£ OO0 http://www.cqvip.com|

T REALAL2005Vol. 32N2. 7

HEAENENRERREFAETE"

BRI SRIET BRERK

(ER¥BTENE JREMN514015)" J"RI L AFERHENFER S H510090)°

B E SnAgiAMGTIEEMARN TRERPTEIARERATHRS, SR ab 5 ai Famtei
BHIBFEAIR FHENEARITERERRAHANLFTZIAALIH AR AXKBRI -HECF B K H
ARMARFLF & AR FENHRT-ZAF T ROFRPEOT4ANT A AILEFRARYLT KR HTHR
RBETHETFEHNARF LS ECBSD)F RO F RN ARF LS H(AOSD)W AR . AX S LT EAFEHEN
ZAO-RT-) A4 BN REH S 12X SO KL oty Bod L, 5T 4E0T &
B 5 BN ER ZAAO-RT-Z) 4 h A Mk S 5o,

*RR EeF@,.EH A%, 884, HA4FE,RT-Z,A0-RT-Z

Aspect-Oriented Formal Development Method for Real-Time Systems
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Abstract Increasing complexity of real time system, and demands for enabling their configurability and reusability
are strong motivations for aspect-oriented and component-based development, and dependability of real time systems
requires that formal development methods are taken during real-time development cycle. This paper attempts to estab-
lish an aspect-oriented formal development method for real-time systems with the component-based and aspect-orient-
ed extension of RT-Z, its model of real time component can be used for CBSD and ASD . The framework,syntax,
weaving aspects,and interface of function and non-function are defined in this article, the healthiness conditions of

AQO-RT-Z is emphasized and a proof is made.
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1T HIE

B EFNE RS R R G LR E
THETHER R BES B &S AT IR AE
SEEHFERBGS . Bt REARENNEE AT B
BEREFEAIBRHNEFTERRELER. @ENR Y EH
[ BRE R T B X R, LIH BB RS S, B T8
BB AKEREFHERLRS, BULBET 8. R
T, LB P EENLCILE LR RRHK.BE
ABEBR, IEBRALATEHRS R AR HY]
(crosscut ) PR, HEM R ITEREMNIBAZENRYA
ERCRINLIAL B, BT AE S — T B b, DR R i
B A BRAWMLHEH R IL.

3 F A #6094 FF A (component-based software devel-
opment, CBSD) & B E M A ME I WA H, 82 ™% e
EEAGeEhEXTAGZ AN OMESEEND,
BHBEESEMREARTAE RN RN FRFRA R
Be RETEEARAERE BRXTREERANORE, F
HEEABENELENARREE.

T &) 77 T A9 48 #2 (Aspect Oriented Programming, AOP)
HIRFI19974F, ERB T A RN RFENRK, BTk
EXUEEHTENMESEHRNM T ERFENTANTATHE
HEXR BREESBRERIARKLFAIERBHNES. B

BT #E AOP 8435S # AspectC,AspectCt*, Aspect] 200 5g
ERNRAEEOT R AKS a0 KR At
AOP F #f AOSD(Aspect-Oriented Software Department)
FRBE R .

AHTRATHREN IR E 7, T AOSD H K #h iR
T F Yl Y155 & (crosscuting conerns) (4T[0 88, &
MESTTLUR AR ERGAASR . AEFHFTLLRA:
DRESRAANE; QBFLABHFTLERABHH R
HERER DA PRREMY M B R (crosscuting
requirements)E it aspect BREFHLHI L ; (O IETHEEEN R KR
i aspect WG B ERESEFAMULE L BIFE
LEAAGE BRI EARE RARFTEMGESEM
HEARETR MAIFRNEXZRANBRITIR AOPHFEFTX
%[2]'

