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Abstract
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* Model and analyze the Departure Time User Equilibrium (DTUE) problem within the framework
of Mean Field Game Theory (MFG).

* Demonstrate the existence of equilibrium points while considering the heterogeneity of desired
arrival times and trip lengths, which was inadequately addressed in previous DTUE models.

* Achieve faster convergence and reduced computational costs compared to traditional models.
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Novelty, Usefulness, Reliability

Novelty/#T# 1%
* The first study to develop an MFGs-based framework for DTUE
* Relax all assumptions regarding heterogeneities of desired arrival time and trip length

* New heuristic method to speed up calculations

Usefulness/8 B 1%

* established a new DTUE model considering infinite users on a macroscopic network
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Reliability/{S 1%
* Conducted careful numerical experiments including a case study using real data in Lyon, France.
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2024.05.07 Departure Time Choice Models in Urban Transportation Systems Based on Mean Field Games



1. Introduction
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Main idea
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* Departure Time Choice Problem (DTCP), or Morning Commute Problem, is a game of
imperfect information
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Introduction of “Mean Field”
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treat as a single mass, ‘Mean Field’

too many players assumptions

1. the impact of each player on the system vanishes
2. each player only reacts to a “mass”

The core idea of MFGs is to exploit the “smoothing” effect of large numbers of interacting players.
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Introduction of “Mean Field”
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iterative interactions System Dynamics
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traveler’s
decision making

 what time to depart
®  which modes to take
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https://www.shimotsuke.co.jp/
articles/gallery/891075?ph=1

BPRILY > 2 /37 4 —< » X B heavy congestion, traffic jams
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1-2. Literature on the DTUE
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William Vickrey (1914-1996)
“the father of congestion pricing”
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Bathtub Model |Vickrey, 1991, 2020]
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bathtub: the whole system
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oqo William Vickrey (1914-1996)

“the father of congestion pricing”

2 single bottleneck

drain: flow-out traffic
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DTCPICE 9 2L

Departure Time Choice Problem (Morning Commute Problem)
* Point-queue problem(Vickrey, 1969) Bathtub model
* Bathtub model (Vickrey, 199 = // o B
 MFD (Daganzo, 2007) | \\
— Two strong assumptions i MFD
1. trip length is constant 2. single distributed preferred arrival time DTUE has been addressed by
‘ ‘ . + | population game theory
few studies... ~ heterogeneous trip length generallzc?d bathtub ...assumption of ‘Myopia’
(Lamotte and Gerolimins, 2018)  model (Jin, 2020)

Objective

Address the heterogenelty of users and investigate DTUE employing MFGs framework
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2. Problem Definition
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Preparations (1)
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trip length x° desired arrival time t},
trip time T l
< > |
° * *—
departure time t} Ee BE
T+ T
actual arrival time £}, actual arrival time £},
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J=aT®+ BT ) +y(TH),
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long-range part of the Dirac delta

Preparations (2)
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. (2) congestion (fraction of traveling users) JEME (7774 71 —HEE)
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i Sl ® g =fl Vel B

: "= ’ tata) {0 otherwise

' (3) velocity, travel distance, trip time 3R, b U v 7K, bU v 7FHE I —_—

i v = V(ct) z(t) = / vsds = / V(e)ds.  T(H,x') = z71(x' +2(t))) - t; | - k\
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DTCP definition

e Cost Function J;(t, ¢! |t a7 ") = oT(t, x") + Bt} — t, — T(ty, x")) s +y(t, + T(t,,2") — 1)+

trip time early arrival penalty late arrival penalty
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min Jl(tz7tz7td ,33 )
t?ETd
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1 — \ g
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t
Z(t) = / V(cs) ds, DTCP has been formulated as a minimization problem of
0 the cost function J with constraint conditions

T(t4, 2%) = 27 Ha' + 2(t)) — ¢4,
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3. MFGs Framework
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Preparations
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Dynamics of the System
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t
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0
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MFEGs-DTCP formulation & relaxation

DTCPDOERIL
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s.t. {Z(t) = /0 V(F(Ss(2)))ds,
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T(ty,x) = 271 (x + z(ty)) — t,.
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Existence of the Equilibrium

MFGs-DTCPIZ I3EHEET B
« O X b BEAEUILREIRFERT jointly continuous (Proposition. 5)
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4. MFGs Model for MFGs-DTCP
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Optimal Behavior (1)
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Optimal Behavior (2)

B : BEm, AF, B DOEAREZRALHIICT S

Proposition. 8
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Equilibrium Calculation

B : BEREDKE
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5. Numerical Experiments
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Model Validation

Grid Search method[Lamotte and Gerolimins, 2016] & @ EL#ER

1. 5t 8 omE
* iterationZXH*87 %k
e iterationF D ETEIRE (£3.518, ©HRDETEREH 54%%5 5

2. R OMEE O ZE(L
« RO IR AR ENT (K VarE L WigE)
s —ERAE—FDmELE, RXEB¥EE (active trip) DFY CRE)

Table 2. The Quality of the Equilibrium Approximation

Solution method Total number of iterations Convergence indicator (relative cost) Average cost Total travel time, s
MFGs method 259 3.37E-03 12.01 26,984
Lamotte and Geroliminis (2018) 2,000 3.57E-03 12.66 27,362
Improvement, % 87.05 5.61 5.13 1.38
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Model Validation
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Case Study at Large Scale
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Villeurbanne

PART-DIE (=]

3RD ARR.

Notes. (a) Mapping data (copyright) Google 2020. (b) The traffic network using microsimulation.
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1,883 nodes
3,383 links
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Lyon, France




Case Study at Large Scale
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(Color online) Results of the Optimization Process
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6. Conclusion
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