, Christopher F. Chabris3, Alex Pentland®#, Nada Hashmi®5, Thomas W. Malone3:®
+ See all authors and affiliations

Science 29 Oct 2010:
Vol. 330, Issue 6004, pp. 686-688
DOI: 10.1126/science.1193147

Article Figures & Data Info & Metrics elLetters PDF

Meeting of Minds

The performance of humans across a range of different kinds of cognitive tasks has been
encapsulated as a common statistical factor called g or general intelligence factor. What
intelligence actually is, is unclear and hotly debated, yet there is a reproducible association of
g with performance outcomes, such as income and academic achievement. Woolley et al. (p.
686, published online 30 September) report a psychometric methodology for quantifying a
factor termed “collective intelligence” (c), which reflects how well groups perform on a
similarly diverse set of group problem-solving tasks. The primary contributors to ¢ appear to
be the g factors of the group members, along with a propensity toward social sensitivity—in
essence, how well individuals work with others.



Diversity Wins, Not the Best

D GESS

Netflix Priz
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Grand Prize - RMSE <= 0.8563
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Home Rules Leaderboard Register Update Submit Download
Leaderboard Dispaytop 20 leaders.
Rank Team Name Best Score % Improvement Last Submit Time
1 + BellKor's Pragmatic Chaos 0.8558 10.05 © 2009-06-26 18:42:37
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© 2009-06-23 08:07:50

Top-down
and majority
decisions
obstruct
collective
intelligence

Wisdom of
crowds
requires
independent
exploration
and then
integration



Optimal Incentives: "Minorities Report”
Strategy Can Outperform Yes/No-
Democracies and Markets!

1.0 —
09 —
g 0.8 — R. Mann and DH:
3 Optimal Incentives
o 0.7 — for Collective
> .
g Intelligence, PNAS
3 0.6 — (2017)
&)
= Binary
s Minority
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Number of factors
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Phase 1: Independent exploration

Phase 2: Information exchange
Phase 3: Integration
Phase 4. Voting

Notes: This is not about winning! It’s about finding
solutions that work for many people.

Not everyone must do the same, in fact, shouldn’t!.

Everybody can play a different role to
D GESS achieve a good solution.



The New Paradigm
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Centralized Control and Its Limits

= Advantage of centralized control is large-
scale coordination A PR

= Disadvantages are due to
= vulnerability of the network

Level of goal
achievement

= information overload

= wrong selection of control parameters

= delays in adaptive feedback control

= Decentralized control can perform better Level of auto
in complex systems with heterogeneous
elements, large degree of fluctuations,
and short-term predictability, because of
greater flexibility to local conditions and
greater robustness to perturbations
D GESS

(Windt, Bése, Philipp, 2006)



The Sustainability Challenges Call for A More
Resilient Society

Cities and
regions are
relevant
organizational
units for a
resilient
society

Ny ”D|g|,taI‘Ass:stance
Multi-ditensional, *
Iﬁbcai f,eeaback
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Countering Global Problems Bottom-Up:
City Olympics for Better Energy,
Envioronmental and Climate Solutions
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Catalyse mutual benefits

D G ESS Public domain (Soccerfan (update to a map done by Bogdan)


http://en.wikipedia.org/wiki/User:SoccerFan
http://en.wikipedia.org/wiki/User:Bogdan




Competition Naturally Raises Everybody’s Effort

Your group

Joint work of Michael Mas and Dirk Helbing

D GESS



Combining Competition and Cooperation




Combining the Success Principles
of Various Systems

Competition (capitalism)

Collective intelligence
(democracy)

* Experimentation and selection
(evolution, nature)

* Intelligent design (Al)

D GESS




.‘Climate City Cup.#

Let’s win together !

2k o b psf)
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200km/h

recycling

#Hack4Climate

plants

#Hack4Climate 2017 was a success, ;Vith 100 hackers from 33 countries and 50 experts/partners. Check out the official -> after movie &
-> best pictures. Get engaged by signing:upfor the newsletter, by contacting us per -> email and by following us on social media.

And stay tuned for #Hack4Climate 2018 at COP24.

Dates: 3-12/12/2018 G20 -\.

