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Optimization of HydLa Implementation Using Difference Information of Constraints between
Phases and Relation between Variables and Constraints
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Hybrid systems are dynamical systems with both continuous and discrete changes of states. HydLa is a hybrid
systems modeling language based on constraints. Hyrose, an implementation of HydLa, aims at the verification of
hybrid systems. Hyrose provides some features which are useful for the verification of hybrid systems. However,
Hyrose may take very long time to simulate a large HydLa program. One of the causes of this is the redundancy
in constraint solving. To identify variables which should be recalculated, we propose a technique to analyze the
difference between the previous and current phases and the relation between variables and constraints. By using
the above information, we reduced the number of consistency checks and the judgments of guard conditions that
are performed after the first two phases of simulation. The time complexity of consistency checks was reduced
to O(1) from O(N), while the time complexity of the judgments of guard conditions was reduced to O(N?) from

O(N?).
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INIT(x,y,x0,y0,xv,yv) <=> x=x0&y=y0&x’=xv&y’=yv.
CONS(x) <=> [1(x’’=0).
COL(x1,y1,x2,y2) <=> [1(
(x1--x2-) "2+(y1--y2-)"2=4 =>
x1°=1/4 *
((x2--x1-)*(x2° —* (x2--x1-)+y2° - *(y2--y1-)) -
(y2--y1-)*(~x1’-*(y2--y1-)+ y1’- *(x2--x1-))) &
yl’=1/4 *
((y2--y1-)*(x2° -* (x2--x1-) +y2’ —*(y2--y1-)) +
(x2--x1-)*(-x1’ —*(y2--y1-) +y1’ —*(x2--x1-))) &
x2’=1/4 *
((x2--x1-)*(x1’-*(x2--x1-)+y1l’ —*(y2--y1-)) -
(y2--y1-)* (-x2’ —* (y2--y1-) +y2’ -* (x2--x1-))) &
y2°=1/4 *
((y2--y1-)*(x1’-*(x2--x1-)+y1’ —*(y2--y1-)) +
(x2--x1-)*(-x2° -* (y2--y1-)+y2’ - *(x2--x1-))) ).
COL_WALL(z) <=>
[1(z-+1=40 ] z- - 1

-40 => z’ -z’-).
INIT(x0,y0,0,0,20,20),
INIT(x1,y1,5,5,0,0),INIT(x2,y2,10,10,0,0),

(CONS (x0) ,CONS (y0) ) << (COL_WALL (x0) ,COL_WALL(y0) ,
COL(x0,y0,x1,y1),COL(x0,y0,x2,y2)),

(CONS (x1) ,CONS(y1))<<(COL_WALL(x1) ,COL_WALL(y1),
COL(x1,y1,x2,y2) ),

(CONS (x2) ,CONS (y2) ) << (COL_WALL(x2) ,COL_WALL(y2)) .
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Require: 0000000000 PhaseDODODODOOOD
0000000000 S, 000000000000
0000000000 A4, 000000000O0DOO
0000000000000 A, 000000000
00000000000 CVpree OOOOOOOOOO
O Ccooo00o0o0o0o0o000oU00 MO00000000
00 CcPOOO0OD alweysOOODODO EOOOOODOO
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S := CollectChangingTell(M, A+, S, Sprev, CV)
(TF, CP) := CheckConsistency(S, CP)
if TF = False then
return (False, ¢, CP, ¢, d, p)
end if
Ezpanded := False

1: A+ = F

2: if Phase = PP then

3: (A4, A-) = CollectPrevGuard(M, CD, A4, A_)
4: S := CollectTell(M, A+, Sprev)

5. CV := FindChangingVariables(S, Sprev)
6: else

7: CV = CVprev

8: end if

9: repeat

10:

11:

e e
RN S o

S = AddPreviousValue(S, Sprev, CV)
for all (g = ¢) € BranchedAsks do
(TF, CP) := CheckConsistency(S A g, CP)
if TF # False then
(TF, CP) := CheckConsistency(S A —g, CP)
if TF # False then
continue
end if
Ezpanded = True
if IsAlways(c) then
E = EU(g= ¢
end if
Ay = A+U(g:> C)
if (9= ¢) € A_prev) then
CV := EzpandChanging Variables(c, S, C'V)
end if
else
A_ A_U(g=¢)
if ((9=¢) € A4prev) then
CVtmp = CV
CV := EzpandChangingVariables(c, S, C'V)
if CV D> CVimyp then
S := EliminatePreviousValue(S, Sprev, CV)
continue
end if
end if
43: end if
44:  end for
45: until = Fxpanded
46: return (S, E,CP,A_, A, CV)
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42:
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BranchedAsks := CollectChangingAsk(M, Ay, A_, CV)

Require: 00000000 S,0000000000000
00000 Sprew
Ensure: 000000 O00O00O0OO

M = CollectModules(S)
Mprew = CollectModules(Sprev)
CV := CollectVariables(M A Mprev)
I := MN Mprev
repeat
Ezpanded := False
CM := CollectChangingModule(I, CV)
CVimp = CVU CollectVariables(CM)
if CVimp D CV then
Ezpanded := True
CV = CVtmp
end if
: until ~Ezpanded
: return CV
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