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The purpose of this research is the development of a highly reliable simulator of hybrid systems, i.e., systems in-
volving both discrete changes and continuous evolutions. In particular, we aim at rigorous simulation of parametric
hybrid systems, which enables not only the analysis of possible behavior of models but also the design of parameters
that realize desired properties. In this research, we have developed an integrated simulation method using symbolic
formula manipulation and conservative overapproximation by interval arithmetic. This method allows us to simu-
late all possible trajectories of hybrid systems described by a constraint-based formalism. We focus on (i) reducing
computational costs of complex symbolic formulas and (ii) computing zero-crossings of functions that cannot be
handled analytically. This integrated method uses affine arithmetic, the interval Newton method and the mean
value theorem. This method preserves the first-order dependencies of uncertain quantities throughout simulation.
We have implemented the method with a web frontend that provides visualization of parametric trajectories.
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1.9 = x1(0) £1.9001
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INIT <=>
1.9 <= x1 <= 1.9001 /\ x2 =1
/N vi=0/\v2=1.

X1 <=>
vl =0=>x1" =-x1 - 2)
/\ (v1 =1 =>x1> = -x1 + 3)).
X2 <=>

(w2 = 0 => x2’ = x1)
/\ (v2 =1 =>x2’ =x1 - x2 - 5)).

V1_CONST <=> [](v1’ = 0).
V2_CONST <=> []1(v2’ = 0).
V1_0FF20N <=>

[IGvi- =0 /\ x1- = -1 => vl = 1).
V1_0ON20FF <=>

[Q(vi- =1 /\ v2- =1 /\ x1-
V1V2_0FF20N <=>

Qw2-=0/\x2-=1=>v2=1/\ vl =0).
V2_0N20FF <=

[1(v2- =

1 =>vl=0).

>
1 /\ x2- =0 =>v2 =0).

INIT, X1, X2,
(V1_CONST, V2_CONST)
<< (V1_OFF20N, V1_ON20FF,
V1V2_0FF20N, V2_0N20FF).
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AA: HydLa: basic HydLa program,
MazT: maximum simulation time
1: MS := TopologicalSort(HydLa) // list of candidate sets of
constraints
V := GetVariables(HydLa)
T:=0 // current time
S := true // current set of constraints
P := true // constraints on symbolic parameters
Gp :=0 // guards that caused the previous event
E :=0 // expanded always consequents
while T'< MazT do
// Point Phase (PP)
S = Subst(S,T)
(S,P,E,_,_):=
MCS(SQGy, MS, E, P, T, CheckConsistencyPP)
12: if S = false then
13: break
14: end if
15: (S, P) :==Enclose(AddParameters(S, P,V))
16:  // Interval Phase (IP)
17: (S,P,E,A_,A}) =
MCS(SQGy, MS, E, P, T, CheckConsistencylP)
18: S := SolveDifferential Equation(S)
19: if S = false then
20: break
21: end if
22:  (MinT,P,Gp) := GetElement(CompareMinTime(
(Ug=eyea_ FindMinTime(Subst(g, S), P, Gp))
u (U(g:c)€A+ FindMinTime(Subst(—g, S), P,Gp))
U {(MazT—T,true)}))
23: T := MinT+ T
24: end while
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Simulation Settings

4: webHydLa D A7V —> 3w b
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KL THEEL -5V I 2L — 4 Th b HyLaGl DOIERE
%, M6IIRT IO AZHCTIEL =, FEEREREEIZ OS:
Gentoo Linux, CPU: Intel(R) Xeon(R) CPU E7- 4860 @
2.27GHz, Memory: 256Gbyte £ 2> TW\Wd. K707 T L
& 2 IRTZEMh T, Bkt y = 2 DIBRZEROKD LTH
FWRFEBE ] THRZETIVIHIBELTEY, ZOHsEF
FE 5 ICRLTH D, K=k 2(0) = 2,5(0) = 8 BHEF
ERIAL, REDBREMDIKT. I TREARDUIEE %
0 < 2'(0) <0.00001 £4 5T, WNENSTAREETI
IZEDTWD., B cont 1&, BERELE KT 72D DMMBIZRK
EUTHHLTWS.
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INIT <=>x=2/\y=8/\0<=x’<=0.00001 /\ y’> = 0.

FALL <=> [l(cont =1 =>x’’ =0 & y’’> = -9).

BOUNCE <=> [I(y- = (x-)"2 => cont = 0
/\ X0 = x7- - (4x(2%x- x x’- - (y’-))*x-)/(4*(x-)"2 + 1)
/Ny = yr- o+ (2% (2%x- ok x0- - (y7-))) /(A% (x-)72 + 1))

INIT, FALL, [J(cont = 1) << BOUNCE.

6: R ECHRIERD TS T A

FHEEPHETLZILT, YIalb—YavihzeIsiombX
BRI EMFLTNS.
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