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Abstract
Shunpei KOYAMA

Hybrid systems are dynamical systems involving continuous and discrete changes.
Many dynamical systems can be represented as hybrid systems; examples include a
ball bouncing on a floor and a car with braking. HydLa is one of modeling tools for
hybrid systems.

When we describe models for the verification of hybrid systems using a modeling
language like HydLa, we often encounter a problem that a program does not reflect
the programmer’s intention. We call it Modeling Errors.

HydLa is a constraint-based modeling language for hybrid systems. HydLa allows
one to specify priorities between constraints, which is called constraint hierarchy. We
can describe programs easily by constraint hierarchy, but it is not easy to detect the
causes of modelling errors and to correct them.

The purpose of this reserch is to make it easy to detect the cause of modeling
errors and to fix them. We define modeling errors, propose a method for statically
detecting the causes of modelling errors, and implement the proposed method. A
feature of the proposed method is that it prevents erroneous detection. The basic
idea of the proposed method is to derive errors from the powerset of all constraints of
a HydLa program. However, not all of the subsets of constraints are adopted in the
simulation of a HydLa program. For example, if a constraint hierarchy is specified
between conflicting constraints, the simulation never reaches the state in which these
constraints become effective at the same time. The purpose of the proposed method
is to prevent detecting such states as errors. This is realized by creating candidate
constraint sets. We implemented these methods in HyLaGI and made sure that we

could fix the errors easily by using the result of error detection.
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INIT <=> y = 10 & y’ = 0.
FALL <=> [I(y’’ = -10).
BOUNCE <=> [] (y— =0 => y’ = —4/5 * y-)_).

Tt = W NN =

INIT, FALL << BOUNCE.
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(hydla program) H = (DF. | DC.)x
(definition) DF :=  Dname(E){DC} | Cname(X)<=> C
eclaration) D 2= M | Dname(E)| DC,D DC << D D
(decl ) DC | (E)| DC,DC | DC ¢ 1(DC)
(module) M = C
(constraint) C = A| Cname(E)| CAC| G=>C |0OC|(C)
(quard) @G = A | GANG| GV G|(G)
(atomic constraint) A = E ( relop E)+
(expression) E x= 0000 ]| E’| E°E | E-
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0000000000 IPOInterval PhaselD OO OO0 OO OO PPO Point Phase O
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unadopted modules: {}
positive
negative

unadopted modules: {}
positive
negative
t : 0->27(1/2)
2 (£72+(-2))*(-5)

unadopted modules: {F
unsat mod : {BOUNCE,
unsat cons : {y’’=-10
positive : y-=0=>y’=
negative :

t : 2°(1/2)

y : 0

y? : 27(1/2)%8

ALL}

FALL}

, y'=—4/5%y’-}
_4/5*y;_

unadopted modules: {}

positive

negative : y-=0=>y’=-4/5*y’-
t @ 27(1/2)->27(1/2)*13/5

: 18%27(1/2) *t+(-26) +t~ 2% (-5)
: 2%(27(1/2) %9+t* (-5))

: -10

unadopted modules: {FALL}

unsat mod : {BOUNCE, FALL}

unsat cons : {y’’=-10, y’=-4/5xy’-}
positive : y-=0=>y’=-4/bxy’-
negative :

t : 27(1/2)*13/5

y : 0

y’> @ 27(1/2)%32/5

unadopted modules: {}

positive

negative : y-=0=>y’=-4/bxy’-

t @ 27(1/2)*13/5->27(1/2)*97/25

y @ t72%x(-5)+27(1/2) *t*162/5+(-2522) /25
y> @ tx(-10)+27(1/2)*162/5

y’>? : -10

# number of phases reached limit
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33 HydlaOOOOOOO
3.3.1 Basic HydlLa

0000000 23000000 HydLaOOOODOOOOODODO Basic HydLaO OO
OO000000Basic HydLaODODOOO 310000

(basic hydla program) BH == (CM. | HC.)*
(constraint module) CM =  Cname <=> M
(hierarchical constraint) HC == CM | HC, HC | HC << HC
(module) M G = C|[I(G=> 0O
(constraint) C = A|lcCcnAnC|OC
(quard) G = A | G AN G
(atomic constraint) A n=  E(relop E)+
(expression) E = 0000 | E | E-

O 3.1 Basic HydLaOODO

0000000000000 (CM)00000 (HC)0oooooooooooooo
000000000000 (M)0D0O0 (Creme) 00000000000000000
0 (G)000 (C)000000000000000000 (G)0000 askOO000D0
(C)0D0O0O0 tll0000O0O000000000000 =>0000000000000
00G => CO000000000000 (()0000000 (C)0000000000
0000000000000000000 (A)000000000000000000
00 [1 000000000 Globally 0000000000000 00000000
O0EO0000° 0 EO010000000-0 EO0OOOOOOO

332 OO00OOOOOObOOO

Basic HydLaO OO OOOOOHydLaOOOOOODOOOOOOOOOOODOOOO
00000000000000000000000000000 (askO0)00D0O0OO
000 (=>)000000 (tellD0)000000000O0O0OODODOOOOO 3200
O0000000D0askO00 y-=000000000tellO0 ¢ =—y/-0000000
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goobooood

BOUNCE <=> [] (’y— = O => y/ — _y/_).

