201500 ODOOO

ool HydLaODOO4Ooono
oboooboboboobuobuobouooooooon

Ood: 2060 10 230
g : oo g o

goooouod oogbooogognd
obooouogogon

Oo0oOd : 5114F099-9
g o



0

goooodobobobobobooooobobuobobUooobobobooo
gooboobboodoooobbbododooobbboooobbbobooLoobboo
ggobboooobobooooobobooobobobooooboboooobbobooog
0000000000000 00D0D0o0oooDooOoO0O0O0ODO0ODOODOOOOoooOoCPSOO
ggobbboooobobbuooooboboo

CeSOO0ODODOOOUODOUDODUOODODOODOODODODODOODOODODOODO
ggoboboooobobbooooboobboooboboboooooboboooobbooog
goooog

0000000000 HydLaOOOOOOOODODOOODODOOODOOODOOOOO
ggobboogobobooooboboooboboboooobobboooobobooog
gooboboooobobbuooooboboo

HydLaOODOOO HyLaGlOOOOOOOOOOOOOODODOOOOOOOOOOOO
gogoboogoboodobbuooobooobbuooobooobbuooboboboooboba

O00000000000000 HyLaGlOOODODOOOOODODOOOODOODOOO
goobboooobbtbooobobbooobbboooob bbb bbUoog
ggoboboooobobuoooooboooobbooooobobooon

goboboooobobboooobbooooboobobooooboboooobboood
gooboboooobbtbooobobbdioobob bbb bbb bbood
gobooboooogooobbobobobooouoobbboooobbbooooobobooa
ggobboogobobooooboboooboboboooobobboooobobooog
goobboooobbtbooobbbdooobobbuoooobbboooubbboood
o000 o/o000000000O00O0DOU0O0O0D0OUDO0OOOOODOUOOOn
0/00000000000000000000000LO0DUO0U0OO00DDOOUOOO
0000000000000 000 HyLaGlOOOOOODODDOODODODODOODDOOO
goobboooobbtbooobobbooobbboooob bbb bbUoog
ggoboboooobobboooobbobooooboood



Abstract

In modern society, computers hava a large role in controlling various systems. Some
of them are safety-critical such as control lods in nuclear power plants and automatic
braking system of automobiles. Therefore, the study of cyber-physical systems(CPSs),
which combine cyber capabilities with physical capabilities, is an important field in
the world.

Most CPSs are regarded as hybrid systems. Hybrid systems are dynamical systems
with both continuous and discrete dynamic behavior.

The hybrid constraint language HydLa is a declarative programming language for
modelling hybrid systems, which is based on constraint hierarchies. We can model
hybrid systems easily by using constraints described in mathematical and logical
notations.

HyLaGI, an implementation of HydLa, can simulate hybrid system models rigor-
ously by formula manipulation and simulate models with indefinite initial values by
symbolic execution.

Some of hybrid systems are difficult to simulate by the formula manipulation simu-
lation of HyLaGlI, because differential equations that describe the behavior of models
are not always solvable and the time of discrete change cannnot always be solved
analytically.

The purpose of this research is to design and implement a rigorous simulation
method for models that are difficult to simulate by formula manipulation. In this
research, we use interval arithmetic, a guaramnteed accuracy method of numerical
calculation, to simulate models for which the time of discrete changes is hard to
calculate with formula manipulation. We use the Interval Newton method to calculate
the time of discrete changes, but it does not guarantee that there are exact solutions
in interval solutions and may attempt to calculate 0/0.Therefore, We designed a
method for guaranteeing that there is a unique exact solution in the interval solved
by the Interval Newton method, and a method for avoiding the calculation of 0/0.
We implemented thoese two methods in HyLaGI. As a result, HyLaGI is now able
to simulate models that have only one solution trajectory and whose time of discrete

changes is hard to calculate by formula manipulation.
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INIT <=> 9 < y < 11 & y’ = 10.
FALL <=> [1(y’’ = -10).
BOUNCE <=> [] (y— = 15 => y’ = _(4/5) * y-)_).

INIT, FALL << BOUNCE.
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INIT<=>x=0&x’ =0&y=10&y =0&e=1& [1(e’ =0).
FALL <=> [J(cont =1 => y’’ = -10).

CONSTX <=> [J(cont =1 => x’’ = 0).

CONTINUOUS <=> [](cont = 1).

