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Abstract

formalization of the integration architecture of the component based software developing pattern in the distributed real-

The research on the specification of reflective integration architecture is mainly involved in the question of the

time application domain. This specification introducs reflection technology to formally describe the business logic of va-
rious elements in the integration architecture, as well as these elements’ characteristics including timing constraints,
changes of state in runtime and possible changes of requirements. Therefore the specification can support software evo-
lution in the requirements analyzing phase, and guide to realize separation of concerns on business logic and non-func-

tional features in developing the real-time application software.
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E TR 0084 I & (Component — based Software De-
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SRR HEE AR F R i K& R 7 R 4y
A S ik R 4K F 89 B A B 4E 22 (Reusable Architecture) By
ARAF g, ATHRSRASRPHRENRIT SR,

3 SHERSR

R HESRELAY (Integration Architecture Model, IAM) £
XRS5 X B AHE SR (Reflective Integration Ar-
chitecture, RIA) B —MEZ AR, 3% 3 T R AR M5
HER RGBT EPERERNE N EAERER. |/
H )R Rl S AR AR, 7 53 A RS B R A B IR R B0
TR B B A ML R4 3R L5 3 P R Dh e vk 45 3%
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X SCL1 ] BT SO AR B 3K (R 8 R T B A ol o, R 1R
ELRER IAM B # {43 Componentltem. 3% 3 4 15 Connec-
torltem F14E O IR Interfaceltem =4k JCE M AR, H A M (4151 4
4.5 T4 Component, ¥4 {4 ) i} [i] 2 BR4EAE Timing. 3¢ it
¥4 Real-timeComponent., 5Lt ¥ {4 ReflectiveComponent,
#1405 3 2 (8] 249 SRR AE Reflective Timing F1 2 4 20 L
{4 ReflectiveReal-timeComponent £ BT ; T {4 T 4
A5 5 R P E 4 Middleware. 8 A A (8] {4 i) 55 Bt BE 24 R 45
{iE Real-timeConstraint , 88 i = (8] 4 o [ 55 2 3 o 4 BB 24 5
$4F ReflectiveReal-timeConstraint, 3¢ B} 45 i & [8] {4 Real-
timeMiddleware , 2§t 2 & [8] {4 ReflectiveMiddleware F1 /% 5t
KL BHE R [E] {4 ReflectiveReal-timeMiddleware %5 754~ 84
IG; 38 D IR 4 W B3 Dh BB 442 1 Functionallnterface , $2 1 f it
(] 4 RAFAE Interface Timing FIHY Bt (8] 29 SRAFAE A 4 0 Tim-
inglnterface = ICH K., HW, ERELER IAM 0]
EﬁuT B

IAM :: = ( Componentltem, Connectorltem, Interfa-
celtem )

Componentltem : : = ( Component, Timing, Real-time-
Component, ReflectiveComponent, ReflectiveTiming, Reflec-
tiveReal-timeComponent ) ;

RIA _Component
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Connectorltem : . = ( Middleware, Real-timeConstraint,
ReflectiveReal-timeConstraint, Real-timeMiddleware, Reflec-
tiveMiddleware, ReflectiveReal-timeMiddleware ) ;

Interfaceltem :: = ( Functionallnterface, InterfaceTim-

ing, TimingInterface ),
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Bt AR AEZE RIA R B4R &, T EAFEER
REZEAAL TAM M {0 0 12 0 SE R 4 L R R 1E
TR T RAATARE A RIERBREIT NS LK, XBME
A ZiEFPRRESHER (state schema) FIFERI X (operation
schema) 43 HIB LB EAT.

QPE :np= §:3

SR BN A A SE R B AR S SRFIEZ — £
SEMESME R TAM B TT R A M GE AT A O
I, BAE RIA PR S 0 4 54 4R 58] stare 2% (LA
(&) terminate X 1k} deadline.i247 FA# period. 5 22 PhATHS 6]
WCET fraBR %R priority %, A MAMK (schema)
AR,

— RT _Attribute

start : R
terminate : R
deadline : R
period : R
WCET : R
priority : R

start<< terminate < deadline
terminate<< WCET

X 7 9 7K S H 25488 X (schema) 47: RT - Attribute &
[start, terminate, deadline, period, WCET, priority : R |
(start<<terminate<_deadline) A (terminate<WCET)],

(DO

PR SR B4 TR S B Y %58 48 42 43L 5 50 AL EIME
B3 1 A0 5 et MR I R Bk L LA BOR T AR R 1R IE
X. FATREMAEK (schema) IR T -

component_id : IDENTIFIER
component_context : PCSP
component_semantic : PCSP

port_to_RT : Components +» RT_Attributes
port_to_interface : Components >> Interfaces
port_to_reflection : Components +> Reflections