032 0000000 BOUNCE

obooboobobooobuoobobooobooboboobooob 2000000
goooo

e ask 0O OIODOOOO telODDOODDOO
e sk 0000000 DOOO telDODDOOODDOOODOOODODOO

O0O00OHydLaDOOODODOOOOOODOO (DO0OD)0000O00DQOOODOO
000000000 A K BOOOOODDODODOODOODODODODOOO ADDDOOOOOO
BOOODOOO0O0O0O0DODOODDODDODOODOD ADDODDODOOOODODODOO BODODOOO
oo0o0ob0ooooboobobooboobobo0obOobD 2000bO0O0DbOODOOD
gooboobooood

e sk 00000000 OODODOOODtelO0DOOOOODODOOODODOOD

000 3000000000000000000000 ¢MOO0O000000000
000000000000 3.30 HM(CM)O HMC(CM)OOOOOO0O0OO

(higher module set) HM(CM) =  {m| CM << m}

(higher module constraints) HMC(CM) = /\ (G(m) => C(m))
meHM(CM)

033 HMOHMCOOO

0330000 G(CM),C(CM)00000000000O0DO CMOOODOOOOO
O0DHM(CM)OOOUOOUODOODOOOO0O0O CcMODODO0OODO0OODOOOOoOOOOOO
ggoboboooobobbooooobboooobobbuoooobbboooobbbooog
000000000000 CMOO0OODOD0O00D000000000000 HM(CM) O
O00DHMC(CM)OOOOODO0OO0DO0O0OOD0OO0DO0O00O000O00DOD0O0O00O00
goobobooooon
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0000000000000000000000000000

e sk 0 0JI0O0DOOOODODOOODtelOODDOOOOODOOOODODOOODO
e ask 00000 OOOO telODDOODDOO
e sk DIDOIDOODODOOD telODOODODODODOODODOODO

OO0bO0o00O0obO00obO0obO0obooboOoDb 340300000000 DbDOOOODO
gogoboooogd

(ignored) ignored(CM) (HMC(CM) AN G(CM) A =C(CM) N HM(CM) # 0)
vam € HM(CM)(ignored(m))
(valid)  wvalid(CM) HMC(CM) AN G(CM) A C(CM) N —ignored(CM)

(failed)  failed(CM) = (HMC(CM) AN G(CM)) A ~ignored(CM)

034 0000O0OO0ODOOODOOOO

ignored(0 0)

ODO000000askO0O0O0DOO0OO0DOO0OODOOODOOODOODODOODODOODODOOOO
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O000Mask0O0O000OO0ODOOO0ODOCOOOOtellDOOOODODOOODOOOOODOO
ooooooobooboobooboooobooogbbOob 2000000 bDOobOboOon
gooooogd

e U0 DDOOO0O0OUUODLDLOLUOULDLDLDULOOOUODLDLODOOUODLDODO
agoo
e UIUUOLDDUUOUOLDDLDUOUUDDDUUUDDLDO

valid(O O)

ask 0000000000 OtellDOODOOO0OO0ODO0ODOO (DOO)0ODOOOO
00000000000 000D00000D0000Mask0000OD0O0O0O0OO tell ™
oooboomobobobooooooooobobooooooobooo 3obOoo
gogobobooooooo
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failed(O O)

ask 000000000000 tellO0DDOO00O0O0ODO0ODOOODOO(DOO)OOOO
0000000000000 0000000000D0D00Mask000000O0ODO0O
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oo0oooOo2000000000bD0bOooboOg

e OOUOOODLDDODO
e 00U UOOLDDDUOOLODLDUOOUODLDObOOUUUDbDDD
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0<t<+ 200000000 (0<y) 0000000000000 0O0000 FALLO
BOUNCELO DO OO

FALL 0JO0O0OOOOO0OOO0
oodab trve0OOO0O0O0OO0
00000000000000000000000 (y-=0=>y =-4/5%xy'-) 0
gobooodg
0000000000000 00O0000 (BOUNCE)DODOOOODOO
BOUNCE O OOOOOOOOO
OO0D0y-=00000000
00000000000 00O00DO000 (Woooobooooo

t=+20000000 (y=0)000OO0O0O0UO0O0O0OO0O00O000O00OO FALLOBOUNCE
goooo

FALL 0JO00O0OO0DOOO0OO0O0
bbb rved oo
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00000

BOUNCE 0000000000
0000 y-=000000000
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021000000000 20000000000000O00D0DO00D0OODDODOOO
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O00O000U0O0O0OHydLaOOOOOOOO (askO0)000O (telOO0)00O0OOO
00000000000 0000000000000 (O00DD)0Do00D0oO0o0OO00
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goooog
0000 35000HydLa0000000000O00ODOOOOOOOOOO (MS)
ggoboboooobobuoooooboooboobooood

(module set) MS = {m | valid(m)}
(module set constraints) MSC = /\ (G(m) A C(m))
meMS
(variables) wvar(MS) (= MSOOO0OO0O0O0O0O0oooooooog
(program variables) pvar = 0000000000DO0O00OO0O0O0O0OO0ODOOoOoOo
(conflict module set) CMS(CM) := {m|-~(CMAm)AmeE MS}

035 MSOOO

MSOOOOOtO00D0000 (velid) DOO0DO0OOODO0OODOOOOOOMSCO
MSOOOOUOODOO0O0OO0OO0O0O0O0Ower(MS) O MSOOUODOOOOODODOOOOOO
guobobbObOpver OO0 0oQoUoobobbo0oooobobbboogogd
CMS(CM)DOOUOO0OOD CMOOOOO MSOOOOOOOOOODODOODODOOODOODOO
oo

OoOobo 36000000000 O0ODO0ODO

(over-constrained) OC(CM)

valid(CM) A ~MSC
AT(my, ma) € (CMS(CM) U CM)

(HM(m1) = 0 AN HM(m2) = 0 A m1 # ma)
(under-constrained) UC(v) = v € pvar A v ¢ var(MS)
(non-deterministic) ND(CM) = wvalid(CM) A —~MSC
AVm € CMS(CM)(HM(m) # 0)

