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1. The only conservation at nodes does not determine the dynamics
2. Additional rules should take into account distribution policies
3. Solutions give rise to boundary value problems on arcs
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Dynamics at junctions




Dynamics at junctions(2)

Traffic distribution matrix A = (a i), 0<0;<1, 2 a;;=1

Rule (A):  Out. Fluxes Vector = A - Inc. Fluxes Vector

Rule (B):  Max |/Inc. Fluxes Vector|| .

(A) implies conservation at the junction

(A), (B) equivalent to a LP problem and a unique solution to RPs
; ,

/

Solutions on roads are given solving boundary value problems.

t Rules (A) and (B) only if bound roblems produce
velocity on incoming roads and with positive velocity on
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Wave Front Tracking

1. Approximate initial datum by a piecewise constant function

2. Solve RPs, replace rarefactions by rarefaction shocks fans:
initially waves evolve independently of one another

3. At time t© > 0 a first interaction between two of such
discontinuities occurs (two shocks collide in this example)

4. Then we solve a new Riemann problem and so on







(P2) Ar'<0
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Numerics and FSF scheme

Network with 5000 roads parametrized by [0,1],
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Real data

Problems :
1. Data: measurements and elaboration
2. Dimensionality: big networks

(C),2003 Helmut Kiatt

_ Plates reading
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There is a loss probability function P : [0, ?,,,.] — [0.1] such that
(1 — P)(R) packets are sent and P(R) are lost.

In the nth attempt (1 — P(R))P(R)" ! packets are sent and P(R)" are lost.

_ _ _, t | .,
tﬂ-u = fz 'TI.-(_]. — FPJJPH_I == m — Vgy = ﬁ(]. — PJ




We essentially invert Rules (A) and (B), giving more importance to through
flux than traffic distribution.

Define the maximal fluxes as before 4™** and Y

The through fHux is I' = min{} ;""" , > 77" }.
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and the distance between u and u' (Finsler metric) as

d(u,u)y= inf L(y)

Y:u—>u'

This metric is (compatible with) the usual L' metric, therefore it can be completed
on the basis of the latter.



In view of this lemma one has:

d(u(t), u't)) = infL(m) < infL(y,)

M : u(t) - u'(t) Y, o ut) = u'(t)

Lemma

< infL(y,) = d(u(0), u'(0))

Yo - U(0) > U'(0)
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Thank you for your attention!
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- Conservation through the node:

S a0y g

i€ {incoming roads} je{outgoing roads}

Fix a matrix A = (a;;). 0 < aj; <1 and Ej aj; = 1.

Rule (A) Incoming fluxes ~vq,...,7,. outgoing fluxes v,41.. ... Vntm:

(’}’n—{—l:--':'}(n—i—m):A'(’}/la"'?’?ﬂr) (2)

Rule (B) Find the point (71,...,%,) which maximizes the function
E(’}/l:"'?’}(n):’}(l—'_"'_l_'}(na (3)

and define (41, Yngm) = A (F1, oo, n).

Rule (A) (i.e. (2)) implies the conservation of cars (1). |

Rule (A) is not sufficient to determine a unique solution.

Given Rule (A), Rule (B) is essentially equivalent to entropy criteria.

- Rules (A) and Rule (B) determine fluxes via solution of a LP problem.



) detBrmine the incoming fluxes:
ggrare deternined by rule (A)
etermined inverting the fluyffunction |

[

h to €0lve a LP problem atquiﬁjctions forihcoming

max Z Yi

tncoming fluxes ~;

A () = { f(o) if u;o € [0,0],

f(ujo) if ujg €lo,1]

?

0<7v;= Z@ji%‘ <75
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Packets flow on telecommunication networks

Telecommunication networks as Internet: no conservation of packets at
small time scales.

O O

Assume there exists a loss probability function and
packets are re-sent if lost.

P : 10, Prgn) 10, 1]

Then at 1st step: (1-p) packetssent, p lost
at 2nd step: p(1l-p) packets sent, pP~™2 lost
at kth step: p~™(k-1) (1-p) sent, p~klost ...




Traffic lights and Viale del Muro Torto
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Data reconstruction error: 9%§hase, 19% congested phase
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Car trajectory on network

« Determine the trajectory of a car on a loaded network

{@-er@mf(p):O, 1 | — o
/O(Oa'r) — po(.il?),

(1) = z,

Theory in papers by Colombo and Marson



A model fot T-junctions

1) The flux from road I; is the same of the corresponding exiting road 1,,4,.
2) The total lux through J does not exceed its maximum capacity I';.
3) The total flux through .J is maximal respecting rules 1) and 2).

[ R B
FPR) The flux from road I, is #; times the flux from road I;, fori=1,...,n— 1.
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Red lights and jams

MODEL Pl | P2 P3
Lighthill-Whitham-Richards model ves | ves yes
Multipopulation model ves | ves yes
Aw-Rascle-Zhang model ves | no no
Colombo phase transition model yes | yves yes
Goatin phase transition model ves | no no
Siebel-Mauser BV'T model ves | no | asymptotically
Greenberg-Klar-Rascle multilane model | yes | no | asymptotically
Helbing third order model ves | no —




tpj(mat) + O Hlill{ﬂj, %pj(mat)} = 0 Ve [ajabj]: teRT
J

Queue buffer occupancy change is given by
the difference between incoming and outgoing flux

Oq;j(t) = fi—1(pj—1(bj—1,1)) — fi(pj(a;,t))

min{ f;_1(pj_1(bj_1.1)). 115} q;(t) =0

i

filpjla;,t)) " q;(t) >0
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d(u, u')=inf {|yllp1, v € Qu. ')}

1&g, mi)ll = > €50 [[Ap g | + > il
ji j

n; is the shift of the queue buffer occupancy g;

Lemma 2.7 The norm of tangent vectors are decreasing along wave front
tracking approrimations.