J¢:Components [ ce dom(port_to_RT) -

(port_to_RT(c)(start)< port_to_RT(c)(terminate)< port_to_RT(c)(deadline)=

A (port_to_RT(c)(terminate) < port_to_RT(c)(WCET))

V¢ :Components | ce dom(port_to_interface)

port_to_interface(c)(dir)e {in, out} A port_to_interface(c)(mode)e {provide, use}
J ¢ :Components | ce dom(port_to_reflection)

port_to_reflection(c)(mode)e {introspection, intercession}
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KXT B@K?ﬂ*’]ﬁf(schema) K

1A_ Component 2 [ component—id; IDENTIFIER;
component_ context, component... sermantic PCSP;
port— to— RT.Components #RT_ Attributes;
port__to_ interfsace: Components)>>Interfaces;
port— to—reflection: Component s#Reflections|
( 3 c: Components|c€ dom(port...to_RT) -
(port. to— RT(c)(start)<portto.- RT(c) (terminate)

< port—to—RT(c) (deadline))

A (port_to_RT (c) (terminate) < port_.to—RT (¢)
(WCETY)
A (¥ c: Components | c€ dem(port.-- to_. interface) *
port_ to—interface(c) (dir) € {in,out}
A port. .to—interface(c) (mode) € { provide,use})
A ( 3 c:Components | c€ dom(port - to— refledction) »
port; to - reflection(¢) (mode) € {introspection, interces-
sion})

B ERY

EEANRTAEE B ENITHIEXL RS R
fER SR O R R R SR MERIOCER., AR RE. TR
IR A R ALK LR RR . BB K F R4
(schema) 3R NF .

RIA.. Connector=[ connector—name :
connector.- semantic : PTCSP;
connector - to—. RT : Connectors#RT— Attributes;
connector-. to.. interface ; Connectors)>>Interfaces;
connector— to—reflection : Connectors#Reflections |
(3 m : Connectors | mE& dom(connector—to_ RT) -«
(connector - to— RT(m) (start) <connector to-RT (m)
(terminate))

A (connector. to- RT(m) (terminate)<connector-- to—_RT
(m) (deadline))

A (connector. to--RT(m) (terminate) < connector—to- RT
(m)( WCET))

A (¥ m : Connectors | m& dom(connector— to._interface) *
connector— to_ interface(m) (role) € {sink, source}

A connector_. to. interface (m) (mode) € ({ publishs, con-
sumes} )

A (3m ; Connectors | m€ dom(connector. to - reflection)

INDENTIFIER;

connector. - to.. reflection(m) (mode) € ({introspection, in-
tercession})

WEN
B O EWEEEE SR UMERERERME. KT
29455, (schema) f%i&ﬂlﬂ: :

RIA Interface=[ nterface_.id : INDENTIFIER;
interfacesemantic ; FMethods;
interface... to--connector : Interfaces>>Connectors;
interface_to.. port ; Interfaces>>Components;
interface -to_RT : Interfaces#RT-- Attributes |
(i : Interfaces | i€ dom(interface to.-RT)
(interface - to . RT(1) (start) <interface - to— RT(i) ( termi-

nate))

A Cinterface.. to.- RT(i) (terminate) <(interface- to..RT (i)
(deadline))

A C(interface —to. RT(i) (terminate) <linterface— to— RT (i)
(WCETY»

A (Vi : Interfaces | i€ dom(interface--to_ port) ©

interface_ to... port(i) (dir) € {in, out}

Ainterface_-to. port(i) (mode) € {provide, use})

A (Vi : Interfaces | 1€ dom(interface—to.- connector) *
interface--to_ connector (i) (role) € {sink, source}

A interface_ to. connector (i) (mode) &€ { publishs, con-
sumes})

(5) Rt BRAE
R §H#4E R LR S SHARFT R R K S HBH
HK—FiEs %Mi HAK A (schema) HR T
RIA _Reflection=[ mode : Reflection_modes;
object : RIA _ Objects;
reflection— to - port ; Reflections—>Components;
reflection— to. connector ; Reflections—Connectors;
reflection—to_RT : Reflections—~RT_ Attributes;
Check;
Adjust |
(mode € {introspection, intercession})
A (object € {Components, Connectors, RT_ Attributes})
1.

Ho it Check #:4E1# 5X, (operation schema) i 7K 3L £ 48
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T (schema) #iR N F .

A

Check =[ mode : Reflection.- modes;
object? : RIA_Objects;
r! : Response |
(mode = introspection)
A (let object=RT-. Attribute) * (r=success)
A (let object=RIA . Component)  (r=success)
:{\(Iet object=RIA Connector) * (r=success)

Adjust $#/E # , (operation schema) ) 7K - #i £ £ =,
(schema) AR T .

