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Following previous works by Yamauchi et al. (PRE 79) and Nakata et al. (Physica A 389), who
investigated whether a traffic flow with lane closing instinctively contains social dilemma, another
question of whether lane changes in a traffic flow without any evident bottlenecks bring about social
dilemma structures. Simulation result reveals that flow phases featured with high flux and high density
have obvious social dilemma classified with Prisoner’s Dilemma, where all drivers tend to take the
strategy trying lane changes as long as possible, and this causes the worst beneficial situation from
social benefit point of view. Whereas, in flow regimes having local jams but much more flux than entire
jam phase, frequent lane changes can rather improve the total social payoff, defined by averaged flux,
because driving with lane changes can earn pretty small forward gains, leading to larger flux than
driving without any lane changes.
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Rule 1. “Acceleration”

v =miny__ v +1}...(5)
(only if g;2Guv” <V} then Rule 1 is
applied)
Rule 2. “Slow-to-start”
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(only if rand()<q then Rule 2 is applied)

and (if rand()<r then si=S else si=1).
Rule 3. “Perspective (Quick start)”
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Rule 4. “Random brake”

v = max{l,v® ~1}...(8)
(if rand()<1—pi then Rule 4 is applied).
Rule 5. “Avoid collision”
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Rule 6. “Moving forward”

X =x +v...(10)
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Fig.1 Fundamental diagrams. Four colors (blue, brown, green
and black) are representative points of Dilemma-class “A”,
“B”, “C” and “D” phases as shown in Fig.3. (a)Pc=1,
(b)Pc=0.
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Fig.2 Contour showing the normalized flux to each a and .
Four symbols (open and closed circles, open and closed
squares) are representative points of Dilemma-class “A”
(J=0.1,1=1.0),  Dilemma-class “D”  (a=1.0,8=0.1),
Dilemma-class “C” (a=0.8,8=0.3), and Dilemma-class “B”
(0=0.8,$=0.9) phases as shown in Fig.3. (a)Pc=1, (b)Pc=0.
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Fig.3. Payoff structure functions of both C(triangles) and
D(circles)-agents with social average(line). The payoff
implies normalized velocity of-agents. The social average
indicates a normalized flux of the traffic. (A)o=0.1,=1.0,
(B)a=0.3,p=1.0, (©)o=0.9,$=0.8 ,(D)o=1.0,$=0.1,
(e)a=0.7,8=0.4.
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