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Modeling Case-study of Reactive System in Event-B

Hironobu Kuruma' and Shin Nakajima'

To verify embedded system design, both modeling of environment which changes depending on time and modeling of system
response to the change of environment are important. We present in this paper a case-study of modeling and verification of a
simplified door lock system design of automobile. We used model checking method for verification by model animation and
theorem proving method for verification by proof. As the result we verified that doors are locked by the system when the velocity
exceeds the limit independent of the order of acceleration and deceleration.
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where phase = cnt
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LT 5.
® aunlocked : K7 D7 vmy 7 N5 T LIzIREE.
® a unlocking : 7> v v 7 @EE EFTH OIREE.
® alocked: K7 Du v 7 B5ET LIREE.
® a locking : 7 v 7 BEESZITH OIREE.
TV EIE, B a_mode RIS DHEOWT I ERD
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JF 2z — 2 OWERE# A KRBT D720, KD 2 OOEH
ZHWA.
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®  actuator_lockmode (7 v 77 52 TUIRREHERF) : c_mode A3
c_lock T a_mode 7% a_locked @ & X, a_locked % HEfF
T 5.
®  actuator_unlockmode (77 > v v 7 52 TARBEHESRF) -
¢_mode 7% ¢_unlock T a_mode 7% a_unlocked ® & X,
a_unlocked # #ERF 9% .
® start_locking (= v 7 BI{EDOBH4S) : c_mode 7% c_lock
T a_mode 7% a_unlocking % 7-1% a_unlocked @ & %,
a_mode % a_locking {Z L T a_dlock %= 1123 5.
® locking (= v 7 B Z fEfe)
a_mode 7% a_locking 7>-> a_dlock 7% a_delay & » /&
& X, a_locking Z#fEFE L T a_dlock % 1 #§<09.
® locked (m v Z75ET) : c_mode 2% c_lock 7> a_mode
73 a_locking T a_dlock 7% a_delay @ & &, a_mode %
a_locked 129 %.
® start_unlocking (7> 2 v 7 B{EDBRLE) : c_mode A3
c_unlock T a_mode 7 a_locking & 7zi% a_locked ® & %,
a_mode % a_unlocking {Z L T a_dunlock % 1129 5.
® unlocking(7 > v v 7 #i{EZ k%) : c_mode »° c_unlock
T a_mode 7% a_unlocking 2>-> a_dunlock 7% a_delay &
D/hEE X, a dunlock & 1 H<09.
® unlocked (7> 1 v 75 T) : c_mode 3 c_unlock 2>
a_mode 7% a_unlocking T a_dunlock 75 a_delay @ & ¥,
a_mode % a_unlocked (25 5.
HENEDL I LTYH, B VEMN c_high +s_dv

: c_mode 7% c_lock T
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c_high+s dv = s v =
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T Faxz—HiE, 7wy lERITrey 7EEE
BRIEL T BB T A% T, o9 AT a delay [H D
MA»n5. ZOMICHERITHEAT a delay * s_dv £{b7
LZDT, TU7Faxz—Z 3R THEEE VEN

c_high +s_dv +a_delay *s_dv
WRDETRT ey ZEIEERITS. WX, a_high &
a_high =c_high +s_dv +a_delay *s_dv
ETBL, HENREDOLIITZ{ELTY a_high T CiZlEnm
v VEENE T 5 Z LiX, RORESFMENRRY LD &
DOFEPIC L > THER TX 5.
a_mode = a_locking = s_v <a_high

U ENa highbh kDL X7/ Faxo—20n vy
MEEZZETL, FT7Bey s SNRETHLIZENE X
DT ThHDH. ETFNETIE, ZOZEITRORESMENR
RV NLDZ & DFEINC L - THER TE 5.

a_high = s v = a_mode = a_locked
L72h o T, OBMR AT 7297 & 512 _limit 2 3% & 9 i,
sV LImt L ECHLRFICT 7 Faxz—FIlLD KT R
v VEMENSTE T LTWNWDZ LG TE 5.
a_high = I_limit

6. BEMOREE

Bk LT EXET V1L, T ETVRAY —/L ProB %
o TARY IPEELEIEFCREZSDZ L 2HAL, £
DOBICEHGEA AR Y — V&l > TRESLMEEZFEA L
—%IZ, FERICIIATOBENRMETH Y FENKE NS
T, BRET MR INTZ VAT AOEBHENEX
WY ThDHI L H BB LEY. B, AU b
sensor M FLARIZFR Y 238 - T s_v DENFICHIHIE 0 D%
ETHo THORELMITH SN DT, RESLM%ENH
T LB TEXE OTEAFICRA < Z EIFEELW. BT AR
EY—NEESTHRETNVOEITIZE - TID LS ik
D EBONEECTHERDERLS 221X, BIEOEEDFRE LT D
IXTHBTh-T-.

