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Introduction





	Aspect oriented programming is the concept of separating certain behavioral aspects into distinct development phases.  Using aspect oriented programming, a developer can create a program ignoring certain behavioral details, and later add behavior through a separate language or interface.  


	Crista Lopes discusses two such aspects in her paper, “D: A Language Framework for Distributed Programming”.  Within her framework, called D, a developer could program in Java, ignoring any details about multi-threading or remote invocation.  Then, once the local, single-threaded application is complete, the developer would create two short programs.  To implement multi-threading, a developer would specify the multi-threaded behavior of his or her program in a language called COOL.  Another language, called RIDL, would be used to implement remote-invocation (similar to RPC in C). 


	As part of a directed study with Professor Lieberherr, I investigated the implementation of RIDL in relation to the Demeter Java system.  This paper will explore the many advantages and disadvantages to Crista Lopes’s implementation of RIDL towards Demeter Java.





RIDL





	RIDL provides the ability to define remote methods and classes through a simple language that provides the information necessary to make a class method remote. 





For instance:


public class A{


	public void print_hello( void ){


		System.out.println( “Hello” );


	}


}





Now, if I wish to make the print_hello() procedure to execute on a remote machine, all I would have to do is to define a separate RIDL program that describes the behavior of my class:


remote A{


	public void print_hello( void );


}





This would make the print_hello procedure remote.  The developer could create methods without any concern for Remote Invocation until after he or she is satisfied with the local program. 


	RIDL also allows for specifying how an object is marshaled between machines.  A user can pass an object by global reference (similar to a pointer that is common among all computers) or by copy.  Pass-by-copy is a well known concept in RPC programming, however, RIDL takes it a step further and allows a developer to specify the ability to marshal parts of objects.


	The concepts of marshaling located in RIDL is innovative to say the least.  It allows programmers a great deal of control and flexibility in determining how their distributed applications run.  However, RIDL may not be adequate for DemJava because of the meta-level that DemJava resides in.








RIDL in the Demeter System





	DemJava is an abstraction of Java.  Instead of coding directly into Java, a developer would specify the structure of a program in a Class Dictionary, and then describe the behavior of the program through Traversals and Visitors.  DemJava brings Traversals and Visitors to the meta-level of a language, defining new keywords and constructs that exist above Java.  


	DemJava also allows rapid evolution of software since a program can be developed with very little knowledge about the structure of the program.  In many cases, the structure of the program can change, but no changes in the actual code may be necessary.  Any additions to the Demeter System should always keep these concepts in mind


	A small part of RIDL has already been implemented for the Demeter Java system.  The concepts the Crista proposes will still stay valid through Demeter’s implementation of DemRidl, however RIDL as it stands, should not be the final result in developing the Remote Invocation Aspect.  There are a few reasons for this:





Ease of portability


Multiple points of administration.


Lack of DemJava constructs.


Lack of Independence among differing aspect.
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Ease of Portability


	Java has many features to simplify the implementation of an aspect.  The existence of reflection allows third party programs to examine the class structure of your program.  Serialization allows RIDL to be implemented in a simple fashion since all classes can be easily streamed across a network.  However, these concepts may not exist in other programming languages, and would be difficult to implement.  If the Demeter system was ported to another language, certain aspects may not be able to follow.  One must be careful not to make aspects an integral part of the Demeter System, and be careful not to lock Demeter into one implementation language.





Multiple Points of Administration





	One of the advantages of the Demeter System is its flexibility.  One can quickly change a program to perform a different behavior by simply alter a traversal or changing a method in a class.  However, when many aspects come into play, such changes may become less trivial.  Using RIDL and COOL, specific classes and methods are mentioned in the behavior specification.  If any of classes or methods change, a developer would also have to change the Aspect Specifications.  This may not be a problem for one or two aspects, but, when many aspects are involved, it may become a tedious process.  This is counter to what DemJava is supposed to accomplish.  


	�
The reason for the multiple points of administration is that RIDL and COOL lie on the same meta-level as DemJava:
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DemJava, RIDL, and COOL add constructs to Java that add or enhance the functionality within a Java program.  DemJava, RIDL, and COOL produce Java code as a result of their individual processes.  However, unlike DemJava, RIDL/COOL also depend on specific Java constructs.  RIDL and COOL work directly with the Java Code, not at a higher level.  DemJava attempts to keep the class structure of source code as inessential as possible, while RIDL and COOL depend on it.


Of course,  DemJava does loosely depend on the structure of a program.  When traversing from A to B, DemJava does depend on B’s existence in the class diagram, however, any classes that exist between A and B can be inconsequential to the final result and can be changed without changing the final result.  However, when the additional complication of aspects implemented on top of Java come into existence, any changes to the classes between A and B may result in many more changes within differing aspects.  One of the ways this problem can be corrected is by creating a DemRidl language that depends on DemJava constructs.
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Lack of DemJava Constructs


	When implementing an aspect for a specific language, meta-level constructs specific to that language should be taken into consideration.  In Java, these constructs include methods, procedures, and classes.  However, in DemJava, there are additional constructs that should be included in DemRidl.  These construction include traversals, visitors, and before/after methods (wrappers).


