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There exists a strong rationale for new
approaches to modeling urban systems
There exists a strong rationale for new
approaches to modeling urban systemsapproaches to modeling urban systemsapproaches to modeling urban systems
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“The impact of the subprime mortgage squeeze across the U S ”The impact of the subprime mortgage squeeze across the U.S.

Hannah Fairfield, NY Times (April 6, 2008)
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(S f) h d h ll(S f) h d h ll(Some of) the grand challenges(Some of) the grand challenges

Representing system behavior realistically *

Bottom up modeling *Bottom‐up modeling *

New, extensible simulation methodologies *

Uncertainty and system propagation

Recognizing and capturing noveltyg g p g y

Scaling within and across sub‐systems *

Data and dataware *Data and dataware *

Integrating diverse models (systems) massively

High‐performance computing



Much of the complexity and novelty thatMuch of the complexity and novelty that
drives city systems is found at the urban
microcosm
drives city systems is found at the urban
microcosmmicrocosmmicrocosm
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Behavioral geography underlies manyBehavioral geography underlies manyBehavioral geography underlies many
urban dynamics
Behavioral geography underlies many
urban dynamics
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There may be no ground truth forThere may be no ground truth for
prediction: we may need to build the
model from theory as a tool to think with
prediction: we may need to build the
model from theory as a tool to think withmodel from theory, as a tool to think withmodel from theory, as a tool to think with
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Chicago, 2006, immigration rally (Reuters)



Greece, 2008 (Reuters: John Kolesedis)
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Minneapolis‐St. Paul, 2008, RNC (Associated Press)
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Simulating riot geographySimulating riot geography
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Jailed Civilian Police Rebel
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States Rules Inputs

Agents are modeled as finite‐state automata
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Agents possess inter‐related socio‐emotional states
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Agents possess inter‐related socio‐emotional states
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Civilian agents rebel if subjected to hardship and if they have safety in numbers 
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Rebel agents are jailed if caught by police; otherwise, they rebel++
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Agents are then wrapped in a geographic exoskeleton
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Watch out: they can fry you with their laser‐beams
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Synthetic vision and depth perception is handled by ray‐tracing



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved

Physical steering (e.g., for pursuit and evasion)



Collision avoidance
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e.g., a rebel may avoid the police by:

“Social” steering based on preferences and aversions
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Base scenario: rapid rise to rebellion; mass arrest needed to contain rioting
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Hour 1: hotspot clusters of rioting form; the police move to address them
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Hour 2: police begin to dissolve the clusters
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Hour 4: enveloped by police, quiescent coolspots begin to emerge
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Hour 11: ~75% of the space is cleared of rioting, although hotspots remain



Uh‐oh
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The “Mass protest” scenario: ambient quiescence dampens sedition
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“Riot police” scenario
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From a police perspective: the “non‐engagement” scenario



Wema lack s fficient theor pon hich toWe ma lack s fficient theor pon hich toWe may lack sufficient theory upon which to 
build a model
We may lack sufficient theory upon which to 
build a model
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Deriving behaviors by machine‐learningDeriving behaviors by machine‐learning
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Machine learned behaviorsMachine‐learned behaviors

Walking
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Machine learned behaviorsMachine‐learned behaviors

Running
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Machine learned behaviorsMachine‐learned behaviors

Riding a bicycle
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Machine learned behaviorsMachine‐learned behaviors

Playing baseball
© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



1 3

Find similar action points

Original data

Output samples
Perturbation Area

2 42 4

Query point
Attraction result

Build samples
Locally‐weighted result

Using these points, build a model to predict speed and direction
(Work with Xun Li)

© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



(Work with Xun Li)
© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



Mixing disjointed theory and dataMixing disjointed theory and data
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Modeling urban dynamics at smallModeling urban dynamics at smallModeling urban dynamics at small 
geographies
Modeling urban dynamics at small 
geographies
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The data relate to the choreography of The data relate to the choreography of 
movement; we need to simulate 
behaviors
movement; we need to simulate 
behaviorsbehaviorsbehaviors

© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved

Vision frustum, ray‐tracing, physical steering



Higher level behavior is simulatedHigher level behavior is simulatedHigher‐level behavior is simulated
(≠scripted) using computable brains
Higher‐level behavior is simulated
(≠scripted) using computable brains

© paul m. torrens 2009 / all rights reserved© paul m. torrens 2009 / all rights reserved



A ≈ (S T )A ≈ (S T )A ≈ (St, TS)
TS: (St, IN) → St+1

A ≈ (St, TS)
TS: (St, IN) → St+1
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TS: (St, Lt, Nt) St+1
ML: (St, Lt, Nt) Lt+1

TS: (St, Lt, Nt) St+1
ML: (St, Lt, Nt) Lt+1ML: (St, Lt, Nt) Lt+1
RN: (St, Lt, Nt) Nt+1

ML: (St, Lt, Nt) Lt+1
RN: (St, Lt, Nt) Nt+1
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Uh‐ohUh‐oh

Wayfinding using time geographyWayfinding using time geography
(Work with Scott Brown)
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Discrete bundles of space and time as “footsteps”
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Inverse kinematics to resolve body locomotion



Street crowd New York City blackout (August 15 2003)Street crowd, New York City blackout (August 15, 2003)

(Photo: John Wehr)
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Uh‐ohUh‐oh
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Uh‐ohUh‐oh
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Uh‐ohUh‐oh
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(Work with Atsushi  Nara)



Building this much behavior into agentsBuilding this much behavior into agentsBuilding this much behavior into agents
is computationally intensive
Building this much behavior into agents
is computationally intensive
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Future workFuture work
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Uh‐ohUh‐oh
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Uh‐ohUh‐oh
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Presidential Early Career Award for 
Scientists and EngineersScientists and Engineers
NSF CAREER Award
NSF Geography & Regional ScienceNSF Geography & Regional Science
NSF Methodology, Measurement, and 
StatisticsStatistics
NSF Human Dynamics of Social Change
Science Foundation Arizona
Herberger Foundation
Autodesk, Inc.,
Alias, Inc.
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Thanks!
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http://geosimulation.org
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