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Abstract:  Although design pattern is quite useful in software reuse, there are still many barriers when
instantiating the design patterns, such as pattern overlapping, traceability, and difficulties in reusing the pattern
code. A role-based approach for design pattern modeling and implementation is proposed. In this approach, roles of
pattern are treated as the independent modeling elements and the RoleOf relationship is used to associate a role with
an application class. This can improve the reusability of pattern. The meta-model of the RoleOf relationship for
pattern instantiation and its semantics are proposed using UML extension mechanism. The stereotypes and tagged
values used for identifying pattern information are provided, and it resolves the traceability and overlapping
problem in pattern instantiation. The dynamic binding of application and role logic are implemented through the
extension to Java language, called Rava. The approach proposed in this paper can effectively solve the problem
such as pattern overlapping and traceability during the pattern instantiation, which improves the reusability of
pattern logic and guides the software development using design patterns.
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srasenan ((RoleOf))
EROlCl E Rolel Classl FITIeT P IO PT DT P PPEPPp, Class1
Role2 : ::iRolel iRolel ownér
JOPPITTERS-S LasessmiROIC2 §
R - (Bind)) ot Tiineead,
) Pattern 1 H Pattern :
Bind)) o, s
Class2 B Class2
Role2 [ R 01 e2 owne}r’
(RoleOf))
Fig.1 Binding of business class and role Fig.2 RoleOf relationship between business class and role
1 2 RoleOf
2.2 RoleOf
RoleOf 3
RoleOf Relationship Dependency Classifier
( dependency).RoleOf (from kernel) j (from kernel) (from kernel)
:roleOwner +RoleOwner
| RoleOf * 1 Class
;Tole ’ ’ 1.% 1 | (from kernel) oleOwner
{(PatternRole)) A _Role
patternName {PatternRole}  Role
roleName, Fig.3 Meta model of RoleOf relationship
3 RoleOf
{patternName=Observer}, {roleName=Subject} , Observer Subject
RoleOf
e RoleOf ) )
. RoleOf ( *), 0 (PatternRole).
s ( 1..%). ,
RoleOf
i b b
Observer U Subject addObserver(observer) s Observer
e RoleOf , role roleOwner.
e RoleOf
UML 1 2.
Tablel Extended stereotypes and definition
1
Stereotype Applies to Definition
RoleOf Dependency relationship ~ Dependency relationship between application and role class
PatternRole Class The role in the design pattern
Table2 Extended tagged values and definition
2
Tagged value Applies to Definition
PatternName Application and role class The name of the design pattern

RoleName

Application and role class  The role name in the design pattern
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R core R Mediator s core
s Java s Rava,
2 3
Rava Java . Rava ,Mediator Java
core ,Mediator
3.1
core s ,
Mediator
° s core (object
identifier); core s , (coreObject,
roleObject) ;
e  Mediator , core . ,core
Mediator 1
. Rava Java Y Java
( C #define) y s S
. Java Mediator , 3 geiRol0
] : .getRolel
Mediator (core%m 3.bindRoje()
Jrole) 7~ :
, core 4.invoke()
. 1.invoke()
Mediator ;
. core (G Foo coreObject 54('{~bind>) role
Mediator . core :
Fig.5 Collaboration between Mediator, core and role object
) 5 Mediator core
Mediator core
5
3.2 Rava
3.2.1
6 Person Employee.
//Person.java
//Employee.rava
class Person{
A ROLE Employee roleof Person{
String name; blic inf oetPaitking <l
aid(int salar
int deposite; publicintg ( y).{
. . @cor e Person().depositt=salary,
public String getName() { .
return deposit
return name;
}
: }
}
Fig.6 Definition of person class and employee role
6 Person Employee
, (role employee)—— ROLE;
(roleof person)—— . roleof s
Employee @core,
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core , core
7 s aPerson ~ Employee . (aPerson)
(person) (getPaid) (salary).
//Foo.rava
class Foo{
public static void main(Sring args[]){
Person aPerson=new Person();
Integer salary=new Integer(2000);
@INVOKEROLE(aPerson, “Person”, “Employee”, “getPaid”, salary); }
}
Fig.7 Invocation of role
7
322
, roleof @core core s
Interfaces: R
Super Classes: 5
Inherited instance: s this.id( ) super.id( ).
3 (static members), R s
323 Java
3 Rava 4
Table3 New added keywords and definition in Rava
3 Rava 4
Keyword Definition
ROLE Role definition
roleof Relationship between role and object, that is, which object can play the defined role
@INVOKEROLE Role invocation
(@core Accessing the attributes and methods of core object from role

