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Abstract: Statecharts is widely used as a behavioral modeling language for reactive systems for its concise and
intuitive expression. It can represent the system behavior at different levels of abstraction, and therefore can
represent the result of every refinement step in the process of system modeling. However, it’s beyond its capability
to reason about whether the model semantics of the lower level preserves that of the higher level and whether the
models they describe satisfy some properties. In this aspect, the formal language XYZ/E can be used
complementarily. The XYZ/E is an executable linear temporal logic. It can express both the properties and behavior
of systems. In this paper, the semantics of Statecharts is defined inductively using the Basic Transition System, and
its temporal semantics is expressed by an XYZ/E formula. The semantics we give is modularly compositional. The
semantic preserving of different refinement steps can be guaranteed by the semantic definition directly. Models that
Statecharts specify and their properties are represented in the same logic, so the assertion that a model meets its
specification is expressed by logical implication.
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(linear temporal logic, LTL)™ s
XYZ/EP®! LTL , ]
XYZ/E ,
(basic transition system, BTS) Statecharts , XYZ/E BTS
Statecharts . Statecharts( )
( ) , Statecharts . (
Statecharts UML , XYZ/E
, ( ) ( ) ,
1 XYZ/E .2 Statecharts
) Statecharts . 4 Statecharts
1
LTL , >
XYZ/E
$Ox=¢ s
V D s o: V=D 14
4 v ; 2 o(e)(a(p)) 4 e(
o . , V {xy}.D ,o={x=1,y=2}, o (xty)=3,0(x>y)=false.
r 100,071,025 0}s. -1
(r0) r i 105 Ot 15
p »4>91,92 X ,€
ri)=p oi(p)=true /*
(r,)|=$0q (ri+1)|=q /* q
(r)=0 ¢ k2i:(rk)l=q /*
= q k>i:(r,k)|=q /*
(r,))=$0x=e o +1(x)=0i(e) r* x
(ri)=—q (rDl#q
(rDI=q17q2 (rDl=q: (rDl=q2
(rDl=q1vq: (rDl=q1  (rDl=q:
(o )
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Statecharts
1 BTS (U1,2,6,4), JFE{uyu,. .Uy} ;2 I
;0 , ;4={010: 2> 2} ,0
5 . ) Ps R u
: , u ; , $0u .$077={$0u,,$0u,,....$0u,},
P=ie/CLIDN(SOu=e)A...A($0u,=e,), Cs([11) ) 50717
BTS (computation) S 7:00,071,0%,...,C}y. ..y
:1) op(G)=true, r=62) VieN,3deA K o)=01, (ri)|=ps
BTS Comp(BTS) {r|r|=0A0 (Vsca.ps)}- s )
bs TLF(BTS) :bs_TLF(BTS)= o/ OND (V se4.05)-
2 Statecharts
Statecharts . 3 : —_—
s N Statechart; _— ;
R . 3 : (BASIC) (OR) (AND).
F o N ! 0 , .1 A,CD,EF,G.
t i p i , s
4 |
| ( ) :
B @ : s f6 , . 1
f i P,0.B . AD,F.
L&) : S R
© ! : ) .
Label: t1:e1/ay, t2: e, tz:es, ts:es ’ ’
ts: ayles, tg.ey, ty:e3, lg:ey
Fig.1 Statechart SCR
1 Statechart SCR _ ’
> 5 , 2
STATES, T EVENTS,
Statecharts
2. Statechart SC (S,root,type,children,default ES,T),
Su{root}cSTATES, SC ,root SC ;
type:SU{root}—{BASIC,OR,AND} sC ;SC
Stype=4.(Vs€S-type(s)=BASICV'type(s)=ORV'type(s)=AND)A(type(root)=ORV'type(root)=AND). v/
K%, .
children:SU{root}—25, SC , ;
Shierarchy=,4,¥seSU{root}-((type(s)=BASICAchildren(s)=)v(—type(s)=BASICAchildren(s)#D)).
syechildren(s), ST S s si=parent(s,),sy S| .S .root

© e

http:/ www. jos. org. cn
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R Sroot=4.£Vs € S-root & children(s).

children children”children” (s)=Uochildren'(s). ,children’(s)={s},children'(s)=
children(s), i>1, childreni+1(s)=usrEch,-ld,e,,(s)childreni(s’).
syechildren *(sl), ST 8 .52 parent*(sz),SQ S . s
s SC root s
root
default:SU{root}—25, sC . s ;

Sdefault=4,/Vs€SU{root}-(type(s)=BASIC rdefault(s)=)
V(type(s)=ORA3sgechildren(s)-default(s)={so} )v(type(s)=ANDAdefault(s)=children(s)).

