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Problem



We consider a trajectory x(¢) of R?, 1 € [0, tmax]. Here, fmax = 1.
Define the half-line Z = {0} x [0,00]. Define

Tt = {#,0<t<tmax|x(t) € Z,xi(t+dr) <0}
T = {1,0 <1 <ima|x(t) € Z,x(t+dt) >0}

The crossing number is (x(-)) = card(T*) —card(T ™).



If X(0) = X(fmax), N(x(+)) is the winding number
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Winding contractor

x(-) € [x](-)

x(-) € [%](.)

n(x(-)) € [n]
Contract as much as possible the tubes [x](.),[x](.) and the interval
[n], without removing solutions.



Approach



Approach

Denote by [x](k),[x](k) the kth slides of the tubes [x](-), [X](-).
We assume that for k=0, [x](k) N2 = 0.

Denote by w(t) the crossing number if we take tyax = 1.

We want to compute the tube [w](k) recursively in a forward
manner.
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Contractor rules



Proposition 1.

x](k)N2 =0
{ |—k|=1 } =3, € [t](£) | w(ty) = w(tr)
f € [t] (k)



Contractor rules
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Proposition 2.

h,h € [t](k)
x1 () <0< x1(tr)

x](k)N2 #0
{ 0 ¢ [x](k) } = w(n) =w(n)+1
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Rule 2

[E=k=1 = [w]k):= [w](k) N ([w](€)+[e])

{ x](k)NZ #0
0 ¢ [x](k)

with [0,1] if [x](¢) CR"

[8]{ [—1,0] if [x1](¢6) CR™
0,0 i 0€x])
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Rule 4

X|(k)NZ =0 (W (k) = [wl(
{ —kl=1 = . if [x
X](0)N2 #0
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Rule 5

0 € [x](k)
0 < [x](¢)
6=k =1 = [w](k) == [w](k) N [w](€)
0 ¢ [%] (k)
sign([x](¢)) = sign([X] (k))
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Computing the winding
interval



Computing the winding interval

Initialization



Computing the winding interval
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