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{ﬂ_ _ “{] alﬂgrl ll 3'2.—!'2}.-?"2 On gn Tn Lj’l ﬂ;; _ e)} }
{succlist = ((lo, Do), (I1, D1), -+ -, (I, Dg)).

where (I;, D) represents the j-th reachable state set along with 7, and

Iy, is the last location reachable from the initial state. }
i1 =
for j := succlist.length downto 1 do
ej = (li-1, a1, 951,751, 15)
wiy1 = Duplication (@1, suce list;, ej)
{Duplication of the Location and Transitions}
if IsRemouvable( 1, succlist;, e;) then
11 := RemoveTransition(wii1,e;5)
{Removal of Transitions}
break
else if j = 1 then
1 1= DuplicatelnitialLocation (w1, (lo, Do))
{Duplicate the initial location and transitions
from the initial location}
end if
end for

return o
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RefinementOfCEs

Inputs @5, P
{P={po.p1, - s pr)}}
iy =
for j := P.length downto 1 do

i = Refinement (e, 1, p;)
end for
return o1
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Fig.4 Algorithm 1’ : Refinement Algorithm of CEs

4. FHMZEER
AETIHRRETEICOVTIHEERE1T .

4.1 RERIRE
RETFEZETTO2WIFHEREZ U TIRT.
~ A X —FH Rk
CPU : Intel(R) CoreTM 2 Duo CPU L7700 1.80GHz
A€V :2.00GB OS : Ubuntu 10.0.4

U—E R (14 8)
CPU : Dual Core AMD OpteronTM
Processor 2210 HE 1.80GHz
A€V :6.00GB 0OS : CentOS 5.4
F7, v A¥— - U—AHO@EEIZIX Java ® RMI 7 L
— AU —27 ZFIH L.

42 ETILREY—IL
EFILBAIL, TR Y —/L UPPAAL[TI O &5 /L
HEV 22—V E2FAT L. KEIORBEIKIIHR S ELD
FEERR E L, MAOTLH2RBIET ¥ DICERET D.
ZDOZETAREORBE LTWAEEEEO G4 H
SHD.

T NI XD KBHHHLEN T X LTI b 1=
O, HHEH AT 570121 DOFERLIZHE 5E[FH
FERAEITV, TOFEHEERERLLE LTHWS.

43 xtHEL-HIE
Fischer Ot EHERR 7 17 k =2/1[9] & Gear Controller[14]
EENENRHTS.

4.3.1 Fischer DEEHR 70 L

Fischer D EHER 71 h 2L, NEO o2/ T1
DL RVWEROFERZEHET 27 harThd. 1o
D7 AB4OOTlr— gy LR ini=d, b
BB HEE DIRNET L THD E V2D, £z, 70
TART AN SR RS, B SN KBIN
LD ZLNWFETES. 2oy, H16]lDTFiEIC
WL TWD &I LT,

4.3.2 Gear Controller

Gear Controller 5 /VIZEEER COF Y MICHW L
HXT OBEEET MELLIZbDTHD. ZOFT LS
OORRLHEEER LT a2 LEREND. FDl-
W, VAT ARKOEMENRmL, ar—varBvs
V. Fischer AR v b a v L3RR THY, K
B ) DR 72 W FTREME DS B B 728, iik[16] 0 Lo
AERTAIG 28 LT 2 &Il L7z,

450

400

350 \\
300

\ =&— Fischer : Fastest Trace
250

wo A\
150 \\

100

0 A\‘_‘%

1 2 3 4 5 6 7 8 9 10 11 12 13 14

=== Fischer : Shortest Trace

number of loop

computer node

K5 A —7E¥K : Fischer
Fig.5 Number of Iterations : Fischer

350

300

=== Gear Controller : Shortest Trace

/-.

250

\\ == Gear Controller : Fastest Trace
200 \

150

number of loop

100

50 —o

1 2 3 4 5 6 7 8 9 10 11 12 13 14

computer node

X6 sN—7E% : Gear Controller
Fig.6  Number of Iterations : Gear Controller

EFAOERIZOVTIE, UPPAAL OF Y 2—L 375,

44 BREEEIZDONT
AEIOFERTIE, I D KB OMHEEDEWITH LT
BEEDENDDNE D N ONWTEREITo -, KEIO
PRIRHENG & LCl, RSN EXBIOF TR FFHA
SENI= % KT Fastest Trace &, ¥R SN 7-KHDH
TE I EEO K %K F Shortest Trace @ 2 DIZD\
T ER 1T o 7.

