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Abstract  Increasing complexity of distributed system,and demands for enabling their configurability and reusability are
strong motivations for aspect-oriented, and correctness of distributed systems requires that formal development meth-
ods are taken during software development cycle. This paper attempts to establish an aspect-oriented formal develop-
ment method for distributed systems with the aspect oriented extension of Ocsid. The framework, syntax, weaving as-
pects,and interface of function are discussed in the paper. We present a formalization of how specifications are construc-
ted using superposition and composition in the Ocsid specification language. The formalization covers stepwise refine-
ment using superposition and composition of independent refinements. Independent views of a refinement hierarchy are
reconciled. In the formalization, we can to construct formally verified temporal properties and action of distributed sys-
tems. The work that formalizaion and refactoring of Ocsid has been done in the context of aspect oriented formal speci-
fication of distributed systems,but we believe the ideas to be useful in a more general setting as well,
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SRR 16 J7 T 50 AR SR BT AL AU LA 1S 5 LR

1 HE HTF REA R (D 1 FoM5 A7 0 05 B R R 845, 38

8 1) 75 1 B 45 B (Aspect Oriented Programming, AOP) I
BT A RIFEHRE, FREBEETFENRAN T HKE
TERSEELTT AN TR NEEL R B 18 13 BR A, 25 (weaver) 32
ARG T EABNEES. B, A4 aRMAZERRA
HygExt AOP ¥ ¢ AOSD(Aspect-Oriented Software Depart-
ment) BRI MHUE . A RXREREH WE R KA
BT EANERNAKERS, FE@R FERG LR %
B R ¥ AOSD FHF A RRERN I K, BEH R 4R
REF KM Jetk, R R E .

SN AR I 5 A R B S5 A 24 3R B B 725 ) 4 (tempo-
ral properties) & R F MR IF M EFTHE, 2R RYE
e A J ST BB DL A LSS 4T A R LA R R B AR & R4k
EiE AR ERE THAENRIE. BRAEFESI AR
REMNBAEHEIIE S B A B T AR HEH, LisE
REAT IR IESHE,

AT RBES MR EE X RTERABEN A (DR X
B 41 /& (crosscuting concerns) ({4335 F1 % Y ( Aspects)
RIFER s (3) 3 F R BE L (weaving) F7AE R (L K 45 3 72
FREAR BB AR (O USRI R E B ERERER
—BHE.

x[2]94#8 #4 # AO-RT-Z(Aspect Oriented RT-Z) 3" &
T RT-Z 33 ¥ AOSD, X[ 3] 7 3 F mm J m h3E
FERAHEHHIES NERRREN . 23080 T —MHR
AR ARG EIIE S Ocsid #8157 T S F T X
R B MRETERNERE L EREFEFERE
MAE SRR R T HEY B, HEFFERBES TR
EAEMABRAES, R S NERE.

XHE 2 BATHE T Ocsid EH R EARLH; E 3 B4
R FE R EFEOERER; 5 4 B0 R T mEH
J5 i Ocsid 155 WL H S Re, 3738 i — > 18 58 30 ) Ul BA LR

OBESTH AXE. 1. BX AR %S (No, 60474072, No, 60174050) .2, J~F 4 B RFL 2 S (No. 04009465, No. 010059).3. | KE B E
ARBEBFET H (No. Z0302O) XE&VE8Y., R/ HI##E . B+ . TERFE.RETEBER BV KIE HB. 9L, FEHRT
W AR R R R PR B, TEMR TR R LREAR LN RA.
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Fs Befa Xt 30T T B4,
2 SHAMKIRAIFE Ocsid

Ocsid BB 8 5 72 DisCo 3551 MR X8, T
BXREXMAHAATHNRGE. & TRAH PVS EHIEHH
MR EZEAEREREXD  BEFRE UL e
THRKIE AR,

FRAM AL Ocsid HUA% LB I B A G54, R MR i L
FTHRPEREERFTHAR™ . Ocsid 15 5 @13 B (super-
impose) HIf7 A 3E H (joint action) BFP S5 S T A& A B
AR, @13 e 28 E X RiE ERRFAT
RRUEREERE . AR W R AL LA 4 8 A BR AR, B %t
FAGH D ERARENE, 1794 T 7 AR (enable) , 1
REBL T LTI RRE, BRIV E bk F B
TR A TN ERITRERRER ST &’ T RE
HIBEAL.

