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Study on Operation Semantics of Statecharts Based on LTS
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[ Abstract] Statecharts that extends the finite state machine is a visual language for specifying the behavior of complex reactive system. The state of
timed Statecharts is represented by inductive term from kind of term algebra, and a step semantics of timed Statecharts is briefly introduced. Based
on process algebra, this paper discusses concurrent behavior for Statecharts by concurrent interleaving sequences. It describes a compositional
approach for formalizing the Statecharts semantics directly on sequences of micro steps using labeled transition systems as semantics domain. The
results suggest that a concise compositional semantics of timed Statecharts is basal and helpful for model checking Statecharts.

[ Key words] Statecharts; Operation semantics; Labeled transition systems(LTS)

Q)8R % : R E neN, Statecharts 3 sl,...,sk, Hdr k>0,
& X[ S =def(s,...,sk), p=def{1,...k}H lep, TBHEA
TcTxpx 2NN 5o Ixp, | s=[n: § ;1;T]J&—4" Statecharts 3,
,ﬁ\tlJ sl,.sk JORAS s FFRES, sTRBRARES, T sl 24K

Statecharts'" Lk — it I T 5 44 & B 3% & 4847 49 19 7T #LAL
PAKIES , FARCRAE IR E3m T — ik, WS
2. Statecharts=IR &S & +IF FE+I1E & M+ #& 8 {5 - Statecharts
RUMLY i — AN HEAEH S, EEBATFRAERR MK

RS, HWHLEE BRI,

1 RO R R SRR IE A 2R R, B XS Statecharts
MET AL RE L BA Y BHE, BANAMNTHENZT
DA TG = SO, T HLA B &R GG I A I A 22 A ik
BT AL IE . T Statecharts JE AL LIRS, AMTC &
MTj(EI{’F[M] 7 33 3 35 1% 35k 3% % Statecharts iy 4k
5, BT ARY i Statecharts i I K47, REHEHSH
Ak B B 1E 15 Y (structural operational semantics, SOS)H 4%k
Statecharts {20 A& X, # Statecharts it AR KT T R 5
LTS,

1 Statecharts JE

Pl 1 i 7 B Statecharts i, 6] A 5 T HE R R AR 18 R
GEMRAE, RS0 AR LS A IR F RS 0
ny, R Fn R IERZAMEFRA 5RE R0 AT 438 A
ngfiins B ASIRZS , B B ELAUA B AL ZEn, Riins ) A RS b g —
Ay BiAn @R goR 7. DRSNS R S RS &
BORZS, WRRMEESRZS, e tmR7n fins.

T EFH®ERE, RelBaiRELER—TZ
Mo SR 350548 vk Statecharts. 1 % N J&: Statecharts R 75 4
#4, TREStatechartsiT LB 4, 1 SStatechartsZHfFE Ao
WA E ], fHi%——e=defe, I HECIU{—e|lecll}, I
4.4 ~E=def {—e¢| ecll}, StatechartsTifE&SCE XU T :

(DHFRZ: W neN, 4 s=[n]2—4 Statecharts I ;

s élﬁu MmN FRE, TBREET BREs WA T
R HIESE I 5

B)5RA: WH neN, Statecharts 3 s1,...,sk, k>0, [
% § =def(s1,...,sk), 84 s=[n: S ]J&—~* Statecharts 3i, Hr

.,sk %'Hilm S m#k%ﬁlmo

B 1 Statecharts iy 24 F

XFECR AT [n: SLTIMEB W A FRARER:
f=(t, i, E, A, j), H t RTB4, B name(f ) =deft; si j&{
Wy Bk A, BP source(f ) =defsi; E &€ mfi ke, B wg(f)

HEETH: 7V HARHREEE YR B E (0542036)