Location: -> Katowice Poland
Presidency/more info: -> Polish Government

nuclear energy

stay tuned with our newsletter:

= [rewsletrsmad |

[ register ]
[ application closed ] [ participant info ]
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BLOCKCHAIN AND
IOT SCHOOL

ETH ZURICH | 12-16 FEBRUARY | 2018
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Glocalisation Rather than Globalisation

Think global

Act local (and diverse)

* Experiment
 Learn from each other

* Help each other

D GESS




The Emerging
Concept of
Open Source
Urbanism

Sergei Zhilin
PhD Candidate
TU Delft, The
Netherlands




“Open Source Urbanism” in “New City Reader”

w

https EdomesweDb.it/en/opinion/201 1 /06/29/8

that resonates [Birongly ith how
rbanize whatiiiilP b e n
stays so far away from the city.
g. We need to push this
engthen horizontal practices
(Saskia Sassen, 2011)

pén SourCea
e make the city

pea

| think th /Ireqwre w
1 Z technola v/


https://www.domusweb.it/en/opinion/2011/06/29/open-source-urbanism.html

creative
commons

&

oRen source WIKIPEDIA open source
d I"dwa re The Free Encyclopedia architecture
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Openness

Collaboration

30
(Y2

N\ X
W Modularity

ﬁ@&

Granularity

Low-cost integration



TOP DO

BOTTOM H UP

“Successful urban design requires the right com-
bination of top-down and bottom-up involvement.”



“| could not
control
anything,
but | could
influence
everything



Cybernetlcs + Synergy CyberSyn’?




Synergy + Cybernetics = Synergetics!

.....




Success Principles for A Complex World

» Co-learning
« Co-creation
« Co-ordination
« Co-operation

« Co-evolution

D GESS



Upgrading Smart Cities with Collective

Intelligence

ETH:zurich

Veranstaltungen

ETH-News
Archiv
Redaktion
Newsletter und Abo
Mobile Apps
Weitere Meldungen
Zukunftsblog
Magazin «Globe»
Podcast
Soziale Medien
Veranstaltungen

Medieninformationen

D GESS

News & Die ETH Ziirich

Studierendenportal

Alumni-Vereinigung

Studium Doktorat Forschung Wirtschaft & Campus

Gesellschaft

Die Stadt in den Handen ihrer Blirger

28.02.2019 | Zukur g | Digi ung
Von: Prof. Gerhard Schmitt

Dank moderner Technologie kénnen Biirger stirker in die Stadtent-
wicklung einbezogen werden. Gerhard Schmitt spricht von einer «Re-
sponsive City», welche die Idee der «Smart City» ablost.

Diskussionen zum Thema Stadtentwicklung werden seit ei-
niger Zeit vom Begriff der «Smart City» dominiert. Stadtpla-
ner und Behdrden rund um die Welt sind auf den Zug ge-
) sprungen. Die indische Regierung startete 2015 gar eine
A -.\ «Smart Cities Mission», mit der 100 indische Stadte zu
Smart Citys gemacht werden sollen. Mithilfe moderner Tech-
nologien wie Sensoren, kiinstlicher Intelligenz und Virtual Reality soll die
Stadtverwaltung effizienter gestaltet werden. Die Einfiihrung von Chatbots
und Sprachdialogsystemen in staatlichen Callcentern ist nur ein Beispiel da-
far.




Design for Values

 Privacy « Sustainability
« Self-determination ¢ Health

* Fairness * Friendship

* Justice « Solidarity
 Dignity * Peace

* Happiness « Usabillity

* Wellbeing * Resilience

« Safety « Efficiency

« Security * Flexibility

Goals must be balanced (politically negotiated).

5 GEsg)therwise, the approach is oversimplified, inadequalte.



Design for Democracy

= Human rights, human dignity
= Freedom

= Self-determination Design for values,

= Pluralism value-sensitive
= Protection of minorities  design

= Division of power
= Checks and Balances
= Participation

= Transparency = Privacy
= Fairness v Pr_otectlon from
: misuse/exposure
" Justice v" Right to be left
D GESS = Legitimacy alone
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Many choices that people consider their own are already determined by algorithms.

Build digital democracy

Open sharing of data that are collected with smart devices would empower citizens
D GESS and create jobs, say Dirk Helbing and Evangelos Pournaras. |




Democracy by design

Food for thought