ANHM(CM) # 0 AN CMS(CM) # 0

036 U0O0O0O0OOOOODO

03.600000000000000 CMOODOO HM(CM)£A00O0DD0ODOODOOO
00000000 HydLaODOOOOOODOOODOODOOOOOOODOOODOOOOO
0000000000000 00O00000DO0000DO00O00000 requred 000
goooo

over-constrained(0 00 0)
goooodoobooouoooooooooooooooooooooood
gogoboboooobbbooobobbooobob bbb bbooubbboog
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oo0ooboboboo 3gbboboouoboboboboooo

e 00 UOOODODUOOODO
e I UIUODDDOOOUODDOOOUODDDOOOOO
e I00IDOUODUOODrequired 00 100000ODO

under-constrained(0 00 0)

goboboooobobboooobbboooobbboooobbboooobbboooa
goooboboooboobobooboobobooboobooob 1boboooo
gogoooogd

e U UODDDUOUOUOUDLDUUOUUDLDObOULUULDDLDOUUOOO

non-deterministic(0 000 0)
gbobodbgboboboobobobobooboobobooboobooboan
boobobboboobuooboboobobobobboobooboboboboan
goooobbbbboooooooouooooobbbboooooooooooooo
obooobooboooooboboooobob sgboobobooooboboooooon

e 00 UOOODLODODUOOODO
e 0 UIUIUODDUOUOOUDDOUUUDDDOUUUODO
e 1000IDODODOUDOODODOOrequiredd 0000 ODOODOODOO

OOooo00oOo30odoboooobobobo0obooboooDooboobooDbOoo
goobboooobbboooobbbooobobboooobbboooubboboood
gogoboboooobbboooobobboooobobbuoooobbbooobLbbOoog
ggoboboooobbboooobboboooooboood

342 HydlaOOOOODODOOODOODOO

gobobooooooboooobobooogoo

0370021 00000000000000000DO00DODODOODOODOOO
0000000000000 21 000000000000000D0004<2x<60
ggoboboooobbboooobbbuoouobb wATEROODODOO
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o N O T = W NN

INIT <=> y =10 &y’ =0 & x = 0 & x’ = 1.

FALL <=> [1(y’’ = -10).
MOVE <=> [](x’’ = 0).
FLOOR <=> [1(y-=0 => y’ = -4/5 x y’-).

WATER <=> [](y-=0 & 4<x<6

=>y’> =4/6 x y’- & x’ = 1/2 x x’-).

INIT, (FALL, MOVE) << FLOOR << WATER.

037 ODOO0OOOOOODOODOOOO

HydlLaOOOODOOOOODOOOODOOOOOODODODOOODOODOOOODOO
go00ooO00o000O0bO0o0obDO0oO0obOo0oDOO0bOOobOoO0obDOoDOobDO 3.7O000OO
gogobboooobobboooobobobooooboboboooobbbooobbobooog
guobbbooouooobododouoooobbooooobbboooooobonog
FALLO MOVEOODOOOOOOOOO FALLMOVEOOOOOODDOOOOOOOOOOO
oboooboobobo d8ubuoboboooboon

N O O s W NN

INIT <=> y = 10 & y’
FALL_MOVE <=> [](y?’

FLOOR <=> [] (y—:O =y’ = -

WATER <=> [](y-=0 & 4<x<6

O0&x=0¢&x’=1.
-10 & x’° = 0).

4/5 x yo-).

=> vy’ =4/6 x y’- & x’ = 1/2 x x’-).

INIT, FALL_MOVE << FLOOR << WATER.

038 O00O00OOOOOODODOOOODOOODOoOOOobDO

0380000000y-=0AN(z<4Vv6<z)0000000000FLOOROODOO
oodooobobobob FALLMOVELDOOUOUOOOOOOD 00000000 QOd

ggobbooooboboooooboooobobooooboboooooo

0000000000000 0000 3800000 HyLaGIOODODODOODOODO
oooobo 390000
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--- Result of Simulation ------

Case 1
1
PP 1 -
unadopted modules: {}
positive :
negative :
t: 0
x:0
y : 10
x> 1
y> + 0
x’? : 0
y’>’ : -10
IP 2
unadopted modules: {}
positive :
negative :
t o 0->27(1/2)
X :t
y : (t72+(-2))*(-5)
x> 1
y’ @ tx(-10)
x’? : 0
y’? : -10

PP 3

unadopted modules: {FALL_MOVE}
unsat mod : {FALL_MOVE, FLOOR}
unsat cons : {y’’=-10, y’=-4/5*y’-}
positive : y-=0=>y’=-4/5*y’-

negative :

t @ 27(1/2)

y : 0

y? o 27(1/2)*8

# number of phases reached limit

Simulation Time : 0.576681 s
Finish Time : 0.577777 s

WARNING: x is completely unbound at phase...

hh

PhaseType: 1

id: 3

step: 2

parent_id:2

unadopted modules: {FALL_MOVE}

inconsistent modules: {FALL_MOVE, FLOOR}
inconsistent constraints: {y’’=-10, y’=-4/5%y’-}
positive_asks

y_=0=>y > =_4/5*y -

hh
hh
hh

negative_asks
current_time: 2°(1/2)
end_time: 2°(1/2)

--- variable map ---
y <=>0

y)

<=> 27(1/2)*8

039 0000O00DOO0OUOOOOO0ODOOUODObObOObDbOODOoOC
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0000000000000 00000000000O00O0DOO0ooooOoDo [10] 1)
00000000 HydLaOOOOOOODOOODOOOOOOOOODO
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1 4 [

HRERERE

O00O0OHydLaODOOOOODOOOODOOOODOOOOOOOOOOOOOO
ggoo

4.1 OO

OO0000DO00C0c0DO00O00DOOo0oOo0ooooO0ooooOUdOldydLaoon
0O HyLaGIOOODOOOOOOOODODOOD 30000000000000000DO0O
00000 HydLaOOOOOOOOODOODOOOOOOOODODODOOOODOOOOO
ggoboboooobboooobboooobbbouooon

42 0O0O0O0O0OO

0000000000 4100000000000000000000 Globally([1)
0000000000000 00000000000000 Globally(ll)DOODOOO
bbb +=000000000Db00O0ODOO0ODbOObOODDObDOObDOObDOOD
ggoboboooobobooboooooboboooobbogo

Require: HydLa OO OO0 HydLaProgram

Ensure: 00000000000 ME
1: CCS := MakeCandidateConstraintSets( HydLaProgram)
2: CCSyeyp = SolveCandidateConstraintSets(CCS)
3: ME := GetModelingErrors(CCS, CCSgerr)

041 0O0O0OQOOOOODOOOOOOOO
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gobbooooboboooobobooon

MakeCandidateConstraintSets
ddodododododoooooooooooooooooooooooon
0000000000000 0000000000000UooUooOoUoon (oa
r=1,r=2)00000000000000000000O00O0O0UOOOOO
ooooOo0o42000000.