A
Adjust=[ mode : Reflection .modes;
object? : RIA__Objects;
r! : Response |
(mode == intercession)
A (let object=RT... Attribute) ¢ (r=success)
A (let object=RIA . Component) * (r=success)
:{\ (let object=RIA_ Connector) * (r=success)

(O)FTRMAZMRS
FTORMAZLART RIA State #1874 F/FREZELT)
B}, B HRMETT 5] KA KBRS ER, Kl BS

Fi AS B R (schema) # i, B RIA. State;[ES; AS], H

EF';@ES;S/\S',S=S';®ASLS/\S'.S¢S'° XEMSH
baRset At WS SGE R TR S A HBREER
(A=:0r: S

(DERBETR

HEZRERAE 4T R RIA. Operation #1249 7 X K 54 R £ RAE
48 RIA 4 BT E K& FIT 8 X, Pl XF i 4 8029 | 5C mt
R IR R AL F A

I, R SR ERESR RIA i EMAIMT .

A
RIA = RT. Attribute RIA - Component3 RIA. Connec-
tor RIA _ Interfaced RIA Reflection} RIA - State} RIA .Opera-

tion,,
5 SEHSWIE

5.1 k@i

RERE - RERESRERE, RRENE MR
REP /RS BEXBESRERRTRERSS LN
BHE SAEMA R RERF S ES LR ARLES BRR
HBHT FERBAEFSRERRERS. KREKRTEH
HAE S AL RERER — & RIFF B, B
RETEBFTH REAR R T, 3075 s V5 I sl A B 3 oh R B 864
SREN, AR RGN EREM—B0E.

5.2 BMRMASWIIE

RERFIT 5%, BEAE TG 28 B
TITEET SR AT B Y, MR M R S SE R A (L A04Y , B &R
KN NESRE FSLBEAE S G0 =KW RIORER
TR, XENAHE 4 THRRHRHRFNERESR RIA
HITRGNELRRIT SHY, FURIFRENSTHES T
Bk, TEAHEORGEHMA RBIETRE.

(1) B R

RIA ] ZIEFMA T R BEREE IAM fEEXTR
B R (schema) ,FEL B R K R4 X REW S SHBE
£, B B X B AR . X BLAEREHE VB (GEN)
MES REMWE L5 (55 40 2 M4 ] B9 14 b B 7
R BT .

A
specifying.. RT Attribute=RT.. Attribute[ start? : = S,
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terminate? ;= F, deadline?

::Pji

= D9 period? = T, “’(:E’I“7 A
= wect, priority?

specifying- RIA_ Component; RIA _ Component[ compo-
nent_id? : = C;, component_semantic? : = Py%; Pon®;
P..“, port_to_RT ( component_id?) : = RT_ Attribute
[ start?, terminate?, deadline?, period?, WCET?, priori-
: = RIA . Inter-
, port_to_reflection ( component_id?) . =
RIA_ Reflection[ mode?]];

ty?], port-to_interface (component id?)

[interface__id?]

face

specifying—- RIA_ Connector L RIA_ Connector [ connec-
tor_name? ; = C;2S, connector_semantic? : = P,%5;
P %55 P, ©2, connector_ to— RT ( connector— name?) ; =
RT_ Attribute [ start?, deadline?,
WCET?,

name?) ; = RIA_ Interface [ interface id?], connector_ to.

terminate?, period?,

priority?], connector_ to_ interface ( connector..

reflection(connector_name?) : = RIA_ Reflection[mode?]],
(2) FAEEHE X
{4 RIA F & RIA_Define_ Context #:{E# & (opera-
tion schema) & X L F RAEMIEFTH AL .

RIA_ Define Contexté[ component? : Components; in-
terface? . Interfaces; connector? : Connectors; rt_attribute?
: RT_ Attributes; machine? : FMachine; language? :F Lan-
guage; context! ; pPTCSP | context!].

(BN R BV 16 5 WIS

{8 RIA /) RIA- Instance ] RIA_ Active %] #5 1k 3§
BE LB REFRE N HLAK R

RIA InstanceL [object? : RIA_Objects; machine?
FMachine; language? : Flanguage; r! : Response | (object
€ {Components, Interfaces, Connectors}) A (objec& InstOb-
jects) A (InstObjects’= InstObjects U {object?}) A (object?
(context) = (machine?, language?)) A (r! = {success, fail-
ure})];

RIA_ Active—[object? ; RIA_ Objects; r! : Response |
(object€ { Components, Interfaces, Connectors}) A (object &
ActiveObjects) A (ActiveObjects” = ActiveObjects |J { ob-

ject?}) A (r! = {success, failure})],

4) B
REFIRGH i — 1 MEEREMAH -S4 EH
AL EFRAA T ME R C.CooeCn 11 S, BLA

—MESREMF C BRERLBITHHEMA I ARE
BAEE X TS RIEEHE RESHMAMFE KER TR
Factk, LRIES BE R UG MR R ERFERES -
#H, ENRFEEH R ARCHE RERIMA AN ARE
B UBAERGHB. ARCERERTRN A, C HH
KBEHERE RN C2S, BRERAN A, X EHREBMTH
AR HE AR LR Zans™ RBIUEL AR R3S
.

