simulation for complex

urban systems
m. torrenS

pau\

all rights reserved



There exists a strong rationale for
to modeling urban systems
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METRICS

HANNAH FAIRFIELD

In the Shadow

Of Foreclosures

N the subprime mortgage squeeze,
Isornc regions are feeling the pain

more acutely than others,

Although many Seuthern metropoli-
tan areas have high percentages of
subprime mortgages, homeowners in
those areas have largely been able to
pay their bills, so subprime foreclosure
rates are low.

Not 50 in the Rust Belt, where sub-
prime mortgages are less common but
foreclosure rates are sky-high, mostly a
result of rising unemployment.

And overbuilding in regions of
Florida, California and other states
with housing bubbles lured overeager
residents to become speculators, buying
up several homes with the expectation
that their values would rise. Getting
subprime loans was all too easy,

But paying the loans as housing
prices fall is all too hard, and many
economists believe that foreclosures
will continue to rise.

“The collapse will affect other
markets, like New York, Boston and

D.C.," said Dean Baker, co-director of
the Center for Economic and Policy
Research. “Suburban areas near those

cities are already seeing prices plunge.”

Fort Myare-
Cape Coral
244%

Height shows subprime
mortgage foreclosures as
a percentage of all
subprime mortgages in

olita

Above U5 average
=

THE MEW YORK TIMES

“The impact of the subprime mortgage squeeze across the U.S.”

Hannah Fairfield, NY Times (April 6, 2008)
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(Some of) the grand challenges

= Representing system behavior realistically *

= Bottom-up modeling *

= New, extensible simulation methodologies *

" Uncertainty and system propagation

= Recoghizing and capturing novelty

= Scaling within and across sub-systems *

* Data and dataware *

= |ntegrating diverse models (systems) massively

* High-performance computing



Much of the complexity and novelty that
drives city systems is found at the



Behavioral geography underlies many
urban dynamics
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There may be no ground truth for
prediction: we may need to build the
model from theory, as a tool to think with
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(Reuters)

tion rally

, immigra

Chicago, 2006



Greece, 2008 (Reuters: John Kolesedis)
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Minneapolis-St. Paul, 2008, RNC (Associated Press)
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Simulating riot geography
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Jailed Civilian Police Rebel
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— SEDITION —

—— POLICING —

Acquiesce Arrest
/ Kolice
Civilians and Rebels Rebel Jail
A
Serve prison
sentence
y GEOGRAPHIC BEHAVIOR y
Spatial cognition Locomotion Steering Spatial strategy
Police Rebels
. Determine
Detcanine vector Wander
heading : Protect/watch Seek civilians
velocity o .
civilians to recruit
Iden;:'zttarget Kiie —_
Y Seck rebels Flee police
Distance to
entity by ray- Pause Flee Weight rebels Weight
casting and civilians civilians and
equally police equally
Compars Avoid Social
veeion vadi collision steerin,
entity & Ambivalence Ambivalence
Chcfﬂf for Come unstuck
collisions
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A il (S, lr, Rs):ﬁ-'hﬂ‘e RS: (Si':-" Ir)_} Si':‘l'l
and where S = {S%,52,..,S}, Ry = {R} RS, ...,RE, L and I = {1}, 12, ... IF]

- NN Y

States Rules Inputs

Agents are modeled as finite-state automata
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Ssocicemotional = {H, L, G, R, P, N}v Civilian and Rebel agents,

‘ H = [0,1]
0<L<1
where | G=H(1-1)
P=1-exp (—k%v)
\ N = RP

Agents possess inter-related socio-emotional states
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Ssocioemotionat = {H,L,G, R, P, N}v Civilian and Rebel agents,