CONST <=> [J(s = cos(x-)/(1 + cos(x-)"2)"(1/2) &

c=1 /(1 + cos(x-)"2)"(1/2)).
BOUNCE <=> []( y- = sin(x-) => cont = 0 &
x? = ((-e) * 872 + c™2) * x’- + ((e+l) * s * c) * y’-

&
y> = ((etl) * s x c) * x’— + (872 + (-e) * c”2) * y’-).

INIT, CONST, FALL, CONSTX, CONTINUOUS << BOUNCE.
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_ 2. 2
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\y;Lew = (k + 1) kS*kC* xlprev + (_k * 82 * 62) * y;/w"ev
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020 0000000000 HydLa

INIT <=> thetal = 0 & 100*theta’ = (40000/3600) &
theta = 0 & collision = O.
X <=> [1(x = 100*cos(theta)).
Y <=> [](y = 100*sin(theta)).
CONST <=> [](theta’’ = thetal).
CONST1<=>[] (thetal’ = 0).
CONST2 <=> [](collision’ 0).
BRAKE <=> []J(x- - 20 = 0 => 100*thetal = - 1/40%(40000/3600)"2).
COLL <=> [J(x- = 0 & collision- = 0 =>

theta’ = 0 & thetal = 0 & collision = 1).

INIT, X, Y, (CONST, CONST1, CONST2) << (BRAKE, COLL).
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lis.0 Case a

| Case b N /f

Case c
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unadopted modules: {}
positive
negative

unadopted modules: {}

positive

negative

t : 0->1+(-1)*(-2+ply, 0, 11*1/5)"(1/2)
y @ 10%t+t~2%(-5)+ply, 0, 1]

y’: 10+t*(-10)

y’’: -10

unadopted modules: {}

positive : y-=15=>y’=(-(4/5))*y’-

negative

t @ 1+(-1)*(-2+ply, 0, 11x1/5)"(1/2)
: 15

unadopted modules: {}

positive

negative : y-=15=>y’=(-(4/5))*y’-

t : 1+(-1)*(-2+ply, 0, 11%1/5)"(1/2)->Infinity
y @ 15+(-5)*(t+(-1)+(-2+p[y, 0, 11%1/5)~(1/2))"2
y’: (m10)*(t+(-1)+(-2+ply, 0, 11%1/5)"~(1/2))
y’’: -10

————————— parameter condition(Casel)------—---
ply, 0, 1] : 10

# time reached limit
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unadopted modules: {}
positive

negative

unadopted modules: {}

positive

negative

t : 0->1+(-1)*(-2+p[y, 0, 11*1/5)"(1/2)
y : 10*%t+t"2*%(-5)+ply, 0, 1]

y’: 10+t*(-10)

y’?: -10

unadopted modules: {FALL}

unsat mod : {BOUNCE, FALL}

unsat cons : {y’’=-10, y’=(-(4/5))*y’-}
positive : y-=15=>y’=(-(4/5))*y’-

negative

t : 1+(-1D)*(-2+ply, 0, 11*1/5)"(1/2)

y : 15

y’: 57(-1/2)*x(-8)*(-10+ply, 0, 1]1)"~(1/2)

unadopted modules: {}

positive

negative : y-=15=>y’=(-(4/5))*y’-

t : 1+(-1)*(-2+ply, 0, 11%1/5)"(1/2)->Infinity

y : 156457 (-1/2)*(-8)*(-10+p[y, 0, 11)~(1/2)*(t+(-1)+(-2+ply, O, 1I*1/5)"(1/2))+
(-5)*(t+(-1)+(-2+p[y, 0, 11*1/5)°(1/2))"2

y’: 5°(-1/2)*(-8)*(-10+p[y, 0, 11)"(1/2)+(-10)*(t+(-1)+(-2+p[y, 0, 11*1/5)"(1/2))

y’?: -10

————————— parameter condition(Case2)---------

ply, 0, 11 : (10, 11)

# time reached limit

033 0bOOooooooooboooooDo
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unadopted modules: {}
positive

negative

unadopted modules: {}

positive

negative

t : 0->Infinity

y : 10*%t+t"2*(-5)+ply, 0, 1]

y’: 10+t*(-10)

y’’: -10

————————— parameter condition(Case3)---------
ply, 0, 11 : (9, 10)

# time reached limit
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oooboooobooobDbooooboboooobooooobooboYobbooooo
FindMinTime 000000000 370000 FindMinTime 00000000000
000000 Trigger DOODO0OO0DO0OOOOO CPOOO(Trigger NCP A (t>0))
gbogoooooboooouoobouooobooooobooouooboooon