45. RER#ER

451 JL—TEHEH

F9, U—BEEEE S LBV — T RIS
BEIFIZOVWTHNS. 22T, L—TEk e 3R
FIEOLHE B TN EZR LTS, 5, 61%, /L
— 7T A R R AR LT\ A. Fischer DFHA
HEBR 7 1 k = L= Gear Controller @ Fastest Trace Tl
T — RO BEITIE U T — T A LT 528,



250000
200000
=& Fischer : Shortest Trace
150000 +—
'g Fischer : Fastest Trace
T
£
=
100000
50000 - o I
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14
computer node
v 4= H
7 FE4TEER : Fischer
Fig.7 Excute time : Fischer
1200000

1000000 /

800000 -+

600000 /

400000 — =

time(ms)

200000 =& Gear Controller : Shortest Trace |

Gear Controller : Fastest Trace

1 2 3 4 5 6 7 8 9 10 11 12 13 14

computer node

X 8 SZ{THEM] : Gear Controller
Fig.8 Excute time : Gear Controller

Gear Controller @ Shortest Trace D%, EHNH U —h
RO BEEZESC L THA—FEENED L TR
ZEnbns.

452 E{THEME
WIZ, FATRR OB RIZ OV TIND.

7, 8 TiE, FATRHICH T2 EHEIREZRLTVD.

Fi-scher DA AR 1 F 2 Ld 86 5 §38H0 5 FITHE
FINHIX T R DA R B2, —7F, Gear Controll-

er |% Fastest Trace TIXFEATHB BT HRIZ WIS
73, Shortest Trace TiL 4 B HEIEMIZ/RD Z L3
"o,

453 HRUIREES
BRI, AR OBEMEIZ OV TS,

9, 10 &, AERREEICHTLEHDREZERL TV,

BT CER SN D720, ERCREE I 2
Z LB E T K LTS E R VR TN, R R
FATRER OB IENR 2 LD T AR LT D.

600

500 —

400
i
!
%
2 300
o
Q2
5
3
<

200

100 =& Fischer : Shortest Trace —

Fischer : Fastest Trace
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14
computer node
9 IRMBARREK : Fischer
Fig.9  Number of States : Fischer
1800
1600

1400 /
1200

2

]

2 1000 J

o

=

v

£ 800 - —

g /v
600
400 == Gear Controller : Shortest Trace

Gear Controller : Fastest Trace

200

1 2 3 4 5 6 7 8 9 10 11 12 13 14

computer node

B 10 IREEARKEK : Gear Controller
Fig. 10  Number of States : Gear Controller

9, 10 72°5, Fischer DFHEPERRT 1 h 2 /X Gear
Controller @ Fastest Trace TIZkE=Ch> 722 IR 23 7 5
N7=», Gear Controller ® Shortest Trace CTlXiR\ L f)
ORBEN A ST,

45 ERERDEER

FERERIT T 2BEEITH.

%%, Fischer D EHEET 1 F 2 LIZHOWTTH S,
N—TRIBIZEENENHTND Z ERnbND. 2,
HHET N TORBIBERIL I S TWD Z LR T
B, LLRRDG, 7, 9 b, REHDPELHITH
MLUTEY, EEFTREGETLTWRY. 2, 1
BID =N D RIS U, 6 SR FEATREM 2SRRI
WZRD LN ZEMEBEZDBND.

WIZ, Gear Controller (Z DWW T THHMNIH B IE Faste-
st Trace & Shortest Trace THREEN K E < B7p o7, Fa-
stest Trace i Fischer DA AR v k =L L 1FIE[E
EDMHEE A FIL T2, Shortest Trace Tl FEATRER- D
Mz EAMER E L CTENZ. 2, BT VOBME



NEL, BEEEREOLDLHIRLEEASICHIEND
SIS Fischer DA AHERR 7 0 a0 4072 0no7=m
THEHZRWHEHEIEND. V—TEOHIEbLIZE AL
TV, F—OKBIZEED T —h RN
FTHERE 720, WHEOTEZ B & EITRFRAE K L7
EEZ NS, EEE, Fastest Trace DGAITH HIEEF
ischer DFEHERR 7 1 2L LR CEE D 7 T 7 HBFEN
7212, KBIOE SIZHIFIZINZ 720X, B oK HI
NDHOEND Z LNHFTE 5.

EBRTIE, ETAREONEN T o F AEICETT D
O, FELWRITN T 2otz A%, FEITHRE O EHE
D 1= DITIE R BRI K EI OB AHEIZ DWW T OER %
TOVBERSD. £z, ARMTHM LIZFETIEY I =
L—ya UEROREZ L > THRELTWE T, U—
HHBEHE O LRI RAET D~ A F— - U= MO
WEA— =~y FIZOWTHEBMHT NEHETDH
5.

5. BhHYIC

AR TIE, BEfA— b~ b Aok ARSI L2 v
7= B E O FBIZ DWW T, FHEEBRE2IT -7
SHOBEE LT, SROFEMER THE LN, FET
REICk T 2 BHE RO EZERZ L7201, ki
SRR FIEIC L A BEEMNT 21T\, i S 7o 5
DOFMEZEITH. Tz, ~AX— « U—W O3 % IR
WizT 272 L, WIHINCETTE DT ONWTEHER E
IZOWTHE L TWE L.

