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Validated Simulation of Parametric Nonlinear ODE on a Hybrid Constraint Language HydLa
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The purpose of this research is to obtain an over-approximated reachability set of a nonlinear ODE while conserving
symbolic parameters in the approximation. Conserved symbolic parameters represent the behavior of the solution, which is
useful for analyzing the characteristics of nonlinear phenomena influenced by parameters. In this research, first we generate
parallelotope over-approximation of nonlinear functions composing the nonlinear ODE, and using the parallelotopes, construct
a hybrid system as its linear over-approximation. Then we analyze the generated hybrid system symbolically, thus we obtained
a guaranteed-accuracy solution of the parametric nonlinear ODE.
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mid = (Xmin + Xmax)/2
approx. push(GetParallelotope(x;,, mid))
approx. push(GetParallelotope(mid, X,qy))
while approx. size < num do
elem = PopLargest(approx)
mid = (elem. xp, + elem. Xpay) /2
approx. push(GetParallelotope(elem. xpin, mid))
approx. push(GetParallelotope(mid, elem. Xpmay))
end while

1. ParallelotopeOverApproximation®7 /L TY X 2

Input: 225D 7E F K [ Xmin, Xmax]
Output: {7 {Kkparallelotope

Ymia = Xmin + Xmax)/2
affine = fin ((Xmins Xmax])
Ymia = f Xmia)

bmia = Ymia — af fine.a X xpiq
a:=affine.a

bmintower =0
bmax.iower = af fine.b.lower
while eps < |bminiower — Pmax.iower| d0
mid = (bmin.lower + bmax.lower)/z
if Intersects(a, byq — mid, Xmin, Xmax) then
bminiower = mid
else
bmax.iower = mid
end if

end while

bmin.upper =0
bimax.upper = af fine.b.upper
while eps < |bmin.upper - bmax.upperl do
mid = (bmin.upper + bmax.upper)/z
if Intersects(a, byig + Mid, X;min, Xmax) then
bmin.upper = mid
else
bmax.upper = mid
end if
end while

b= [bmid - bmax.lowerr bmid + bmax.upper]
parallelotope = {a, b}
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