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Main parameters

p(x,t) — flow density,

v(x,t) — flow velocity,

q(z,t) — flow rate.

Moscow, MRR, north.
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Interface of the program “Cars”

Moo spewer: (c) 1516027 B 33svcumocTy or X © 3aucumocTs mexay Rho, V u Q

Boewn MawmHi: (cex) 159 min, / 9539 cex. CxopocTs Motok. MaomHocTs

Cpeprinn cropocTs 5,735 /e / 20,645 kmfu ij-i_ﬁ

Konuuecrso mawmh: 180 )

Havansran cropocrs: 0

[Lnvma konsua: 5000

KONMHECTEO oTpeskos: 20
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Ring road
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Jam movement on ring road
(N = 140 cars, L =5 km, T = 3 hours)
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Tendency to stable condition
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L=20km, T =6h.
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Tendency to stable condition

0 Tt
L=20km, T =12h.
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Fundamental diagram
a1

q = Q(p)

0 p* Pmax P
q=Q(p), Q is concave function,

Q(p) >0, 0<p < Puax,
Q0) =0, Q(pmax) =0.
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Quasi-linear differential equation

Main equation of road traffic:

Op | 9Q(p) _ _

Integral identity:
g

p(x,t)da: = Q(p(a,t)) - Q(p(a,t)),

d
dt

forae a,f R, t=>0.
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Cauchy problem
dp , 9Q(p)
ot Oz
p(z,0) = (),

with initial function

=0, zeR, t>0,

0 < ,u(m) < Pmax; r € R.

Technical solution of this problem is

p = p(x — k(p)t),
where k= k(p) = Q'(p) is a slope of the
characteristic.
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Nagel-Schreckenberg diagram
g+

Qmax

q = Q(p)

0 p* Pmax p

K. Nagel, M. Schreckenberg. A cellular automaton model for freeway traffic.
Journal de Physique | France. 1992. Vol. 2. No 12. P. 2221-2229.
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Analytical representation

gt
Qmax
q=Qp)
0 p* Pmax P
Qlp) = .
k2 (pmax - p), 1Y < P < Pmax
kl Gmax kg Gmax .
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Typical solutions

o If u(x)<p on R, then

pla,t) = p(x — kit)

(forward wave).
@ If u(x)>=p*on R, then

plx,t) = p(x + kat)

(backward wave).
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Forward wave

p 1

Pmax t+———""""""""""————

for t=
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Forward wave

p 1

Pmax t+

for t=0.3
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Forward wave

p 1

Pmax t+

-

for t=0.6

Podoroga A. V., Tikhonov I. V. (MSU) Simulation of traffic flow Dolgoprudny, 2016 17 / 46




Backward wave

p 1

Pmax t+———""""""""""————

for t=
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Backward wave

p 1

Pmax t+———""""""""""————

for t=0.7
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Backward wave

p 1

Pmax t+———""""""""""————

for t=14
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Backward wave

p 1

Pmax t+———""""""""""————

for t=2.1
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Combined solution: depression wave

p

Pmax t+———""""""""""————
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Combined solution: depression wave

p

Pmax t+———""""""""""————

for t=0.2
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Combined solution: depression wave

P
pmax 7777777777777777777777777777777777777
ko
k1
/\
p* L —
| \/
0 a T

for t=04
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Combined solution: depression wave

p

Pmax

o
8

for t=0.6
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Combined solution: shock wave

p

Pmax t+———""""""""""————

for t=
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Combined solution: shock wave

P
Pmax t+——"—""—""—""—""————————————— EQ* **********
k1
p>I< . 4
|
N
-
0 w(t) T
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Combined solution: shock wave

P
Pmaxt—"""""""—"——————————— EQ* **********
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Combined solution: shock wave

p

Pmaxt—"""""""—"——————————— EQ* **********
k1 |
* —_— |
P S —
-
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Hugoniot condition

Speed of the shock wave is

Q(pright) — Q(Pm&))
Pright — Pleft

where 1 (t) is a boundary of the shock wave.

Yi(t) =

Integral identity:
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Ring road idea
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Specifics of the ring road

L is length of the ring road.
All functions are L-periodic for x.
The amount of cars on the road is main value

/Lu(x)dx.

O M < p*L (almost free movement);
@ M > p*L (crowded traffic).

M

Two cases:
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Stability of solutions on ¢t — oo

/Lu(x)dx.

M

Theorem
There is an alternative.
Q If M < Lp*, then 3t* > 0 such that

p(z,t) = f(x — ki t), Vt=>t",

where 0 < f(s) < p* for Vs € R.
Q@ If M > Lp*, then 3t* > 0 such that

p(z,t) =gz + ke t), Vt=t,

where p* < g(S) < pmax for Vs € R.
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Combinatorial result
Lemma

In every set of real numbers

a1,0a9, ... ,0n,
with
a1 +as+...+a, >0,

there exists a dominant element a, such as

ag > 0,
ag + agy1 > 0,

ag + agq1 + agr2 >0,

ag + g1+ Qg2+ -+ Gppp1 > 0.

Index changes cyclically.
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Example

p A
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