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Method of Verification of Real-Time System
Based on Timed Statechart

Satosur YAMANET

Many processes concurrently behave and timing constraint is strict in real-time software.
That is to say, it is very important for processes to behave on valid timing condition
as well as compute valid values. Many research have been done in structured analysis
and Petri-Net, automaton, process algebra, temporal logic, modechart. There are many
problems, for example, lack of formalizm, difficulties in uniformly specifying behavior and
states, lack of intuitonic understandability, difficulties in composition of processes, com-
plexity of verification algorithm. In this paper, we propose the method of specification
and verification based on timed statechart. We aim at uniformly specifying behavior
and states, simplification of verification algorithm, formal documentability, timing verifi-
cation. The main feature is following: (1) Timed statechart consists of hierarchy (OR-
decomposition) and concurrency (AND-decomposition) of timed Buchi automata. (2)
Verification property specification consists of deterministic timed Muller automaton. (3)
Verification algorithm reduces inclusion problem between timed Buchi automata and
deterministic timed Muller automaton in formal language theory. Finally, we show this
method effective using example.
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Fig. 2 Statechart (concurrency).
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Fig. 14 Diagram about watch problem.

falarm—status ichime—status
| H

passive  passive
¥<10 i x<8

active

‘display

H :=0 K>
active :
ready y:=0 :
[ready | |

B 15 EEHEOMMA T~ F+— T
Fig. 15 Timed statechart of watch problem.

i

LIEhss, endbzHMd 5. 4RIOMEEEROTR
i3, FRHEREL beep MEREL 975, WFETIE, FTHERE
DX E B alarm-status & beep %M 59 chime-
status DSERINDZ LT 5. oD 221, HAE
ERT 32X T 70 R THY, K407 0+ 2%
A=t b TEFVIELTE S,

ZOEE, HHLE & U Tid, alarm-status 23
VEBIFTHEAR ARIC IS » T S HI0 T beep MR 153
&, BIRISHE L LTIE, beep M—FEENIET S L,
RENC beep DSENBEIREEI AlcdiT, #47F 8BEZI
EDBHNETHBREBRIEINEINETH S LT 5.

(2) HBEREEEIROH]

|22 alarm-status & chime-status ORE X 5 — b
Fr— AR 15 KRY. 2 DOOBKERELLIEE
3 20T, AND METEFITE T, chime-status |3
FIRENELET SDT, OR HMRTE 3. HRRE
i switch & disable TH D, ZHSDOEBOKEDE
ULsEHEENS., Zokdic, BEAT—FF v — b
DR TR, MERDA -7 P VTRERTER
DA TIPS D L RBTET, BELLTAL
BELPTL.

Ef, BRRITNESWHODRIIRD 228EZ 51
3. U EDREETTRERERICTS - T 5 %1 ® T beep

quit, passive

on active

,Sa/,r*\\Sb
TN

trigger
alarm-status 28 on X7 - THSHEDT beep HE 3
(a) ZAMHoER
(a) Specification of safety

—trigger, —active —trigger, —active
O trigger, 2:=0
m
\\\\Sl S2
|
N
active, 2>8

beep B—EBET 5 &, RENC beep BFRRAREL LS
7edIc, BT8R EBYLETH S
(b) EEoER
(b) Specification of liveness
B 16 RO EYSISHETZ RO
Fig. 16 Example of valid property specification.

—trigger, —on

O trigger —trigger, —on
Y
Sa Sb

on
alarm-status A3 on [T733 % ZIC beep 3 3
(a) Z&Moid
(a) Specification of safety

—trigger, —active —trigger, —active

O trigger, 2:0
\ 51 /——\ 52
Y
\\\_§><_~___.__—__‘A_//
active, 2<8
beep M—EEIET % &, KENC beep BERAHEELS
7edicid, 8HHLTF LN
(b) EHOER
(b) Specification of liveness

17 HEHRIEOAR LI E R Of)

Fig. 17 Example of invalid property specification.

DHED 29 & TH D LEM (safety) TH 5. K16
(a) il piA . MFI3RED beep DERIL 8
BZIDL ENEBETH AT ETHY, &M (liveness) T
H5. M16(b) i RFERT. 738, -active |
active RIAD A R v+ 2ET. WHOWEELES Sa



Vol. 35 No. 12

& Sb g3 S1 & S2DeE
ROOEUSZHEHING, &
7o, B, RYESHEFTROH
ZRITICR L, RIEFITIND
+z.

(3) HWHOKRIH

AROTNT Y X KB ERIC
AVvF) AV P LUTRIEATT-
72T, UFicHER% HET
5.

%9, BHEAF—FrF v+ —+
DPOREA— b= b VARERL
T, M16(a)DMIEE % &
T ABEEEZLD. COBS
OKMZ 771318 TH 5.
ZHEEALIR {{Sa}, {Sb}, {}} &
{switch, disable} D& DIk #E
PHEBRICED BEN B0 — 7P
BETINEINTHS. <D
BARBANV—FBEELEOOD
T, WHEFERENE. (b)d
RIS & TRENKRIET &
5. %7, M1Td(a)yE(b)

DFH & b i ZHEANED

N—TBEELT, Z50H
BRERINBOCEBFER

REA.