Hardship

Outward grievance

( H:[O%: -
t
. 0 < << egitmacy

wirere

™~ = H(1-1) / Number of nearby police

C
-P =1 — exp (—k Zk Number of nearby rebels

—---_"--—-
Likelihood of arrest M

N = RE

\
Cost of acting-out 7 Risk aversion

Agents possess inter-related socio-emotional states
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A = {Civiﬂinnt — Rebel,,, if its[H(1 — L) — RP| >

i
Civilian, = Civlian;,, otherwise (=01

Civilian agents rebel if subjected to hardship and if they have safety in numbers
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= {Rebe[t - j“ifl‘?dt—}jml_ if Rebel, € V.and is selected
- Rebel, — Rebel,, , otherwise

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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e
B

-L_:-"“‘-n.
----""-L dersz
-_--—-“""h dt'*]

dr‘

collision = true if d,/_,, N (any other [relevant] object)

ra B ;
y{ collision = false otherwise

Synthetic vision and depth perception is handled by ray-tracing
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g [d o (C o a)amax]
:

p o Flee vector
UTSUET —
o U “1'|
ﬁ i
o a, Pursuit vector
Target

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



Avoid the closest |

visible entity
o L
| Outside

vision

Visible but not
closest

\

Vision
filter

Collision avoidance
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. —Wpoii :
= W.Pﬁ: given (_WPUHCE + WCiv‘ilmn — 1) for Rebel agen‘[s
Civilian
W : -
i — ﬁ, given Wreper + Weivitian = 1) for Police agents
[PLLLcr

e.g., arebel may avoid the police by: |d| = (E - (—WPGHCE))

“Social” steering based on preferences and aversions



Table 1. Varying parameterization of the model to produce different simulation scenarios.

Variable Simulation scenario

} Base Built esnvirominent Riot police Muass provest Angrvimob Show of force
Simulation run-time 12 hrs. 12 hrs. 12 hrs. 12 hrs. 12 hrs. 12 hrs.
Legitimacy 0.82 0.82 0.82 0.82 0.25 0.82
Max jail term 24 hrs. 24 hrs. 24 hrs. 24 hrs. 24 hrs. 0 hrs.
Civilian and Rebel Vision (meters) 7 7 7 7 7 7
Police vision (meters) 7 7 7 7 7 7
Number of Police 50 15 200 50 50 50
Number of citizen agents 1.000 285 1.000 5.000 1.000 1.000
Rebel Wpi- -0.5 —0.5 —0.5 —-0.5 —0.1 —-0.5
Rebel Weiiian 0.5 0.5 0.5 0.5 0.9 0.5
Rebel & 0.5 0.5 0.5 0.5 0.11 0.5
Police Wpag 0.5 0.5 0.5 0.5 0.5 0.5
Police Weiiian 0.5 0.5 0.5 0.5 0.5 0.5
Police p 1 1 1 1 1 1
Arrest distance (meters) 2 2 2 2 2 2
Is jail a deterrent? Yes Yes Yes Yes Yes No
Agent field of vision 120° 120 120 120 120 120
Patch length per agent step (meters) 0.25 0.25 0.25 0.25 0.25 0.25
Distance buffer (meters) 0.5 1.25 1.25 1.25 1.25 1.25
Infrastructure obstacles? No Yes No No No No
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Table 2. Varying parameterization of the model to produce varying behavioral strategies for agents in simulation.

Variable Strategies
Equal Police pursue | Police protect | Rebels recriit Rebels avoid | Bawlefor | Carand

