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430072);
430072)

HRFSM (hierarchical finite state machines based on rules)

(dynamic execution model, DEM)
3 )
: TP311 A
( ) (

RSML (requirements state machine |language) -8

(1) (2 (3) . 3

(1), :
2),
(3) \ :

: : ® .

PAISLey! ASLANE UMLI® RSMLI?  ASTRALMY

* : 2000-05-23; : 2001-03-01
: (69873035);
(1954 ),
(1978 ),
(1966 ),

DEM

Statechartd®,

(1975 ),
(1977 ),
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[12-16] , 3
, Statecharts,SCR
RSML , )
©) . HRFSM ,
, HRFSM ,
1
1 HRFSM
HRFSM (hierarchical finite state machines based on rules)
( )
HRFSM.
1.1. HRFSM (SEALttF,Pso.< ),

S , €S )

E: .E=E1 E2, E]_ ,Ez

Att: .VeeE(att(e)cAtt),att(e) e

F:

P: , peP

P:s.,e(att(e))=s.1 When Cond Do EF,

S.S+1€SeeE,att(e) .Cond , True False.EFcF

p s , e Cond . OEE , Sr+1

< S . S , S

XYyeS x< y y X y X .
Il: S{so} ¥ Doz Sub(2)
Vx,ye S-{so} FZ(x|ly - X,y e Sub(2)).
N T
's.e(att(e)) = (sull...IIsr) When Cond Do EF, Skeds),1< ke T,
(sill-..|Isi),e(att(e)) = s When Cond Do EF.
: ( ) , (
)
, HRFSM,
1: ’ “ woow w ’
1
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Run

DOOR

Stop
YFig.l Y State é:hart 0% auto tyemperey\turecéntroly wsterﬁ
1
Halt,Run=0N, /* Halt,ON Q)
ON,=0ff||Close When * Off: @)
Off,Low(T)=Heat When T< Do Start(0) /* 0: 3
Off,High(T)=Cold When T> Do Start(1) [* 1 (4
Heat,Normal (T)=Off When T= Do Stop() 1* (5)
Cold,Normal(T)=0ff When T= Do Stop() (6)
ON Off Cold Heat,Stop=Halt @)
/* Close,Open
[* Cold,Heat
, HRFSM =’ “r ,
’ (va(al)v e vv(an))v S
,8i(1< i< n) V(&) S . HRFSM |
, HRFSM ,
2.1. HRFSM (
), C : C={slosisn, s }
(1) Cc S%eC;
2 s1,%eSub(s),  sills,  $51,%€C;
(©) S S : s1eC, $eC;
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4 S S ( 1 Halt, Off, Close), s;,5,€C.
HRFSM t , s—>5 , t
t=(C [/ .St 5 t . Source(t), Event(t),Cond(t),EF(t)
t . HRFSM ,
2.2. DEM=(GC,Co,GT,6,V,Gd,Gu,9),
GC: ;
Co: ,Co={ s} €GC;
GT: , . WoteGT(gt={ty,....t k= 1});
6.GC - GT, 7 , 0 (C)=gt,CeGC,gteGT;
V: ;
GD:GT -2, gteGT , Cond(gt)
EF(gt) ;
GU:GT - 2", GD , Cond(gt) EF(qt) :
J :GC - {timey,...,time,}, timg(ls i< n) ,
23. C e ,cond , Source(t) eC, Event(t)=e Cond(t)=
cond=True, t . , ot , ot t , ot
2.2 2.3, DEM (dynamic execution model)
2.4, DEM ,  Q=Cy,CLCy,..., Co

gt , cC—%5C , (C,gt,gd,gutime,C") ,

(1)  gt=(Event(gt)/Cond(t),EF(at))= (| J Event(t)/Cond(t), (] EF(t)).at :

tegt tegt
@c=cC | bsw) (U A, DS() ASt) t
tegt tegt
(3) gd=GD(gt)=J GD(t);
tegt
(4) gu=GU(gt)=J GU(®).
tegt
DEM GD-0 GU-0 . ,
(Cv(gd gu)), v(gd gu) gd gu -
2 1 . , 2 gti Cond(gti) EF(gti)
2 , COL)C]_L)C3H
3
( ), ( )
31
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HRFSM,
s 5 ( )
5 )
gi Co:A,Halt I
gtay
gts otz
gte
| C1:A,ON,AC,DOOR,Off,Close
/N
gty gtz \
gts1 9ts gt " Otss
—{ C4:A ON,AC,DOOR Cold,OPen | Ota
gtss ﬂgt41 / Otz gts:
817 \\
C3:A,ON,AC,DOOR,Cold,Close Cs:A,ON,AC,DOOR,Off,Open
gtsz
gt:=({ Run}) gtz=({ Stop})=gta1=gtzo=gtzs gts=({High})
ots;=({ Normal timeout}) otso=({ OpenD,Normal}) otas=({ OpenD})
gts=({ OpenD,High}) gtas=({ CloseD}) gtae=({Normal})
gtss=({ Normal,CloseD} {timeout}) gts=({ OpenD}) otsa=({ High})

otso=({ High,CloseD})

)

@)

©)

(4)

gte=(...)

Fig.2 Part configurations of example 1
2 1

(12-141 HRFSM,
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3.2

( ). , HRFSM HRFSM
HRFSM ,
(1)
, ( )-
] 1 , 2
2: , )
Off, 1 , Off - Cold - Off,
Off: High, T, Start(1).
Cold: Normal, T, Stop().
4 5). ,
2
, 1 ,
(a ,
b s s . Go8 S .S
6= S ¢ &= S ¢ e=s,
(c) | :
Table1l Checkinginformation
1
Current state Name of event Guard condition Next current state Used variable Defined variable
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3
, (C,gt,gd,gu,time,C),
C( ), .
€) C , 2.1 3),C
) C.
(b) c : , , C
C’ , c
; 1 "
(time(C')—time)),
, 1,
2 CO gty aCl gts N C3 Itss C4 gtao N C5 Otss N Cl dte > ...
2 : , ,
2 .
Table2 Checking information
2
Time stamp C Event (gt) Cond (gt) EF (gt) gd gu (o4
time, Co ot The door is closed C
time, C: ots T>Normal room temperature Start(1) T Cs
times Cs Otas Cs
timey Cs otaz T= Normal room temperature Stop() T Cs
) ) 3
1 © :
HRFSM ,
HRFSM , DEM.
HRFSM
(D] HRFSM DEM
2 : : ,
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3 ,
(4) , ,
5) , ,
(6) ,

) DEM
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Softwar e Requirements Checking of Embedded Real-Time Systems®
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Abstract: On the basis of requirements description model HRFSM (hierarchical finite state machines based on
rules), a DEM (dynamic execution model) of embedded real-time systems software and a checking method based on
DEM are presented in this paper. Because DEM can integrate with control flow, data flow and time, the checking
method can check consistency and completeness of software requirements for embedded real-time systems software.
The checking method consists of three forms that checking purposes are different and can provide some important
checking information in the checking procedure. Analysts can check software requirements of embedded real-time
systems software effectively by using checking tools based on the proposed method so that efficiency of analyzing
and checking software requirements can be improved.

Key words: embedded real-time system; software requirement; requirement specification; dynamic execution model;
configuration
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