HTFERRENERENIHEEPAESHERER
WMEZHANFEGEERFENFEFEEYESTHE
GHFEEIXUTERAERONALE BTN ERSE
RIS, B RSN ERERENRIERET
HES—HEENHELATRRAQITHBR.RT-Z 2%
R4 Fr#k Z M Timed-CSP M & T A M X# L0 H X 5T
R A T BRI R B B K HRET R
ENGHMEEHAIFABGRITM AOP ik, A X H
# AO-RT-Z(Aspect Oriented RT-2)¥ BT RT-Z, i X #

ERBRHF£XSE (No 60474072, No. 60174050, [~ K & B 4 Bl % X & (No. 04009465, No. 010059) "R A MR AR EH AT H
(No- Z03024) & JEBY RE/"RA  VHF . WL, TR RF A - KRG TEEAR B BEE T 91, TEFAFE . K ITEER.X

MR KRIE R, ETEFRT R 40K K RE.

* 189


http://www.cqvip.com

AOSD #1 CBSD, [ABHiE T X FY B HKEMEE . X
BEWBEYNEET Timed-CSP 1 Z IEB MBI F
RT-Z; ¥37 E X T AO-RT-Z(Aspect Oriented RT-Z) I #E
WoEMy A B HT AO-RT-Z ¥iE X HE AR, JEB TiZ1E 42
FEAEAES et BEXNSIGETEE.

2 BANHERT-Z

FERAL T LB v B R, SRS BT B AR W
HMENRITRGERERARAER R BHREHETLEM
Rt ATE—RAMTENEREHFR EEERE
ZHNEEEANBRBIE—IME—NERS . THAREX
HERGEESHERE NN BEEHAERIE L ERER
MEHE BERKBE LRI EMARE.

AL REFF R TIRTT LR i RT-Z 45
&7 Z RERARE /1M Timed-CSP Mt B HIREE 7, H 2
ZFEEL Timed-CSP BT REXRRELMN LI F K
XER HZHBERAERAEBNTERORERL MWZH
SHRERRAR KX REEEREMKET,
RT-Z LAt Ky 20 3k & B A AE SOREL, LR £ A
Z 5E X Timed-CSP HyiF EERY, EP O ERFF Z ML P BT H B
HEEXMUWR TR Timed CSP B BELA—F.HF
Timed CSP HFREAMEXHAY BRI FELRFTEZNHN,
XUEREKXEANMBRAESTHEERAR.

RT-Z HFLEMMBRAES ERANE—FHAEA™
BEERRAENBEES B % HXEKNIES PEARL (Process
and Experiment Automation Realtime Language) ¥4 4894
—FEFETURAAREN B REREIMDH T2 L
B BT —HEEEAE4 0N ZHAAETHER
K CSP Wik B YW A REA N ABRAESEM T
HHRGFEETENARARXREFAXE SO EEYE
M 2&¥,RT-Z 3 AOSD X RAF REFH R HME.

3 AO-RT-Z(Aspect Oriented RT-Z) FJ#EZ2 44 H)

31 EXRFE

CBSD X HEA A . BAAHMH R MRBEE T
AOSD T 38 1 38 o BE 45 (weaving ) G BT A G AN TR
B, R AL ) R % 5948 Y15 I 5 (crosscut concert) , R A
RARFR ATHE_ERBENHSES AXRE—R KR
A4 (gray box component) IS CHBTRBERFERA
AHTEHTEHNERTESE XM HEE O (aspects inter-
face) MBS T BN ERATAB. B4 40 REME]
FiR.

7 Sk A
Heae g
N & o st gt R N
rerce [ xan] runs [eanens

E:Ri ol % 2o
J Ny

Rl X e

A1 EE T ES XN AR R

EfE K AHTRERRRE, “KEAH"RET HERB
MEEHFAZKFRBREABYBELEH L. BT RT-ZHIAX
FUHAER BT ENHEH EENERE GETLEN
VI,
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3.2 AO-RT-Z {H#R5;

AO-RT-Z B{iELMZ T RT-Z ¥ CSP 451 Z 4
SRIE L EHIES FEVMEIRT A4 H5RE B
BAGWBEMNTEONTRYEY REEMT.