B 1R TSR P AT RO BREY Ocsid ALAE LA
B 557 AKX R toDelete il pred BFRZ K £ 8, (roles) , i
X BN RMIEEATH delete 5EK T 45 55 B MIBR , 2E 9 #
KRG AP HE L H BRI, 758 W 1L #4538 T 1A
xik.
specification list is
class node is
NEXT: ref node;
z:tc}c;m delete by toDelete, pred: node is
when pred. NEXT=ref(toDelete)do
pred. NEXT: =toDelete. NEXT;
toDelete. NEXT: =ref(toDelete) ;

end;
end;

B 1 BIBRT A Ocsid MU A
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2.1 &m

B Ocsid iI5F PELBUZ LKW EBEF R, EWiIE
BodEH AT, FOUE IR BT A AL 6 B P 2 38 I B B A AL
BB F. Ocsid M BELRTFAFHREER, M
TR &G FEMFREANTERE. dTREEZS
J& ¥ (preserves safety properties) T, LT AN EZEAR
BB EHREY.

BT g ERE O T HREERSE W, &1
XK R R R g — B E (layer) 1,
BB BNERARAESETENE G HLEREMAR
T8 18] 5 TG SR B SO B » 4 DU /R 8038 40 5 il AT 18 .

2.2 THXE

IAZE R Ocsid IBE S HAS RIS AR RGERHEBH
A, EEANIBEAPSERES EBITHEAHR
KR FEGT. REMREBETAETHRFRETHE.
TAXHEEXT 25T ANACES, FT 8 LIZEEM
X RA I T L FM R EBAT, H—MTHEPAT, B2 517
FEIT SRR BEOE , T RE M HRRESREFEARZL ),

3 FEH RO LER

3.1 Ocsid i EEHHMBTRT

BT EEMFEE, Ocsid 55 B E KA ARG
RFER, HREFE. L H Ocsid EBFHER BB, &
iR LA SN, ABEES WFRSTERE L B TAB R
METHTE, b — SRR AN, B
HERHARAMERE L ERTHESH I EY B. specifica-
tion F BUAS UEHA . class il action 4} IR R IEMZHITH, T
layer FoREM, BRI N H ZFFMZRE, composition 58
BT RAEZBIHEAR.

class(names, variables )

action( names, roles, guard, conjuncts, assignment )

specification( class hieratchy , action hieratchy ,initial conditions ,
class extensions ,action extensions )

layer( classes action ,initial conditions ,class derivations ,class extensions ,
action derivations ,action extensions)

composition( class mergings , action mergings)

B2 Ocsid if 7 HMR KR

3.2 RERTRAEIART
FEMH M RETF R TR TR SR RIRAE

LR ARERIRE .
RXRRMERAGERRHIR HEHSONEXR:
el@Pe22 (elUe2) ” ¢))]
TR A B R A =T
H==(N,e,R) 2)

Hep N ZInRFHES o R BIRRFHERXR.

KR e REIMRATEB RS AFMENEMNXER, 85—
MEMEART ABURAN— D LE. KR R ZRIRHF
ICRTIRERI L,

LR SLRRIRAE R R D HE X

D2e@R (3
TIRAEXR S BUEX R

S(a,5)2— 3¢ * D(c,a) AD(c,b) @

TREMRREAT HF KRB B KT RA B

REER var s &, HEXH:

structureC (ny, H, X) 2 class (names (n, H),
U scappticaten H, 30 Var s(x)) (5)

TNV BB AR roles, B+ & guard conjuncts . F17E
HBE assignments Bt . HEXN:

structureA(n, H, X) 2action(names(n,H),

U 2 appticatten, 1, roles(x)

Uzeapptimbu(n.H.X) conjuncts(z) s

U € appticatten, 1. 0 assignment s (x)) (6)

LERIBEEEWBRESHES Y RENE SRR
T s BRI structureC 3R FIRIGEH , BEME N SHIAT » H
XHRELEHES H AT BES X. B structureA R
Bl HAT RHIGH .

applicable(n, H,X)BZE X Fn JREKNT BES:

applicable(n, H,X) 2 {x€ X| Dy (n,name(x))} D]

BRI name(e)iR EIY & e RERFLARGRIRFF , BRI names
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(n, DR en IBE Ny FIRAET n MIFIRFTES. HAE
B var s, roles, conjuncts, assignments W) 324~ & X [6] name 2K
.