TFAREY — N EM D ZOIIIERT T LN ETA
BCRITNER BT, EITARICT 2R TET L E KX
SEETDHERITTHERNBRDONTLE Y. fidoEX
BT ITEARPNCEER ZBEL TNDDHTH Y, Event-B
OB EE ST ESMRERICE DT — X I
WTWRW, Lo T, FERIZ=Z T 7 A MO E
T e A 5 25T, ETAEFETTLH D
LN TE.
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LinL, REFHEORIEOBLENGIE, 7 VRETIE
5 2 T2 O EBEICBE T 2 MEE LT 2 W ied+5r &
HE ARV, ERLZWVWOIE, ®IRE T EEdEics L
T, HENEDOLIICELTh R HER e v 7 TR
EULTHNERTRHEIIR Yy 7 SNTNDLZETHD.
F7o, WRHIRMEEEZIT O 720203, ks v RV 55
EOEZVIEIZIRET HLERH Y, ZOHRNE BIRIEE
LTIEARF5THS.

EHFEINC X A MFETIE, — MR TR INTHK
WZESWCRERREZ T 5720, ERIZ BRI EE
H 2 20BN, BEPIYGHHEOKEZRET D HE
LW, Fo—J, FEHRRES BB Y — s ko
THBRFEHA NS LIER ST, MEEEHICE 2 AFOEE
BMEIZ/e D, £, AIROBRET LD L H124 X b
Nert, aryie—7, T7I7Fa2z—X0O 3o
CHEETL2HEG, BNE T2 178 5%M

I_limit = s_ v = a _mode =a_locked
F3HDA N FOEHEDORER L L TIHEHTE 5. i,
‘U, avhr—F, TI7Fa2a2—FDKLIZONTAH
BRI EFEH LI, TNONLEHE LTHANDOARZES
EEFEHTH 2 E TARETH D, LovL, iEHRREOEN
W2 T, FERAAMEMECR B

Flibk LB T V0 74k & Y — Vi3 Ak U 7 RIF A R
DO E, TRIZTRT. TIT, FHMEBEOET VIZONT
L, FERMERT O BT WIGBER LT O A2 R LTZ. £,
B EEEI L E R SR Y — T L - CHBIEE &N 7-EE
HREEOK 2R L, XEhail X AR A RIFENICHE R~ %2 5 2
CREAA L7 RER R E D5 A K 7

"

BTV | ATH | REWARREH | BEWEERR | xIESREMA
TF1 36 2 2 0
T2 46 27 22 5
TFN3 83 107 97 10
&t 165 136 121 15

SEMRREEOC 5 D B BRI OEIAIE, TF 1 1 2% 100%
ETIL2R81%, ETI/L 3N NN THY, RIFHFRHEICD
WL 89% & 72 o 7. EIG DB IR E T LD A &
D BT, BEEOBRD DIIEET NVOBEMIEITEH - T
BY, V774 AV MNEKIIRY THLIEEZLNS.

7. £EO

AR T, RGBS bR ISNREOCEE, Th
2k 5 Y AT ADORIEDET ML ERFEIZ OV T, 4R
OHBIHE RT 0 v 7 VAT AORGFEEM L L Th~7=.
R ET AERICIT Even-B Z AV, RODLMEE AL S
e LCRER L%, TR ML & RFELT-.

ER LI ERET VL, ETETAMREY — L& T
AR EPRELEIEFCRZIZZ E2MEL, TORIC
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EBRFERASCER Y — VB o TREGAENR Y Se> Z & %5
L., chicky, EERXREDL B LLTYH, BV
PER Ty 7 FRREE ETHUE R T AHEICn v 7 &
nNTnsZ RN, BRET NV ETHRIETE -

KRGO —AAZT 4 OFRFATIE, HHPLHLEEITON
THROMWERK Y LD Z & EHRFET H7-0121%, EELGE
I X DBFENE R TH-T=. —F, BRETLOEEL
MR LARY 2 VB CELY BR<ITIE, BT VA Y —L
ST ETVOERITNED ThoTz. BRET LD
TERR T, 48T~ X5 ITEE BV Txig 2 g1t
LTW5. RRGE BRI LT oY g & B 2 503,
BIEOMEE M LT BRb & 7o T B DIZHNT, &
HBOFHHNRLETH D .

BEXH

1) Abrial J.-R.: The B-Book, Cambridge University Press 1996.

2) Abrial, J.-R: Modelling in Event-B, Cambridge University Press,
2010.

3) Abrial, J.-R.: Formal Methods in Industry, in Procs. of ICSE 2006, pp.
761-767, 2006.

4) Abrial, J.-R., Su, W. and Zhu, H.: Formalizing Hybrid Systems with
Event-B, in Procs. of ABZ 2012, 2012.

5) Hoang, T.-S., Kuruma, H., Basin, D., Abrial, J.-R.: Developing
Topology Discovery in Event-B, Science of Computer Programming,
Vol. 74, No. 11-12, pp. 879 — 899, 2009.

6) Hudon, S. and Hoang, T.-S.: Development of Control Systems
Guided by Models of their Environment, Proc. B 2011, Electronic Notes
in Theoretical Computer Science, Vol.280, pp.57-67, 2011.

7) KM, HE:Event-B: U7 7 A AL MIHESS VAT A -
EFYV Y, arsa—#Y7 =7, Vol.31, No. 1, pp.
43-48, 2014.

8) WEE: WAFIEAM, 4— 24 2012,

9) Romanovsky, A. and Thomas, M. (eds.): Industrial Deployment of
System Engineering Methods, Springer, 2013.

10) Event-B.org, http://www.event-b.org/

11) The Pro B Animator and Model Checker,
http://www.stups.uni-duesseldorf.de/ProB/



