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Abstract This paper presents a method for real-time verification of Statecharts. Statecharts has
been widely used for real-time reactive systems, and supports two time models: synchronous and
asynchronous. However, existing real-time verification methods for them are incompatible with the
asynchronous time model or increase state space by introducing new variables to the target models.

We solved these problems by extending existing model checking algorithms. The extended
algorithms can be used with both time models of Statecharts because they consider time increasing
transitions only. In addition, they do not increase target state space since they count those transitions
internally without additional variables.

We extended an existing model checker, NuSMYV, based on the proposed algorithms and conducted
some experiments to show their advantage.
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3.1.3.1 EBG €x&l&

I% 62 EG, q¢F WE3E JHES Tie 13
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EGpae 38 69 (a),b)()E AHE H&39 AH
oz )AL

ojml, Ztzte] 39 &£FMEL EF nAo= 4
o dE 89, EGnafe EGpa/t UIE AR 3
BlolA EG /& WOl EG o/ WHESHE 39
2ARE TIe ez N & Ut

F@>0Ab>0):
(@) EGyo 46 = (time AEXEG,_1,_yé) V (~4ime AEXEG(,49)

else if (b> 0):

(b) EGp y¢ = (time A pAEX EGyp,s-1)8) V (~time A § AEXEGp,4é)
elge:

(¢) EGpp16 = (time A ¢) V (~time A ¢ AEXEGg 1 6)

I¥ 6 EGa¢ B T3 L3R 3

e 724 AdEd zAFE AGHE ARES
EBUS EBGY ¢x@&o A4 (Correctness)¥ ¢4
A(Completeness) S ZH3ATHI3L FH AW A
oz At

0l:  proc ebglg,a,b)

02: Jex (2= b = O)e/

03: YO = g & time; ZACOL 43 1
04 do

05: Z:=Y;

06: Y= Y0 | (1 time & g & EX(Y)); IAOLIE A2 2
07: while (Z t=Y)

08: Ios (b > a= D)%/

09: for (i:#0; i<b-a; i++)

10: Y0:= time & g & EX(Y); IZROL -4 3 3
11: do

12: 2 = Y

18: Y:2 YO | (! time & g 8 EX(N)); 7/ ()9 An %
14: while (2 !'= Y)

16: Jex (b > a> 0)s/

16: for (i:=0; ica; i++)

17: YO0:= time & EX(Y); ZAOLE-5 3 3
18: do

19: Z = Y;

20: Yi= YO | (! time & EX(Y)); ZACOLR 137
21 vhile (Z t= Y)

22;

23; return Y

28 7 BGrn¢% AdsE dimE

Y 78 EG, 4% W5 BH9 A4S 73
2RgYEL 22 Ve otk UeHE 19
329 AL FHoz FAFAY 28 7A timed
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e B3 B A3FE e 9 Ve
o AA FEo glo} dEle) J@E vehle dHolel
TZ2 BDDI14]E ©|&3A HERE °o]& d4& BDD
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(a=06=0)A A EloU 918 T3 23H T4
otk ZR-E (0<alHS Al EgU, 018 T3te
BRNA UmA F 7R F2lo] ALgEth HE E9
ElgU s 5012 A WA FHOZ ElgUp p¢], El¢Uy 54l
g F3a, 5 WA FH2E ElgUppdl S, HAY 3
2o2 El¢Upndle T3 dh

H@>0Ab0>0):

(a) ElpU y¢] = (time A ¢ A EXE[¢U(,y 9]} V (time A ¢ A
EXE{U, 59])

eloe if (b> 0):

() EjgUog¢] = ¢ V (time A ¢ AEXE[$Ujop-3¢]) V (~time A g A
EXE(¢Ujp y9!)

ele:

(c) E{¢Uyq¢] = ¢ V (~time A AEXE[$Uy g9])

3% 8 HeU & F3e 23F 34

o1: proc ebuif,g,a,b)

02: /e (a® b= 0)s/

03: 10:= g; IZEOLE-A 21
04: do

05: 2= Y;

06: Y := Y0 | (ftime & £ & EXXY)); AL -4 3 4
o7: while (Z tw ¥);

08: /as (b > a=(Q)s/

09 for (i :® 0; i < b-a; i++)

10: Yo:= g | (time & £ & EX(Y)); IZEOER-43 1
i1 do

12: F AL

13; Y e YO | (itime & £ & EX(Y)); // (D)™ F% %
14 while (Z != ¥);

15: /ex (b > 2> 0)sf

16: Tor (i:=0; i<a; i++)

17 Y0:= time & £ & EX(Y); /(% g
18: do

19: 2 =Y

20: Y := Y0 | (ltime & £ & EX(Y)); // ()% 2% %
21: vhile (Z I= ¥)

22:

28: return Y;
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£ 938 AF Aol L8t Zzhe] A7 =2
7158 AEHES 25 Ro3 1 FEHE Fd FEXP
< wEsle A7l QeA AAg olFg Ajle 1
B3 Azl 238 WA At gl FEED
DEHE S FASH 1 AIZH7E G AjTe] H
A, 224U E A B3 FHoA Toq Qe A



ZHOEXES HAZ AF5S AT ZdAA §3 779

9 el o ol FUEA gy AR el
Z5 FHE Jte A=27F doa 23 ALE FEI
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while (Ri 1= RP); /2T MDA LR AgE
10: if (RP & final f= pull) return §; // LML Y FL Y § %
11: i+ -k

BP := RP | FW(RP & !time);

o1: proc min(stare, final)

02: 1:=0; /RS
03: RP = start; e B
04: do

06: RO := BP;

06: do

or: Ri := RP;

08:

09

12: RP := RP | FW(RP &k time); /% M3 8%
13: while (RO i= RP); SN TN Fer
14: return infinity; AN %2 3%

a9 10 2N A 21EE

HGRAZME Adbshe 41EELE JAE=EE Yehd
| 2g 109 29 d7)M FWip)e prt #Ese 4
He] AfAA = 7Hed g FHES JAFE 73
= Frold, timed time ZaE|TZlo] wrE3he Abel o
AL 7R 99 928 dA=E BDD3IY |t
o2 FYHBEE | MY start, final, Rp, RO, Rl
< EF BDDE 1iHE duy AFEel
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01: proc max (start, final)

02: im0 IS k1

03: RP:=True; ek b -2

04: do

05: RO:=RP;

06: RP:»RP & (EX(RP) & time &k ! final); // “ID A XN ¥"%

07: do

08: Ri:#RP;

09: RP:=RP | (EX(RP) X ! time & ! final); // 3T “ 2 ¥™¥
102 vhile (B1 !'= RP); S e i

11 if ((RP & start) = mull) returs i; // 219" 23390 &%
12: ire; ST TR B TR 0w

AR EELE LR
ZEELFERERY. L]

13: while (RO != RP);
14: return infinity;
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