ESCEVENTS, , (ENTER(s))
(EXIT(s));
TcSxLabelxScI’ SC Label ,Label={Trigger/Action|
TriggereeExp,ActioncES};A 5 ; eExp 1)~4)
:1) AeeExp;2) acES, aeceExp;3) eceExp, —eceExp;4) e,epceExp, ejnese
eExp  ejve,eeExp.
t=(s\,Trigger/Action,s,) K SH S Trigger/Action. s
:source(t)=s; t Jtarget(t)=s, t Jgrigger(t)=Trigger t ,
action(t)=Action t .action(t) Action s t=(s,,Trigger,s,)

E

STran=4,Vte T-Is€SU{root} -source(t) e children(s)Atarget(t) e children(s).

Statechart :StypenShierarchysSrootaSdefaultaStran.
1 ,SCR :§={P,A,B,C,F,G,Q,D,E};ES={e1,61,3,€4,€5,€6,21 } ; T={t1,12,L3, 4,15,L6,L7,13} ;FOOI=R;
type(R)=AND,children(R)={P,0Q} default(R)={P,0} ;type(P)=type(Q)=type(B)=OR, BASIC
children(P)={A,B,C} children(Q)={D,E} ,children(B)={F,G}, (R
default(P)={A},default(Q)={D} default(B)={F}, <.
Statecharts s _ Statecharts(basic Statecharts, BSC)
_ (and) (embed).
3. Statechart BSC=(S,root,type,children,default,ES,T) Statechart:
type(root)=ORAchildren(root)=SAVseS-type(s)=BASIC.
Statecharts - BSC=(S,root,s0,ES,T), default(root)={s,}.
2 BSCP,BSCQ,BSCB Statecharts.
P ) 0 B
—(9 @®
4 ts t t7 s
G " O, (&)
Label: t1:ei/ay, ty: e, Label: t5: ai/es, Label: t7:e3,
1ies, tyieg toies t3:e4
Basic Statechart BSCP Basic Statechart BSCQ Basic Statechart BSCB

Fig.2 Basic Statecharts
2 Statecharts
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4. Statechart SC\=(S\,ro0t\,type,,children,,default|,ES,,T),SCy=(S,,r00t,,type,,children,,default,,ES,,T,),
Statechart and(SC,,SC,)=(S,root,type,children,default,ES,T). S=81U{root, }US,U{root,},root
LES=ES|\UES,,T=T\UT).
type,(s), seS,Ufroot,}
ype(s) = ypey(s), s €S8, U{rooty};
AND, s =root
children,(s), seS, U{root,}
children(s) = | children,(s), seS, Ul{root,};
{root,,root,}, s =root
default, (s), s €S, Ufroot}
default(s) = < default, (s), se S, ulroot,} .

{root,,root,}, s =root

AND .
2 and(BSCP,BSCQ) root=R;S={A,B,C,P,D,E,Q};ES={e1,e1,€3,4,€5,6,a1 } ; T={1s,t6,t7,t3 } ;type(R)=
AND,children(R)={P,Q} ,default(R)={P,0},
5. Statecharts SC\=(Sy,root,,type,,children;,default,ES,,T)),pseS; type(ps)=BASIC,SC,=(S,,ro0t,,
type,,children,,default, ,ES,,T5), Statechart embed(SC,ps,SC,)=(S,root,type,children,default,ES,T).
:S=851U8,;r00t=root,ES=ES|\ OES,; T=T\UT,.
type, (s), s €S, Uiroot,} —{ps}
ype(s) = type, (root,), s =ps ;
ype, (s), ses,
children, (s), s €S, Uiroot,} —{ps}
children(s) = { children, (root,), s= ps ;
children, (s), ses,
default, (s), s €S, uiroot,} —{ps}
default(s) =  default, (root,), s=ps
default, (s), ses,
s root, s ps ,Foot, ps.
2 embed(BSCP,B,BSCB)  root=P;S={A,B,C,F,G};ES={e,,e,,€5,66,€7,€5,a1 } ; T={t,t2,t3,t4,t 7,13} ;
type(B)=OR;children(B)={F,G};default(B)={F},
1 Statechart Statechart Statecharts s
SC::=BSC|and(SC,SC)|embed(SC,ps,SC).
1 SCR 2 3 Statecharts , »CR=and(embed(BSCP,B,BSCB),
BSCQ).
3 Statecharts
31
type,children  default ,root Statechart ,
, , (
)- , . ,  ATAT=TUT'
UTends T