(role declaration)::=(modifiers)* ROLE [extends (type declaration)] [implements (interface
declaration)+] roleof (class declaration)+
(type declaration)::=(class namey|(role name)
(role invocation expression)::=@| NVOKEROLE((object),(class name of object),
({role name),{method name),(parameter) [])
(core object getting expression)::=@core (class name) ()

Fig.8 Abstract syntax of the new added keywords
8

@core core ) Java new :@core
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Mediator

core

s

new

3.3 Rava Java

3.3.1

, ROLE roleof s

( ) . Mediator
, core

1. :ROLE,extends,implements,roleof.
2. ROLE class.
3. roleof
4. implements Rolelnterface.
5. ‘
private Vector bindingClasses=new Vector();
6. 5 . ,RoleName
(roleof ).
public RoleName() { bindingClasses.add(ClassName);}
7. .
public Vector getBindingClasses() {return bindingClasses;
8. @core s core
core R Mediator s
core .Mediator Java R
e  boundRole : Hash , core .core
e invokeRole() , Java
e  getRolelnstance() ;
e  DbindRole() : core s core
(boundRole);
o getCore(): core
s 6 Employee Java
. roleof .getBindingClasses()
.@core Mediator core
//Employee.java

class Employee implements Rolel nterface{
private Vector bindingClasses=new Vector();
public Employee() {bindingClasses.add(‘“Person”);}

public Vector getBindingClasses() {return bindingClasses; }
public int getPaid(int salary){

try {
if (MediatorFactory.getMediatot(“Person”)==null){

665

;Java

core

,ClassName

getCore()

s core

API;

Hash

Mediator Factory.putMediator (“Person”, new GenericM ediator(Person)());
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}catch(Exception e){e.printStackTrace(); }

GenericMediator mo$1=Mediator Factory.getM ediator (“Person”);
Person rjc$Person=(Person)mo$1.getCore(“Person”,this);
rjc$Person.deposit+=salary;

return deposit

Iy
3.3.2 @INVOKEROLE
@INVOKEROLE . Mediator ( invokeRole()
). 7 Java

//Foo.java
class Foo{

try {

if (MediatorFactory.getMediator (“Person”)==null){

Mediator Factory.putM ediator (“Person”,new GenericMediator{Person)());
éenericM ediator mo$1=Mediator Factory.getM ediator (“Person”);
mo$1.invokeRole(aPerson, “Employee”, “getPaid”, salary);

} catch(Exception ex){ex.printStackTrace(); }
}
3.4 Rava
Rava Java Rava
R C: R C.
c L C C.
R l: R l.
c . C l.
R C: R Cc
M. mC:M¢ C  Mediator .
Cisc KFSTKSTMST: C K, (FST) (KST) (MST).
| is; MST: I (MST).
instanceT: T « , 3 ).
nameT: T (@ b ).
fieldsT: T (¥ , ).
methodsT: T (., , ).
bodyM: M ( ).
parametersM: M
Rava Java
34.1 ROLE
Rava | Java . R R
s Rolelnterface
R £ ={C [}
R I ={C l}u{C" Rolelnterface}
R c ,
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Rolelnterface is; MST
MST={public Vector getBindingClasses();}

