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Hybrid systems are dynamical systems that consist of discrete changes and continuous changes. HydLa is a
declarative language for modeling hybrid systems by means of constraints. It adopts the concept of hierarchical
constraints to describe hybrid systems concisely. HyLaGI is an implementation that simulates HydLa programs
by simbolic execution. Variables in HydLa programs that could be simulated by HyLaGI are all global and static.
Because of that, some models are difficult to write. To solve this problem, I introduced existential quantifier to
create local and dynamic variables and implemented it in HyLaGI. A further problem that arises with existential
quantifiers is that we cannot specify priorities among constraints within the scope of existential quantifiers. To
solve that, I introduced a notation to specify priorities among generated constraints and implemented it in HyLaGI.
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C(vin, vout, i, c)⇔ ∃q.(q = 0 ∧ �(q = c ∗ (vin − vout) ∧ i = q′))
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R(vin,vout,i,r) <=> [](vin-vout = r*i).
C(vin,vout,i,c) <=> \q.(q=0 & [](q=c*(vin-vout) & i=q’)).
E(vin,vout,e0) <=> [](vout-vin=e0).
JUNCTION(i1,i2,i3) <=> [](i1+i2+i3=0).
TIMER(timer) <=> timer=0 & []timer’=1.
SWITCH(vin,vout,i,on)<=>[](on=0 => i=0) & [](on=1 => vin=vout).

TIMERSWITCH(vin,vout,i,time,a) <=> \on.\timer.(
TIMER(timer) & [](timer<time => on=1-a) &
[](timer>=time => on=a) & SWITCH(vin,vout,i,on)).
RCL(vin,vout,i) <=> \ve.\vs.\ir.\ic.(
[]vout=0 & E(vs,ve,10) & TIMERSWITCH(vout,vs,ir,10,0)
& R(ve,vin,ir,3000) & JUNCTION(ir,-ic,-i)
& C(vin,vout,ic,10^(-3))
).
RCR(vin,vout,i) <=> \vm.\vs.(
R(vin,vm,i,2000) & C(vm,vs,i,10^(-3))
& TIMERSWITCH(vs,vout,i,5,1)
).

RCL(vin,vout,i), RCR(vin,vout,i).
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---------PP 1---------
unadopted modules: {}
positive : $timer1<10=>$on1=1-0

$on1=1=>vout=$vs1
$timer2<5=>$on2=1-1
$on2=0=>i=0

negative :
t : 0
$ic1 : 1/300
$ir1 : 1/300
$on1 : 1
$on2 : 0
$q1 : 0
$q2 : 0
$timer1 : 0
$timer2 : 0
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A <=> f=0 & []f’=1.

B <=> [](1<=f<=2 => \x.([]x=1)).

A, B.
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INIT <=> p=65 & []k1=1 & []k2=2 & mode=0.

OFF <=> [](mode=0 => p’=-k2).

ON <=> [](mode=1 => p’=k1).

CHANGEMOD(m) <=>

\x.(0<=x<=0.5 & []x’=1 & [](x=1 => mode=m)).

SWITCHOFF <=> [](p-=68 & mode=1 => CHANGEMOD(0)).

SWITCHON <=> [](p-=62 & mode=0 => CHANGEMOD(1)).

INIT, []mode’=0 << (SWITCHON, SWITCHOFF).

OFF, ON.

4:

---------PP 3---------
unadopted modules: {}
positive :
p-=62&mode=0=>CHMOD(05/10, 08/10, 1)
negative :
t : 3/2
k1 : 1
k2 : 2
mode : 0
p : 62
x1$3 : (1/2, 4/5)
mode’ : 0
p’ : -2
x1$3’ : 1

5: ( )
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INIT(x,y,px,py,vx,vy) <=> x=px & y=py & x’=vx

& y’=vy.

FALL(x,y) <=> [](y’’=-10 & x’’=0).

GFALL(x,y) <=> [](y>0 => y’’=-10 & x’’=0).

BOUNCE(x,y) <=> [](y-=0 => x’=x’- & y’=-4/5*y’-).

BREAK <=>

[](y-=0 =>

\nx.\ny.(

INIT(nx,ny,x-,y-,1/2*x’-,-3/4*y’-)

& GFALL(nx,ny) & BOUNCE(nx,ny))).

