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Overview

@ Traffic networks, route choice, and game theory
@ Route choice experiment (theory and setup)

@ Results and cooperative behaviour

@ Simulation
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Traffic Distribution

Road network as set of different origin destination pairs
(o-d pairs)

Travel time on a route increases with its occupation
Wardrop equilibirium (special Nash Equilibrium):

for all o-d pairs

@ equal costs (travel times) on all used routes and

@ higher costs on all unused routes

Wardrop equilibrium mostly not efficient (7& system optimum),
sometimes even suboptimal for all users (Braess’ paradox)
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Occupation and Inverse Travel Times

@ Greenshield's linear velocity-density relation
forroute i € { A, B}:
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1/T(N;) = A; — B;N,;, nverse travel time

The user equilibrium of equal travel times is found for a fraction

Ne By 1A - A |
N By + B» —I_ Tm [3}

of persons choosing route 1. In contrast, the system optimum corresponds to the
maximum of the overall inverse travel times Ny /T1(Ny) 4+ Na/T5(N3) and is found
for the fraction

N By + By 2N B, + B>
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f B_1=B 2 =B then:

for user optimum: N_1-N_2=(A 1 -A 2)/B (more users at
a faster road)

for system optimum: N_1-N_2=(A_1-A 2)/(2B) (faster road
should NOT be overloaded !!! )
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I Decision Game Derived by a Small Traffic System

Origin @ 1 o-d pair
y @ 2routes (A, B)
@ 2 users
@ payoff points (Py, Pg)
Destination @ usersonAB: N4, Np
2 users:
N,| o 1 2
Pa(N4) = 600 — 300N 4 Yol 2 1 o

Pp(Ng)= 0—100Np - 300 O

Py
Py | 200 -100 -
5

-200 100 0
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Game theory — the Route Choice Game

N4 0 | 2
Ng 2 | 0
P4 — 300 0
Pgp | -200 -100 ~
T | 200 100 0
Route A Route B
0 -100
Route A
0 300
300 -200
Route B
-100 -200
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symmetrical 2x2 game
“A” dominant strategy

(A,A) is unique Nash-equilibirum
which is

@ not system optimal

@ pareto efficient

(A,A) best choice in one shot game




Game Theoretical Classification

prisoner’s coop. def
dilemma: coop. | 0 |-300

def. 100 -200

general form of symmetrical P Lo
) 19 o AN
2X2 games: o ~ Q;{@{&@@ @&Q, \@ﬁb@&&
strategy 1| 0 | P =
12 o D 2
o c;@h%& {(\'ij‘:‘~ 0&,‘5‘?
strategy 2 | B, [-200 = & @} iEF‘D
I -
I d
route A B v Q&?&@ ra‘i R2
- g
choice:  route A| 0 |300 RN O F
route B [-100-200 F,=-200 R,=0
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Setup: Screenshot
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Player knowledge:
@ AA)= P41 =10

& (AB= P=100, £y > Fg

@ time dependent strategy may help to reach P =100
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I Emergence of Coherent Oscillatory Behaviour
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Cooperative Events Eefore Start of Cooperation

Cooperative event (ce): The participants established the system opti-
mum in step £, and both participants change the route atf + 1.
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Model of Reinforcement Learning

@ deterministic preferences of decision behaviour:

NA(t)=Na(t) P <« P <= jt41) it +1)
i(t")=i(t)
S e s
0t t+1 t=r+1 t t+1 (1 € {A, B})

@ In addition, random change of demsmn behaviour (mutation):
y(t) =1 + il — Pg ( ) /100]

Faculty of Physics and Center of Excellence for
Complex Systems Research (CSR),
Warsaw University of Technology




ISimuIated Route Choice Game
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Time period t
@ r=2
. . oty T5i2 |
@ mutation probability: 74(t) = 0.03]1 — P, )(t)/l(][]]
@ Initial conditions:
o (B|A Ny:0)=0 and
o n(A|B.Ny:0)=1
Faculty of Physics and Center of Excellence for SN -
Complex Systems Research (CSR), g o
Warsaw University of Technology ?“% (j

Tn WA



Comparison of Observables

Experiment:
1 1)
B o —Py(AD) c208
§508 --P,(AD) 235 06
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I Cooperation in 4 Person Game Enhanced by Experience
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Entscheidungstheoretische Experimente
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Conclusions

A spontaneous cooperation can occur in a simple
2X2 game

The cooperation can lead to coherent oscillatory
states in players behaviour

Oscillatory states correspond to system equilibrium

A transition to oscillatory states needs spontaneous
flipping of players decisions

Faculty of Physics and Center of Excellence for
Complex Systems Research (CSR),
Warsaw University of Technology