BEE AR — IR R T i B 4 A
C(21500036) & SGHAE 24 TR AR IT SMBBED = O
FFZEBRsE ) (WFZEBRSEMENEA © Y 7 b U = THEGLIR LD
AR O ) DOBIRRIZ X 5.

X ik

[1].

[21.

[3].

[4].

[5].

[6].

E M. Clarke, O. Grumberg, S. Jha, Y. Lu, and V.
Helmut: “Counterexample-guided abstraction refinement
for symbolic model checking,” Journal of the ACM,
vol.50(5), pp.752-794, 2003.

E M. Clarke, A. Gupta, J. Kukula, and O. Strichman:
“SAT based Abstraction-Refinement using ILP and
Machine Learning Techniques,”In Proc. of the 14th Int.
Conf. on Computer Aided Verification,Lecture Notes in
Computer Science, vol.2404, pp.695-709, 2002.

E M. Clarke, A. Fehnker, Z. Han, J Ouaknine, O.
Stursberg, and M. Theobald: “Abstraction and
Counterexample-guided Refinement in Model Checking
of Hybrid Systems,” In Int. Journal of Foundations of
Computer Science, vol.14, No.4, pp.583-604, 2003.

R. Alur: “Techniques for Automatic Verification of
Real-Time Systems,” PhD thesis, Stanford University,
1991.

R. Alur, C. Courcoubetis, and D. L. Dill: “Model-
checking for realtime systems,” In Proc. of the 5th
Annual Symposium on Logic in Computer Science,
IEEE, pp.414-425, 1990.

S. Das, D. L. Dill, and S.Park : “Experience with
predicate abstraction,” In Proc. of the 11th Int. Conf. on

[71.

9.

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

Computer Aided Verification, Lecture Notes in
Computer Science, vol.1633, pp.160-171, 1999.

J. Bengtsson, and W .Yi: “Timed Automata: Semantics,
Algorithms and Tools,” In Lectures on Concurrency and
Petri Nets, Lecture Notes in Computer Science, vol.3098,
pp.87-124, 2004.

F. Wang, K. Schmidt, G D. Huang, F. Yu, B Y. Wang:
“Formal Verification of Timed Systems: A Survey and
Perspective,” In Proc. of the IEEE, vol.92, No.8,
pp.1283-1307, 2004.

G. Behrmann, A. David, and K G. Larsen: “A Tutorial
on UPPAAL,” In Proc. of the 4th Int. School on Formal
Methods for the Design of Computer, Communication,
and Software Systems, Lecture Notes in Computer
Science, vol.3185, pp.200-236, 2004.

A. David, J. Hakansson, K G. Larsen, and P. Pettersson:
“Model Checking Timed Automata with Priorities using
DBM Subtraction,” In Proc. of the 4th Int. Conf. on
Formal Modelling and Analysis of Timed Systems,
Lecture Notes in Computer Science, vol.4202, pp.128-
142, 2006.

H. Nakajima and Y. Kameyama: “Improvement on Real-
Time Model Checking using Abstraction-Refinement (In
Japanese),” In Transactions of Information Processing
Society of Japan, vol.45, No.SIG12 (PRO23), pp.11-24.
S. Kemper, and A. Platzer: “SAT-based Abstraction
Refinement for Real-time Systems,” In Proc. of the Third
Int. Workshop on Formal Aspects of Component
Software, vol.182, pp.107-122, 2006.

H. Dierks, S. Kupferschmid, and K G. Larsen:
“Automatic  Abstraction Refinement for Timed
Automata,” In Proc. of the 5th Int. Conf. on Formal
Modelling and Analysis of Timed Systems, Lecture
Notes in Computer Science, vol.4763, pp.114-129, 2007.
M. Lindahl, P. Pettersson, and W. Yi: “Formal Design
and Analysis of a Gear Controller,”In Proc. of the 4th
International Workshop on Tools and Algorithms for the
Constraction and Analysis of Systems, vol.1384, pp.281-
297, 1998.

T. Nagaoka, K. Okano, and S. Kusumoto: “An
Abstraction refinement technique for timed automata
based on  Counterexample-Guided  Abstraction
Refinement Loop,” IEICE Transactions on Information
and Systems, vol.E93-D, No.5, pp.994-1005, 2010.

W R Rz, J b U, B =, A o SRR o
AT NEXIGE LTz CEGAR IZ X 2 G ik o
FULFE 5 Bk, to appear, (2010).

A. Gupta and O. Strichman: “Abstraction Refinement for
Bounded Model Checking,” In Proc. of the 17th Int.
Conf. on Computer Aided Verification Lecture Notes in
Computer Science, vol. 3576, pp.112-124, 2005.
G.Behrmann: “Distributed reachability analysis in timed
automata,” In Int. Journal on Software Tools for
Technology Transfer, vol. 7, No.1, pp.19-30, 2005.