Require: HydLa OO OO0 HydLaProgram
Ensure: 000000 CCS

1. CCS = {}

2: MSS := makeMSS(HydLaProgram,)

3: for each MS € MSS do

4: A = SolveAsk(MS)

5: if Al = {} then

6: if A¢ CCS then

7 CCS := CCSUA
8: end if

9: end if
10: end for

0 4.2 MakeCandidateConstraintSets

SolveCandidateConstraintSets
dooobdooobooooououobooooooooooobooooooon
00000000 (00z=—-2000000000 t=0000)000000
0000000000000 0D0O000000Do00000 43000000.

GetModelingErrors
doooooooooooooooooooooooooooooooooooaa
ddodododododoooooooooooooooooooooooon
gooooooao
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Require: 000000 CCS
Ensure: 0000000 CCSeyg
1: CCSten == {}
2: for each CS € CCS do
3: A = SolveTell(CS)
4 if A!={} then
5 if CheckConflictDiscrete(A) = false then
6: A := Resolve WithoutUnsatCore(A)
7 end if
8 if CheckVal(A) = false then
9: A := ResolveSplitRange(A)
10: end if

11: else
12: A = ResolveWithoutUnsatCore(A)
13: end if
14: CCSieyp = CCSiep U A
15: end for
O 4.3 SolveCandidateConstraintSets
4.3 0O0O0O

OO00000ob0ooboobDo0oboo 38 boboobooooboobooooo
goooo

431 OO0

0000000 380 HydLaDOOOOOOOOOODODOOOOODODOODOOODO
ggoboboooobobboooobobboooobobobuooooboboooooo

e 0 x00D0DO0O0OUODDDOOUOUODDOO
e I00JUI0D0OUUOOUUDOUUDO{FLOOR} ODODO
e 1O00IDODODOUODOOy-=00x<40or6<20000

goobobbooobobboooooo
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4.3.2 MakeCandidateConstraintSets

04200000HydlLa000000000000000000000OOOOOOO
000000002000 mekeMSSOODODODO HydLaOOOOOOOOOOOOO
0000000000000000000000000OFALLMOVEOODOO G(CM) O
00000000000000G(CM) =true000000G(CM) =true 0100000
000000000 ture0000000 (failed 00000000000000000
O00G(CM) #true00000000000000000000 G(CM) = trued0O
0000000000000 MSSOOOOO0O0000OMSSO {FALL.MOVE, FLOORD
WATER}D {FALL_MOVE, WATER}O {FALL_MOVE, FLOOR}O{FALLMOVE} O 4000000

300000000 MSSOOOOOOOOODOOOOO0O00O0O0O0O0OODO00000
004000 SoleAsk 0000000000000 O0O0OOOOD ADODOOOODO
0 ADDDDOO (500)0CCSO00000000000 (600)000000000
000000000 000000 AD CCSOOOO0OD0AODDOOONOOODOOODO
r=1,x=200000000 G(CM)O MSSOOOOOOOOOOOOOOOOOO
0200000000000 MSSOOOOOOOO0O000O0O0O0O0O0O0O0O0O0O0OO00N
0000000000000 000000000000000000000060000
D000000DACOODDDOOOOOOOODOOO00000000 true000000
000000000 44000 2000000000000000000000MSS O
{BOUNCE, BOUNCE2}0 {BOUNCE}D {BOUNCE2}0 {} 0 4000000

BOUNCE <=> [] (’y— =0 = y/ = —y/_).
BOUNCE2 <=> T[] (y_ =0 =>19y = _x’_)_

044 0000000 BOUNCEOBOUNCE2

O000AD g =00000000 MSS OO {BOUNCE, BOUNCE2}(] {BOUNCE}D
{BOUNCE2} D 0000000000000 0O00000D0000 {BOUNCE, BOUNCE2}
OO00O00000 SolveCandidateConstraintSets 0 0000000000000 O0O0O
goooooouoooooooon

00000 MSSOODOOOOOOOooooo (ces)oo

e {{FALL_MOVE, FLOOROWATER}Oy- = 0,4 <z < 6}
e {{FALL_MOVE, FLOOR}Oy- = 0}
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e {{FALL.MOVE}O }

030b0b0boobuoobobooobuooboboonboon

4.3.3 SolveCandidateConstraintSets

043000000000000000DO00O00DO0ODOOOODODOOO

2000000000 CCSOOOUOOODODOOO0OODUOOODODOOODOOOO3
000 SolveTellDODODODODOOOOOODDDODDODOOOODOOOD ADODDODODODOO
A0DO0OODOOOD (1200)00000000000000000000 (unsatcore)
000000000 (ResolveWithoutUnsatCore) 000000 ADODODOOD (40
0)00000 20000000000

o CheckConflictDiscrete
e CheckVal

CheckConflictDiscrete 00000000000 O0D0OO00O0OOOOOOOODOOOOO
O0O000O0OHydLaOOODODDODODOODODOOO0OOD AODODODODODODOOOOOOODOOO
0 (00)0000000000000000000O00OUDO0ODO0DO0ODOUOO
oot unsatcore OO DODOODODOODODO0ODOOOOOOOOOODODODOODOO
0000 (ResolveWithoutUnsatCore) 0 0 0O CheckValD OO ODOOOOOOOOOOO
0000000000000000000 (800)0000OUDOODOO0DDO0ODOOOO
goobboooobbbooobobbooobobboooobbbooobbboog
00 45000 20000000000000/-00000000000000000
O004/-0000000000 —infO00mf00000000O0O0O00O0O0OOOOOO
O00¢/-=0000¢/-0000000000000000000 ¢-=0000¢-00
ggoboboooobobbooooobboooobobbuoooobbboooobLbbooog
0000000000000000 (y-=00000¢-=000000)000000
goooo

