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Abstract:  Software architecture (SA) provides a high-level abstraction for component-based software
development. It's important to specify the interaction behavior of the components, verify the compatibility among
the components, and ensure the deadlock-freedom of the composition configuration at the architectural level. Many
component-based software architectures are using object-oriented paradigm, in which component composition is
implemented by method invocations over component interfaces. Concentrating on the component composition in
this kind of SA, this paper formally specifies the components and their interaction behaviors, distinguishes the
caller's behavior from the callee’s in interaction, and then presents a set of rules to verify the behavioral
compatibility on the interfaces between the components composed together. Finally, an example of e-commerce
application is presented to illustrate the feasibility and pertinence of the approach.
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1
[4,7,11]
M. Bernardo
PA[4,12] ,
1.
E::=0la.E|E/L|E[ ¢] |E1+E;|Eql|sE|A.
0 , (action);
“a.E” a, E;
“ E/Ln E L ,
T,
“E[¢g]” E a (relabel), o(a);
“EitEy” E; Ey
“E4llsE>” EE E S , ;
“A” , AAE.
PA
LaB WE 2 _E—F 4 3 _E—DF 4L
E/IL—5E'/L E/IL—>E'/L
4, e — agS 5. E,——>FE; azS
E lls E,——FElls E, E,lls E;,——FE s E)
6. E—EE,—5FE .5 7 E—F g B —F
E s E,—2>E |s E E, +E,—>FE’ E, +E,—>FE’
9.  E—0FE 10. E=2F AxE
E[p] —2— E'y] A2, E =
2. PA B , : . (EnE»eB, acAct
. E,—/> E/, E, E;—~ E;, (E;,E})eB;
a
e E,—%5 E, E, E;— E], (E|,E))eB.
(observational equivalences) , E1~pEy, by = = =
,>=—25 & 5( g=a..a)a T , =7, a=s £ ;
a=a.
3. E LE=§—2>S,... —15§,—>§, E
L (trace) (ag,ap,..,an);
(deadlock free)
4. E , S,
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(SZaFC): S »Sinit:SFina T eCScxAcx S
C Ic (((sa,9),(sa, 8" )el)A(S,9,8" €S, acAc)AS#S";
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S ) A St a S, . So=
SinitySv=Srina c : , trace(Pc) C
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) (connectors) ,
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(P g, P, W(A U A, ~(terUlte))xe Py | (A, ~(iteiultey));
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[16] ) , 3
(BookShop) (BookBroker) (Bank). ,BookShop  BookBroker
(register), (getABook) ,BookBroker
BookShop BookShop (inStock),
,BookBroker (order), BookShop (deliver)
User, BookShop (deposit)
User....> BookBroker ... Bank IDL 1~ 3
1 , Bank,BookShop
Fig.1 Ane-commerceinstance BookBroker ,Bank,BookShop ,  Bank
1 ,BookBroker  BookShop
BookBroker , BookBroker Bank BookBroker BookShop
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Bank | t€sankaccount , 1 2 ; BookBroker
BookShop , Pgg,Pgs BookShop It€800k_shops
BookBroker It€groker_shop , 3 4
‘(Pes ”Itq Pga)/D1~gPgs/D2,Ite1=Itegankaccount: tI"'Elceco(l:)BB)TlteBankAccount:{ (login,
deposit,deposit_r,logout)} gtraceco(PBA)T It€gankaccounts ,D1=(AgaAgr) —It€Rankaccount={ iNock,inSock_r,order,
deliver,deliver_r,getABook,getABook_r,register,unregister},D2=Agg—Itepankaccount={ iINSock,inSock_r,order,deliver,
deliver_r,getABook,getABook_r,register,unregister}, BookBroker Bank It€sankaccount
BookBroker BookShop , (1) (Pes lle,oite; Pes)/D3~s
Pgs/D4,Ite,=I t€aroker_shops | t€3=t€B00k_snop: 1D3:(ABSUABB)_IteBook_Shop_IteBroker_Shop:{ login,deposit,deposit_r,

logout,getABook,getABook_r},D4=Agg—It€sook_shop—!t€aroker_snop=1 10gin,deposit,deposit_r,logout,getABook,getABoo
k r};(2) (Pgs ||Itezulle3 Pgs)/D3~g Pgg/D5. ,D5=Ags-It€sook_shop—!t€aroker_snop=. BoOkBroker  BookShop