© e

AFRFFIT https/ www. jos. org. cn




:Statecharts

675

T '={(s,Trigger,s)|3te I-s=source(t)ATrigger=(Agource(n=s—trigger(t))}  /*

Tena=1{(s,Trigger,s)|Vte T-s#source(t)ATrigger=A14} [* R
T’ , Statecharts
( ), Tena ,
, 3 BSCP  AT={t\,tr,t3,14, 1], 15,1} }.
R Statecharts
(8,50, ES,AT), So
, 2
crv; 5
se; >
env. S N Label: t;:e\/ay, ty:ea, ts:es, ta:es
Statecharts X . t'1:meine, 1'yimes, t'aimes
R i Statecharts Fig.3 All transitions
> ) s 3
.Statecharts , 1 SCR ,
G( B) {esest  lsla ) . > U
; , I ; , SCR A
tenea} Lt > >
env , 4 source(t)=target(t) t ,
, source(t)#target(t) t R EXIT(source(t))
ENTER(target(t))
( =7 )
ENTER(s)=> Ay cparenr+(s ENTER(s") /* s :
EXIT(s)= Ay cchitarent (sy)EXIT(s") /* K
3.2
(BTS) Statecharts ,Statechart BTS
Statecharts s Statecharts  BTS bts  Statecharts
bs TLF
6. Statechart BSC=(S,s,,ES,AT), bts(BSC)=(CV,se,env,6,4),
CV={LB},LB S LB S s Statechart s
se , 2fs ;
env , 2fS R
O=4op LB=sorse=Dnenv=L;
4={4 ¢ tedT, pL P b

Pi=aeLB=source(t)rocc(trigger(t))ASOLB=target(t)A$Ose=action(t);

(acES,eceExp):
occ(A)=true;
occ(ENTER(s))

occ(e)

LB#sAS$OLB=s;
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occ(EXIT(s)) LB=sA$SOLB+s;

occ(a) aesevaeceny;

occ(—e) —occ(e);

occ(eines) occ(ey)noce(ey);

occ(eyver) occ(e)vocce(ey).

BSC bs_TLF(BSC)=bs_TLF(bts(BSC))=0n0 (V:ear0:)-
$0 , $0 strigger(f)=1
;$O0se=action(t) (1) , se :(2)
; env env : X
, s trigger(f)=1 t, 4 trigger(t")=—A,0cc(—A)=false,

pr=false, g , 5 action(t) s p=

occ(EXIT(source(t)) AENTER (target(?))),
2 BSCP  S={A4,B,C},s=A.ES={ej.es.es.ec.a1},AT={t,tr,t3,ts, 1], 15,1} }.
bs TLF(BSCP)=4.fLBp=A4
AO (LBp=Arocc(e))ASOLBp=BA$O0se={a; }
VLBp=Anrocc(er)ASOLBp=CAS$Ose=DvLBp=Arocc(—eiA—er)ASOLBp=AA$O0se=J
VvLBp=Bnrocc(eg)ASOLBp=CA$O0se=vLBp=Brocc(—es)ASOLBp=BA$Ose=D
VLBp=Cnrocc(es)ASOLBp=BA$Ose=vLBp=Cnrocc(—es)ASOLBp=CA$0se=2)
Vi Statecharts SC, SC,,bts(SC1)=(CV1,se1,envy, 01,4:),bts(SCy)=(CV,,se5,env,,60,,4,),
bts(and(SC1,SCy))=(CV,se,env,b,A), ,CV=CV,uCV,;se se;  sep , ,2(se)=2se;)(sey);env
env, env, ,  2env)=Xenv)Uenv,); =N A={T o €A, €Ny ps= Ps, N Ps, }.
bs_TLF(and(SC1,8Cy))=4etOND (Vses P=ONONT (Vse4 PN 5en, PO
=(OAD (Ve POINBAD (Vs y, P))=bs_TLF(SC)Abs_TLF(SCy).