BOUNCE <=> [1(3- =0 => o — —y-).
WALL <=> [] (.73- = 2A(1/2) = g/ = —{L’/—&y/ = —4/5 * y’_)_

045 0000000 BOUNCEO WALL

goboubogobdoobooobobogubouoboooboobboaounbouoda
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(CCSey) 00000 (1500)000000000O00O0ODO0O0O00O0 (CCSkey) 0O

e {{WATERO (y'- # 0)}0y- =0,
4 <z <602-=2x2'02'=1/2x2'-0y =—-4/5xy'-0y'-=—5/4xy'}
o {{FLOORO WATERO (/- = 0)}0
y-=0,4 <z <60y-=002"-=2x2'0y =002" =1/2x2'-}
e {{FLOOR}O y- = 00y' = —4/5 xy/-0y'- = —=5/4 ¢/}
e {{FALLMOVE}O 2" = 00y"” = —10}

0400000000000 0DO00DOOOODODODOObOOn

4.3.4 GetModelingErrors

gobobogoobobboooobbboooobooboooobobooooboobooon
gooboboooobobobooooobboooobobooooboboooobobooon
gooboboooobbbooobobbooobbboooob bbb bbUood
ggoboboooobobboooobobbooooboboboooobbboooobbooog
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50

Jooobobood

OO000bO0400000000000000O00OO00OO0ODO0ODODODODODODO
ggobboboogooobuoooooboboooooo

5.1 HylLaGlOOODOO

OOobOoobooboobobobooboo 20000bDO0b0OO

5,11 HylaGIOOOOODOODODODO

000000000000 000HyLaGIOOODODOOOOODDOODDOOOOOOO
O0O0Ooption D O0O0O0OOODOO0ODODODOOOODODOOODODOODODODODOOODOO
googoboobboooodoooboooobbbboooobobbboooooobonbog
HyLaGlI/src/debug O 0 O 0O 0O OHyLaGI/src/core/main.cpp O 0 --debug-constraint
gogobobooooboboooooboo

5.1.2 O0O0O0O0O Mathematica OO O QOO QOOQOOQO

00000000 HyLaGI 00O Mathematica 0 00 O 0O 0O OO Mathematica O
gooo0oooOdo0oooU0ooOoooooooooDOooooooooDOooooDoOoo
HyLaGl O0OOD0OOOOCOOOOOOOCOOOOOOOCOOOODOOODOOOODOO
python 000000000 sympy[13| 0000000000000 0OOOOOOOOO
go0oo0o0oooU0ooUoooOoooO0OoooOooooooUooooooOoooOooo
oooooooooooooo
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52 0000
521 00000

make_ask_map

000000 4200000000000000000O000DOO0O0O00O0OOODOOO0O
oo ooogoobooouoooooo
dooooooboooodoooooooooooobbbooooooooooooon
gooooobboboboooooooooooooooooob oo oooog

make_tell_map

000000 4300000000000000000DOOOO0O0OODODOOOOO0
oo ooouoobooooooood
gboddoboooooobooooooooobobooooooboooooooooa
000000000000 makeaskmap OO0 000000000 ODOOOOODOODO
gbodooooooooouoobooooooooooao

522 00000

000000000000 python 000000000 sympy[13] 000000

make_val_map

O000000000000000 sympy OO0 solve OOOO0OODOODOOOOOO
0000000000 sympy 000 solve DO0O0DO0OODOOODODDOODOOODOOO
gooooboobobooooddddddoooooooooooo 3ogooooo
godoooooboooouooooooooooodd

1. findequality
godoooooooobooooooooooooooooobooooooooog

2. findinequality
000000000000 000000000000D00D0O 000 findequality OO
gooooooooooooon

3. findval
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goboboooobbbooobbbooobbboooobbbooobboboo
goooooon

gooooobbobbbooooooooooouooooboobbob b0 oooog
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] 60

] [

000000 40000000 5000000000D0O0DDOODOODODOO0
0040000000000000 HydLaODOOOOOOOOOOODOODOOODO
gooboboooobbboooobbboooooo

6.1 D00OO00O0OO0O0OO0O0OO0O00O00
6.1.1 00000000

03000000000000000000000000D0O00UD W<x<6)00O
gogobboooobbbooobobbooobbobooooboboooobboood
goo0ooooOOobOOoo0oooOOoboDOobobo 3. TO0o00obOO0obODOobDOobooOoboooOgon
000000000000 0000000D0 HydLaOOOODOODODOOODOOODOO
ggobboogobobobooobobboooboobbooooboboooooboobog

6.12 O000OO0ODOO0O0OO0O

O3800dogpoooooooboooooobooobbobobobooooooo
HyLaGIOOOOOOOOOOOO 6.100 62000000

000000000 0000000000000 UC(x)0000000OODOOOO
gooooobbbboododog «z0b0bbbbb0o0ooouoooboobbbbonon
00000000000 0DbO0000bO00D00DOD00D00DOD0b000D00bO0OOH”-ydLa
ggobobooooboboooobbboooobbbooobbboooboboa
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INIT <=>y = 10 & y’ 0&x=0%&x’=1.
FALL_MOVE <=> [](y’’ -10 & x’° = 0).
FLOOR <=> []1(y-=0 => y’ = -4/5 * y’-).
WATER <=> [](y-=0 & 4<x<6
=> vy’ =4/6 x y’- & x’ = 1/2 x x’-).