3.3 OcidiEFAEY BHEXLRE

3.3.1 #MALAGY X AT

BXHW Ocsid BEEM HFEKN I, FEEXAMREES
FIALRE B LARDE B ITie . ALK Ocsid 15 5 WAL ULEH &
XA

S=specification( H*, H*, I, X, X*) 8
H H BREZBMIRAEGW, H BRITAZIRESGW, 1 B
WREENES X X FHIRENITHT BRNES. 5H
R U BH AR DC B0 SER G54 e AR U B M TR AE G ANy R b B Tk
E. B class M action ;R E R HEH S FEFn H—K

B iRGEH .
class(n,8) & structureC(n, H® , X%) €)
action(n,S) 2 structureA(n, HS , X¢) 1o,

3.3.2 BAMmBHHALF

BB A F R L B T R Fu e R AL X
¥ A LAFROR AT

L=layer(C,A,I,Ir , X*,D*,X*) (1D

CRENER AR HBIBENENITAINES, ]
BUihE&MG,D BRRRE _THNES. X BRIV BES,
D BT HREZTTHANES. X BITAVBRES. HPE
H —ITCH BB R K (derived , base) s B 32718 derived & H base
TRAE TR

3.3.3 BEEIFRGHAAF

7 Ocsid iI5F PEMGEWEN T SHEZEHHRBEHZ
JF] By T Bk 445, T T 1) T O BB 45 ok B IR R R R ST B DD K
PUAE G54 Z [R] i) TCRR I 45, B L ZE A B b B i #ly vl LAAE R
BETHROER. RABDTRERBMES W BRI (well
formed) , SEERER 45 1 #2 2 5K B B2 B 3 M 4 (closing) , A
Jiid - dRT JEy I

() BB IRAE —JTTHUNIRAE C 1A F I EESRE
& B S B S ik

W BMEWNT RONYT B CHA hiL A dE&m
B 5 S i

(DITHY BROREANNB R AT RSIENAA,
FHHENFER CREMBFHKLANTER;

() FTHRERUEREB MR T HOEE .

fEGH H=(N,e,R) &I —MRE Z TAEGE X
A

sup erimpose(D, H)2(N ,&,R) 12)
He N=NyU{d|(d,»€ED} R =RsUD

L XA2) R ERIERAE U S LK BB L WE
XA

sup erimpose(S,L) 4
specification(
sup erimpose(Df , HS)
sup erimpose(D% , H%),
IsUL,Xs5,X:,XsUX5) 13

IR THIRMH R, KGR SEHR T HR
AHE, T UERERIE S 5F RN E TR .

(@S ML EXRE;

(D WEFT BASTRTERRFHE,
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3.3.4 HRHLSHBXRT

BREE AR o] LR R DG T B IR R —H— 1
ko NT BB RIERGEATH W RAE AR, LA T
HKE B R A M > ] 94 O, Ocsid & 5 3 R B R LWL
D, M T E 2 B S iE KR,

HHFH MESEERNES H HEXLR:

compose( H,M)2(N ,¢',R) (14)
HeF:N=CUm)UCUN

hEM »EH

e = buildMergeR(M)@(h@l den

R=URi

H3# M B MRRFHES, HITE A& MR P RR
HAIE] LR B IR AT R 3 buildMergeR i& Bl — M EM X R, R
B E LI TF -

buildMergeR(M)é(mEJMm Xm)* (15

MARHERAE) D) ERHEGRARGFEM. 2K
(16) fFHIE T 7E ZE AR HLAR 18 B AR Bt R 43 B SEIR AR IRAF A
RERREGAFEABBEHPHRNEE, 2XNADRIEEESR
FUAE Ut B A H P R JR A 56 R AR AR SN SRR /s A ] B 35
&, BT RTE R MRS BB b R A R S5 4.

VREH: —3nm,m €N + S(m,n) AD (ny,m) (16)

VREH: - 3m ,m €N t Dy(m ) A—e(morm) A
€ (momp) an

{8 F C=composition(M, ,M)EEHMIRHES S it
Bl LLE A

compose(S,C)éspecification(H“ JHE LT, XC LX)

(18

et HY =compose({ H: | s€ S}, M), H* = compose({ F | s
€S}, M)

F=YIX = YXX =YX

R T ARG RN SR KRS EA A
RIFHIG5H .

(DEEHERER BTG

(DY BAKREMBMWE.