Component name [generic parameters]

Port definitions ThapEE O 2 X
Time-CSP part — CSP H4
Type and constant definitions

State schema

Initial state schema Z 8|5
Operations

Non-fuction interface state schema «—— #H#FMIESfEE D (ZHRD)
Aspects definition A EREXES

E2 AO-RT-Z §y3oEHE HH4ESR

DPort definitions & X T A B K ThaEEE O, &M XK
RA Port p:[plityl; p2iay2;- »pnityn, ERET At
BRENBGHEE PREES SHEZM ZHBERKEL
T 3 E AR, (1, 2, ] RBHE TURZE,
tyl,ty2, - tyn RBMH KR, FEAFE TET X HEHG
TR L NIRRT A0 %EE.

@ Time-CSP #4> & — 4 CSP-Name == CSP-Process &
W REXES, LK) CSP-Process A2 Z KRBT R
) CSP # R K 2 8% FDR (Failure divergence relation) i & &
0, hE—R N, AR main A EHEMHIFIR,

®Type and constant definitions & X T APy K R
# B ;State schema X T A4 PR IRSHE A ; Initial state
schema #) 44 L B B R B 8L ; Operations £ X T R K,
T X3 E) 24 B e R R AR

@Non-fuction interface state schema fl Z B RS A E
XTAHEZEMETHEEEE LIS, £ B1E provides £l allows
B4 allows E X T REZAH T ENFE RS It
HitAE KM RASE R provides REAZABHIETHEERE.

®Aspects definition FEX T AU FEHXHF E
£ = 5T 4 (pointcut , advice, mode) B B &, P pointcut £
Time-CSP 884} BT & A M #E B, T advice {4 TR A #R1F
X B Time-CSP 2 I, mode : = { posimode , timedmode) »
posimode € {before,after repeat} ,timedmode € {(time,event)

[ time:R* A event: E+} ytime F2 R BT IE] I, E+§ﬁ<$ﬁ‘-$
& B NULL R =54, Bt — T4 (time event) R R F
HRHE LR R KR,

3.3 AO-RT-Z H#HED

B ORBREZ KX, 2# %R CSP M Fail-
ure-Devegence 1§ X B BRI FR Y -7 H ({F(C.provide) , F
(C.allow)},{D(C. provide) , D(C. allow) } )

BN A4 CO5CEREIRCEHNYARY F
(C. provide)S F(C. allow) A F(D. provide )= (D. allow)

MBI E S E R E L RIETIRE AN .

Devicel component.. DeviceN component

Function Interface Non-Function Interface
| | (rleqnesl ...... } Provides

Allows Provides
Non-Function Interface
Memorymanage component

M3 HNEERAMHF
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TEURFERERRZAIFRAAHIREONER. A
FE B H % (Memory Manage Component, fal # MMC)# Ij
gt O fAEThfEE: 0. DI RE R OB L@ 38 request, reject,
accept,release —# 1% &4 {4 Devicel component,++,DeviceN
component (fFFf DC1---DCN) A& . B Fig&£TUH Z 4,
T4 AR MC #3848 55 95 898 L7 R A Timed-
CSP &Rix .

MemorySystem= (++* (( Memorymanage [ | { | request, re-

ject accept srelease | }|] Devicel)

[ { | request, rejectsaccept , release |} | ] Device2)
...)

[1{ {request,reject yaccept srelease |} | JDeviceN)
\[ | IntMemoryProcessor\J IntDevicel Processor U
IntDevice2Processor |J *++ U IntDevice N Processor

1]
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HE & IntMemoryprocessor, IntDevicel % A RIBHERE,
EMNEREFEATRLN .

