MABS 2024

From drug epidemics to urban futures...
A life with agents!

Pascal Perez
Director
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What?
« Accessingand sharing data on
urban and infrastructure systems

. Hard-to-Get Data

. Hard-to-Do Things
* Avoid duplication

. Foster collaboration

WHY?

Addressing impact of...

 (Climate change

. Energy transitions

. Demographic change

...on cities, infrastructure systems and
regional communities

Strategic Plan
2023-2028
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A journey with agents

2005 — Atollgame: computer-assisted RPG of freshwater management on Tarawa atoll

2012 — Reefgame: computer-assisted RPG of coral reef management in the Philippines



A journey with agents

2017 — ABM for urban planning, current limitations and future trends

2024 —\What’s next????



A journey with agents

Google Scholar search:
‘agent-based modelling’
21900 Number of results




The power of agents

Power#4 — Participation and validation

. What is the ‘next big thing’ for ABM?



Spatially distributed socio-technical system

1 2 3 4 5 6 7 8 9 10
Drought scenario

E
Q
wn
m©
2]
wn
°
T
]
=3
o
=)
S
(5]
1]
=
=
o
-
=)
T
1]
o
R

=
(=]
»
©
©
»
>
=
)
S— A
o
©
=18
o
)
_
IT)
7]
R
o
o
>
-
.=
©
o
2

- Thives scenario Basic

From GIS to Choreme

= Social learning process

= Emerging new behavioural patterns

= Non linearity of response linked to weir manager’s strategies

= 30% thieves in the system as disruptive as worse climate scenario !

Source: Becu et al., Ecological Modelling (2003)



Spatially distributed socio-technical system

Source: Barthelemy et al., Handbook of Smart Cities (2020)
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Differential equation-based benthos model
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Fishing Pressure (FP): 0 t/month Fishing Pressure (FP): 0.2 t/month

Equations:

Acoral = 17.10%*(coral+recruit) + 8.10**(coral?/(coral+turf)) — 22.10-**coral

Aturf = 1.102*turf — 5.105*(turf*fishH)

AfishH = 2.10-3*(fishH+recruit) + 1.104*(fishH*turf) — 6.10-3*fishH — 1.10-5*(fishH*fishC)
AfishC = 1.10-3*(fishC+recruit) + 45.10-*(fishH*fishC) — 5.10-3*fishC — 1.104*fishC?
Fishing:  AfishC - (FP — (FP%fishC) &  AfishH - (FP/fishC)

Source: Melbourne-Thomas et al., Ecology & Society (2011)



Transport & residential mobility model (scale 1:1)

110,000 Agents (1:1)

85,000 Private Motorized Vehicles |
50,000 Households (17 categories)
60 Travel Zones

32 Bus Routes

8 Transport Modes

6 Transport Purposes
4 Dwelling Categories

Period: 2006-2026
Calibration: Census 2006
Validation: Census 2011 mh, T B e

Source: Huynh et al., Systems (2015)



Dealers average cash in $1000 (AUD)

—A—hotSpot — randomPatrol -5 phQriented

Abstract and rule-based interaction model

oriented policing

Problem-

Tesselation Topology

Scenario#3
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Polydrug use and dependence trajectories

% Major Medical Conditions

25-30
W 20-25
0O15-20
010-15
B 5-10
Odo0-5

% Pill Testing

Provide quantitative evidence
Explore future trends

%0 market penetration

Generative social modelling
Comments:

A harm reduction program aiming at keeping the prevalence of major medical
conditions among users at usual levels (< 5%), should provide access to pill
. . testing facilities to, at least, 40% of users when the market penetration is only of
Source: Dray eta | " Ad d Iction (2009) 10%. This percentage jumps to 80% when the market penetration reaches 20%.
Beyond that point, nearly the entire population of users needs to have access to



Participation and validation - Atollgame

2, Transcript 3. Associative
ELELE networks

1. Ethnograph
interview

4. Conceptual
model

Knowledge engineering process

Source: Dray et al., JASSS (2006)

RPG with incremental constraints

LAND

WATER

COMPENSATION LAND LEASE
SAFE
SETTLEMENT
IMPROVED
ACCESS N WATER

RESERVE SIZE

LIMITED
RISK

COMPENSATION

CONTROLLED EDUCATION
IMMIGRATION AWARENESS
IMPROVED
CONTROLLED MAINTENANCE
PUMPING
SPECIFIC
USAGE (drink)
CONTROLLED
IMMIGRATION
OTHER SOURCES REDUCE
(desalination) POLLUTION
CHEAPER
FREE SERVICES RAIN TANKS

(water, elec.)

DAMAGES




Participation and validation - Reefgame
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Targeting strategy Targeting strategy

RPG with local fishing communities

Source: Cleland et al., Simulation & Gaming (2012)
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e Fuzzy concept derived from industry
e Broad range of technologies (GIS to ABM)
* Weak business cases so far

* High transaction costs (back-end) due to:
» Poor data accessibility
» Weak semantic interoperability
» Limited technological reusability
» Hypothetical system scalability

ST IR

e UDTs aim to represent urban ecosystems

* Ecosystemsinclude &

e C(Cities are meant to serve and host




* Rolls Royce turbine
* Industrial digital twin (IDT)
e Ultra-realistic representation
e Structural digital copy
* Integrated functional simulation
* Real-time comparison
\ * Feedback to real system
T * Objective #1: performance
’ * Objective #2: quality control

Ingredients: virtual components, resources
(fuel, power), functions and flows

Credit: Shutterstock, 2023

AURINOR



Industrial DT

Physical asset
Well-identified components
Closed system

Laws of physics

Predictable behaviour
Reliable monitoring
Accessible data

Credit: Shutterstock, 2023

Credit: ESRI UK, 2023

Urban DT

Physical, biological and human assets
Loosely identified components

Open system

Laws of physics, biology and psychology
Unpredictable behaviour
Sparse monitoring

Poor data accessibility

AURINOR



Robustness Law (Jon Postel)
“Be conservative in whatyou do, be liberalin what you accept from others.”

Digital Twin #1 Digital Twin #2

D/gl'fa/ Twin #5

D/gfta/ Jwin #5 D/gl'ta/ Jwin #‘/

(Source: S. Contreras Martin, 2024)

Power#4 — Participation and validation

aurinong.au
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(Simcity, Electronic Arts, circa 2000)
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Thank you!

Join us

W @aurin_org_au

@ linkedin.com/company/aurin
B4 outreach@aurin.org.au

F4 pascal.perez@unimelb.edu.au

[aurin.org.au]
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