4 TWE[EFAE Ocsid iIEEWEHXZH

VU AR R S T Ocsid 187 X £ M o5 @
R R T2 76 S M A SRR 0T ) AL
BYEN ., T EE S — A E BB E M UL B E 5 T Ocsid
B H R,
layer messages-. 1
requires
class node is NEXT: ref node;end;
action delete by toDelete, pred; node is
when true do
pred. NEXT.=__;
toDelete. NEXT: = .
end;
provides
new class request; new class reply;
class extension node is *-*
status(vaild,invalid) ;[ status’ valid]. next: ref node;
end
class extension reply is *-
existsAs: (nothing, message) = ;
[existsAs’ message]. to: ref node; [ existsAs’ message]. next; ref
node;
end
initially init is
V n:node;req:request;rep: reply: :
n. status=vaild-req. existsAs= nothing-rep. existsAs=
nothing;
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new action requestDelete;new action completeDelete;
action extension requestDelete by ***n:node;r:request is
when ***n, status=valid"r. existsAs=nothing do **
r. existsAs: =message’
r. [existsAs’ message |. from; =ref(n);
r. LexistsAs’message |. next; =n. [ status’vaild]. next;
n. status: =invaild;
end;
action extension delete by *+*req: request;rep:reply is
when *+*pred. status= valid-rep. existsAs==nothing
“req, existsAs = message " req. [existsAs’message]. from = ref
(toDelete)
do
pred. [status’valid]. next: = ’pred. NEXT;
req. existsAs: =nothing;
req. existsAs: =message;
rep. [ existsAs’message ]. to=ref(toDelete) ;
rep. [ existsAs’message |. next; =’ toDelete, NEXT;
end;
action extension completeDelete by *-*n:node; rep:reply is
when - rep. existsAs = message: = rep. [ existsAs’message ]. to=
ref(n)do
n. status; = valid;
n. [ status’valid]. next: = rep. [existsAs’message |. next rep. ex-
istsAs: =nothing;
end;
end;

K3 BB VLE messages |

A 1 R RA RS RSN IR, Fet, 24
XA ELERS ML R N BB RIT R
FRREMBEIT R, XLIHRER b B N B messages | %
TR RYGERIREALAN T 0 A RS 7T LU o ZE RS UL list HPEK
258 BT messages_ [ SEHL,

A 3 BB FERE Ocsid iFF H layer EALH
B R 38 I 7 3 7 T Y S RE o eh L AR IR RIE F IR
Fo AXFRAA A3 A KPER, Layer B FH RIS re-
quires FIRBEER4) provides, requires ER4HHR T K L &0
MTEEAEASHERA PR HHEFTY. ERBMEB FIE
A HURE UL BT S5 B3 O, provide RlR T BR G5 B n 78 22 A< MLA%
ULHI B G54 , extension R GG BB IMEE SRR
BHEYEFIFT R . extensions HEIE BE 5« " RN E ALK
VLR FAT R

# OcsidiFE P LT IRB T REARSERITAENE
9, 268 X TR vaild #1 invaild FiME MR LK RIA 7 sta-
tus J5 , B X AR next RA YA status BMEN valid i A RE
Esanm): bk atA i s

status; (valid, invalid) ;

[status’valid]. next: ref node;

73 layer BAFR BN, oS R EAS B EAPH
layer R FR>—BAIFT R 24 layers BRE5 B MR BLHART ,
BRENE RS WEAHFER A HUSHHERXER.

in variants £

VY n€ node :
tus’ valid]. next A

VY n€ node,r€ request *

r. existsAs = message N\ r. [ existsAs’ message]. form
=ref(c)

=>n. NEXT=r. [existAs’ message]. next \

VYV n€node,rEreply :

r. existsAs=message N\ r. [existsAs message ]. to=
ref(c)
=n. NEXT=r. [existAs’ messgae]. next a9

BRH layer messages | BREE B A ULEA list BB

REXR:

n. status = valid=>n. NEXT=n. [ sta-
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speci fication(list ,messages— 1) &

sup erimpose (sup erimpose (list,in variants) ,messages—

D 20

BERARN A4S EBRRENERIRE. layer
messages— | BB T 2 request Fl reply VL e ¥7K requestDe-
lete ,completeDelete, FEMBAH —1 B B4 MES REER
g, MR R EESHRRA B SM, 25 H RS I
ERE—MRESME., RETBRMBRBRIE. layer messages—.1
RIE T L BB 2] REEE— N M L RA — X R AT USE AL
MBRERAE .

BE Ocsid 55 HA BE IR, BT @ | X R &
SRR AIRAEHEAT TSR 3k, HOE M 15 5 IE A
FIFLHEM FEHY B, OcsidiFS BT PVS @ HiEH
BROYSCRE, WL HEAT B E ) 7 R R REFI A PVS EBIEH
BHWSEBERRETRIN. FXRET Ocsid BE
¥ ) 7 W AR R EA, B RIE T ERATERX
ENERTHAMEIES W EY R, R EKES TR
BEEM, ERFTEBREN Ocsid IBF . AT KB
KRG AN T EY BRA TR LER.

1 [5) 75 T A K FF R T R B A T R % B B S B
BUIR RS HRAMREAET T Y RAAEEN
BHE, B R B v R Ocsid 1B & F Y BEAMHIES
BA RN A T . RiE R A EEH BN
R R T = ), O K45 B SRR ORIE T RGBS HTRY
ALt RIS ERIERYE . 8 AOP REL T A 1 R,

2% X W
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