N O O s W N

INIT, FALL_MOVE << FLOOR << WATER.

061 (00)0O0DOO0OOOOOOOOODOODOOOOOOO

6.1.3 OD0O0O0O0O0O0OO0OODOOO0

ooboboodobooobooboobooboboboobooboobuooboobo e33O
goooo

gooboooobbbooobbboodbbboooobbboooobbboon
ggoboboooobobuoooooboooobbooooobobooon

6.1.4 0O0O0OO0OOO0O0OO0O
0630000000000000000300000

e 0 xU00D0DO0OO0ODDOOOODDOO
e 1J00ID0D0DODODODDODODA{FLOOR} O DO
e IJ0UI0DUODUUDODYy-=00000

0000000000 20000000000000000000O000 {FLOOR} O
00000000000000000000000D0 2000 20000000000
O000000000000000000000 FLOOROOO 2000000 2’ =2'-0
goobOrroor2000dbboooooobO FLoor0boooond

FLOOR2<=> [1(y- = 0=>¢' = —4/5xy/- & 2’ = 2'-).

00« =2-002’00000000000000000000000000O0O00O00OO
000000000 {FLOOR2} 00000 00000000000 DO0DO0ODOODOO
0000000000000 0D0000D0D000000 HyLaGlODDOOODOOODOOO
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--- Result of Simulation ------

Case 1
1
PP 1
unadopted modules: {}
positive :
negative :
t: 0
x:0
y : 10
x? 1
y’> : 0
x’? : 0
y’>’ : -10
IP 2
unadopted modules: {}
positive :
negative :
t : 0->27(1/2)
X :t
y : (£72+(-2))*(-5)
x? 1
y? ¢ tx(-10)
x’? : 0
y’>’? : -10

PP 3

unadopted modules: {FALL_MOVE}
unsat mod : {FALL_MOVE, FLOOR}
unsat cons : {y’’=-10, y’=-4/5*y’-}
positive : y-=0=>y’=-4/6xy’-

negative :

t : 27(1/2)

y : 0

¥ 27(1/2)#8

# number of phases reached limit

Simulation Time : 0.576681 s
Finish Time : 0.577777 s

WARNING: x is completely unbound at phase...

PhaseType: 1

id: 3

step: 2

parent_id:2

unadopted modules: {FALL_MOVE}

inconsistent modules: {FALL_MOVE, FLOOR}
inconsistent constraints: {y’’=-10, y’=-4/5%y’-}
positive_asks

y_=0=>y ) =_4/5*y P

hh
i
hh

negative_asks
current_time: 2°(1/2)
end_time: 2°(1/2)

--- variable map ---
y <=>0

y)

<=> 27(1/2)*8

062 (00)0D000O0O0OOD0OOODOOOOOODOODOOOOODOOOOOO
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1
2
3
4

CCS - FLOOR.
prevVAL - y=0.
ME - Under-constrained.

X is undefined.

063 06.10HydLaODOOOODOOOODOODOOOOOOO

06400 650000

N O Ot s W NN =

INIT <=>y =10 &y’ =0&x=0& x’ = 1.
FALL_MOVE <=> [1(y’’ = -10 & x’’ = 0).
FLOOR2 <=> [1(y-=0 => y’> = -4/5 % y’'- & x’ = x’-).
WATER <=> [](y-=0 & 4<x<6

=>y’> =4/6 x y’- & x’ = 1/2 x x’-).

INIT, FALL_MOVE << FLOOR2 << WATER.

064 OD0OO0OOOODODOOOOOODOOOOOO

oes5000000000e600DO00OOODOODOODOODODODODOODODDOO
000 370000 HydLaODODODOODODODOODODODODODODODOODODO
gogobooood
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unadopted modules: {}
positive

negative

t:0

unadopted modules: {}
positive

negative

t @ 0->27(1/2)

x:t

y : (£72+(-2))*(-5)
x> 1

y? @ tx(-10)

unadopted modules: {F
unsat mod :

unsat cons : {y’’=-1
positive : y-=0=>y’=
negative :

t : 27(1/2)

x : 27(1/2)

y : 0

x? 1

y» i 2°(1/2)*8

ALL_MOVE}

{FALL_MOVE, FLOOR2}

09 Y’=‘4/5*y"}
-4/5xy’ -&x’=x"~

32
————————— IP 4-———————-
unadopted modules: {}
positive
negative : y-=0=>y’=-4/5*y’-&x’=x’-
t : 2°(1/2)->2"(1/2)*13/5
x : t
y @ 18%x27(1/2)*t+(-26)+t" 2% (-5)
x> 1
y> o 2%(27(1/2)*9+t*(-5))
x’? 0
y) J _10
_________ 3_________
--------- PP 5-—----——-

unadopted modules: {FALL_MOVE}

unsat mod : {FALL_MOVE, FLOOR2}
unsat cons : {y’’=-10, y’=-4/bxy’-}
positive : y-=0=>y’=-4/5*y’-&x’=x’-
negative :

t : 27(1/2)%*13/5

x @ 27(1/2)*13/5

y : 0

x> 1

y> o 27(1/2)*32/5

unadopted modules: {}

positive

negative : y-=0=>y’=-4/5*y’-&x’=x’-
t : 27(1/2)*13/5->27(1/2)*97/25

x : t

y ¢ t72%(-5)+27(1/2) *t*162/5+(-2522) /25
x> 1

y? o tx(-10)+27(1/2)*162/5

x’? : 0

y’? :+ -10

# number of phases reached limit

065 D000O0O0O0ODOO0OOOOOOOODODOOOOODOD (DOOD600)

6.2 OD0O0O0OD0OO0OO0OO0OO0OOOOO

621 ODOOOOOOO

O21000000000000000O0DO0O0OO0DOD0OO0ODOODOODbDOODbODOOn
000000000000000000000000 yOO (DO0DD)0O0O00O 4/50
goobobboooobobobooo
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6.22 000O0O0ODOOOOO

0000 HydLaOOOOOO HyLaGIOOOOOOOOODODO 6.600 670000
0000000021 0000000000 x(0000)000000O00O0OOOO0OO
Udob MOVEOWALLOOODOOOOOOoOoOoooooo MovEDDOO 20000
0000000000000000 WALLOOOOODODODODODO0OOO 2200 (OODOO)
00000000000y 0O0 (00O00)000000000 4/5000000000
goooo

1 |[INIT<=>y=10& y’ =0& x=0& x> = 1.