B/ BREW973-), T, YHH W&, B KT
2, BIRRES, USRS RIS, A

W H I 2005-11-28 E-mail: qjy2000@gliet.edu.cn



=def E; A &€ mizhie, EII Act(f) =def A; sj & T W EFRR
Z, BN target(€ ) =def sjo 3@ DA L4k, B 1 H g Statecharts
WA T B :
=[nl: (s1, s2)]
= [n2: (s4, s5), 1, {tl, 1, {a}, {b}, 2}]
s3 =[n3: (s6, s7), 1, {13, 1, {b}, {c}, 2}]
= [n6: (s8,s89), 1, {t2, 1, {aA =b}, {c}, 2}]
s4=[n4] s5=[n5] s7=[n7] s8=[n8] s9=[n9]
2 Statecharts — 338 X
LA T Statecharts 35 %, LR K S FH CHR[SIR %K
& Statecharts— 235 %, ‘B & /£ PnuelifiiShalev“E Y py 3L ht |-
WA T — 8. W— AR E MRS REE T -4 R EN
REEFE, BMA—NEL. W, —NELR—FR5H
JEAH R —BOME i Rt PR R B P (O 8 I e R
Bho HEseSC, tRsi— T, TRsSH— M ITRES
WRECTT, HB4IER AVFRERE TR:
En(s, E, T) =def relevant(s)nconsistent(s, T)Ntriggered(s,
EU|J sact(t) )
Horre
- relevant(s)E¥Rn— & ITH, i
¥R
- consistent(s, )RR — R 55 T BA L R ;
- triggered(s, E)Rm— RINTH, BIIflE 2 FEHN
LI E FAR4
- act() KR IR ¢ =R E M
it bk L, AVFIE MR
function step_construction(s, E);
var T :=Q;
while TCEn(s, E, T) do
choose teEn(s, E, T)\T;
T:=Tu{t};
od;
return T;
% — > Statecharts i s fMIHE4EA E, @ HEHE:
step_construction JWHEHITEBRES T*, PuiT T4k
A= act®) #Eﬁlﬂ‘éﬁ#"iﬂk%}\[n: SSLTIHR S 1,

F3k Statecharts i s', Bl s —a s, S H (s, E A, ).
SETFLTSH Statecharts HEE N

N T #iik Statecharts i S, fH I HEFR AR B ik
Statecharts IR A1TH, FEMIEM L, B REHBHN,
U Statecharts #:# AR Z AT RS LTS, LTS E2— AUt d
S, 2, s0), Hrht S RAREEE, CRAIREES,
—C SXIxS FREHR R, SO RAMIHRE. HE— i
(s,0,8)e>, HifoeX, BHEHERNs— s
3.1 Statecharts 4 & #IETE X

U REHBBAERNZE, H%E X
Sis Zder (Si5-5S11>S aS|+1= S¢) , Hr 1<I<k, H. s'eSC,
R SCARAE AL F R B B Statecharts BRARZS default p
B, MFHEARS default([n])=def[n], BRZS default([n: § ;1;T])
—def default(s1), R A default([n: § ])=defU i<i< default(si).

AR R HORAS UL, WA WA O R R
BERE. & BERARET e {none, deep, shallow}, 3
Ht none KR A I AR HH I, deep FRRIFEH

TR M BOREAE YRR &

44—

i, shallow FREEEHE . S RAE S default(s) ] default
(v, S)MTEFORARTE W F 1% 18 7 SRS AR BE g s i 1 e
b PR AH N b B B, AT 4 3 3 default(none , s)=def
default( s), default(deep, s) =defso X5 R EE DL, B
AR B default FEARGE A DR AR R BUHEAT BB L, FR
& default(shallow [n ])*def[n] , ﬁ M A default(shallow,
[n:S;LT]) =def [n:§ 1> defait(s )] 51 , 5 Hi,,_,\ default(shallow,

[n: S ]) =def default(shallow, S ).

