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Implementations of high-level modeling languages that integrate high-performance ver
ifiers
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Modeling and verification technologies of natural, symbolic and cyber-physical sys
tems are becoming increasingly important. The aim of this research was to demonstrate the viability of hi
gh-level modeling languages based on mathematical notions such as graphs, sets, equations and ineguations
whose generality goes far beyond Computer Science. To achieve this goal, we constructed two publicly avai
lable language implementations that integrate runtime systems and verifiers. One of them is an implementa
tion of the graph rewriting language LMNtal, which has now evolved into a parallel model checker with hype
rgraph rewriting capabilities; the other is an_implementation of the hybrid constraint language HydLa, whi
ch has evolved 1Into a non-deterministic symbolic execution system for hybrid systems with uncertainties.



@
C))

LMNtal

10
2008

2002

HydLa

2009
LMNtal
shim
HydLa

Hyrose
(1) LMNtal

1 1

1
LMNtal
LMNtal
shim
slim

CHR (Constraint
Handling Rules) BRS (Bi-
graphical Reactive Systems),

(2) LMNtal

LMNtal shim

stack slicing work stealing

48

31 34



on-the-fly
Nested DFS
MAP

1 3 5 7 9 11 13 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47

34 48

®

McKay

Q)

O

LaViT
Graphene
LMNtal
shim github

TrauE WA RGE BT A0
53" ), bie_my parec | system | LTL Motel Check | StateVieme: | ShateProtier | Opticn
S| ot {omareirets ateamiNeL +7, i o .
96| node{phassirec), neigfrumiNzl,  $n}. chilg
57| recy_ MsG2

98| megilramiF), E3(T), be_my_parert

S5/ | Mo {reerech A 47, chicrer
100]| rodepheselck] nelglrumiol 1. cHdten

@

102| "ot foraasirechnefatrumy), ). -
203 | node{ phase(ack] neiginumi1). $n}

106 pass 560D
107| “megivart) i), Msgl), megtiomis), torT)
200|| megirorde) tate], Megil mgtiromie) tia)

11| acknamies g
112| “nade{prasefack). chidren{ ), $cl. $p} 1+
113 nodefphase(zck. chidreni 2. sc3. 5p ).

11| magiiramiz1, ol acknowledgement]

118] ackParent

118] roce(praselackl, _ nesafnuma), o}, cnl
117 nose{phesetwatearert, neginum) +2
118(| meglfrom(z), tothl. be_y_parent) = . ® &
115 acklcader @ E

120/ node{phaselack]. \dll. neig{numi0}}. childre
121| nade{ phass(ssl, (a0, neigé numIoi}. chidre| |1} neig
122 M=

J+L0. 3. }_rade {seltp) i neiglrumd1) 4 L1. . chid

b [ ————— Postion Resel_| _ Aujust Reset_ Adjust Bockedg. | AdjstiFind) Re..| Al flset
128 wak p 1_o@ I T e

T3] ot soknewisdgamer Cross nfo Semtic agpritrm | Agjacent Excrunge. | Dunmy Oy

1261 _podechaseluntparen) a1 THA ) r mmy S Ourmy | o k0| oy Corvarn | ey S|
[Lumeaism)]|_unvocas) | unvoss) | statebrafier | | Bymams: Moseling streten towe Auto Centeri

Select Anstewction
Dopth : 18, State : 871, (End ; 52)

Firewire

Transition Abstsactin
1901 | Zoom ; 162%, OrawTime - G.0%s

LaviT

suM || seateviewer |
Firewrs.Im

LMNtal
Hyrose

(5) HydLa

HydLa

Hyrose

Hyrose

(6) HydLa

Hyrose
HydLa

HydLa
HydLa
(reachable set)



HydLa

HydLa

)

Hyrose
Hyrose LMNtal  Maude

Groove LMNtal
, CHR, BRS

HydLa

(8) Hyrose
LMNtal
HydLa

(©)) Hyrose

HydLa Hyrose

50
TCP

afe
2

LAW(m ML g, niU) <=>
0 = L3

e = Fmeym ML
L) gleth - mLie"u).

SR <=> [Jth- = threshold & s-=0 -~ 5=1).
(th- = -threshold & s-=0 - 5=32).

({th- = threshold & s-=1)

reshold & $-=2) ~ 5=0)

13| CAR(INTH,inTHV)(

18] LAW(1.1.1,10.0),

15 th = InTH & th' = iNTHY

1)),

17| CAR(0.005, 0).

19| FORCE(state, force) <=> (s = state - u = force).
20

21/ CONTROL(){
2

&SN
25| 5= 0, FORCE(1, 15). FORCE(2. -15),FORCE(0, 0)

26).
27 CONTROL().

11:47:10] [ simplfied_inverted_pendulum.hydia | s saved i
11:47:10] Hyrose started.

11:47:18] Hyrose terminated. [7.9275]
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