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A study on the dilemma game structure observed in a traffic flow of 2-to-1 lane junction
Atsuo Yamauchi T, Jun Tanimoto, Hiroki Sagara® *, Aya Hagishima

A cell antornata traffic model based on Stochastic Optimal Velocity (SOV) model with an appropriate open boundary condition at both in-coming and
out-going edges was established. The model can plausibly reproduce the furdamental diagrem of a traffic flow observed in Japanese high way shown by
Sugiyama. The model was applied to an analysis for a traffic flow of 2-to-1 lane junction considering co-existence of C-strategy agents always driving in a
first lane and D-strategy agents driving in a lower density lane cither the first or second lane. In both High-density and Jamming phases, D-agent’s
interruption into the first lane makes a heavier traffic jam bringing a lower social efficiency, in which we can obscrve the so-called Prisoner’s Dilemma

game structure.
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Fig.1 Relationship of Burgers Equation and traffic
flow model.
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Fig.2 Proposed SOV model considering both in-coming
and out-going open boundary conditions.
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Fig.4 Assumed Model with both in-coming and out-going open boundary conditions. L;; length of 1 lane, Ly; length of 2™
lane, L3; length of Overtaking-Area and Ly; length of Interrupting-Area. An open circle indicates an C-agent, closed one is

a D-agent, respectively.
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Jam phase B

.0 Flux on
Fig.5 Flow-a-g diagram. (A); gray scale contour indicates
normalized flux with an assumption of cooperation
fraction Pc=1. (B) indicates 4 representative traffic flow
phases based on a sketch observation on (A).
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Fig.6 Flow-af diagram, of which gray scale contour indicates normalized flux. Each sub-graph from (A) to (K)
shows the result of Pc=0 to 1. Four plots; open and closed circles, and open and closed squares, are
representative points of Free-flow (2=0.05, £=0.65), Meta-stable (a=0.10, =0.65), High-density (¢=0.65,
£=0.65) and Jam {@=0.65, $=0.05) phases shown in Fig. 8.



SEAREBERE

=Tk
13
1

T T | — -0.5 T T T T
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 08 08 1

a a a

Fig.7 Payoff difference-a-f diagram. The Payoff indicates hop probability (normalized velocity) difference between D- and
C-agents. Each sub-graph from (A) to (I) shows the result of Pc=0.1 to 0.9. Four plots; open and closed circles, and open
and closed squares, arc representative points of Free-flow (a=0.05, £=0.65), Meta-stable (a=0.10, (=0.65),
High-density (a=0.65, /=0.65) and Jam (a=0.65, £=0.05) phases shown in Fig. 8.

> (A)Free-flow a=0.05,8=0.65  (B)Meta-stable a=0.1,8=0.65 (C)High-density a=0.65,4=0.65 (D)} Jam-flow a=0.65,8=0.05
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Fig.8 Payoff structure functions of both C- (triangle) and D-agents (gray circle) with social average (line). The payoff implies
averaged hop probability (normalized velocity) of agents. A Social average indicates a normalized flux of the traffic(A);
Free-flow (a=0.05, £=0.65), (B); Meta-stable (a=0.10, £=0.65), (C); High-density (e=0.65, £=0.65) and (D) Jam
(a=0.65, £~0.05) phases. Those four points are shown in both Fig.6 and Fig. 7 by open and closed circles, and open and
closed squares respectively.
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