	By allowing DemJava constructs within DemRidl, you will implement a Remote Invocation Aspect for DemJava, rather than for Java.  There are two main advantages to this approach:


The Remote Invocation Aspect has already been implemented for Java at Xerox Parc.





It would further enhance DemJava as a language.





Some specifics of what DemRidl should include will be presented later in this paper.





Lack of Independence Among differing aspects


	Within Crista Lopes’s implementation, all aspects depend on a centralized, intelligent aspect weaver.  This aspect weaver would take intermediate code generated by aspects and “weave” the aspects with programmer generated Java code.  Although such a weaver is necessary for the interaction between the aspects and the Java code, how big of a role the Aspect weaver should play in the generation of the final Java code comes into question.  Under Crista’s implementation, both COOL and RIDL are implemented in a similar fashion such that a intelligent aspect weaver will decide on the code output.  The aspect weaver would handle inheritance and the interaction between multiple aspects.  However, such a centralized Aspect weaver would inhibit the independent development of differing aspects.  If a new aspect is created, the aspect weaver would have to change to accommodate the new aspect and all the many nuances it may include.  


	Under DemRidl, the Aspect weaver should be as simple as possible.  Aspects would create simple editing instructions that the aspect weaver would patch into the Java code.  DemRidlÕs aspect weaver would be similar to a complicated scriptable text editor, except this text editor would be specific towards an implementation language.  Conflicts between aspects can be solved through a priority system.  The goal would be to create a Aspect Weaver that is general enough that any aspect that is created can use it as a utility to incorporate itself  within a Java program.


	As a result, once a complete Aspect Weaver is created, multiple aspects can be created in parallel and would further promote this style of programming.








DemRidl





	This section described what I see should be the final goal of the Remote Invocation Aspect for DemJava.  Since I am not a seasoned Java programmer, nor an expert DemJava developer, the feasibility of the following constructs presented here may or may not take shape in the final product.  The concepts presented here are merely a guideline for what I foresee as the functionality of the DemRidl aspect.


	The DemRidl aspect should not contain constructs pertaining to specific methods within Java.  This will help, through semantic means, to separate the behavior and the structure of a DemJava program.  Rather, DemRidl should provide functionality through Traversal and Visitor specifications, mirroring the semantic restrictions placed on a developer by DemJava.  Although, in DemJava, one can override semantic restrictions through the Java Code located in the visitor before/after methods (such as  violating the Law of Demeter).  


	By restricting the DemRidl language to traversal and visitor specifications, you also remove the problem of multiple points of administration mentioned earlier.  In DemRidl, you would specify your Java program in traversal and visitor syntax.  Then, once it is properly functioning, you describe the behavior of the traversal into other execution spaces.  The class structure can change but the functionality of the program can remain relatively stable.  A DemRidl specification could look something like this:





Hello.cd:





	Hello = Everyone.


	Everyone = World.


	World = .





	HelloWorldVisitor = .





Hello.beh:


	


Hello{


	traversal HelloWorld( HelloWorldVisitor v )


	{


		to World;


	}


}





HelloWorldVisitor {


	before World (@


		System.out.println ( “HELLO WORLD!\n” );


	@)


}
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Hello.dridl:


	remote traversal HelloWorld( HelloWorldVisitor ) {


		traversal:


			local From Hello to Everyone;


			remote From Everyone to World;


		visitor:


			visitor HelloWorldVisitor:


				remote before World


	}








This is only a rough sketch of what Hello.dridl could include.  You just specified that traversal HelloWorld with Visitor HelloWorldVisitor is going to operate on the local machine from Hello to Everyone, then operate on a remote machine for World.  The same concepts that applied to Crista Lopes’s RIDL can be applied to DemRidl.  The marshaling of visitors can contain the same concepts Crista uses to marshal parameters, and can be made adaptive enough to fit into the DemJava system.  In fact, such a system could potentially add more flexibility than the original RIDL intended.  For instance:


Hello.dridl:


	remote traversal HelloWorld( HelloWorldVisitor ) {


		traversal:


			local From Hello to Everyone;


			remote From Everyone to World;


		visitor:


			visitor HelloWorldVisitor:


				local before World


	}





You now have a local before/after method operating on a remote traversal.  


	Many steps have to be taken before the final goal of DemRidl can be reached.  This will be discussed in the next section.