BookShop [t€g00k_shop,BOOKBroker It€groker_shop ) BookShop ,
Pgs,Pss ||Itel Pga BookShop |t€g00k_snop, BOOKBroker [ t€groker_shop
) (1) (PBS "Itezulte3 (PBB ”Itel PBA))/DGzB-(PBB ”lte1 F)BA)/D7 x|telzlteBankAccountu|te2:|teBroker_Swopv|te3:

|teBook_ShopuDG:(ABSUABBUABA) _lteBook_Shop_lteBroker_Shop:D7:(ABAUABB)_IteBook_Snop_IteBroker_Shop;(z) (Pss ”Ilezult%
(Pes ”nel PBA))/DGzBPBgD&DB:ABS_IteBook_Shop_IteBroker_&op-

An interface provided by Bank : BankAccount: An interface provided by BookShop: Book_Shop:

interface BankA ccount{ interface Book_Shop{

void login(in string accountNO); struct BookRef {string ISBN; float price;}

float getBalance(); boolean inStock(in string title, in string author);

string deposit(in float amount); void order(in BookRef b, out account a,

string withdraw(in float amount); out string purchasel D);

void logout(); date deliver(in string purchasel D,
}; in string rcpt,

in string addr};
An interface provided by BookBroker: Broker_User: 1
interface Broker_User{ An interface provided by BookBroker: Broker_Shop:
boolean getABook( interface Broker_Shop{
in string author, void register (in Bookshop b);
in string title, void unregister (in Bookshop b);
in float maxprice, 1
in string addr,
out date when);
¥
Fig.2 |IDL interfaces provided by components Bank, BookShop and BookBroker
2 Bank,BookShop,BookBroker IDL
5
, : (chemical abstract machine),
[3] : :
; csPl soral® ,

:Darwi n[13] T (19] s
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;LEDA :
; PA, [4,12] ,
; [16] CORBA IDL
T , )
Bookshop=( | k. , | &, ,Ass,Les,Pes) BookBroker=( | £, | & ,Asg,Les,Pes)
I 5 { 1t€Book_snop} ;| t@80ok_snop={ iNStock, I b { 1t€Broker_users It€Broker_snop} ;I t@Broker_user={
inSock_r, order, deliver, deliver_r} getABooK, getABOOK I} ;ltesroker snop={ register, unregister};
I 5 {1t€aroker_shop} ;| tEBroker_snop={ register, unregister} I &, { 1t€Book_shops |t€Bankaccount} ;1 t€Book_shop={ iNStoCk,
Assi( AX, AR AL inSock_r, order, deliver, deliver_r};
Ags {register, unregister}; ,/-\‘;‘S @, Itegankaccount={ 10gin, getBalance, getBalance r,
AL {inSock, inStock_r, order, deliver, deliver_r}; deposit, deposit_r, withdraw, withdraw_r,logout}
Les: {{It€sroker_snop, It€sroker_snop, Aesi( AL, A » Al )
BookBroker_|nst, BookBroker_Host)} ; AR, {inSock, inStock_r, order, login, deposit,deposit_r,
Pes{Pes A P[Shop]init logout, deliver, deliver_r}; Al :¢;
P[Shop]init A register.P[Shop], Al {getABook, getABook T, register, unregister};
P[Shop]1 ; inSock.in&ock_r.P[Shop]. Lgg:{ (It€Book_shop: |t€Book snop: BOOKShOp_INst,
P[Shop]. ; order.deliver.deliver_r. BookShop_Host),(Itegankaccounts |t€8ankaccounts
- P[Shop]; + unregister.P[ Shop]gina Bank_Inst, Bank_Host)};
P[Shop]rina A O}; Pggp:{ Pes A P[Broker]nit
Bank=( | 5, , I §, AeaLea,Pen) P[Broker]nit A register.P[Broker],
| oa { 1t€Bankaccount} ; |t€Bankaccoum={ l0GiN, getBalance, P[Broker]1 A getABook.P[Broker];
getBalance_r, deposit, deposit_r, withdraw, withdraw_r,  P[Broker], ; inSock.inSock_r.
logout}; B getABook_r.P[Broker]s
[ P[Broker]s A order.P[Broker]s
Asni( Ay s A s ALY +unregister.P[Broker]rina
AX AL P[Broker]4 A login.deposit.deposit_r.
A%, {login, getBalance, getBalance_r, deposit, logout.deliver.deliver_r.
deposit_r, withdraw, withdraw_r, logout} ; P[Broker]1
Lea:d; PBrokerfeina A 0};
Pea{ Psa A P[Bank]nit
P[Bank]nit ; login.P[Bank],
P[Bank]1 ; getBalance.getBalance_r.P[Bank],+deposit.deposit_r.P[Bank],+withdraw.
3 withdraw_r.P[Bank];+logout.P[Bank]rina.
PlBanklrina A O};

Fig.3 Specifications of components Bank, BookShop and BookBroker
3 Bank, BookShop, BookBroker

90

© rhiEpk

http:/ www. jos. org. cn



1285

[20,21]

) Qos

[22]

[14,15]