Input: HydLa 00000 HydLaProgremOOOOO0OO0OOOOO0O00O MazT
1: MS := TopologicalSort (SolveCH ( HydLaProgram))
2: My := MaxModuleSet (M S)
3: V := GetVariables (HydLaProgram)

4: T :=0; S:=true; CP:=true; E:=0

5: while T' <¢p MaxT do

6: //PP

7. S := SubstituteMinTime (S,T')

8 (S,CPE,___):= CalculateMSC(S, M S, E,CP, T, CheckConsistencyPP)
9: if S := true then

10: break

11:  end if

12:  (S,CP) := AddParameters(S,CP,V)

13:  //IP

14:  (S,CP,E,M,A_, Ay) := CalculateMSC(S, M S, E,CP, T, CheckConsistencylP)

15: S := SolveDifferentialEquations (S)

16:  if S = false V —IsUnique(S,V) then

17: break

18:  end if

19:  (MinT,CP) := GetElement( CompareMinTime
({FindMinTime(SNCP = g)|(g=1c¢) € A_})
U{FindMinTime (S NCP = —g)| (g =c) € A}
U{FindMinTime(SNCPANM_)|M_- € (Mau \ M)}
U{FindMinTime (S NCP AN —-My)|M; € M}
U{(MaxT — T, true)}))

20 T :=MnT+T

21: end while

035 HyLaGIODOOODOODOOOOODO [6)J0O00OO
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Input: 00000 SOOO0DODOOOOOOOO CP
Output: 0000000000000 OOOCO

1: V := GetVariables(S)

2: CPymp :=3V (SACP)

3: if CPymp = false then

4:  return (false,CP)

5: else if C'Pyynp = CP then

6 return (true, CP)

7: else
8: return GetElement ({(true, CPimp) , (false, CP N ~CPymyp)})
9: end if

0 3.6 CheckConsistencyPP D0 00000000 [6)00000

Input: 000000 TriggerDO0O0OO00O0ODOOOOO CP
Output: 000000000O00OO
1: return GetInf(Trigger NCP A (t > 0))

0 3.7 FindMinTime D000O00000O0O 900000
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SN

mg

038 O0OOO0OOODOOODOOOO

INIT <=> theta = Pi/180 & theta’ = 1.

CONS <=> [1(11 = 1 & 12 = 1/2 & g = 98/10).

F1 <=> [](theta- > 0 => theta’’ = -g / 11 * theta).
F2 <=> [](theta’’ = -g / 12 * theta).

INIT, CONS, F2 << F1.

039 000000000DOCOOO0O0O0 HydLaODOOOO
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goobooboboood

(X+Y =[X+Y,X+7]

X-Y=[X-V,X-Y]

(X *Y =[min(X+«Y, X*Y,XxY,XxY), (4.1)
max(&*K,X*Y,Y*X,Y*?)}

| X/Y =X« [1/Y,1/Y] (0¢Y)

0000DO00000O0DO00ODO0DO0bO0O0OD0DOOD 420000000000000
ogn

XNy =90 Y<XorX<Y)
XNY = [maz(X,Y),min(X,Y)] (otherwise) (4.2)
XUY = [min(i,Z) , max (7,?)}

412 0O00O0OOOOOO

00000000 [700000000000000000000000000000
000000000000000000000000000000000000000C0
0oooooo

000 f00000000O00O0O0O0O000000000000 fO00000
X© popoooooooOooDo0oO0f/ 00000 FFOO0¢ F/(X©) oooooo
00000000 4300000000000000000000000000000
000000000000000000 X® oooooooo00000000000
m(X)0O00O X 0O0O000000000000000 m(X)0O X0000000O
0oooo

(4.3)

{XW“M:UMHN@W“) (k=0,1,2,...)
N(X)=m(X)—F(m(X))/F'(X)

413 ODO0OOO0OOOOOOO

0000000000000 00000000000000000000000000
O000D000000000000000000000000 [7J000 200000
D000000000000000000000000000000000000000
00 f(x)=0000000000000000000 XOOooOf(z)=00 X©QO
00000 a4 0000000000000 00000000ODO000O0O0
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001 00000
0¢ F(XO)oo N(X®)cimt(X®)oooooooooooo x®ooooo
Tywe 00000000

