1000-9825/2002/13(12)2244-07 ©2002 Journal of Software Vol.13, No.12

*
UML
1 2 1
] ]
Y ) 210007);
X : 100091)

E-mail: osman@263.net; donglin_cn@sina.com; xiexr@publicl.ptt.js.cn

, UML )
, UML _ ; ; UML
, ; UML
UML , . )
LTS LTS LTS UML . ,
Plotkin SOS(structural operational semantics) UML
Statechart , UML ,
UML ! LTS ) )
. UML ; ; (structural operational semantics, SOS); ;
. TP311 DA
OMG UML W umML .
UML ., UML (meta-model) 1@,
UML . UML , (38
UML _ (state machine) " UML
, , UML
1 UML
UML
(D) ,
* : 2001-04-17; : 2001-11-02
(69931040)
(1973 ),
, (1966 ),

(1931 ),

© PEBREBALTU bt/ www. jos. org. cn


mailto:donglin_cn@sina.com

UML 2245

: (2 , :
(3) . , ( orthogonal) ,
(region).
11
UML N, initial, e N, finial, e N, s
( ). T .UML
1. UML SA
1) @ : ;
2 : neN,s,eSA, n ,s=Ln:sp;entryAction;DoActivity; ExitAction]
.n $ ,EntryAction,DoActivity, ExitAction
, Entry: SA— Action, Do: SA— Action  Exit: SA— Action 3 , se SA,
Entry(s)=EntryAction, Do(s)=DoActivity,Exit(s)=ExitAction; S n ;
3 : ne N,5eSA,  k>0,SA S1,Sp, -+, Sk n , n S
n , s=Ln:sp;(sl,sz,...,sk);entryAction;DoActivity;ExitActionJ n ;
4 : neN,5eSAs, n . sln S (S1,52-++,S:1: Ty 1 Dy EntryAction;
DoActivity;ExitAction] n ., kO0sA S1,S21 S n le{12...k,
S n T n ; h e{none, shallow, deep}
, ,none ,shallow ,deep
D, e{12,...,k}, Son
UML
D Type: SA —{basic,or,and} , , basicor and 3 ;
()] parent: SA— SA, ‘parent(s)=s,. ,
, , , D .
UML 5 : . ,
, “ [ 1/ " (event-signature ‘[’ guard-condition ‘]’ ‘/’
action-expression) 3 .
2. ;Ln:gj;(si,sg,...,sK);l;Tn;h;Dh;entryAction;DoActivity;ExitActionJ ; Th
, t 6 (t.i,egaj). ,teTN t
J,je{12,...,k} t ,ecE
) ,geGuard ,acA :
(@ name(t)=t;

(b) source:T — SA,source(t)=s, t
(c) target:T — SA, target(t)=s, t
(d) trigger: T — E trigger(t)=e, t ;
(e) guard:T —{truefasg , t ;
(f) effect:T — A effect(t)=a, t
3. trans: SA— 2" .

%] S
trans(s) = { T, wU{trans(s)) [1<i <k} s=[8:5,:(S,,..., S ); 15 T,;h; D, ]
U{trans(s) |1<i <k} s=[S:s,:(S},.., §)]
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12

) ) . (state
configuration).
4. C=SAU{Gu{ru{} c'C
D seSA, s ,85eC™;
@ SSu..S  (s)eC(iefL2,....k} ). S(sy,....5)eC” . 8(82),82(S01, 1520
o S(S,)[S; = 8,(Sy0500 80 , So(S1, -+ 152K s(s2) S S(Sy(SyrSa)) -
S(s1),52(Se1,-- - 1S2) v S(81) 08, (Syeeer Sk) : S(s)  SSeu---iS2K) :
SC) CACH MR
5. “ " :backward: SA— C". se SA s=parent(s) s , backward (s)
s 7 ,, 3
S s, =0
backward(s) = < backward(s,)[S, < §,(5)] s, =[S, :5,:8:1;T,:h; D, ]
backward(s,)[S, < §,(S5,,-..8)] S, =[5, : i (Sy,-1S,)]
6. “ v : forward:SA—>C". se SA, forward(s) S ,
s s
forward (s) = < §( forward (s )) s=[5:s,;51;T,;h;D,]
S(forward(s,),..., forward (s,)) s=[S:5,:(S,,- 8]
S o " backward() S s
, “ " forward()
configuration(). ” , !
7. :configurarion: SA—C" . se SA |, configuration(s)

s :
configuration(s) = backward(s)[s <« forward(s )](s € backward(s) A bottom(s ) =true Type(s ) = basic) .