S embed(SCy,ps,SCy) SC, ps
Statechart SC, ( Statecharts ), ps ; SCy ps  ,SC,
“1”, SC, 4 SC,
ENTER(ps)  EXIT(ps), SC, . ENTER(ps) SC, ;
EXIT(ps) SC,. , , SC, . S§C,5C, BSC.

8. SC=(52,502,E8,,4T>) SC1=(51,501,ES,,AT1)  ps
pre(SC1 7pS9SC2):(S7S05ESaAT)7

, SC, R Statechart

Sops DS =S
S=S2u{i};s0:{fz psis‘“
g 01

ES=ES,U{ENTER(ps),EXIT(ps)};AT=A T, OT ;0 {tent,};
AT, ={(s,Trigger/Action,s,)|te AT,-s\=source(f)ns,=target(t)
NTrigger=(trigger(t)A—EXIT(ps))Adction=action(t)}

/* ps SC, .
T.={(s1,Trigger,s,)| s € Sons|=sATrigger=EXIT(ps)As,=L}
/* ps SC,,
to,=(L,ENTER(ps),s02) /* ps , SC,.
t,=(L,~ENTER(ps),L)/*SC, ps  ,SC, , L

4 5pre(BSCPaBaBSCB) S:{F,G,J_},S‘OZJ_,ES:{63,64,ENTER(B),EXIT(B)},AT:{ t;’t;’atést;{/ slenslexts

Lex2st } .

© e

AFRFFIT https/ www. jos. org. cn



:Statecharts 677

bs_TLF(pre(BSCP,B,BSCB))=geil Bs=L
AD (LBy=LAocc(ENTER(B))ASOLBy=FA$Ose=DvLBy=1 nocc(~ENTER(B))ASOLB;=L A$Ose=T
VLBg=Fnocc(esn—EXIT(B))ASOLBz=GA$O0se=BvLBg=Frocc(—e3A—EXIT(B))ASOLBg=FA$Ose=J
VLBg=Fnrocc(EXIT(B))ASOLBz=1A$0se=OvLBp=Gnrocc(esn—EXIT(B))ASOLBz=FA$O0se=J
VLB=GAocc(—eysn—EXIT(B))ASOLBg=GA$O0se=vLBp=Grocc(EXIT(B))ASOLBp=1 A$0se=)

pre(BSCP,B,BSCB) ten

"
Iy

£, - ey A—EXIT(B), 4 : ~e; A—EXIT(B),t,,, : EXIT(B)
£ :e, A—EXIT(B).1 : —e, A—EXIT(B),t,, : EXIT(B)
' :ENTER(B),t, : ~ENTER(B)

Fig4 pre(BSCP,B,BSCB)
4 pre(BSCP,B,BSCB)

~.

9. SG SC, ps, bts(embed(SCy,ps,SC,))=bts(and(SC,pre(SC,,ps,SC»))),
bs_TLF(embed(SCy,ps,SC,))=bs_TLF(SC\)Abs_TLF(pre(SCi,ps,SC,)).
embed(SCy,ps,SCy) SC, , SC, ,
SC, S DS SC, .

bs_TLF(embed(BSCP,B,BSCB))=bs TLF(BSCP)Abs TLF(pre(BSCP,B,BSCB))
bs_TLF(SCR)=bs_TLF(and(embed(BSCP,B,BSCB),BSCQ))
=bs_TLF(BSCP)Abs_TLF(pre(BSCP,B,BSCB))Abs_TLF(BSCQ).