O000m(X)OOO XO0UO0OOOoOoOoooooooooo

414 0OO0OO0OOOOOO

00000000000000000000000000000000000000
00000000000000 0¢ F/(X©Y)00oD0000000000000000
000 X®0oooooooo0Do0D000000000000 (7000 21000000
000000000000000000000€ F/(X©)00o0o0o0o00000000
0000000000000000 (72000000

000000000000000000000000000000000000000
000000000000 (7000 (21000000000 440000000000
00000 000000000000000000000000

[1/d,+00) (c=0<d)
1/[e,d] =1 (—o00,1/c]Ul/d,40) (c<0<d) (4.4)
(—o0,1/(] (c<d=0)

gooooOoboOoO0ooOobOoboOooOobobooo4sb0b0Ob0b0O0ObDODOoObOOD

ooooooooon
XD — X, UXy (XL < Xp) (4.5)

ggoboboooobobbooooobobooooboboboooobobboooobbooog
000 XO ooooo0DO0O00000000000000000000

42 0O0O0OO
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ggobboogobobboooooobbooobobobuoooooboooobbooog
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00000000 FindMinTime 00000000000 O0ODOOODOODOODOOODOODO
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goobooood

422 0000
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y>0022+9y2=100000000
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Input: 0000000000 S,000000 GOODO0OOOODOOOODO POOOO

000000000000000000000 grorder

Output: OO0O00O0OO0O0O0OOOODOOO t,,00000000000000000

OO0 guist

1: guist := GetAtomicBorderConditions(G)

2:
3:

>

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:

tiise == 0; Map, := ()
for g € g;;5+ do
if g € grorder then
tity == GetFirst(IntervalNewton(Derivative(g), P, St))
tstart ‘= titw.lowerBound
else
tstart =0
end if
if Solvable(g) then
tiist-addEach(Solve(g, P, St,tstart), g)
else
itvs := IntervalNewton(g, P, St, tstart)
tiist-addFach( ToParameters(itvs), g)
end if
Mapg.insert(g, TrueAtInitial Time(g, gvorder, St))
end for
while t;;5; # 0 do

(tmin, Guist, P) := PopMinimum (t;;s¢, P)
(Map,, satisfied) :=
C’heck:AndUpdateGuards(Mapg, Glists tmin, G)
if satisfied = true then
break
end if
end while

041 0D00O0O0OOO0OOOOOO FindMimTimeD OO [5] 00000
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0o0ooooo
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S;0000000000000D0DO0D00D0ODO0O0O00OD0ODO0OOO0DOODOOD
assurance 0000

0000000000000 Candidate 000000000000 ODOOOOOOO
ooooobooobobooobobUoobbooobOOobODbUO l10obooboboOobobOooo
bOdOassurance O true DO D000 0O0O0O0O0O0O0OO0O0OO0O0O0OO0O0O0OODO
0000000 Candidate 00000000000 max-widen 0000 min_widen
00000 2x Width(Candidate) 00 D000 O00000O0 Width D0DDO0OO
oooooDooboooooooboogo 43060000 27000 assurance JOOODO
000000000000 000000000000000D00000 widen 000
(maz_widen+min_widen)/2 000000 Candidate 0 widen 0000000000
TO0000b0O013000 4000000000 DLDO0O0ODOO0ODOObDOODOODO
0000000000 ResultDODOO 0O0DOODOODOOOODOODOODODODOODO
000000000000000000Omnmaez-widen 000 (max-widen+min_widen)/2
ooooooobooboboboooloobbooo 4300000000 bObDOoOoobobooD



040 0OO000O0O0ODOOOOOOO0O0O0O0 24

O ResultDivs 0 T 000000000 O0O00O0OCandidate 0000000000
doooooooboboOoOaessurance D00 true DD DODODODODODO0OO0OO0O0OO0OO
0000000000000 00D0D000o0DD0O0ooDOOgnodminwiden 000
(maz_widen + min_widen)/2 D0 0000000000000 O0OO7T000000O
00 Omaz-widen <=minwiden 0000000000000 O00DOOOOODOOO
0000000000000 D00D0000000000000000dassurance O false
o0oobOooooooOooooooOoOoooooooooooooDoooOon

ogoooo O/ODDDDDD

04.140000000000000000 0o000000O0O0O000O00OO0DOOOO0O
O0o0oo0ooooooooooooooodoooooooooooooooooon
O0ooooooono ooooooooboobooodoooooobooooooboonoa
oo odoooooooooooooooooon
0000000000000 430000 200000 XOOO0OOoOooOoooooOo
0000 Mid(X)OOOUOOOUOOOUOODOODODOUOOOUO 00O0ooOoooooo
goooooooooodgo :CDDDDDDDDDDDDDDDDDO/ODDDDDDD
goodooo

