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2% HE (Model Checking)




1. AAR M| (system specification)
« DEZ Q10 (Promela, Simulink, Verilog, )
» Z27207Y A0 (C, Java, Haskell, =)

2. A5 HZ HAM| (property specification)

= functional correctness, safety, liveness, fault tolerance, **

3. REAS =7
= SPIN, CBMC, CPAchecker, NuSMV, PAT, TLA+, -



ol 2= of|H|: AJAE DiA|

s Dekker2]

© © N O O » W N

N

QF| LS| AHEDE ¢ritical sectiondf] B2 7=

QlHFMO| H|AEIS EsfjA= AZ0| 022

- Oo

@l = dlg
while (c2 ==1) {
if (turn == 2) {
@l = [0
while (turn == 2) { /x wait */ }
cl=1;
}
}

.. /* critical section */
turn = 2;
cl =0;

2 = il
while (c1 == 1) {
if (turn == 1) {
c2 =0;
while (turn == 1) { /* wait %/ }
c2 =1,
}
}

.. /* critical section */

© o N O A W N

turn = 1;
c2 =0;

=
N o H O




= Mutual exclusion

092] A EZF S0 critical section0f] &2

= No starvation

2t AB|E= HHETH=E critical section0] 2

= Al =2 210{ (temporal logic) 2 AU5| Z3



[1, ¢1=0] [1, c2=0]
turn=1

= A[AEZEO| FOTE YES

= Ol "mutual exclusion” O]

HEHol| =2 7ts8hr

[10, c1=1] [1, c2=0]

Th1 -
9, c1=1] [1, c2=0] trn=2
turn=1 h

Thi

Th2

Th _ .
[3, c1=1] [2, c2=1]
turn=1

Th2 ...
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Model
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Off : CiFst 7|tk =2 A|AH

[ =

= Boolean logic
= CBMC, NuSMV, -

Satisfiability modulo theories (SMT)
= nuXmv, MCMT, -

= Rewriting logic
= Maude, KEVM, RV-Predict, CafeOBJ, -

= Temporal logic of actions
= TLA+
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1. O A2 2 xstel D2 /A 71- A3

= low representational gap =4
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1. O A2 2 xstel D2 /A 71- A3

= low representational gap &4

2. SiE 2EAZ 210{Q| 0|7 = M AT

= rewriting logic, SMT S22 operational semantics H2|
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1. O A2 2 xstel D2 /A 71- A3

= low representational gap &4

2. SiE 2EAZ 210{Q| 0|7 = M AT

= rewriting logic, SMT S22 operational semantics H2|

3. 0|7 Z= =0l 2apXQl LNB|E/FX s} 7)Y A7

= encoding, abstraction, search heuristics/strategies, ‘-,
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ZIgHl 3L: Signal Temporal Logic 22

AL Tl

= SIO|HE|E A[AHIQ| HE: GIEAQIAOE2 B

L 4
05

2

3 0 3

> > 0
-05

4 2

15 -4

0 5 10 15 20 0 5 0 15 20

seconds
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ZIgHl 3L: Signal Temporal Logic 22

EH
TR, (]

. 502 AJARIS| AfEH: G140l AT

Volts

kS

20

o
o
3

=

15
0 5 10 15 20
seconds

ox
Jal
mjo
EH
ol

» Signal Temporal Logic (STL): ¢l A|Ode
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ZIdl 9141: Signal Temporal Logic 2% HE (2)

» 7 FE QREM (falsification) £ HAE SXHO2 2H2E
= STL RERAZ 7|22 HO| JHUEX| §US
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ZIsH 213L: Signal Temporal Logic 2 HZ (2)

» 7 FE QREM (falsification) £ HAE SXHO2 2H2E
= STL RERAZ 7|22 HO| JHUEX| §US

. STL DHAS A13|Z JH
. Z0f7 sHItR| @RS o
. gmalzo Hs S 2
o 7|BH=2|AAH: SMT +

5| BfMiSH= (refutation-complete) O [POPL'19]
2 E0|= U [ASE21]
rdinary differential equations

O o
M
e
fO J
Q'I_l
T
=~

15



n _l_'_|'7‘|; g
« STL RRIZS

QEEM

L= R |

71&2 Aol =X

(falsification) &= E|AE

[e] o)X=

LS AAE

» STL REHS L2 71
» FO{T SHATIX| LR E 2tH 5| B MSH= (refutation-complete) 0|2 [POPL'19]
» LB Hs S fld SEERQEH ALS F0|= U [ASE21]

» 7|8H=2|A|AE: SMT + Ordinary differential equations

Al

= STLmc: &
n A[AE
H_

N, T —
e —

Mol STL RRAZ =71 JHE [in submission]
#2190 =2 Xtolof| A0St RH HE

ol 0|;0

(robust model checking)

Vo

o —

Encoding of Boolean STL : SMT Solving @ Two-Step :
Model Checking \ Interface Solvin: :
? i SMT U
[e-Strengthenlng Reductlon] Solvers 23 Y'CGSZ dRea

(11 Hl

_________________

! Counterexample
! (Visualization) |

fNo counterexample |
! __uptobounds |
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Z1d 917 EM NAH AADL 2Y AZ (1)

= AADL (Architecture Analysis and Design Language)
= (320 YHICIE A|AHIS] #F DHE 210

= Airbus, Boeing, Rockwell-Collins, Ford, Lockheed Martin, Raytheon, Toyota, "
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oI A AIAH AADL B HZ (1)

= AADL (Architecture Analysis and Design Language)
» (Y3 20f) UH[CIE AARIS] B#FE RHIZ 010

= Airbus, Boeing, Rockwell-Collins, Ford, Lockheed Martin, Raytheon, Toyota, -

= Virtually synchronous =4F A|AE]
= Synchronous design: ZtZtQ| AEHETJI F7|HOZ SA|0f A&t