v treatment | rebels civilians civiliams police civilians mouse
Simulation run-time 12 hrs. 12 hrs. 12 hrs. 12 hrs. 12 hrs. 12 hrs. 12 hrs.
Legitimacy 0.82 0.82 0.82 0.82 0.82 0.82 0.82
Max jail term 24 hrs. 24 hrs. 24 hrs. 24 hrs. 24 hrs. 24 hrs. 24 hrs.
Civilian and Rebel Vision (meters) 7 7 7 7 7 7 7
Police vision (cells/meters) 7 7 7 7 7 7 7
Number of Police 50 50 50 50 50 50 50
Number of citizen agents 1,000 1.000 1,000 1,000 1,000 1.000 1,000
Rebel Wpjiee —0.5 —0.5 —0.5 —0.3 -0.7 —0.3 -0.7
Rebel Weiaim 0.5 0.5 0.5 0.7 0.3 0.7 0.3
Rebel & 1 1 1 0.43 2.33 0.43 2.33
Police Weapg 0.5 0.7 0.3 0.5 0.5 0.3 0.7
Police Weiiian 0.5 0.3 0.7 0.5 0.5 0.7 0.3
Police u 1 2.33 0.43 1 1 0.43 2.33
Arrest distance (meters) 2 2 2 2 2 2 2
Is jail a deterrent? Yes Yes Yes Yes Yes Yes Yes
Agent field of vision 120° 120° 120° 120° 120° 120° 120°
Patch length per agent step (meters) 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Distance buffer (meters) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Infrastructure obstacles? No No No No No No No
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1,000 _
Reduced population
for recruitment
800 !
Mass arrest
600

Rapid phase shift
400 to rebellion - P s

200

~ Lock-in to quiescence

7 8 9 10 11 12
Time (hours)

B Rebels I Civilians HHIl Jailed

Base scenario: rapid rise to rebellion; mass arrest needed to contain rioting
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By moving through the Areas of the space are :llrca}ly
under the control of the police

crowd, police are able (o
parse seditious clusters

Large-scale sedition is gaining As police pass through the
strength along the central crowd, the level of ambient
diagonal of the space sedition drops

Likelihood of arrest (aP}  ——esflil) High-high % High-low -* Police
- -* L ora-boray —* Low-high af = (LiKKTS

[ —— (LAS2IIES

Hour 1: hotspot clusters of rioting form; the police move to address them



© paul m. torrens 2009 / all rights reserved A large police presence has a calming
influence on would-be rebel recruits
Palice sdentify a cluster of
seditious activity and
move in o engage i

Larger clusters of sedition ang
subdivided and become isolated
from the rebellious mass Rebel
“hispent”™

Police ientify a cluster
of seditiows actiy il:.- A
MOVE i 10 engage i

Police identify a cluster of seditious As police pass through the crowd, the
activity and move in to engage it lewvel of ambient sedition drops

Likelihood of arrest (aP}  ——esllil) High-high 8 High-low -* Police
- -q Lowr=boray —* Low-high aP = (LIKNTS

[ ——= (630204

Hour 2: police begin to dissolve the clusters
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Police protect Civilian Threatening rebels organize
civilians “coolspot™ on the periphery

Rebel
“hotspot™

A cluster of
calming
civilians

Likelihood of arrest (al')  ——efili) High-high = High-low -* Police
- -ﬂ Lo o —-‘ Low-high aP = (LTS

0 ——(LOEBHST

Hour 4: enveloped by police, quiescent coolspots begin to emerge
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Police have eradicated sediious
activity over a large arca

Potece pairol a potenizal
problem arca

Police have corralled
bellicose agents i one
portion of the space

Palice move-in on the
seditious “hotspot”™

Emerging
“hotspot™

Emerging Police move-in on the
“hotspot”™ seditious “hotspot™

Likelihood of arrest (aP}  ——esllil) High-high % High-low -* Police
- -* L ora-boray —* Low-high af = (LiKKTS

[ ——w(LAHIRISH

Hour 11: ~75% of the space is cleared of rioting, although hotspots remain
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5,000
4,500 ~42% of the crowd
end-up under arrest
4,000 |
3,500
3,000
2,500 The riot’s peak is
relatively low, although R

2,000 @ itis very long-lived ERRREREELLLLL b
220l | ..---"“"" Rebellion is still active in
1,000 _,.-*“"' small volumes at hour 10