0 4.4 0 0/0DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0420 16000000 CalculateMidWithoutZero 0000000000 O0OO0DOODO
0000000000000 Cwrrent 00000000 gDODODODOOODOOOOO
rPOODODOODODOO S;00000 Cuwrent 0000000 DODOOO0DODOOO
valid OO0 00
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0000d0ooooooooobDoddddwelid DOODOOODOODODOODODOOOOO
CalculateIntervalValue (g, P, Sy,mid) 0 0 0000000000 Current 00000
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00000000000000000(rate—upper —ratellower) 0000 STEP OOO
0000000 THRESHOLD U0OO0000DO0OO0OO0DOODDOODOOOODOOOOO
goddobooooooooooouoooooooooooooooooooood
Ogueve OO0O0OD0DDO000O0OODODOOOOOOOODOOO1I3000O00O000003
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goobboooobbbooobobbooobobbuoooobbbooobbbooog
ggoboboboooobobooboooooboboooobobooo
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IsUnique
oo bobooboboboboboboboboboobobooooon

426 0O0O0OOO
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Input: 0000000 g0 00000000000 POOOOOOOOOOO S:{0000O0oQOoOoOoOO

oooogn tstart

Output: 000000000000 ITVs

38:

1
2
3
4.
5:
6
7
8
9

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:

: if IsDefined (tstart) = true then

Tinit = [tstartytend]

: else

Tinit = [Oatend]
end if

. stack.push (Tinit)
: while stack # () do

Current := stack.pop
for i = 0 to Maxlteration do
if Current = InvalidInterval then
break
end if
Prev := Current
ResultD := CalculateInterval Value ( Derivative (g) , P, St, Current)
if 0 € ResultD then
mid := CalculateMid WithoutZero (g, P, St, Current)
else
mid := Mid (Current)
end if
ResultF := Calculatelnterval Value (g, P, St, mid)
(ResultDivs, two_intervals) := mid — DivideInterval (ResultF, ResultD)
if two_intervals = true then
Larger := ResultDivs.larger N Prev
if Lager # InvalidInterval then
stack.push (Larger)
end if
Current := Result Divs.smaller N\ Prev
else
Current := ResultDivs.unique N Prev
end if
if Current = Prev then
break
end if
end for
if ShowExistence (g, P, St, Current) = true then
ITVs.push (Current)
end if

end while

042 000000000000 OO0O0 IntervalNewton
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Input: OO0O00O00O g000000O00OO0O0O0OO POOOOOOOCODOOO S.ODO0OO0OO
Candidate
Output: 00000 assurance

1: if Candidate = Degeneratelnterval then
2: assurance := true
3: else
4:  max_widen := 2 x Width (Candidate)
5. man_widen := 0
6:  while true do
7: if max_widen <= min_widen then
8: assurance = false
9: break
10: end if
11: widen = (maz_widen + min_widen) /2
12: T := [Candidate.lower — widen /2, Candidate.upper + widen /2]
13: ResultF := CalculateInterval Value (g, P, St, Mid (T))
14: ResultD := CalculateInterval Value ( Derivative (g) , P, St, T)
15: if 0 € ResultD then
16: maz_widen := (mazx_widen + min_widen) /2
17: continue
18: end if
19: (ResultDivs, two_intervals) := Mid (T) — DivideInterval (ResultF, ResultD)
20: if ResultDivs C T then
21: assurance = true
22: break
23: else
24: min_widen = (maz_widen + min_widen) /2
25: continue
26: end if
27 end while
28: end if

043 O0OOOOOO
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Input: 0000000 ¢gO0000OO0O000ODOD POOOODODODOOOO S:000000O0

O00o0ooooon0 Current

Output: 000 Current 000 valid

NN N e e e e e e e e
T R e L L A rul =

N
w

queue.push ((0,1))
while queue # () do
(rate_lower, rate_upper) := queue.pop ()
rate := (rate_lower + rate_upper) /2
mid := Current.lower x (1 — rate) + Current.upper * rate
if 0 ¢ CalculateIntervalValue (g, P, S¢, mid) then
valid := mid
break
else
if (rate_upper — rate_lower)/STEP < THRESHOLD then
continue
end if
child_rate_lower := rate_lower
for i =0 To STEP do
child_rate_upper := rate_lower + (rate_upper — rate_lower) * (i + 1) /STEP
queue.push ((child-rate_lower, child_rate_upper))
child_rate_lower := child_rate_upper
end for
end if