= Distributed implementation: 24t HEQ|3 &0l &
Entities -

7= - Controllerz | =Y » (Physical)

(Physical) <f-- — | Controllers
Entities - > Controllers —

Network

(Physical)
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oI A AIAH AADL B HZ (1)

= AADL (Architecture Analysis and Design Language)
= (320 YHICIE A|AHIS] #F DHE 210

= Airbus, Boeing, Rockwell-Collins, Ford, Lockheed Martin, Raytheon, Toyota, "

o

= Virtually synchronous &4 A|AH

0

= Synchronous design: ZtZtQ| ZAEHAET FI|XOZ SA|0f Al
= Distributed implementation: 24t HEQ|3 &0 &

o

» AADLZ A&l Virtually synchronous A|AEIQ| REIZ=

o AAIZEHIFZEZ T2 network delays, execution times, clock skews. -
» =2 ool MSEE ng
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oI AL AIAH AADL B HZ (2)

= OP7|HIX] A =ZF0 758 2aH HS %“?:1% A7
= Synchronous design & =
= PALS, TTA, LTTA S CtYSt synchronizer 7|':.ﬂ 7|8 ExH
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oI AL AIAH AADL B HZ (2)

= OF7|EN EH Z0 HE7 f%g._* BN AT HHE o7
= Synchronous design 43 +& — 24t
= PALS, TTA, LTTA S Ef%@ synchronizer 7|tk 7| ZXH
» PALSS?t TTAE Htststo] FiMst HAl 2 AS WHE [EMSOFT21]

ol
—|—
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oI AL AIAH AADL B HZ (2)

= PALSSI TTAE 2utatsto] JHuet A & 4
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= Virtually Synchronous AADL 2EIo| =2|7|dt BE AZ A3
« 7[db =2 A|ARL: rewriting logic + SMT
= AADL ¢10{9| synchronous subset & S o|0|7Z HO|
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oI AL AIAH AADL B HZ (2)

= PALSSI TTAE 2utatsto] JHuet A & 4

o[
orI
i
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M
_|
N
=

= Virtually Synchronous AADL 2EIo| =2|7|dt BE AZ A3
« 7[db =2 A|ARL: rewriting logic + SMT
= AADL ¢10{9| synchronous subset & S o|0|7Z HO|
= HybridSynchAADL =7 7HEf [CAV'21]
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= Low representational gap

= cf. 7I&2| SPIN, CBMC
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= Low representational gap=
= cf. 7|&2| SPIN, CBMC &

proc | [autostart | [preemptable prhrity
if .. Bool Bool
Resource
nnnnn rPriority
Taskld Nat
message
receiver target
TaskId MessageTarget

env
VAR |-> val .




= Low representational gap= X|&fot= HAYM X RRAS
= cf. 7|&2| SPIN, CBMC S E&st RHAZ =11E &&5t= CIYst ¢IE
» DEF: OSEK/VDX OS mtZ2| alig] 220 CHeh x| X[ef HA|
W /@ .pme...pﬁiih p.-nrny dPriurity " ‘f-:vuﬂ _ |
Resource Scheduler
target autoStart ycl imer || |  owner reriority Queue
AlarmTarget TimeInf H || TimeInf | Taskld Nat -
Event message
task isactivate || isWaited | sender receiver target | content
TaskId Bool Bool || || Taskld TaskId MessageTarget ‘ -
& C-like BHA A2 K-style 2|0|7 X H2|

It

» 7[gh =2| A|AERL: Rewriting logic
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C *'X-ﬂ( | 7172 aTtE)
= Winlift: RS
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AR (ofl 707t A7 2)
= Winlift: XFIHEE

5l0] 2

4502 HHME 43

U T
Partial order reduction 2! time abstraction

ol AX
d ~F
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AR (ol 7t ATE) SE
= Winlift: XIZHEE SEH0| 2ZE0]

HEiSUEL 7)Y
= TS CE YHYME +F

14712 G =of th5to 2REHS =

3101 2 47 £t

= Partial order reduction 2! time abstraction

= (new: SEISUZAT|H HE)

Test Cases Old New Test Cases Old New
#State(k) | Time(s) | #State(k) | Time(s) #State(k) | Time(s) | #State(k) | Time(s)
MotorUp 95.9 67.9 16.5 11.8| CtrlLocked T/0 T/0 9625 1287.0
MotorDown 96.1 68.0 16.7] 11.9] CtrlUp T/0 T/0 743 52.7
LockTrue 22718 175.0 33.2 245| CtrlDown T/0 T/0 75.7 536
CtrlLock 76.7 531 149 10.3| CtriRev 581.0 565.1 107.4 76.7
CtrlOpen 38.7 26.1 89 6.6/ CtriStall 364.3 302.1 531 38.4
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= Configurable BA|
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= Configurable BA|
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EHIA|: 2XPAE

d=ih,

» Configurable M| & F43

- FYTMO| HE0] S5 27

_>'|_
40
Iy
=
mx
Jo
o
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o
EY

- OPIEN 4F HEUE 47

» cf. O|O|E| 22F(data abstraction)
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EHIN|: 2XPAE

= Configurable HA| &=
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J
ox
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- FYTMO| HE0] S5 27

=2
=
- OPIHN 4F HEUE 47 DS 2F, -
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» cf. O|O|E| 29F(data abstraction),

<0
__A_v
K

21



= Configurable BA|

ol
==

= Of7[EX

» cf. O|O|E| 29F(data abstraction),

<0
__A_v
K

21



= Configurable BA|

ol
==

= Of7[EX

» cf. O|O|E| 29F(data abstraction),
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Thank you!
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