roleof Java , roleof
s Getter
R ,C ={C'is.J FST KST MST}
FST={fieldsR}u {private Vector bindingClasses=new Vector();}
KST={public nameC’() {bodyK} }
bodyK=bindingClasses.add(nameC);
MST={methodsR} U {public Vector getBindingClasses() {bodyM} }
bodyM=return bindingClasses;
342 (@core @INVOKEROLE
@core core ; @INVOKEROLE Mediator
@coreC ={M,; ClinstanceM..getCore(this)}
@INVOKEROLE(instanceC, nameC, nameR, nameM, parametersM) =
{M. C|instanceM..invokeRol e(instanceC, nameR, nameM, parametersM)
35 Rava RoleOf
Rava RoleOf :RoleOf Rava roleof ;RoleOf
Rava ROLE ; Rava R
roleof . 4(b) ,Point Screen Subject (Foo.rava)
o //Subject.rava
i)/igllilz;tgi:; ot ROL]JE Subject roleof Point{
int x=10: private Vector observers=new Vector();
public in’t getX0){ public void addObserver(Screen 0) {
return X; observers.add(0); }
: }
public void setX(int x) {
.. //Foo.rava
| } public class Foo{
. Point point=new Point();
g java Screen screen=new Screen();
public class Screen{ Object o[]=new Object[1];
public Screen(){ o[0]=screen:
.. @INVOKEROLE(point,“Point” “Subject”,
) } “addObserver”,0);
"

© PEBREBALTU bt/ www. jos. org. cn



668 Journal of Software Vol.17, No.4, April 2006

4
4 2 2 2
i 9 b
2
References:
[1] Gamma E, Helm R, Vlissides J. Design Patterns: Elements of Reusable Object Oriented Software. Tokyo: Soft Bank Publishing,
2001.

[2] Hannemann J, Kiczales G. Design pattern implementation in Java and Aspect]. ACM SIGPLAN Notices, 2002,37(11):161-173.

[3] Kiczales G, Lamping J, Menhdhekar A, Maeda C, Lopes C, Loingtier J, Irwin J. Aspect oriented programming. In: Aksit M,
Matsnoka S, eds. Proc. of the European Conf. on Object-Oriented Programming. Berlin, Heidelberg: Springer-Verlag, 1997.
220-242.

[4] Jing D. UML extensions for design pattern compositions. Journal of Object Technology, 2002,1(5):149-161.

[5] Yacoub SM, Ammar HH. UML support for designing software systems as a composition of design patterns. In: Gogolla M, Kobryn
C, eds. The Unified Modeling Language. Modeling Languages, Concepts, and Tools. Berlin, Heidelberg: Springer-Verlag, 2001.
149-165.

[6] He CW, He F, He KQ, Liu J, Tu WJ. RoleOf relationship and its meta model for design pattern instantiation. In: Li X, Wang SL,
Dong ZY, eds. Advanced Data Mining and Applications, 1st Int’l Conf. (ADMA 2005). Berlin, Heidelberg: Springer-Verlag, 2005.
642-653.

[7] Object Management Group. Unified Modeling Language Specification, Version 1.4, 2001. http://www.omg.org

[8] Clarke S, Walker RJ. Composition patterns: An approach to designing reusable aspects. In: Proc. of the 23rd Int’l Conf. on
Software Engineering. Washington: IEEE Computer Society, 2001. 5-14.

[9] Mapelsden D, Hosking J, Grundy J. Design pattern modelling and instantiation using DPML. In: Noble J, Potter J, eds. Technology
of Object-Oriented Languages and Systems (TOOLS Pacific 2002). Darlinghurst: Australian Computer Society, Inc., 2002. 3—11.

[10] Bracha G, Cook W. Mixin-Based inheritance. In: Meyrowitz NK, ed. Proc. of the European Conf. on Object-Oriented Programming
Systems, Languages, and Applications (OOPSLA/ECOOP’90). New York: ACM Press, 1990. 303-311.

[11] Ancona D, Lagorio G, Jam EZ. A smooth extension of Java with Mixins. In: Bertino E, ed. Proc. of the 14th European Conf. on
Object-Oriented Programming (ECOOP 2000). Berlin, Heidelberg: Springer-Verlag, 2000. 154—-178.

