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Systems Governance: An Overview on a New Trend Applied to Societal Systems

Systems \ — —

Engineered Systems Feedback Control

Societal Systems /
All these capabilities are

exponentially growing since the
industrial revolution Power harness and control

Computation capacities

(Governance

Sensing capabilities




Boutlon and Watt
Steam Engine

Flyball Governor: runs at a constant
speed regardless of any changes in
systems environment!

(a) REST (b) RUNNING

F1a. 20.—The Governor.




Fia. 20.—The Governor.

The case of Governing Fake News

On formulating pay off and mathematical
modeling of fake news dissemination.
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A genius Solution with lots of shortcomings in responding effectively in

face of sudden fluctuations and oscillations.

new context?

(Ehsanfar and Mansouri, 2017)

James Clerk
Maxwell

On stability of
governors using
mathematical
models, which
lead to a the new
field of Control
Theory.

Why not bringing the same concept to a 1
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Governance of Societal Systems

Implementation of governing policies through:

Setting Designing
Incentive Rules of the
Structures Game

Developing Reinforcing
NE\Wela¥eli Learning
Meaning Mechanisms




Understanding the Nature of the Beast
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Trends in Data Science Approach to Governance

High frequency data analytics
© Financial systems

Discovering patterns of behavior
© Topological analysis: Netflix
© Relational analysis: Target

Users profiling

o Marketing

o Politics .
o Policymaking

o Designing products and markets

Conceptual analytics
o Influencing behavior: Twitter
o Text/Voice/Pattern analysis: NSA

Private
Sector

Public
Sector

Governmental
Sector



Cities as Complex Systems

Holistic approach
Equilibrium and dynamics
Patterns and processes
Paradoxes and conflicts
Behavioral patterns
Collective actions
Agency and emergency
Connectivity and diversity
Autonomy and belonging
Competition and collaboration
Accessibility and segregation



Cities as a Platform for Transactions




Change is necessary for survivall

* Technological advancements

o Transportation Sustainabilj novation
o Healthcare N %
o Energy »
o Finance — ‘
. Disasters Resilience

* Maintenance

* Environmental concerns




Influencing Behavior: Transportation Systems
Successful cases around the world

Trans Millennia project in Bogota to incentivize bus
riders

o Flexible development and protection of public
iInterest
Bikers’ lane project in Bogota
o Allocating budget based on public need

Sunday project in Bogota
o Closing down a part of city to traffic for
encouragement of pedestrians
Copenhagen protective plan for bikers
o 37% of all work related commutes are on bikes and
the number of bikers has doubled in 10 years (by
2010)
Paying attention to cognitive sciences _
o Horizontal sight senses
o Feeling of belonging
o Sensations of public joy




Influencing Behavior: Energy Systems
Case of Tidy St., Brighton

* Using a non-technological approach:
o Self-reporting on the site
O Street visualization
© Door-to-door training

* Application of simple principles:
o Communal engagement
O Peer pressure as an incentive force
© Public education on consumption

* Emergence of technology:
© Using sensors and digital visualization

» Study patterns of social behavior:
o Influence the collective action
© Engagement and interaction




Sensing and Action: Smart City
Case of Rio De Janeiro

. CENTRO DE OPERAGOES
©l

PREFEITURA DO RK

* Human-centric city sensing:
o Cameras and sensors all over the city

o Situation room with relevant
representatives

o Crisis management

o Social assistance

O Security and safety

o Utility services monitoring

o Infrastructural services monitoring
O Integrated and real-time operation




Hoboken: A Urban Governing Lab

* Hoboken is the perfect
candidate to experiment
with a full-scale smart
city implementation
across all aspects of
urban living.

* The strong institutional
support of the City Fa het
government is key to the .+ Population (2011): 50,060.

success of the project. % change since 2000: +29.8%

* First project of this scope Median resident age: 31.2 years
inthe U.S. Median household income (2009): $112,174

Median NJ household income (2009): $68,342

Per capita income (2009): $75,941

Median home value (2009): $579,045

Cost of Living Index: 132




Sensing, Analyzing, and Learning

Improved Commuting Decisions

rED B

Improved Urban Governance and
Participation

Improved‘Dlsaster Preparedness
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Improved Energy Usage
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Improved Urban Services