K17 TiE, (a)ig,
{switch, disable, Sa} —
{switch, disable, Sb} —
{ready, disable, Sa} —
{display, quiet, Sa} —
{switch, disable, Sa} —

DEEL, (b)ig,
{switch, disable, S1} — {ready, disable, S1} —
{display, quiet, S1} — {display, beep, S2} —
{switch, disable, S2} — {switch, disable, S1} —

WEET 3.

5. £ & &

ARTIE, BT — bF v — MicEo R
ERIEOFHEEZREL, FIBEFHOTEOEMEERE
Bl AFHROFELBFHBROEBYTH S :
OAF — M F v — F DRI L D BRI DB

display,beep,Sa

MEAT— b F v — PCESKYTNVNEAL LAY XFAREFR 2649

trigger 3¢V
on x:50 y:30
ready,beep,Sb
' trigger display,quiet,Sb
N,
y</0
display,disable,S. .
quit trigger passiv,
on adt yS
\ dispiay,beep,Sb
trigger '
active trigge
X=0

18 W77 7
Fig. 18 Timed graph.

HEEER 2T REE U

@V A7 ARSI SRR TREE LT
EREAARMBEICID &4 3 VIRIEATREE LT

AFHICII4E%, UTOBRENE-> T3,

@V 719 =TOREBKELIBBICONTHRIED 2
FSKRELI D, BA -2 VOERPRIED T
I AT, REROZBHERA — & OB
h5.

@EWELIRARCER L7208, RRMRESEN., £
T, LVMREOFH N MEHEIOEEA -+ %
BEHERT 2 KBS 3.

RE, CNSEFBRTUTERE LTV 3,



2650 TEMUEE SR

ORRERP BRI DR AN 27201, BRIEDOR
Fi{t® BDD (Binary Decision Diagram) D3
QLY MREOENBRERICEHT p7c0iC, R
RES 70 A RBIC & 2 BELREBOF—EI3EE
w5 OEHIA — b= b O HEER
B, BIE, fER U7 ) X o @M iR & B
EET->TNB,
HE HEIODAHEEBAZIBO LW BERYE
PR SR R A IE K BRI I B L .

2 & X ®

1) Kavi, K. M. : Real-time Systems, Abstraction,
Language, and Design Methodologies, IEEE
CS (1992).

2) Hatley, D.J. and Pirbhai, 1. A.: Strategies
for Real-Time System Specification; Dorset
House (1988).

3) Jahanian, F. and Stuart, D. A.: A Method
for Verifying Properties of Modechart Spe-
cification, Proc. Real-Time Systems Sympo-
stum, pp. 12-21 (1988).

4) Berthomieu, B. and Diaz, M. : Modeling and
Verification of Time Dependent Systems Us-
ing Time Petri Nets, JEEE Trans. Softw.
Eng., Vol. 17, No. 3, pp. 2569-273 (1991).

5) Milner, R. : Communication and Concurrency,
Prentice Hall (1989).

6) Sifakis, J.: Automatic Verification Methods
for Finite State Systems, LNCS (Lecture
Notes in Computer Science) 407, p. 382 (1989).

7) Bakker, J.W., de Roever, W.P. and Rozen-
berg, G.: Linear Time, Branching Time and
Partial Order in Logics and Models for Con-
currency, LNCS 354, p. 713 (1988).

8) Hopcroft, J.E. and Ullman, J.D.: Introduc-
tion to Automata Theory, Languages and
Computation, Addison-Wesley (1979).

9) Coleman, D., Hayes, F. and Bear, S.: Intro-
ducing Objectcharts or How to Use State-

Dec. 1994

charts in Object-Oriented Design, IEEE
Trans. Softw. Eng., Vol. 18, No. I, pp. 9-18
(1992).

10) Harel, D.: Statecharts : A Visual Formalism
for Complex Systems, Science of Computer
Programming, Vol. 8, pp. 231-274 (1987).

11) Jones, C.B.: Systematic Software Develop-
ment Using VDM 2th, p. 333, Prentice Hall
(1990).

12) Leeuwen, J.V.: Formal Models and Seman-
tics, Handbook of Theoretical Computer Sci-
ence Vol. B, pp. 997-1072 (1990).

13) Alur, R. and Dill, D.: The Theory of Timed
Automata, LNCS 600, pp. 45-73 (1992).

14) Alur, R. and Dill, D.: Automata for Model-
ing Real-Time Systems, LNCS 443, pp. 322-
335 (1990).

16) /NHRZEIRER, BBIET: A — b= b v OHER,
pp. 109-130, 37 Hifk (1983).

16) Eilenberg, S.: Automata, Language, and
Machines, Vol. A, pp. 358-393, Academic
Press (1974).

17) Hoare, C. A.R.: Communicating Sequential
Processes, pp. 256, Prentice-Hall (1985).

(Epk 644 A 15 HZA)
(PR 649 B 6 Hixsk)

iR 8 (E2B)

(G E A 41, 1984 4F 21 3 K
TEAARELREET. IFEEL
BEOARE. BEV 7 by = TOW
- FWBERICHEE. 0%, BRA¥EHE
-  EEEER R, RECES.
BEYV 7V 2TREDY T2 54 7TV RTFLOER
HIISLRREDR MR, AR B B RIC BT A RFRICHE
HREXEEERCHEE o v 2R ATaRes
FicEk A D, EATCS, IEEE Computer Society,
ACM, ATHEEREERLA.