3.4 AO-RT-Z tA#RI A MBS

Time-CSP i BNF & & K1,

P} =STOP|SKIP|WAIT t|la~P|P;P|P [>P| P[P
|PIP|O,eP:|latA—>Pa]

PA|AP|P|I||P\A|FCPY| fTH(PY| X | X - P

B2 MTF=THX Y (polt,u))), X Y # Time-
CSP YA EEBIF S, ) YA EAEENE ST
CPHBRATSHRERTIAI Z=glue (X, Y), IR u=
NULL, glue(X,Y) = (X A~ Y) ;108 u=NULL, glue(X,

Y)=(X ﬂ)—>Y) s 5 T B BE 45 (weaving aspects) T (1)

Y p=after X= glue(X,Y);(2)Z4 p=Dbefore X = glue(Y,
X);(3)Y p=repeat X=Y,

Port request: [nu?:N;fr!; P PID]
Port release:[rel? P PID])

AnTheeEOE L FY

maxP:N PID==1.. maxP

RTAHRRH

main=request?x [Irelease?y —main

Timed-CSP #4>

—initused
| used= Q

used: P PID

RERANRMERR
}

request ]

A(used,) E record
nu?N

release 1

A(used,)
rel2. P PID

ft! PPID
fr! [ used=

relnum!:n
used’= used \ rel?
relnum!=#rel?

used'=used |J fr!
#frl=nu?V (nubrecord Afrl = ()

requesttime, releasetime:N

requesttime=TIME!
releasetime=TIME2 |

BAFEThRE & O8>

Aspect defintion

{<request, addrecord, <after, <TIMEADD, @ >>,<release, subrecord,<after,<TIMESUB, @ >>}

RS X

—subrecord ————
A(record)

fr? P PID

record:N |
| I |

—initrecord /]

addrecord  ———  HEsAE N
A(record)

fr? P PID

record=0

record’=record+# fr? l
I’CCOI'H;E
I

Tecord =record—% Ir?

B4 MMS R RHRE

BRESRETEE AT ABRE, ATTEHT 3
AOP (X5 . E4 i A A M NIER, THEIXHHEH
BRI,

NEERAHMNFEDRERZIIEREN P, S
MERAE. AT FLETURE T EGE, Y25
REAFNHERZE request B4, HRBSPIRAE, &
£ release - TN AN ZE, Timed-CSP B HAET £%
M RHER,

EAGDRSMEBR IR THARNTREN - E

MNEHREF A, ERTRAERAZHEE XA REHRR
addrecord fl subrecord ZEAH A BERANEBSICETHAR,
BT L2, IR (weaving aspect) T, FH B % main=

TIMEADD
“AasP addrecord ) [ ( release? y

P main), BB TMA AEE EA H
R HET AR,

4 AO-RT-Z FIig N Q%

R AO-RT-Z HERGHEWHAXBEN T HEF
* 191 -
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B TR Timed-CSP BT Z /W, B Z WA EX
A Timed-CSP 89 iE XA RLAFHHER LT ERFTLE &
BT Frt, REMERHAREGNHEEA SR
RALFRE AT HERRAME L AOR-ZHTR . BTFH
FD({failures divergence)i& 3, 3-iE B FAE AR MR BAMG &8
#k (well defined) ,AO-RT-Z A E FArEN RT-Z, i F FD ¥
R LEHE, Bt BES F AR ARG AR, 4
BB X AR A B v 2 e BB AG 1 i .

4.1 Timed-CSPRIFD BN WBIE B4

EMI AR—ARENBHFS.CSPIEIEIREZ
— A AF, D), k¥ (failure ) 24 F.seqA—PA B—1
HAKNFIM AN FEBBMY ZTEXR, e X)EF tr —
TEERAARENBHRFT . LY RELR » BHFHE,
B e X B EWIEL . R B (divergence 24 D:PseqA
REZITURBOBHFINES DS inF,

EXA XM T 5,0 € seqA FFEAEM X, YA, THEY
UK RHRE R

FEDNA (s~t,D)EF= (s, (YEF (a)
(4, X0 e FAYCX=>(,YYEF b
(LX)EFAY aY (i~ La) N EF=>{,zUY)EF (o)
ED=>S~ED)AN (€ D=>(s~t,2)EF) @

HES~RRFFIOHE BEXERGN(F.D)ERKA
2, HEDYARETROMBHARGEN.