Strengthened Healthcare Delivery and
Public Health

AP —
W Me m 3

Strengthened Local Economy and Solutions
Exchange

Strengthened Community




Multi-Layered Smart
City Architecture

Social and Organizational
Network

Data Network

Physical Infrastructure
Network

City Government

Residents’ Smart Devices

/ T
Residents /
i Secure
Digital Kiosks
t_@ = o

Sensors ©[(i0[li < Lti ﬂ

Service Providers

Smart City Lab@ Stevens
@ "fi@ @ Visualization Platform
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Smart Cities App

Open Source Platform with more than 35 Smart City functionalities for use
and customization by any city
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Transportation Choices and Parking Behavior

Energy consumption and Household Carbon footprint
Emergency and Disaster Situational Data

Crime and emergency (fire, medical) reporting

Urban infrastructure issues

Lifestyle choice data and Innovations Exchange Data

Individual Data

Sensors

Traffic conditions
Transit conditions

« Pedestrian flows

« Air Quality, Noise and GHG Emissions
Flooding data
Abnormal Activity

Real-time Data

Archival

Parking and accident data

Fire and Police department reports
Emergency planning data

Flooding data (historical)

Energy consumption data

Health data

Urban infrastructure maintenance data
Startup and commercial activity data

Historical Data




Multi-layered Governing Framework for Urban Systems
Dynamics and Hierarchical Structure
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(Wang and Mansouri, 2020)




(Wang and Mansouri, 2020)

Modeling and
Simulation
Approaches

Policymaking

Policy Implement

Agents
Interaction

Collective
Behavior

Data Sensing /
Collection

Learning /
Communication
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» and energy behavior

* A shared dynamic
causal theory on
collective behavior,

) Driver's cxpcricnccd]‘/ // -
policy, and technology:

; May \ Route traffic load
: travel time ) hinder a
driver's
The case of Energy e nindora whien aise f A
Sys tems. infarmation driver’s contrbes 1o |
Prior travel tme
Social vs selfish

estimate

equilibria: The Price of
Anarchy

n
But also
That increases

, ; |
) l
) ATIS travel time influences |
the influence forecast
of ATIS or |
Posterior travel time /
estimae

Which X
) QOther driver's route
ey cnies
Flash Crowd Effect: The
Drawback of Perfect
Information

Route choice - /
(Bucar et al, 2020) ——




Simulation Results

Pure shortest-path route choices within ex-ante ATIS may lead to:

Average level of confidence n ATIS

1.0 4
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1.  Decreased levels of trust in ATIS predictions

2. Increased

delays for all drivers

6-day moving averzge of the average confidence In the ATIS

(Bucar et al, 2020)

€-day moving average of the total VMT for all drivers

—— PUre-route stratagy
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Antarctica: A Different Kind of Complexity
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onceptual Modelin
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Simulation Results and Dashboard
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http://www.runthemodel.com/models/k-hOKy9XC0ln7OGfS0rxns/

Smart City Lab @ Stevens

* Urban visualization platform and command center
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Influencing Human Behavior in
Social Networks
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NYC Hashtags Analysis

The graph is for the “nycgov”, which is the official account of NYC municipality.

* This is a graph of hashtag (keyword)
used in reference to an official
) account.

* These hashtags represent the
general ideas in users’ minds about
the important issues.

* In this graph the
hashtags
associated (used in
the same tweet)
with Clinton are
listed.

* Using the hashtags
In the same tweet
Indicates a relation

g(eet)\//vv\?grr:jg)?shtags T m"‘”||HHHH\|||||||III|III|I||I|I||||||||||||||||




Following specific topic 2015

Top right: Wants to be
influenced (high in degree) -
Follower of lots of similar
hashtags.

S TEIXETIZ 8 Tveseter AU as

Top Left: Consensus Leader
(high out degree) — Is followed
by many on similar hashtags.