active Ci;

assign RT_ Attribute to Ci;
active C;2S;

assign RT_ Attribute to Ci2S;
link C" to CiZS;

link CiZS to Ai—-1 3

Heh, “link C; to C;2S”H1“link C;2S to A "R HE L
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6 BURIE SCAP M7 J 35, o AT 38 B 4 B 90 ol 3 B P U T
BJGHAT Zans F 472 execute 115, 4 H{X* J¢ : Com-
ponents, m ; Connectors, s : Components | (c7#s) A (¢c€ In-
stComponents A ¢ € ActiveComponents) A (s € InstCompo-
nents A s € ActiveComponents) A (m € InstConnectors A s €
ActiveConnectors) * ((port_to . interface(c) = connector_ to_
interface(m)) A (((port.. to__interface(c) (dir) =in) A (con-
nector— to_ interface(m) (role) = sink) A (port_ to_. interface
(c) (mode) = use) A (connector_ to..interface (m) (mode) =
consumes)) V ((port_ to_ interface(c) (dir) =out) A (connec-
tor_ to_ interface(m) (role) = source) A (port_ to. interface(c)
(mode) = provide) A (connector- to_ interface (m) (mode) =
publishs)))) A ((port_ to— interface(s) = connector_ to__ inter-
face(m)) A (((port_to - interface(s) (dir) =in) A (connector_
to—interface (m) (role) = sink) A (port_to.. interface (s)
(mode) = use) A (connector.. to_ interface (m) (mode) = con-
sumes)) V ((port_ to_ interface(s) (dir) =out) A (connector-.
to_ interface (m) (role) = source) A (port_to- interface (s)

(mode) = provide) A (connector_ to. interface (m) (mode) =

publishs)) D, H Ai—/ , B AiLA1~1gCigCIZS§Em‘J A—
SKIP, BME 5 R EMIAFRMAIL .

NG SRBUERR T AR AR R ERA4E B S BRI
R RITRF R R R IEN . AR RRE R B,
RIEWMEE EUVEERGIFRZY, BWFER T E,
AR Rt B RGP IR 55858 SRR 8 56
HEBECT, N, A SCIEEMEBFS MR b A LR
LA R IF 5 3 Y T — 28R 5 AR BUHE B2 (Reflective In-
tegration Architecture) , L3 29 vR L i B% 68 #E 0 Ho 3 3R &
HER, LS RELIE T RA WIETIREERE, et
A LMEBIE R TR, MiE X BT RAARITRAESI D
RIRAIE , HE T AR T SR AT B B SR AP B AL R T LUAR B
BT R 5858 5 R AR R IEMEERT .

FERM RS RS D, AT EBERF B2
—RAE s,

S & XK

1 E¥, SR4 BTN BT RASARRH MR RRFE KRG
HER AT, NEIBELTEVLR S, 2005, 26(7). 1264~1269

2  Smith B C. Reflection and semantics in Lisp. In: Proceeding of
the 1984 ACM Principles of Programming Language Conference,
ACM, 1984. 23~25

3 Wing J M. A Specifier's Introduction to Formal Methods. IEEE
Computer, 1990, 23(9). 10~22

4 Spivey ] M. Understanding Z: A Specification l.anguage and Its
Formal Semantics. Cambridge: Cambridge University Press,
1998

5 Justo G R R,Cunha P R F. Formal Specification of Evolving Dis-
tributed Software Architectures. In; Proceedings of the 9th Inter-
national Workshop on Database and Expert Systems Applica-
tions, 1998. 548~553

6 Rosa N S,Justo G R R, Cunha P R F. Incorporating Non-func-
tional Requirements into Software Architectures. In: Proceedings
of the 15 IPDPS 2000 Workshops on Parallel and Distributed Pro-
cessing. Lecture Notes in Computer Science, 2000. 1009~1018

7 HE, REt HAER . KESRSRAER. TR
%%, 2004,9:118~120

8 Jia Xiaoping. A Tutorial of ZANS-a Z animation system: [ Techni-
cal report]. School of Computer Science, Telecommunication and
Information Systems, DePaul University, Chicago, Illinois.
USA, 1995

9 Malenfant J,Jacques M,Demers F N. A tutorial on behavioral re-
flection and its implementation, In: Proceedings of the Reflection
96 Conference. San Francisco,1996. 1~20

+ 257


http://www.cqvip.com