: end while
. if IsDefined (valid) = false then

valid := InvalidMid

. end if

044 00000 O0/000000O0
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53 0O0O0OO0OO0O0OOOOO

000 HyLaGl OOOOOOOODODOODOOODOOODODODOOOOOOODOOOO
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5.3.1 IntervalTreeVisitor

IntervalTreeVisitor U0 OO OO O0O0OOOO0ODOOOOOOOOOOOOOO
gobobooooobobobobooooboboboooooboobobooo
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5.3.2 IntervalOrInterger

kv O0OODOOOODOOOOOODOODOOOOD powODO 100000002000
0o0oooooooooooooooDooooooooooooooog 200000
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Root [{-Sin[10*Sqrt [2]*#1] + bx#1 & ,
0.2068924872534853852519.3157447207111983}]
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064 Sin000000000000000O0OOODODOOOOOOOO

oooo Ooooooooon
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unadopted modules: {CONST, CONST1, CONST2}

unsat mod : {COLL, CONST2}

{COLL, CONST, CONST1, X, Y}

{COLL, CONST1}

{COLL, CONST, X, Y}

unsat cons : {collision’=0, collision=1}

{x=100*cos[thetal, y=100*sin[theta], theta’’=thetal, thetal’=0, theta’=0, thetal=0}
{thetal’=0, thetal=0}

{x=100*cos[theta], y=100*sin[thetal], theta’’=thetal, theta’=0, thetal=0}
positive : x-=0&collision-=0=>theta’=0&thetal=0&collision=1
negative

t : plt, -1, 11+plt, -1, 4]

collisjion : 1

width(collision): O

theta : (36*p[t, -1, 11+36*p[t, -1, 41+(-B)*p[t, -1, 4]1°2)*1/324
width(theta): 2.13163e-14

thetal : O

width(thetal): O

x : 100*cos[(36*p[t, -1, 11+36xp[t, -1, 4]1+(-B)*p[t, -1, 4]1°2)*1/324]
width(x): 2.15383e-12

y : 100*sin[(36*p[t, -1, 1]1+36xp[t, -1, 4]1+(-B)*p[t, -1, 4]°2)*1/324]
width(y): 1.42109e-14

theta’: 0

width(theta’): 0O

--------- parameter condition(Casel)---------

plt, -1, 11 : [12.41670762237453, 12.41670762237454]
plt, -1, 21 : [14.13716694115407, 14.13716694115407]
plt, -1, 31 : [7.199999999999988, 7.200000000000011]
plt, -1, 4] : [2.843235238143711, 2.843235238143806]

063 19mI00000O0OO0O0OO0OOCODOOODOOOOOOODOODOSOOOOOO
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unadopted modules: {}

positive : x--20=0=>100*thetal=(-1)/40%(40000/3600) "2

negative

t : plt, -1, 1]+pl[t, -1, 3]

collision : O

width(collision): O

theta : (36*pl[t, -1, 11+36xpl[t, -1, 3]1+(-5)*pl[t, -1, 3]1°2)*1/324
width(theta): 8.21565e-15

thetal : (-5)/162

width(thetal): 3.46945e-18

x : 100*cos[(36*p[t, -1, 1]1+36xp[t, -1, 3]1+(-B)*p[t, -1, 3]1°2)*1/324]
width(x): 8.49099e-13

y : 100xsin[(36*p[t, -1, 1]1+36*p[t, -1, 31+(-5)*p[t, -1, 3]172)*1/324]
width(y): 2.55795e-13

collision’: O

width(collision’): O

theta’: (18+(-5)*p[t, -1, 3])*1/162

width(theta’): 6.52256e-16

thetal’: O

width(thetal’): 0O

theta’’: (-5)/162

width(theta’’): 3.46945e-18

————————— parameter condition(Casel)---------

plt, -1, 11 : [12.32494565404109, 12.3249456540411]

plt, -1, 2] : [14.13716694115407, 14.13716694115407]

plt, -1, 31 : [7.19999999999999, 7.200000000000009]

plt, -1, 4] : [17.8648943453993, 17.86489434539931]

064 20m 00000000 0OODOODOOODOOOOOOODOODOSOOOOOO
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