] . -

500 _,#"

i"d
0 1 2 3 4 =] 6 T 8 9 10 11 12

Time (hours)
B Rebels M Civilians Bl Jailed

The “Mass protest” scenario: ambient quiescence dampens sedition
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1,000
800
600
Relatively few
arrests are made
400 | —
Initial defection to the commmera- peammme
rebellion is minor ____,__.-......--
200 " oot e Relative order is
- _'f"'_, S ~ imposed quickly
|.’*‘._—"
0 1 2 3 4 5 6 7 8 9 10 11 12

Time (hours)
B Rebels M Civilians Hlll Jailed

“Riot police” scenario
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1,000
800
600
Sharp initial The rebellion is maintained
uprising at a relatively steady state
400
|
200
0

1 2 3 4 5 6 7 8 9 10 11

Time (hours)

B Rebels HM Civilians HHl Jailed

From a police perspective: the “non-engagement” scenario

12



We may lack sufficient theory upon which to
build a model
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Deriving behaviors by machine-learning
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W Draw Frame
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Machine-learned behaviors

Walking
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time

Machine-learned behaviors

Running
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time

Machine-learned behaviors

Riding a bicycle
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Machine-learned behaviors

Playing baseball
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Find similar action points

Perturbation Area

/
/
/
/
/
/

Output samples

Attraction result
Query point

Loca\liy-weighted result

\
\
\

Build samples

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

CRIDEBIKE

ipdate: O.05%476 18 fFps

Clock: real-time mode, variable frame rate (9 fps)
Camera: static

(Work with Xun Li)
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Mixing disjointed theory and data
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Modeling urban dynamics at small
geographies
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The data relate to the of
movement; we need to simulate
behaviors
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Scenario-
building

A

Create Create/edit Output to social
synthetic data motion capture network
populaton gata

v v

Parameterize _: Behavioral
model in GIS model

analysis

Texture scene

in CAD
Specify social _| Output to GIS
networks

>

Rendering
engine

User/
stakeholder
testing

Scenario

L —— Validation
visualization

!
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Perspactive Wiew
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Parspective \few
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Each bone may move with

degrees of freedom around High-resolution
key joints in the skeleton : face geometry
:
— e, S i M
L |
—

' The leg bones are connected
— 1o the hip bones, which are
\ ~ - connected to the pelvis...

1 L 11 i
: | Feet-nodes—+for ———-1"
2 “inverse-kinematics

Resull
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-

| Space-time path

s
Stationary

== >

o obstacle
' Vision

| frustum

Running w—m (B S F-I‘-“wﬂ Walking

Vision frustum, ray-tracing, physical steering



Higher-level behavior s
(#scripted) using computable brains
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A ~ (St/ TS)
Ts: (S, In) = Sia



Spatial Transition || Movement
ontology rules rules
Geographic\ \ % Relationship
=G~ (K: S Te: LM N.Ry) <
automata / /\ \ rules
Dynamic 12N nen Dynamic
state location spatial
descriptors [| conventions || relationships

Ts: (Sy L, NJ)=2 Siis
M,: (S, L, NJ)=2 L,y
Ry: (Sp Ly N2 Ny
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Geosimulation Group Pedestrian Model Environment 02

i =] Crowd size: &
[F3] Hew FPedestri n 298
[F5] Output type: agent_position.o

F6] Output OFF

update: 0.00105 (950 fps)
draw: ~0.00964 (104 fps)
other: 0.02281 (44 fps)

Clock: real-time mode, variable frame rate ( fps)
Camera: flxed local offset

Wayfinding using time geography
(Work with Scott Brown)
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Running ‘ . Walking

Discrete bundles of space and time as “footsteps”



- \
s " \

AL . N

Inverse kinematics to resolve body locomotion
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Street crowd, New York City blackout (August 15, 2003)

(Photo: John Wehr)
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Female, walking leisurelv




Dr. Paul M. Torrens | ASU
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Image borrowed from ABC: http://i177.photobucket.com/albums/w234/JoeLostHeroes1/monster.jpg Minus the image, © paul m. torrens 2009 / all rights reserved
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cular Statistics Tool