2. :
D psi SC ps2 SC )
bs_TLF(embed(embed(SCy,ps1,5C),ps,,SC3))=bs_TLF(embed(SCy,ps;,embed(SC;,ps,,5C3)));
2)  psipsa SCy ,
bs_TLF(embed(embed(SC,,ps;,SC>),ps1,SC3))=bs_TLF(embed(embed(SC,ps,,5C3),ps1,5C>));

3 ps  SC )
bs_TLF(embed(and(SC},SC,),ps,SC3))=bs TLF(and(embed(SC,,ps,SC3),SCy)).
: R Statecharts
, . ( )
3. SC; SC, Statecharts,p ¢ ,“SCll=p” Ne D,

1) SC|=p,SCll=q, and(SC1,SCy)llFpAag;
2) SCi||l=p,pre(SC1,ps,SC))||=q, embed(SCy,ps;,SC,)||=pAg.
, SC|=p bs_TLF(SC)=p,

XYZ/E
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1: 5 ,SC_ALC

ALC
Statechart. (Light) Light : Time
. : 1
(Timer) s 5 .Light |
(Off), Timer (Idle). n “ ol “ b
(Pressed) , (On) (set) s @ : @
Timer £ ,Timer (Cnt) H
(reset) ( ). 5 R t1: pressed/set,t>: sw_off
. . . dl t3: set/reset,  t4: timeout/sw_off
timeout Timer £, Timer ldle Fig.5 Automatic light control system SC_ALC
(sw_off) s Light t, S 5 SC ALC
(Of?). SC ALC -
reset s s timeout

:SC_Light:S={Off,On},s,=Off,ES={pressed,set,sw_off},7={¢,,t,};SC_Timer:S={Idel,Cnt},
so=Idel, ES={set,reset,timeout,sw_off},7={¢;,t4};SC_ALC=and(SC_Light,SC_Timer), ,SC ALC SC_Light
SC_Timer

bs_TLF(SC Light)=LB;=0Off
AO (LB =Offrocc(pressed)ASOLB;=0nA$0se={set} vLB=0Offr—occ(pressed)ASOLB =0ffA$Ose,=J
VLB;=0Onnocc(sw_off)ASOLB=0ffA$O0se;=IvLB=0nr—occ(sw_off)ASOLB;=0nA$O0se,;=L)
bs TLF(SC Timer)=LB,=Idel
AO (LBy=Idelroce(set) ASOLB,=Cnta$O0se,={reset}vLB,=IdelA—occ(set) ASOLB,=IdelA$Ose,=J
vLB,=Cntaocc(timeout) ASOLB,=IdelA$Ose,={sw_off}vLB,=Cntr—occ(timeout)ASOLB,=CntA$O0se,=J)
bs_TLF(SC_ALC)=bs_TLF(SC_Light)Abs_TLF(SC_Timer)

E b}

bs TLF(SC_ALC)=(O (LB=OffALB,=Idelrocc(pressed)=$0SO(LB,=OnALB,=Cntrocc(reset)))).

4
Statecharts R 8 (.10
(causality). A
s —ele . R R
( ). R 1 SCR , G E
ey , I3 1 &
(u,$0u) (step),
4 (synchronous time model), R
; (asynchronous time model), ,
( ,
), (super-step). R
,  neweventsc25S
SynENV=genv=20n0 ($0env=newevents).
, Statechart SC bt TLF(SC)ASynENV.
AsynENV=,,se=Dnenv=0A0 (se=Dnenv=neweventsvsexInenv==20).
Statechart SC bt TLF(SC)AAsynENV.
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,Statecharts (perfect synchrony hypothesis)—— ,
( ) ,
(interlevel transitions) R Statecharts
interlevel Statecharts
S S / (hide-closure) s
5
Statecharts =221, 23] yUML
.UML , UML 247, [7] Statecharts
R [8,14,15] Statecharts
, [14] , (8] (
), [11] ,
Statecharts 3 ,
[12,16-19,24-26] Kripke s s [27,28]
Statecharts Statecharts [20] Z ; [13,21]
;o [22]
[11,29] [11] Statecharts R
Statecharts , Statecharts [11] ,
s Statecharts s s Statechart,
Statechart S S
Statecharts, S K
[11] ,
() 9,10] , o [1]
, ; ( ) ,
[29] [11] Statecharts FNLOG R
.Statecharts JFNLOG ) Statecharts
FNLOG Statechart SC FNLOG F, F
D, SC p. [29] , XYZ/E Statechart
FNLOG , ; XYZ/E LTL R ,
, , XYZ/E
Statecharts ) Statecharts
6
Statecharts , XYZ/E s
Statechart Statecharts XYZ/E ,
Statecharts Statecharts R
( ) R Statecharts ( ) ,
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, . XYZ/E
R Statecharts

. , Statecharts UML

, XYZ/E (5]
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