(DBER—ITBUHFIHMBLEXRE FERNZHS
HEAFZFI L EMUHERAENRRELRBHF s B
FERELBHEOIE, BAZRFNGE BB mit;
OOERFKIELEGNFEIHTRIESLS G, BNMERTHHF
3. X REABHNES B2 XHTFHEY BEEHFS
tIELEBHEL (O~ (a) D EF RFBHFT e~ ()
FEBEMBEANEE XRRAEFFALEFY B ELRE
HYEF  FHELSEL ) ; (d) L —4 K& (divergence) i
BHRFTIANAGEGFI B LY, RE LT EME
BHBEGHRHEREL. SR . REZHNE T AEAITHY
B, ERENEI ARSI EENFER.

4.2 AO-RT-ZRjFDiENBBEREN

ATEREMIRBHNFLN —BFE.FTEEN AO-
RT-ZHEEFHHERIH FDIBEX . Jd. FRFAEEEHIFE
R Id, REERL 1d, RARBYP L Vaule RRREHE.
BHEREEZRETURRA N EREI> B State= =
Id~¥Vaule, TI B Parameter==1Id,¥Vaule, R H L B4T]
VI FER B Event==1Id. X Parameter, B R & T B & 12, %
1% Timed-CSP # 4} 89 AO-RT-Z AU THA I T H 4
TR

ComponentStruct
states,initial: P State

channels: P Id,

trans: Event-»(State -+ P State)
simple,: Id. + Id;

inyouty: Id. %> P Parameter
enable: Id.XState~ P Parameter

M5 AFBEANEELTR

RTETRKEEEE. REAMEREGLE channels,
state yinttial ;R eARE R trans; B EENBA  BWHE—K S
* 192 -
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G inysout, simple, L RBEESEMRANTHSHES
enable, BB trans(OGOBETHHEERE st TR L H M €
Bl LLEB R BEE

KT RBE—BE, TENEXET ComponentStruct.

reachable . ComponentClass—(seq Event—~P State)
Y C .ComponentStruct-D(C)=
reachable (CY(())=C. initial A
Y tr :seq Event-reachable(C) (tr ~(e))=
{se:State| ( sty :reacher (CY(¢r) st € C. trans(e) (st)))

reachable £ E X THY C BT BH TS
EEMREEE,

D .ComponentStruct—P seq Event
Y C.ComponentStruct-D(C)=

{s,t.5eq Event;c.1d.;v: Parameter|

3 st:reacher(CY(s) = ((C. simple,(c)<].) € C. enable(c,st) A

Y o:C. outy () *C. trans(c,v@Po) (s) =)+ (s~ (c,v) ~8)}

BHDELTARTURHMEFFINES . HF
enable (¢, s)BRR T HERENBEENEARS THTRNS
¥, simple,(c YRREBE c FH—RBE out, (ORREH
BHCAEXRERHEBHFIIMNE s THEETERE, T
HNEHCGONAFETERES . BRETEEU s~(c,v) A
MAGEFFPBRNZFEETERS, X EHEGFT
R ZIEBETRG X — SERH F EXPRUEH.

refusal ComponentStruct— (State | —~PPEuvent)
Y C:ComponentStruct+(dom refusal(C)=C. states A
Y s5t1C. states*N x:.refusal(C)(st) *C. enable(c,st)
Y ¢:C. channels*¥ sp:+C. enable(c,st) -V ip1C.inp(c) ¢
T 0pi1Croutp(c)((esipUopUsp ) E XA
(C. trans(c iy Uo,Usp ) ) FDV
Y optC. outp(c) *C. trans ((c,ipUo,Us,) (s£Y =N

refusal B FR T A ERENETRE THEL
BUHRNRR BEXHAHENTHEX F BB E L.