2 UML LTS
UML , : UML
[9~11] , (labelled transition system, LTS)
LTS UML ( UML ),LTS UML
8. UML seSA S (SA Label,—,s) e LTS ,
(1A ;

(2) Label: ExGx Ax 25 xTN , ;
(3) > SAX(ExGx Ax 25 x TN) x SA

s
(s, (trigger, guard, effect, out, t),s) e— , SM%’ ., UML s
(trigger , guard, effect, out, f) s. trigger,guard,effectout
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21 UML
LTS ., Plotkin SOS(structural operational semantics) 22
UML SOS :
( )
o S s s S.
UML SOSs . S, e t=next_tranx(),g t
4t
211
3
D ImEnterOr:
\MEnteror: target (t)=s; = ([esé): SpiS: LT D, |
§—Iots
s > update(s )
O = out(s ) > OF (effect (t)) > OE (enter (s, ))
> OE(Activity (sj ))> OE(enter (sjI ))l> OE(Activity (sjl ))
2 ExEnterOr(explicit entry):
target (t)=s;,
ExEnterOr: parent (sjk): s, :([éj) : sip;é;I;Tj Th; Dh]
s, —%—)t s,
s, > update (s, )
s, [8,:5,;8:k;T;;h;D,]
0 = out (s, )> OE (effect (t))> OE (enter (s, )
> OE (Activity (s, ))> OE (enter (s, ))> OE (Activity (s, ))
(©)] HisEnterOr(shallow history entry):
1 update()
target (t)=sp,_
parent (th ): S; = [§j S8 1Ty h; Dh]
HisEnterOr: h < {shallow , deep }

S

— (), fs
o |

s, > update (s )
O = out (s, )> OE (effect (t))> OE (enter (s, ))
> OE (Activity (s, ))> OE (enter (s,))> OE (Activity (s,))
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2.1.2 :WithinOr

source(t)=s target(t)=s
parent (5 )= parent (s, )=s = [s: s, SiiTah D, ]

WithinOr: a7
§————ts;
o

s > update(s )

J
O = out(s ) > OE (effect (t)) > OF (enter (s, ))> OE (Activity (s, ))

S |8:s,:§ T h Dy
Ts. <« update(sjﬂ

213
) ( ).
(1) ImEnterAnd

ImEnterAnd: target(t)='s, = |3, : ,:(S, S )|
S—>(e'§) is

s > update(s)
S update(sj)
O = out(s ) > OF (effect (t)) > OF (enter (s, )

> O (Activity (s, ) > O (OE (enter (s,,) > OE(Activity (s,,))

m=1
(2) ExEnterAnd ( ),
target (t) = s,
. parent(s,) =5, = [3, : 5,:(5,,-,5.)]
ExEnterAnd: s ’[eg) ’fsj"

s > update(s )
S update(sj)
0 = out(s ) > O (effect (t)) > OF (enter (s, ))
> OE(Activity (sv ))> O(OE(enter (sq ))> OE(Activity (sq )))

]
q=1
UML . (1) (9
, (2
UML : UML :(3) 3

UML , UML {(4) UML
[13~15]’ UML
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The Formal Semantics of UML Sate M achine*
JANG Hui', LIN Dong? XIE Xi-ren'

(Department of Computer, PLA University of Science and Technology, Nanjing 210007, China);
2(Division of Strategy, Defense University, Beijing 100091, China)

E-mail: osman@263.net; donglin_cn@sina.com; xiexr@publicl.ptt.js.cn

Abstract: More and more large systems are taking UML as requirements description language for system
analysis and design, especially in those safety-critical systems. One of the most important dynamic behavior
specifying mechanism of UML——the UML state machine, is widely used for specification of communication
protocols and control units. Unfortunately, UML has no strictly defined formal dynamic semantics. It is difficult to
do formal verification and proof on the requirements. In this paper, a forma semantics of UML state machine is
built. The UML state is firstly represented by inductive state term from some kind of term algebra. Secondly, a
labeled transition system (LTS) is introduced, in which an LTS-state is a UML state term, an LTS-transition is a
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micro step of UML state machine. In the end, a set of Plotkin-style structural operational semantics (SOS) rules
inductively defines a compositional formal semantics for UML state machine. This method not only synthesizes
those formal methods for classical Statecharts, but also makes innovation addressed to UML state machine. At any
time, the configuration of the machine can be inferred from the state term. The simplified LTS-label and
structuralized operational semantics rules will play afundamental role in formal verification.

Key words: UML state machine; formal semantics; SOS(structural operational semantics); statechart; labeled
transition system
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