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An Interval-based Consistency Technique for
Reliable Simulation of Hybrid Systems

Da1suke Isail,t! KazuNorr UepAf! and HirosHl HosOBE?

Hybrid systems are systems consisting of discrete changes and continuous changes over
time. Problems in various fields such as physics can be modeled as hybrid systems. In a
simulation of a hybrid system, it is difficult to obtain rigorous solution of the model because
of computation errors in the handling of continuous states.

Our proposed method integrates interval-based techniques for initial value problems for or-
dinary differential equations and consistency techniques for nonlinear problems. The method
obtains accurate and complete interval enclosures of hybrid trajectories efficiently. We imple-
mented the method and evaluate its effectiveness.

Using the method, we can simulate hybrid systems reliably with guaranteeing its accuracy.
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Require: a set C of constraints,
an initial domain Dy
Ensure: a set of domain D; (1 < i< n)
1: D := PRUNE(C, Dy)
2: if D is not empty then
if D is precise enough then
return {D}
else
i := select an index
(D1, D2) := BRANCH(D, 1)
return BRANCHANDPRUNE(C,
BRANCHANDPRUNE(C, Ds)
9: endif
10: else
11: return
12: end if
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Require: a set of guard conditions G,
an g priori bound B; € I x I™,
an index ¢ € N
Ensure: a domain D’ € I"™ a triple (D;_1, B}, D;)
of tight solutions D;_1, D; and a priori bounds
B,
1: B; = Bj
2: if i # 1 then
3:  Bj := PRUNENewton (G, Bj,1)
4:  return Bj
5: else
6: return B;
7: end if
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Require: a vector field Fy,,
a tuple (Dj_1,B;,D;) of a tight solution
D;_y € I™, an a priori bound B; € I x I",
a tight solution D; € I™

Ensure: a tuple of triples ((D;_1, B}, Dj),
(Dj, B}, DY) of tight solutions D;_1, D}, DY
and a priori bounds Bj, By

1: T:= (Bj, 1)

2: (B}, D}, BY,D}) := solve an IVP-ODE &' =
Fy;,, with an initial value ®(Ib(T)) = D;-1
for 2 steps using a step size w(7")/2

3: D} := D; N.DY,4

4: return ((Dj-1, B}, D3), (D}, Bi , DY)
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