EXICERT) XL
- £F Layers Field Calculation .Graph Option | View Table
+ directData
= buildings
= Selected Layer : directD ata

() Select by graphics

Usz select tacks on the toolbar. I:I Calculate

(%) Select by Attribute

Ey Single Yalue [] By FRange

AgentlD v

From Ta

79 b

Calculate

Direction Range Relative
Murn of Selected Features 20" E:Iegree] [dearee] e o
133 ' 230 225¢8¢235 |2 0.014
Mum o Uit odta 240 23/¢B<245 |5 0.03
8 250 245¢8¢255 4 0.029
260 255¢B<265 |3 0.022
Mean Angle [Fadian] 270 285¢B< 275 |11 003
0.72351 160 280 275¢8<285 |11 0.08
290 285¢8¢295 |15 0.109
Mean Angle [Dedres) 300 295¢B<305 |10 0.072
-H.45383 310 WG<BHE 4 0.029
320 N5¢B<35 6 0.043
gl G 2 Hiaatiy 330 35835 |11 008
069778 : 340 I/BHE 6 0.043
a7 7= & 350 345¢B¢355 |13 0.094
|
Err=m=mr==y) n=1%
S

(Work with Atsushi Nara)



Building this much behavior into agents
is computationally intensive
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Complex geometry — Simple geometry

© paul m. torrens 2009 / all rights reserved




© paul m. torrens 2009 / all rights reserved



Future work
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Parzpactive Wigw
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Human: Nomal

o
c
©
o
»
S
£
S
I

Zombie: Normal

Zombie: Chase

Uh-oh
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Presidential Early Career Award for
Scientists and Engineers

NSF CAREER Award

NSF Geography & Regional Science
NSF Methodology, Measurement, and

&
| Statistics
NSF Human Dynamics of Social Change

sz Science Foundation Arizona
roenix  Herberger Foundation
Autodesk Autodesk, Inc.
®Alias Alias, Inc.
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Thanks!
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Geosimulation

Horne | Background | Book | Research | Publications | Bio | Press | Geosimulation Labs
Dr. Paul M. Tarrens, ASU School of Geographical Sciences, torrens at geosimulation dot com

Mews | Mew publications | Mew grants | Contact details .
Mew projects ==

Presidential Early Career Award >>

I'was awarded the Presidential Early Caresr Award for Sclentista and Engineers by President Bush in a ceremany at the
White House on December 19, 2008, The award was for my wark an camputer models of hurman hehaviar in critical
situations. Press releases: White House; Executive Office of the President, Office of Science and Technology
Palicy, Mational Science Foundation; Arizona State University, The Association of American Geographers. (Photo
by Chris Greenherg.)

Megacity futures

Immersive modeling

News >> (older news is here)

BBC Focus magazine, "the world's best science and technology monthly", featured my research on crowd
behavior in thier April issue {with a mention on the front page), with a story entitled, "The trouble with crowds:
The scientists working to prevent another Hillsborough”, that discusses crowd behavior and critical events on the
twentieth anniversary of the Hillshorough diasaster (Edward Chipperfield) (March 10, 2009

LiveScience's Research in Action section has featured my wark on crowd and riot maodeling, with a piece A taolkit for measuring sprawl
entitled, "Riot dynamics modeled”. Currently, the story is featured on the front page (Diane Banegas) (March 8,
2009

My weork (and my photographl) is featured on the front page of Enginesnng Mews Record. "Researchers in 'early [ -
career' lauded for work to revalutionize engineering and industry" (Debra K. Rubin) (February 22, 20039) :

The Association of American Geographers newsletter has a feature on my Presidential Award in this month's
issue (February 16, 2009)

Popular Mechanics interviewed me for a feature on crowds at today's presidential inauguration: "How officials will
e B R R R N N TS PPt LR ] P P ] PR PP o B [ T (kY

£

http://geosimulation.org
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