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sour
e: www.youtube.
om

http://youtu.be/jVvYXEChUzI


A
tivities and traveling
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Network �ows
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Transport model system
travel demand

• route 
hoi
e
• dpt. time 
hoi
e
• mode 
hoi
e
• ...

network supply
• tra�
 �ow
• 
ongestion, delay
• reliability
• ...

travel behavior
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Multi-agent simulation
• 
reate a syntheti
 population of individual travelers (�agents�)
• resolve the demand/supply dependen
y iteratively
• in every iteration (simulated day):1. every traveler 
hooses some planned travel behavior2. all travelers exe
ute their plans (i.e., they travel)3. all travelers observe the resulting network 
onditions
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Dis
rete 
hoi
e modeling
• de
ision maker n fa
es 
hoi
e set Cn of dis
rete alternatives
• ea
h alternative i ∈ Cn is given a real-valued utility Uni
• de
ision maker sele
ts alternative of maximum utilityn sele
ts i ⇔ Uni = maxj∈Cn Unj
• 
hoi
e dimensions in transportation

◮ living: a
tivities (type, sequen
e, lo
ation)
◮ traveling: route, departure time, mode
◮ driving: gap a

eptan
e, lane 
hangingGunnar Flötteröd, Department of Transport S
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Dis
rete 
hoi
e modeling
• fundamental modeling assumption: utility maximization
• de
ompose utility into systemati
 and sto
hasti
 term:Uni = Vni (xni ;β) + εni

◮ Vni (xni ;β) depends on attributes xni and parameters β
◮ random term εni 
aptures un
ertainty in the modeling

• random utility leads to probabilisti
 
hoi
e modelPr(n sele
ts i) = Pr(Uni = maxj∈Cn Unj)Gunnar Flötteröd, Department of Transport S
ien
e 11 / 25



Dis
rete 
hoi
e modeling
• some term distributions imply 
losed-form solutions, e.g.Pn(i | Cn) =

eVni (xni ;β)
∑j∈Cn eVnj (xnj ;β)

• general distributions require to resort to simulationdraw from Pn(i | Cn) ⇔







1. draw error terms εni2. sele
t argmaxi∈Cn Vni (xni ;β) + εni
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Dis
rete 
hoi
e modeling
• estimating the model parameters β requires Monte Carloevaluation of Pn(i | Cn) and ∇βPn(i | Cn): simulatedMaximum Likelihood, Bayesian te
hniques ...
• 
hoi
e sets Cn get intra
tably large (all possible travelbehaviors)

◮ (importan
e) sampling of alternatives
◮ 
orre
t simulated behavior using sampling probabilities

• example: Metropolis-Hastings sampling of paths
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Tra�
 �ow modeling
• mi
ros
opi
: 
ar-following models

◮ driver sele
ts a

eleration based on immediate environment
◮ see talk of Vin
enzo and Biaggio

• ma
ros
opi
: 
ontinuum models, in
ompatible with agents
• mesos
opi
: middle ground between mi
ro and ma
ro

◮ move individual vehi
les based on aggregate velo
ity �elds
◮ fairly realisti
 and 
ompatible with the agent-based approa
h
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Iterations travel demand
• route 
hoi
e
• dpt. time 
hoi
e
• mode 
hoi
e
• ...

network supply
• tra�
 �ow
• 
ongestion, delay
• reliability
• ...

travel behavior

network 
onditions

• represent a day-to-day learning pro
ess
◮ very intuitive, easy to 
ommuni
ate
◮ impli
itly assumes a learning pro
ess
◮ a
tual �learning model� is very ad ho


• are 
omputational means to an end
◮ stationary pro
ess distribution is model solution
◮ stationarity = 
onsisten
y between demand and supply
◮ justi�ed if travelers learn expe
ted network 
onditions
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Iterations travel demand
• route 
hoi
e
• dpt. time 
hoi
e
• mode 
hoi
e
• ...

network supply
• tra�
 �ow
• 
ongestion, delay
• reliability
• ...

travel behavior

network 
onditions

• iterations (hopefully) attain a unique, stationary distribution
• very limited understanding of this distribution
• 
ontinuous limit perspe
tive sometimes helps

◮ assume 
ontinuum of travelers
◮ approximate network �ow dynami
s with smooth equations
◮ obtain analyti
al approximations of stationary mean values
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Behavioral 
alibration from network data
travel demand

• route 
hoi
e
• dpt. time 
hoi
e
• mode 
hoi
e
• ...

network supply
• tra�
 �ow
• 
ongestion, delay
• reliability
• ...

travel behavior
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Behavioral 
alibration from network data
travel demand

• route 
hoi
e
• dpt. time 
hoi
e
• mode 
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 �ow
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ongestion, delay
• reliability
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modeling error network data y
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Some notation
• population of syntheti
 individuals n = 1 . . .N
• individual n has a 
hoi
e set Cn of travel plans
• Πni is probability that person n 
hooses travel plan i ∈ Cn
• x(Π) are average network 
onditions resulting from Π = (Πni )
• individual n 
hooses plan i a

ording to model Pn(i |x)
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Continuous limit approximation
• iterative simulation is maximizer of prior entropyW (Π) =

N
∑n=1 ∑i∈Cn [Πni lnPn(i |x(Π))− Πni lnΠni ]

• interpretation: the system attains its most likely state
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Calibration of simulated behavior
• obje
tive: 
ondition simulated behavior Π on network data y
• approa
h: maximize posterior entropyW (Π|y) = L(y|x(Π)) +W (Π)where L(y|x(Π)) is log-likelihood of y
• this 
an be solved analyti
ally:

Πni ∼ exp(∂L(y|x(Π))

∂Πni )Pn(i |x(Π))

• implemented at individual level, within simulation loopGunnar Flötteröd, Department of Transport S
ien
e 21 / 25



Zuri
h 
ase study: setting
• network with 60 492 linksand 24 180 nodes
• 187 484 agents
• hourly 
ounts from 161
ounting stations
• jointly estimate route +dpt. time + mode 
hoi
e

Gunnar Flötteröd, Department of Transport S
ien
e 22 / 25



Zuri
h 
ase study: evening peaksimulated [veh℄
measured [veh℄0200040006000
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Summary
• there exist 
redible models of human travel behavior
• these 
an be put into models of the physi
al environment
• the resulting model system is iteratively solved (�learning�)
• MCMC ... one realization from this model takes one day
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