DemRidl Development


Initial Design Decisions





	When given this problem, several design decisions have to be made.  CristaÕs implementation was oriented towards Java.  A progammer would write a Java program along with the separate aspects.  Once compiled, the aspects and Java program would be combined into a single program that contained the behavior of the Java program and the behavior of the aspects.  Java contains constructs that make the implementation simpler than that of other languages.  


	The first decision made was to attempt to re-implement CristaÕs work.  Since DemJava creates Java code, it should be possible to re-create CristaÕs work in DemJava.  From there, one could build upon the work and create something geared toward DemJava.  This approach may not have been the best.


	The second design decision made was to use JavaÕs reflection interface to analize the class structures and determine the correct syntax for the Aspect code to be added later.  This had the advantage of being quick and simple to implement, however has the disadvantage of not being cross-platform.  JavaÕs reflection is not a common feature in many other object-oriented languages and would be difficult to port.


	The other option to the second design decision would be to parse java-code.  This would be more portable under the Demter system because a new class-dictionary could be created for any language we port Demeter to.  





Phases of Development





	There are many phases of development that have to be taken in order to reach the final goal of DemRidl.  The Remote Invocation Aspect is emensely complicated for the novice Java Progammer (such as myself), and may be difficult for even the experienced.  I propose the following development stages:


Implement the Aspect Weaver	


The Aspect Weaver will be essential in testing code generated by the RIDL aspect.





Understanding Ridl





Since DemRidl will essentially be dealing directly with Java code, most if not all the concepts presented in Crista’s PhD thesis will come into play with the development of DemRidl.  The marshaling of parameters, the ability to marshal parts of parameter, and how to convert a plain Java program into a distributed program will be important.  





The first stage will include a complete re-implementation of Ridl under the DemJava system.  Such an implementation would assure a complete understanding of the concepts presented in Crista’s thesis and insure the correct implementation of DemRidl under DemJava.





Part1 can be implemented in a series of sub-phases:





1a) 	Implementation of Ridl under the simplest case, no Inheritance, no Parameter passing.


This would be the simplest case.  Just get a remote procedure call to work under Ridl.  This case is 80% complete as of the end of Summer Quarter.  Once the Aspect Weaver is done, testing of the generated code can proceed.





1b)	Implementation of Ridl with Global Reference parameters.


This would be the next phase of development.  Implement parameter passing by global reference.





1c) 	Implementation of Ridl with Copy parameters.


Next we can implement pass-by-copy.  Existing DemJava constructs such as TAO and CopyVisitors may be helpful in implementation.





		1d) Tackle inheritance. 


Inheritance will be handled differently by DemRidl than Ridl because of our simplistic aspect weaver.  This may be the first part that depends on a DemJava construct.  Inheritance can be determined by the class dictionary and can effect the resulting weaver-code.





		1e) Handle the marshaling parts of parameters


Although this part may not be essential for the implementation of the Remote Invocation Aspect, it is a innovated feature of Ridl that DemJava could potentially take advantage of.  DemJava already has an extensive system for creating traversals that could be used to re-create what Crista does using Java reflection.  Again, from my limited understanding of TAO, TAO may be of use here.





Creation of Remote Traversals


This is the part where Ridl will begin to transform into DemRidl.  The ability to weave the traversal methods created by DemJava, into remote traversal methods would be the first step in creating the DemRidl implementation.  The first implementation may start with the most general traversal, the universal traversal.  Universal traverse should include all execution spaces.





Marshaling of Visitors and Before/After methods


After the Ridl implementation, this part should be almost done.  The before/after methods created by DemJava should be able to execute locally or remotely.  The Marshaling of Visitors should occur with little or no user intervention.








	


Phase 1a progress





	Phase 1a is almost complete.  A Ridl implementation , based on Crista’s paper, that does not take into account parameter passing and inheritance has been implemented, but is untested.  It is located under /home/mtheroux/ridl on vega.





Command Syntax: 





java rmiAspect <ridl specification file>





The ridl specification file is a file that specifies the remote behavior of Crista’s ridl programming language.  The syntax is specified in Crista’s paper.  An example ridl file would be:





remote ANode {


        int get_number();


        void traverse();


}





remote ANode2 {


        ANode get_right();


        int get_number();


}





This will produce 4 files per class specified in the ridl language:





<classname>.wvr - 		contains code for the aspect weaver to add to the user Java 


code





<classname>RI.java - 		A RMI interface.


<classname>RIP.java - 	The java code stub interface for the client program.


<classname>RIO.java-	The java code stub interface for the “real” object.





�
The ridl program above would generate:





ANode.wvr	ANodeRI.java		ANodeRIO.java	ANodeRIP.java


ANode2.wvr	ANode2RI.java	ANode2RIO.java	ANode2RIP.java
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Finally, I used the book “The Java Programming Language” by Ken Arlnold and James Gosling to learn about some of the finer details in Java programming that is necessary to understand Crista’s implementation.
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