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Introduction 

bottleneck = (local) flow limitation 
(e.g. lane reduction, speed limit, narrow corridors, …) 
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When does a bottleneck lead to a traffic jam? 
Is there a critical bottleneck strength? 

here:  
•  theoretical (physics) point of view 
• minimal model: generic nature of bottleneck transitions 



Asymmetric Simple Exclusion Process 

1.  directed motion 
2.  volume exclusion 
3.  stochastic dynamics 

For applications: different 
modifications necessary 

Asymmetric Simple Exclusion 
Process (ASEP) 

bulk dynamics: 

particles hop with probability p to 
right neighbor site if this is empty! 

Toy model for traffic: 

Captures generic aspects of traffic, well-understood, 
many rigorous results exist 

ASEP = NaSch model with vmax=1 



Bottleneck: ASEP with defect 

at defect: reduced 
hopping rate pd < p 
(slow bond) 
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realization of bottleneck 
scenario by a “defect” 

defect strength: 

€ 

Δp := p − pd
p



Effect on fundamental diagram?  

ASEP (p=0.75) with reduced hopping 
probability pd=0.25 at Ld consecutive 
defect sites (period. BC) 

typical: 
•  plateau at intermediate densities 
•  no influence for low and high 

densities 

Flow can not exceed the maximal defect current! 

Bottleneck: fundamental diagram 
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Bottleneck: Theory 
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Every bottleneck leads to jam formation! 

Mean-field approach: (Janowsky & Lebowitz, ‘92) 

arbitrarily weak defect leads to flow 
reduction, i.e. formation of a plateau 
in the fundamental diagram: 

                    Δpcrit
 = 0 

p pd 

plateau 

J 

Jmax 
observable flows: 
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uniform density 
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Bottleneck: Simulations 
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Monte Carlo simulations: 
(Ha, Timonen, den Nijs, 2003) 

weak bottlenecks: no (global) influence 
(on bulk density, flow) !??? 
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Bottleneck: New simulations 

(Schmidt, Popkov, Schadschneider 2015) 

pd / p 

J F
S(

p d
 ) 

– 
J ∞

(p
) 

•  strong finite-size corrections 
•  good statistics necessary 

(dependence on choice of 
random number generator!) 

Effects on current: 

Δpcrit
 < 0.14 
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Bottleneck: New simulations 

(Schmidt, Popkov, Schadschneider 2015) 

Improving statistics by 
•  simulating pure system and defect 

system with identical random numbers 
• measuring difference of density profiles 

(small fluctuations for weak defects!!) 
•  open boundary conditions  

Effects on density profile: 

Δpcrit
 < 0.01 

defect position 

ρ(
p d

,x
 ) 

– 
ρ(

p,
x)

 

r = 1 - Δp 

defect has non-local effects,  
effects density profile in whole system 
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Bottleneck: Mathematics 

Meanwhile: 

Mathematical proof for  Δpcrit
 = 0 announced: 

Basu, Sidoravicius, Sly (arXiv:1408.3464) 

Results are expected to be generic for  
traffic models, not ASEP-specific 



Relevance for empirical results 

Bottleneck effects easily lost in fluctuations! 

What is the best observable to identify a 
bottleneck? 

Interpretation of flow values difficult, subtle 
effects, even in model setting only 
observable for excellent statistics! 
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