INIT(x,y,0,10,1,0), FALL(x,y) << BOUNCE(x,y).

BREAK.
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(module) M ::= C | G⇒ P
(program) P ::= M | P, P | P� P

| Pname(�E)

| ∃ vname. P
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INIT(x,y,px,py,vx,vy) <=> x=px & y=py & x’=vx

& y’=vy.

FALL(x,y) <=> [](y’’=-10 & x’’=0).

BOUNCE(x,y) <=> [](y-=0 => x’=x’- & y’=-4/5*y’-).

BREAK <=>

y-=0 => {

\nx.\ny.(

INIT(nx,ny,x-,y-,1/2*x’-,-3/4*y’-)

, FALL(nx,ny) << BOUNCE(nx,ny))}.

INIT(x,y,0,10,1,0), FALL(x,y) << BOUNCE(x,y),

BREAK.
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unadopted modules: {FALL(x,y)}
unsat mod : {BOUNCE(x,y), FALL(x,y)}
unsat cons : {y’’=-10, y’=-4/5*y’-}
positive :
y-=0=>\nx1$.(\ny1$.(INIT(nx1$, ny1$,

x-, y-, 1/2*x’-, 2*y’-)&
FALL(nx1$, ny1$)&BOUNCE(nx1$, ny1$)))

y-=0=>x’=x’-&y’=-4/5*y’-
negative :
t : 2^(1/2)
nx1$3 : 2^(1/2)
ny1$3 : 0
x : 2^(1/2)
y : 0
nx1$3’ : 1/2
ny1$3’ : 2^(1/2)*(-20)
x’ : 1
y’ : 2^(1/2)*8
nx1$3’’ : 0
ny1$3’’ : -10

9: 2
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BREAK . always
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INIT (x, y, 0, 10, 1, 0), FALL(x, y) << BOUNCE(x, y),

BREAK.

,

, D(t)
.

INIT (x, y, 0, 10, 1, 0), FALL(x, y) << BOUNCE(x, y),

BREAK, INIT (nx1$3, ny1$3, x−, y−, 1/2 ∗ x′−,−3/4 ∗ y′−),

FALL(nx1$3, ny1$3) << BOUNCE(nx1$3, ny1$3).
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BREAK . BREAK
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〈x̄(t), 〈Q,D〉〉 |= P ⇔ (i) ∧ (ii) ∧ (iii) ∧ (iv) ∧ (v) ∧ (vi) ,

,

(i) ∀t∀M ∈ MS (t)(Q(M) = Q(M)∗)

(ii) ∀M ∈ P(M∗ ⊆ Q(M))

(iii) D(0) = DC(P)

(iv) ∀t∀t′ ≥ t(

MS (t) ⊆ MS (t′) ∧ R(t) ⊆ R(t′))

(v) ∀t∃E ∈ MS (D(t))( (s0)

(x̄(t) |= {Q(M)(t) | M ∈ E}) (s1)

∧ ¬∃x̄′∃E′ ∈ MS (D(t))( (s2)

∀t′ < t(x̄′(t′) = x̄(t′)) ∧ E ≺ E′ (s2)

∧ x̄′(t) |= {Q(M)(t) | M ∈ E′}) (s2)

∧ ∀d∀e∀M ∈ E((x̄(t)⇒ d)

∧ ((d ⇒ e) ∈ Q(M)(t)) (s3)

⇒ e ⊆ Q(M)(t)) (s3)

∧ ∀d∀M ∈ E∀MS ′∀R′( (s4a)

(x̄(t)⇒ d) ∧ ((d ⇒ 〈MS ′,R′〉) = M) (s4b)

⇒ MS ′ ⊆ MS (t) ∧ R′ ⊆ R(t) (s4c)

∧ ∀M1 ∈ MS (t)∀M2 ∈ MS ′( (s4d)

M2 ∈ Q(M2)(t) (s4e)

∧ 〈M1,M〉 ∈ R(t)⇒ 〈M1,M2〉 ∈ R(t) (s4 f )

∧ 〈M,M1〉 ∈ R(t)⇒ 〈M2,M1〉 ∈ R(t)) (s4g)

(vi) Q(M)(t) MS (t),R(t)

(i)-(v) .

� �

10: 〈x̄, 〈Q,D〉〉 |= P
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