2 |FALL <=> [Q(y’’ = -10).

3 |MOVE <=> [1(x’’ = 0).

4 |BOUNCE <=> [J(y- =0 =>y’ = -4/5 *x y’-).

5 |WALL <=> [J(x- = 27(1/2) => x> = -x’- & y’ = 4/5%y’-).
6

7

INIT, (FALL, MOVE) << (BOUNCE, WALL).

066 O00O00O0OODOOODOOOOO

00000000000000 BOUNCE, WALL 00000000 OC(BOUNCE)D
OC(WALL) 00000000000 00000000 BOUNCEODO ¢ = —4/5 % y/-
00000000 WALLOO ¢ =4/5%y/-00 ¢-£00000000000000 6.7
0000000000000000000000000000000000

623 000O0O0D0DOO0ODOOOO
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—————— Result of Simulation ------

Case 1
- 1
PP 1
unadopted modules: {}
positive :
negative :
t:0
x:0
y : 10
x? 1
y’> : 0
x’? : 0
y’>’ : -10
IP 2
unadopted modules: {}
positive :
negative :
t : 0->27(1/2)
X :t
y ¢ (£72+(-2))*(-5)
x> 1
y’ ¢ t*(-10)
x’? : 0
y’>’ : -10
PP 3

unadopted modules: {}

unsat mod : {BOUNCE, FALL, WALL}
{MOVE, WALL}
{BOUNCE, WALL}

unsat cons : {y’’=-10, y’=-4/5*y’-, y’=4/5%y’-}
{XJ ’=O, X’=—X’—}
{y’=-4/5%y’>-, y’>=4/5%y’-}

positive : y-=0=>y’=-4/5*y’-
x-=2"(1/2)=>x’=-x"-&y’=4/5%y’ -

negative :

t : 27(1/2)

# execution stuck

067 O0ODOOOOOODODOCOOOOODOOCOO

CCS —BOUNCE, WALL, (y’- !'= 0).
prevVAL -y=0, x=sqrt(2).
ME - 0Over-constrained.

y; = _4/5 * y:_’ Y’ = 4/5 * y}_

068 0660 HydLaOOOOOODOOOOOODOOCOOOOODO
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e 000y =—4/5xy-0y =4/5+y/-0000000000000000
e J0000D0D0O00O0O0O0ODOO{BOUNCE, WALL, (y/- !'= 0)} 000
e 0000000000000y =00z-=+/20000

0000000000000 0000000000000 BOUNCED WALLO OO OO
0000000 y0OO0O0O0 0000000000000 000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 CORVEROOOOO0O0000000000000 300000
000000000000000000000 z000000000000000000
(2 = —2/-)0y0000000D00000000000 (y =-4/5%y/-)000000
00 CORNERO DO ODOO

CORNER<=> [](y- =0 & z- =2"(1/2) =>¢' = —4/5xy/- & 2’ = —2'-).

000000000000 BOUNCED WALLOOOOOOOOOOOOO0O0O00O00
000000000 {BOUNCE, WALL, (y- !'= 0)} 000 BOUNCEO WALL OO OO O
CORNERO0ODO0000D00000D000000000000000000000000
00000000000 HyLaGIOODOOOOOOOOOO 6900 6.100000

1 |[INIT<=>y=10& y’ =0& x=0& x> = 1.

2 |FALL <=> [Q(y’’ = -10).

3 |MOVE <=> [1(x’’ = 0).

4 |BOUNCE <=> [J(y- =0 =>y’ = -4/5 *x y’-).

5 |WALL <=> [](x- = 2°(1/2) => x’ = -x’- & y’ = 4/5%y’-).

6 |CORNER <=> [J(y-=0 & x-=2"(1/2) => y’ = -4/5 * y’- & x’ = -x’-)
7

8 |INIT, (FALL, MOVE) << (BOUNCE, WALL) << CORNER.
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————————— Case 1-—————---
_________ 1_________
————————— PP 1----—-——-
unadopted modules: {}
positive

negative

t:0

x:0

y 10

x? 1

y> 0

x’? : 0

y) 3 . _10

————————— IP 2-———————-
unadopted modules: {}
positive

negative :

t : 0->27(1/2)

X :t

y : (£72+(-2))*(-5)

x? 1

y’ t*(-10)

x’’ 0

y) 3 _10

_________ 2_________
————————— PP 3-—-——-——-

unadopted modules: {FALL, MOVE, WALL}
unsat mod : {BOUNCE, CORNER,
FALL, WALL}
{CORNER, MOVE, WALL}
{BOUNCE, CORNER, WALL}
{CORNER, WALL}
unsat cons : {y’’=-10, y’=-4/b*y’-,
y:=4/5*y;_, y:=_4/5*y7_}
{x’’=0, x’=-x’-, x’=-x’-}
{y’=-4/5xy’-, y’=4/5%y’-,
y:=_4/5*y;_}
{y’=4/5*y’-, y’=-4/5%y’-}
positive : y-=0=>y’=-4/Bxy’-
x-=2"(1/2)=>x’=-x’-&y’=4/5%y’ -
y-=0&x-=2"(1/2)
=>y’=-4/5xy’ -&x’=-x"~