[12] Schirli N, Ducasse S, Nierstrasz O, Black A. Traits: Composable units of behavior. In: Cardelli L, ed. Proc. of the European Conf.
on Object-Oriented Programming (ECOOP 2003). Berlin, Heidelberg: Springer-Verlag, 2003. 248-274.

[13]  Aspect] Team. The Aspect]™ Programming Guide. 2003. http://eclipse.org/aspectj/

[14] Monteiro MP, Fernandes JM. Pitfalls of Aspect] implementations of some of the gang-of-four design patterns. In: Fuentes L,
Moreira A, Murillo JM, eds. Proc. of the the DSOA 2004 Workshop at JISBD 2004. Malaga: Universidad de Extremadura, 2004.
41-48.

[15] Subieta K, Jodlowski A, Habela P, Plodzien J. Conceptual modeling of business applications with dynamic object roles. In:
Corchuelo R, Ruiz-Cortés A, Wrembel R, eds. Technologies Supporting Business Solutions, the Advances in Computation: Theory
and Practice. New York: ACTP Series, Nova Science Books and Journals, 2003. 57-84.

[16] Hanenberg S, Unland R. Roles and aspects: Similarities, differences, and synergetic potential. In: Bellahsene Z, Patel D, Rolland C,
eds. Proc. of the 8th Int’l Conf. on Object-Oriented Information Systems. London, 2002. 507-520.

http:/ www. jos. org. cn



669

[17] Van Hilst M, Notkin D. Using role components to implement collaboration-based designs. ACM SIGPLAN Notices, 1996,31(10):
359-369

[18] Bettini L, Capecchi S, Venneri B. Extending Java to dynamic object behaviors. Electronic Notes in Theoretical Computer Science,
2003,82(8):130—-149

[19] Sanada Y, Adams R. Representing design patterns and frameworks in UML-towards a comprehensive approach. Journal of Object
Technology, 2002,1(2):143-154.

[20] Guennec AL, Sunye G, Jezequel JM. Precise modeling of design patterns. In: Evans A, Kent S, Selic B, eds. Proc. of the Unified
Modeling Language 2000 (UML 2000). Berlin, Heidelberg: Springer-Verlag, 2000. 482-496.

[21] Kendall EA. Role model designs and implementations with aspect-oriented programming. ACM SIGPLAN Notices, 1999,34(10):
353-369

[22] Béumer D, Riehle D, Siberski W, Wulf M. Role object. In: Harrison N, Foote B, Rohnert H, eds. Pattern Language of Program
Design 4. Boston: Wesley Publishing Company, 2000. 15-32.

[23] Drossopoulou S, Damiani F, Dezani-Ciancaglini M, Giannini P. More dynamic object reclassification: Ficklek. ACM Trans. on
Programming Languages and Systems, 2002,24(2):153-191.

[24] Kniesel G. Delegation for Java: API or language extension? Technical Report, IAI-TR-98-5, Bonn: University of Bonn, 1998.
http://roots.iai.uni-bonn.de/research/darwin/downloads/papers/patterns.IAI-TR-98-5.pdf

(1967 ), , > , (1947 ), , , ,

,CCF ,

JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYAVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN

50
50 (3 kL]
“ " 50 10
“ " /
“ " ! " ( )
ccf@ict.ac.cn 2704 100080 “ "
010-62527485
1956  ~2005
2006 6 30

©

[93FF  httpx/ www. jos. org. cn



mailto:ccf@ict.ac.cn

	相关研究分析
	设计层
	实现层

	分离模式逻辑和应用逻辑的建模方法
	基本原理
	RoleOf关系的元模型及语义
	一个应用实例

	RoleOf关系的实现
	基本思想
	Rava的基本原理
	一个简单例子
	其他语言元素
	扩充Java语言

	Rava到Java的转换
	角色定义的转换
	@INVOKEROLE的转换

	Rava的动态语义
	ROLE
	@core和@INVOKEROLE

	使用Rava实现RoleOf关系

	结  语