B4 R — SR M plotkint ™ i 45 4 4L 3 3 L SOS MU
Keftiik, SOSHLI HTE X F -

g it
g ————— & A LB )
it it
LB AF)

MR Bk M BHEE R — 215 L, PAK Statecharts fyiFf2
RE AL, £ Statecharts BORZFG RS MR HARARAE
P WF RS, AR WAIEDL: —ME LR R A A
goR 2 %dﬁﬁ%ﬂ/‘ﬁéﬁfﬁim 41 OR-1 iz, OR-1 #LMJ4
BECGRARn: § L THER te T — A HATRE DL, H o source(t) =
si, target(t) = sl, FRARYHTEENFIREN i #4304 516 20
FREHR sl BRI S gepuies 3 ETD

OR-1:

[n:§;i;T];’+‘(:]>{ nnnnn (m[n:§[Hdcfaun(r,sl)13|;T] (teT)

B—F SRR A SR I FRA 2 A LA, W
OR-2 fif o OR-2 MU XM BIH S FRAHR S 18k 2
[0S T ] g HAT 1) RE 75 00 24 B35 20 TR &S ST
BORA[N -5 (s ,I,T]

OR-2:

S,—) S|

[n:5;l; T]——) [n: SHS;];I;T]

H T Hik HRAE AT A VIR RIAT ARV, 8 R
BB IR B R BEALRERE RS
2o iR ly R IR R PUT R R Ry x Ly 50T
FAML, AEREVE | S BANAEEI W x| yRRx Sy R
HEATRSELE . 1 FRERE, BT ENTRE
nfiinse MBPRZASHS RALFafiing, JEREEEpEafIbiE L, AR
TBATMAR, MITBLRGAT, HTFRLSNETFIER
Wasnofing, B HIERMAT, Mdmelle, MWLk
BREKIFRMAE, KT8, Wyl =
Lttt [t ANDBLI ik SR A [N ¢S] dhoi Qiismiy i
HPREFHEB AL, FRMATREIERIIT, 4k
AR B IE AT 54 [n: S 1[I0z Sy 1, AT A 2 348 o

AND:
(YmeM :s, s—iﬂhm sp) A (Vi, je M :(Ttrg(t)) Nact(t;) = D)
o UH<E|\I,Qllact(tj>>> = -
[n:s]+ (sl ISy ]
meM U
meM
McK={...k}, H={L...,IM[})
3.2 Statecharts# 3 Fn

% & — /> Statecharts Ifi % ;8 SC, W FI Mt 4t o 3L
v:SCoLTS FM k&L iE R4 LTS. Rk p 2—4



Statecharts i %77 SC, & 3 C(p)s Z(p)s —p Fl Ap 4> Bl LTS
VO RPREE S EHR A HI R ZMA RS, £ q: C(p)
i i£ Statecharts B4R A&, 7] & L4 C([n]) = {{n}},C([n: § ;L;T])
= Uo ({0} qi | qieC(si)}, C([n:S]) = {{n} Ulgigk qi |

qieC(si)}; Z(p)= 2" P x 2" fiiik Statecharts iy FfEFil
ik, AIE R BE/FAE ; >p<C(p)xZ(p)xC(p)fifiik Statecharts
PINR P 425, SE4A I an 3.1 35 P73k ;s Ap ik Statecharts 4]
WUERE, XK A(n]) = {n}, A(n:S;LT]) = {njusl,
An:§ 1) = (o Upcicy sio

A BRI E L, W Statecharts Z AARSEAL T RS
LTS. ik LTS BRZA A Statecharts WA, LTS MR
#iik Statecharts WM BIME, PLKk LTS M5 e ik
Statecharts BIWEF 25, MINERIX M T Statecharts f LTS
BAEI(C(p), Z(p), —> ;. Ap), ,E\EF"

(D CpR—MREHEA it Statecharts &4, H

C(p)c 2p;
@ 2p): 2" e R AR A, Wi
Statecharts f) 25 f1zh1E ;

(3) -p <Cp)x(2"P" "o x 2P XCPRTEI KR,
$#i3& Statecharts B I 74425 5

(4) Ap AR E -

4% bRk, WASFE 1 o Statecharts ) LTS #3k, WE
2 Fi7RN o

Ny, ng) V\nja nS)
a,b
b,c
(ny, n7) »(n5, n7)
(ny, n9)/ »(ns, ng)
& 2 Statecharts § LTS #58
4 G