References:
[1] Heineman GT, Councill WT. Component-Based Software Engineering. Boston: Addison-Wesley, 2001.
[2] Shaw M, Garlan D. Software Architecture: Perspectives on an Emerging Discipline. New Jersey: Prentice Hall, 1996.
[3] Inverardi P, Wolf AL. Formal specification and analysis of software architectures using the chemical abstract machine model. |EEE
Trans. on Software Engineering, 1995,21(4):373-386.
[4] Bernardo M, Ciancarini P, Donatiello L. Architecting families of software systems with process algebras. ACM Trans. on Software
Engineering and Methodology, 2002,11(4):386-426.
[5] Aast WMP, Hee KM, Toorn RA. Component-Based software architectures: A framework based on inheritance of behavior.
Science of Computer Programming, 2002,42:129-171.
[6] Mei H, Chen F, Feng YD, Yang J. ABC: An architecture based, component oriented approach to software development. Journal of
Software, 2003,14(4):721-732 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/14/721.htm
[7] Cana C, Pimentel E, Troya JM. Compatibility and inheritance in software architectures. Science of Computer Programming,
2001,41:105-138.
[8] Mei H, Chang JC, Yang FQ. Software component composition based on ADL and middleware. Science in China (Series F),
2001,44(2):136-151.
[9] Szyperski C, Gruntz D, Murer S. Component Software: Beyond Object-Oriented Programming. 2nd. Massachusetts:
Addison-Wesley Professional, 2002.
[10] Vallecillo A, Hernandez J, Troya JM. New issues in object interoperability. In: Proc. of the ECOOP 2000 Workshop on Object
Interoperability. LNCS 1964, France, 2000. 256—-269.
[11] Allen R, Garlan D. A formal basis for architectural connection. ACM Trans. on Software Engineering and Methodology, 1997,
6(3):213-249.
[12] Aldini A, Bernardo M. On the usability of process algebra: An architectural view. Theoretical Computer Science, 2005,
335:281-329.
[13] Magee J, Kramer J. Dynamic structure in software architectures. ACM SIGSOFT Software Engineering Notes, 1996,21(6):3-14.
[14] LuJ, Tao XP, Ma XY, Hu H, Xu F, Cao C. On agent-based software model for internetware. Science in China (Series E), 2005,
35(12):1233-1253 (in Chinese with English abstract).
[15] Hu HY, Yang M, Tao XP, Lu J. Research and implementation of late assembly technology in cogent. Acta Electronica Sinca,
2002,30(12):1823-1827 (in Chinese with English abstract).
[16] Canal C, Fuentes L, Troya JM, Vallecillo A. Extending CORBA interfaces with z-calculus for protocol compatibility. In: Mitchell
R, ed. Proc. of the Technology of Object-Oriented Languages and Systems. Washington: |EEE Computer Society. 2000. 208—-225.
[17] Brookes SD, Hoare CAR, Roscoe AW. A theory of communicating sequential processes. Journal of the ACM, 1984,31(3):560-599.
[18] Plasil F, Visnovsky S. Behavior protocols for software components. |EEE Trans. on Software Engineering, 2002,28(11):
1056-1076.
[19] Milner R. Communicating and Mobile Systems: The n-Calculus. Cambridge: Cambridge University Press, 1999.
[20] Dashofy EM, Hoek AVD, Taylor RN. A comprehensive approach for the development of modular software architecture description
languages. ACM Trans. on Software Engineering and Methodology, 2005,14(2):199-245.
[21] Mei H, Cao DG. ABC-S°C: Enabling separation of crosscutting concerns in component-based software development. Chinese
Journal of Computers, 2005,28(12):2036—-2044 (in Chinese with English abstract).

© rhiEBRER

AT hupy/ www. jos. org. cn




1286

Journal of Software

Vol.17, No.6, June 2006

[22] Aldini A, Bernardo M. TwoTowers 4.0: Towards the integration of security analysis and performance evaluation. In: Haverkort B,
ed. Proc. of the 1st Int’l Conf. on the Quantitative Evaluation of Systems.Washington: IEEE Computer Society, 2004. 336-337.

(6] . ., .ABC:
1000-9825/14/721.htm
[14] , , L Agent
[15] v ,  .Cogent
[21] , ABC-S°C:
(1977 ), ,
(1960 ), , j :

,CCF '
s Agent

,2003,14(4):721-732. http://www.jos.org.cn/

E (
,2002,30(12):1823-1827.

,2005,28(12):2036—-2044.

(1975 ),

(1970 ),

R

),2005,35(12):1233-1253.

,Internet

, CCF
Agent,

ST

http:/ www. jos. org. cn



	基本概念
	基本模型
	行为相容的分析与验证
	构件间协议级的行为相容
	体系结构的行为分析

	示  例
	相关工作比较与小结