PRI N Y LTI

BEMCTIHE B Tasety Que2qs

(Vesaghi and Mansouri, 2015)

Bottom Right: Trusted
Source — has high number
of retweets with respect to
the same hashtags.
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Information Governance
Case of Fake News

|||||III| |||||l|||m

© Statista 2017

Time per Day Revenue Journalists
Total Facebook Engagements for
Top 20 Election Stories
15 million
12 million
(Ehsanfar and Mansouri, 2017) SRR So -
6 millon 7.3 milllon
3 millon m?im
Fab.-April May-July Aug—Election Day

CNC& E?ENT REFERS li TOTAL NUMOER QF SHARES, REACTIONS, AND COMMENTS
EOF ONT T ON FACEZOOK SCURC : FACEEC D DATA VIA BUZZSUMC



Incentivizing Dissemination
of Truth in Social Networks

chial - Social Media
Dominance NEWS CyC|e

Potential Fake

News
Publishers

Potential Truth

Publishers

(Ehsanfar and Mansouri, 2017)

Truth vs Fake news in
social networks

Individual cost of
authentication collective
benefits of dominance

Collective cost and
Individual benefits of
failure

Public good and
volunteering

- Game theoretic model

- \olunteer’s dilemma
Model equilibriums

Results
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Fake news expected payoft:

(Ehsanfar and Mansouri, 2017)
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Maximum volunteering probability among regular
users

Lowering potential net payoff by the primary
equilibrium

Elastic stable secondary equilibrium points

Elastic secondary equilibrium range

Maximum group size for feasible volunteering
Two sets of equilibrium points
Inelastic equal equilibrium points

Elastic equilibrium range

Minimum reward for feasible volunteering
Two sets of equilibrium points
Elastic stable equilibrium points

Inelastic equilibrium range

(Ehsanfar and Mansouri, 2017)
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number of tweeters

Influential Users Data Driven
and Clustering Content

Frequency Matrix Popularity Matrix M O d e I S
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e Creative ¢ Circulative
Content Clusters

Popularity vs Burstiness
Time Frame Granularity
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e Lower Granularity
e Dominant MDI

e Higher granularity
e Dominant IDI




Temporal Map of Clustered Topics

MDI

e Longer content TF
e Consistent
e Subjects: Political

IDI

e Lower contentTF

e Dynamic

e Subjects: Social/Economical/
Life Style

(Ehsanfar and Mansouri, 2017)
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e Temporal:
¢ Higher-level
connection
e Hierarchal:

e Stronger
connection

Data
Visualization
Approach

e Temporal:

e Lower-level
connections

e Hierarchal:

o Weaker
connections




Mathematical Model

Effects of:
Network

History

External Influence

Network vs.
External
Influence

VHS vs
Betamax

Wireless
family plans

Game
consoles

Back lives
matter

Theoretical Approach
I'ime to Dominance

UG, j,t) =aUy+ U+ YU,
UN(i,j, t):Ratio of agent j friends who chose option i
UE(i,j, t) :General ratio of agents who chose option i

UH(i,j, t) : Ratio of how many times agent j chose option i in the past

(Vesaghi and Mansouri, 2020)

Network vs. History
- Social Networks
Uber
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History vs.
External
Influence

- MSvs. Mac '’

- Bank vs.
ATM

Effect of Initial Conditions
(D1versity)

Partisanship or Party Ratio:
D = max(UN(i,j, t))
i

Highest ratio of an option that
Is chosen by agent | friends.

- Interracial marriage
(1880-1960) and gay
marriage (1990-2010)
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(Vesaghi and Mansouri, 2020)
Consensus ‘Iime Under Different | vents
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Effect of Different Events (Fortification)

- Gridlock in politics (One Castle)

- Climate change debate (Two
Castle)

- Women right to vote (One Castle)

Comparison of Network effect vs
External effect vs History effect:

1- The results are consistent over
different network structures (Node,
edge, ...)

2- Increasing the network effect
Increases the consensus time.

3- Increasing the history effect
Increases the consensus time.

4- Decreasing diversity increases the
consensus time.

5- Forming Castles increases the
probability of majority to dominate.

Possibility of Majority Win Uncler Differant Fvants

e Inditteren:

8 8U 8 o
Iviajacity Fatio

—XontyCaslle ——LDoutle Casile  ——Ceneal

(Vesaghi and Mansouri, 2020)



The Emotional Factor in the Post-Truth Era

Influential actors

1

Ethos

Information

Logos Pathos

/ \
Fact-based Truth

- + -

Push-Pull
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Emotional Truth

+
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Emotions

| am I'ra right !

I think theretere | believe therefore

Shovel

L

r/. evenl

reglies to group A —@—
replies to group 3 ~@=
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emotional accumulation
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where
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The dilemma of being true
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(Borrelli et al, 2020)
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