
HyLaGI

A Branch-and-bound Algorithm for Determining Discrete Changes for Hybrid Constraint Solver
HyLaGI

Masashi SATO Kazunori UEDA

∗1
Graduate School of Fundamental Science and Engineering, Waseda University

∗2
Faculty of Science and Engineering, Waseda University

Hybrid systems are dynamical systems involving continuous and discrete changes. Various models such as cyber-
physical systems and control systems can be discribed as hybrid systems. We are developing HydLa, a modeling
language of hybrid system and its symbolic simulator HyLaGI. HyLaGI performs exhaustive search to find time
points of discrete changes, but its computation becomes a bottleneck for some programs having a large number of
guarded constraints. In this research, we propose a efficient search method using a branch-and-bound algorithm
and implement a prototype. The result of simple experiment shows that our approach reduces most of the search
cost in the motivating example.
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1 // #define N 6
2
3 INIT_X(v) <=> (x = 0 & x’=v).
4 X_MOVE <=> [](x’’ = 0).
5 INIT_Y(h) <=> (y = h & y’ = 0).
6 FALL(g) <=> [](y’’ = -g).
7 WALL(w) <=> [](x- = w & 0<=y-<=2*N => x’ = -x’-).
8
9 BOUNCE_ON_STEP_HOR(cornerx) <=>

10 []( (y- = N - cornerx-) & (cornerx- <= x- < cornerx- + 1)
11 => (y’ = -9/10 * y’-) ).
12 BOUNCE_ON_STEP_VER(cornerx) <=>
13 []( (x- = cornerx-) & (N - cornerx- < y- <= N - cornerx- + 1)
14 => (x’ = -x’-) ).
15 BOUNCE_HOR := { BOUNCE_ON_STEP_HOR(i) | i in {0..N} }.
16 BOUNCE_VER := { BOUNCE_ON_STEP_VER(i) | i in {0..N} }.
17
18 INIT_X(1), INIT_Y(N + 3),
19 (FALL(9.8) << BOUNCE_HOR),
20 (X_MOVE << BOUNCE_VER << WALL(0)).
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S ⇔ x1 = f1(t) ∧ x2 = f2(t) ∧ · · · ∧ xn = fn(t)
G = (g1, g2, . . . , gm) , HyLaGI
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input:
G :

S :

P :

output:

1: function FindMinTimeUsingBranchAndBound(G, S, P)

2: PQ := PriorityQueue()

3: S ol := {}
4: PQ.push(〈0,G, P, f alse〉)
5: repeat
6: 〈Tcurt,Gcurt, Pcurt, t fcurt〉 := PQ.pop()

7: if Pcurt = f alse then
8: continue
9: end if

10: if t fcurt = true then
11: S ol := S ol ∪ {〈Tcurt, Pcurt〉}
12: PQ :=

⋃
〈T,g,p,t f 〉∈PQ{〈T, g,¬Pcurt ∧ p, t f 〉}

13: continue
14: end if
15: H := CalculateRelaxedGuards(Gcurt)

16: for h ∈ H do
17: MinResult := FindMinTime(S ubst(h, S ), Pcurt)

18: for 〈Tmin, p〉 ∈ MinResult do
19: CGS Result :=

20: CheckGuardS at(S ubst(S , t = Tmin),Gcurt, p)

21: for 〈t f , p〉 ∈ CGS Result do
22: PQ.push(

23: 〈Tmin, {g|g ∈ Gcurt ∧ g⇒ h}, p, t f )〉
24: end for
25: end for
26: end for
27: until PQ = {}
28: return GetElement(S ol)
29: end function
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[s] [s]

1

(N=100)
1.4072 0.15838

10

(N=100)
7.6225 0.808

1

(N=500)
6.5186 0.56365

10

(N=500)
38.597 1.2795
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