negative :
t : 27(1/2)
x @ 27(1/2)
y : 0

x> -1

y» i 2°(1/2)*8

————————— IP 4---------
unadopted modules: {}
positive

negative : y-=0=>y’=-4/bxy’-

x-=2"(1/2)=>x’=-x"-&y’=4/5*y’ -
y-=0&x-=2"(1/2)=>y’=-4/5*y’ -&x’=-x’~
t : 27(1/2)->2"(1/2)*13/5
x @ 27(1+1/2)+t*(-1)
y @ 18%27(1/2) *t+(-26)+t"2x(-5)

x> -1

y i 2%(27(1/2)%9+t*(-5))
x?? 0

y? -10

_________ 3_________
————————— PP 5-----—-—-

unadopted modules: {FALL}

unsat mod : {BOUNCE, FALL}

unsat cons : {y’’=-10, y’=-4/b5xy’-}
positive : y-=0=>y’=-4/bxy’-
negative

t : 27(1/2)*13/5
x : 2°(1/2)*(-3)/5

y:0

x> -1

y» o 27(1/2)%32/5

x’? 0

--------- IP 6---------
unadopted modules: {}
positive

negative : y-=0=>y’=-4/5*y’-

t : 27(1/2)*13/5->27(1/2)*97/25

x @ 27(1+1/2)+t*(-1)

y @ t72%(-5)+27(1/2) *t*162/5+(-2522) /25
x? -1

y’ o tx(-10)+27(1/2)*162/5

x’? 0

y’? :+ -10

# number of phases reached limit
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INIT <=>y=10&y =0&x=0&x =1
& 0 < eps < 0.1 & [1(eps’ = 0).
FALL <=> [J(y’’ = -10).
MOVE <=> [](x’’ = 0).
BOUNCE2 <=> [1(y- = -eps => y’ = -4/5 % y’-).
WALL <=> [J(x- = 27(1/2) => x’ = x’- &y’ = y’-).

O N O Ot = W N

INIT, (FALL, MOVE) << (BOUNCE2, WALL).
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OO0 epsU00D00O0DOO0O0ODODODOOOODOOOOODODOOOOODLDOOOOO

JO00b0ODb0O0O00 BOUNCED UOO epsDO0U0UO0ODODOOOOO BOUNCE2 DO OO

BOUNCE2 <=> [1(y- = eps =>y' = —4/5 xy'-).
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—————— Result of Simulation ------ ———--———-IP 4--—mmmmm

--------- parameter condition(global)- unadopted modules: {3

pleps, 0, 11 : (0, 1/10) positive :

_________ Case 1-———————— negative : x-=2"(1/2)=>x’=-x’-&y’=y’-
_________ P —— t : 2°(1/2)->(2+pleps, 0, 11*1/5)"(1/2)
_________ ==Y [ — eps : pleps, 0, 1]

unadopted modules: {} x @ 27(1+1/2)+t*(-1)

positive : y ¢ (£72+4(-2))*(-5)

negative : eps’ : 0

t : 0 x> : -1

eps : pleps, 0, 1] y’ : t*x(-10)

x:0 x’? 10

y : 10 vy’ -10

eps’ o | TTTT===== 3-—————=-=

x> | 7T/ PP 5-———-———-

y> : 0 unadopted modules: {FALL}

x’? : 0 unsat mod : {BOUNCE2, FALL, INIT}

y’»? : -10 unsat cons : {y’’=-10, y’=-4/5%y’-}
————————— IP 2-———————- positive : y-=-eps=>y’=-4/5xy’-
unadopted modules: {} negative :

positive : t : (2+pleps, 0, 11%1/5)"(1/2)

negative : eps : pleps, 0, 1]

t : 0->27(1/2) x : 27(1+1/2)+(-1)*(2+pleps, 0, 11*1/5)"(1/2)
eps : pleps, 0, 1] y : —-1*pleps, 0, 1]

x :t eps’ : O

y i (£72+(-2))*(-5) x? -1

eps’ : 0 y’ : 57(-1/2)*8%(10+pleps, 0, 11)°(1/2)
x? 1 x’? 0

y> o otx(-.t0 | e IP 6-—-———---

x’? : 0 unadopted modules: {}

y’>’? : -10 positive

————————— 2-—--———-- negative : y-=-eps=>y’=-4/5%y’-
_________ PP 3————————o t : (2+pleps, 0, 11%1/5)~(1/2)
unadopted modules: {MOVE} ->(2+pleps, 0, 1]1*1/5)"(1/2)%13/5
unsat mod : {MOVE, WALL} eps : pleps, 0, 1]

unsat cons : {x’’=0, x’=-x’-} x @ 2°(1+1/2)+t*(-1)

positive : x-=27(1/2)=>x’=-x’-&y’=y’- | y . -26+t"2%(-5)+18xt*(2+p[eps, 0, 1]1x1/5)"(1/2)
negative : +pleps, 0, 11*(-18)/5

t @ 27°(1/2) eps’ : 0

eps : pleps, 0, 1] X’ . -1

x : 27(1/2) y? : t*(-10)+18*(2+p[eps, 0, 11*1/5)"(1/2)
y:0 x’? 0

eps’ : O y’? : -10

e N B parameter condition(Casel)---------
y’ o 27(1/2)%(-10) pleps, 0, 11 : (0, 1/10)

y’>’ = -10 # number of phases reached limit
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INIT <=> y = 10 & y* = 0.
FALL <=> [1(y’’ = -10).
BOUNCE <=> [] (y— =0 => y’ = —4/5 * y)_).

Tt = W N =

INIT, FALL, BOUNCE.
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e core/main.cpp
debug_constraint 0 0000000
e debug/debug_main.cpp
main.cpp 00000000000 DODOOOOODOOOOOOOOOO
e debug/json_parser.cpp
HydLa OO OO O0O parser/ParseTree.cpp 0000000000000 OOO
gooogogd
e debug/solve_sym.cpp
goooooooon
e debug/solve_sym.py
python 0000000000000 debug/solvessym.cpp D000 O0O0O00O0
goooooooon
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https://github.com/HydLa/HyLaGI