Statecharts J—Fl B W 5 FH HL 2 BB 5 K i m] BEAL L%

(L4255 9 D)
5 &g
UP it R % Musa BRAEHI W A0 IR, O #RAEHE
BT Ah AR EGE AR R, A Sk P A R A R kT
FAP B RS R o AKER A1 SR TE , Musa 32 H B 5412 300 1w
DAFAE UP B —ANHe o A T 00 R ARRXS UP B3,
BT T A R, M ERUE, R T
WA HETHRGE UP J5 30T 4 7 Hopk nr Sk A% A
AR T H TCS, IR T 5 b AR A mr S ik e o
2530

1 iR, BRES. Rk AT S i R L SRR (). MBI AR, 2000,

19(5).

Wi H o Statecharts AL E A W [1) X G FE I K 5 i B L
W5y, BHF#W OMT. ROOM. UML H, i H 14
B E] — S P AL Bk TR IS, #5W STATEMATE,
ObjectTime Developers RATIONATROSE %, ¥ Statecharts
R iz, WERSHREE L, HA IR EEME L

AILHET Statecharts SR BIER, R,\~#/Fi§)‘4, %

T Statecharts F &AL ERAETE L, o H T AL Tk 28 7€ £E

filio 4 J5 9 ARG R ACSC 4y th B ARTE L, JFR AR A

KRB TH, MATERRGEI L, idE— 58 & RATH

TAE.

%3

1 Harel D. Statecharts: A Visual Formalism for Complex Systems[J].
Science of Computing, 1987, 8(3): 231-274.

2 Harel D, Politi M. Modeling Reactive Systems with Statechart: The
Statemate Approach[M]. Mc Graw-Hill, 1996.

3 Harel D, Pnueli A, Schmidt J P, et al. On the Formal Semantics of
Statecharts[C]. Proceedings of the 2™ IEEE Symposium on Logic in
Computer Science, Ithaca, New York, 1987: 54-64.

4 Pnueli A, Shalev M. What Is in a Step: On the Semantics of
Statecharts[C]. Proc. of Theoretical Aspects of Computer Software,
1991: 244-264.

5 Liittgen G, Beeck M V D, Cleaveland R. Statecharts via Process
Algebra[C]. Proc. of the 10" International Conference on
Concurrency Theory, 1999: 399-414.

6 Beeck M V D. A Concise Compositional Statecharts Semantics
Definition[C]. Proc. of FORTE/PSTV, Kluwer, 2000.

7 Liittgen G, Beeck M V D, Cleaveland R. A Compositional Approach to
Statecharts Semantics[C]. Proceedings of the 8" ACM SIGSOFT
International Symposium on Foundations of Software Engineering:
Twenty-first Century Applications, 2000.

8 Maggiolo S A, Peron A, Tini S. Equivalences of Statecharts[C]. Proc.
of the 7™ International Conference on Concurrency Theory, 1996:
687-702.

9 Fokkink W. Introduction to Process Algebra[M]. Springer, 2000.

10 Plotkin G D. A Structural Approach to Operational Semantics[R].

Computer Science Department, Aarhus University, Technical Report:
DAIMI FN-19, 1981.

2 Musa J D. Introduction to Software Reliability and Testing, Software

Case Studies[C]. Proceedings of the 8™
International Symposium on Software Reliability and Testing Course,
USA, 1997: 3-12.

3 Musa J D. Software Reliability Engineering[M]. New York:
McGraw-Hill, 1998.

4 Michael L. Handbook of Software Reliability Engineering[M].
McGraw-Hill and IEEE Computer Society Press, 1996.

5 Elbaum S, Narla S A. Methodology for Operational Profile
Refinement[C]. Proceedings of IEEE Annual Reliability and
Maintainability Symposium, 2001: 142-149.

Reliability Engineering



