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Simulation with formula manipilation and interval arithmetic by HydLa implementation
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Hybrid Systems are dynamical systems with both continuous and discrete dynamic behavior. HydLa is a pro-
graming language for modeling Hybrid Systems. HyLaGI, an implementation of HydLa, simulates models without
calculation error by using formula manipulation. Hybrid systems with complicated equations are difficult to simu-
late with formula manipulation because it is hard to calculate the time of discrete changes. To solve this problem,
we design and implement an algorithm that uses the interval Newton method, which can compute interval numer-
ical solutions containing the exact solution. This algorithm selects an interval suitable for HydLa simulation from
solutions computed by the interval Newton method, and guarantees that there is a unique exact solution in the

selected interval.
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INIT(x0) <=> x=x0 & x’=10.

CONST <=> []1(r=0.552 & g=0.667).

FORCE1 <=> [](x’’=-4/3*Pi*r*g+*x).

FORCE2 <=> [1(x- > 1 => x’’=-4/3*Pixr*g).
FORCE3 <=> []1(x- < -1 => x’’=4/3*Pixr*g).

INIT(0.5), CONST, FORCEl1 << (FORCE2, FORCE3).
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Input: 00 Fzp, Fxp 000000000 DExp, 0000 dndt
Output: 0000 ret

1: stack.push(init)
2: ret =10
3: while stack is not empty do
4:  current := stack.pop ()
5. fori=1 to 100 do
6: prev := current
7: if Exp (mid (current)) /DExp (current) is divided into
two intervals then
8: ltmp := Larger ( mid (current) — M)
xp(current)
9: stemp := Smaller (mid (current) — %
10: linterval := current N ltmp
11: sinterval := current N stmp
12: if linterval # () then
13: stack.push (linterval)
14: end if
15: current := sinterval
16: else )
17: current := mid (current) — %
18: end if
19: if current = prev V current = () then
20: break
21: end if
22: end for
23:  if current = () then
24: continue
25: else
26: ret 1= current
27: break

28: end if
29: end while

30: return ret
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Input: 00 FExp, Exzp 000000000 DExp, 00000
candidate
Output: 00000 assurance

1: if candidate is a degenerate interval then

2: assurance = true
3: else
4: spread := 10floor(logyo(width(candidate)))
5: tmp := [candidate.lower — spread, candidate.upper +
spread]
6:  if Exp (mid (tmp)) /DEzp (tmp) is divided into two inter-
vals then
7 assurance := false
8: end if )
9:  next := mid (tmp) — %ﬁm
10: if next C tmp then
11: assurance := true
12: else
13: assurance := false
14: end if
15: end if

16: return assurance
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