F:ComponentStruct—P (sep Event X P Event)

Y C:ComponentStruct-F(C)=
{72 X2/ strreacher (C) - X € refusal (C) (st) }
U {¢tr X | D(CY X P Event}

R F BT A%k Hailures) 14,
HU LA TRNEXTENTER:

EIR1 AO-RT-Z 9B BiBEX(F(C), DI HRRE
.

HEBH: & refusal WEX B HBHUTE W HEEAH
CHREH:

V X:refusal(C)(s2) Y YEX refusal(C)(st) (e)

el iy reachable B EXLH

Y s,2:seq Event -reachable (C)(s~t) Z{I=>reachable (C)
(OH#J ($))]

Bi% C.initial JE22, XA B I ERE st & reachable
(OYUNFED X, EFO), BXROTEBLER (2);
H FIOMEL R(THBER () ;1 DO F(CY&EXT
B,

T HIEH (OBREEX)EFC)OFHBAY a:Y-(e~{a),
BIEFEC)BBDEY a:Y(t~(a)EDC) » , 4 st1€
reachable (C) (1), XHEHR X R X € refusal (O) (s21), RBIE
B X UY € refusal (C) (5t1) BP ], ik ¢ € C. channels, sp €
C. enable (c,5t1) ,ip € C. inp () RIETLE 0p € C. outp (¢), X FE
refusal B LR BRIH L.

B —: 2 C.trans(c,i,Uo, Us,) (st 1D ZETS, M (e ~Lcyiy
Uo,Us,) N EFC),Hitkic,i,Uo,Us) &Y.

BHR:V op:C.out,(c)C. trans (c 5, U0y Us,) (s2) =
st DHELR A~y Uo,Us,))EDC), A * FJ&,H

(FR %2170
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MFXHEBABRDEZ —R - HRG-—RHREMNS
ERETHEEHCERAFSHEN T —MRE.ZXH
RFLAGBHE—MFEH AT /AHAN, BERL
i REE RN XRE - ERERE. /.
BRRGFMNBRT R —F, 3 BFEMNE R F
2, BHBEAFVRBEAYLET.

RETHERRNER, AR TEBIRETEHN
Yia 5. WL BEX AHVHITER. P aIPET PR
BRE —TBARFERS, —TEBRSA—TTMBERE.
B34 T — a8 B LA TR .

{AutoMata)
{StateDefine’
(State name="INIT” description="start auto machine” /)
(State name="DEC” description="variable declaration”/)
(State name="REF” description="reference” /)
{State name=" ASS” description="assignment” /}
(State name="EXC” description=" something error”/}
(/StateDefine)
(TransitionDiagram startState="INIT")
{Stateltem state="INIT")
(Transition input="a" nextState="ASS"/)
(Transition input="r" nextState="REF*/)
(Transition input="u” nextState="DEC"/)
{/Stateltem)
{Stateltem state="DEC”")
(Transition input="a" nextState="ASS"/)
(Transition input="r" nextState="EXC"/)
(Transition input="u" nextState="EXC"/}
{Transition input="X” nextState="INIT"/)
{/Stateltem)
(1-nrerae b
(/TransitionDiagram)
(/AutoMata)

A3 —AELE B BB TTREE BT

FATHE  ROKRT 8 VLR B L. € LFH
AN, AR E— G RN S S EE, TR & S5 % 5
AL BRI — N FTH B BV IR 89 A ] R 3
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TRENT R,

BHHRE FOCEAXHWBREKGT GBS BETS
BT REAER R B EBM RIE RGBT,
BHESTZET XML #EKTTHIEE NS RIERERNH
RN ERIEN IR TABNENRERTRSHTT R
MR AR MK G TEFRFFANETIESR
SRR AT RRAEMRT &P, TRER R LT
EERTRBHENEAREONBBERZ — RIVAEE &
ZFEH, ABEEARA KB IEEYNANLR.
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