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Abstract 
This report presents the results of a master level thesis project that analyzes and 
designs about the issue “Framework for Flexible Connectors with Java Reflection 
Proxies”. In this project, there are two main issues; first one is about finding a way to 
implement the function of a connector. And the other one is to build a framework for 
flexible connectors.  
 By studying on Java’s dynamic proxy, we find we can use it to implement the 
function of a connector. When building a connector chain, we use an important Java 
technique------Java Reflection API.  
 
Key-words: Connector, Dynamic Proxy, Java Reflection API, Dynamic 
Re-configuration.
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1. Introduction 
The goal of this project is to develop a framework where developer can create 
composite connectors in a straight forward and flexible way. Connected computation 
ends can work under this framework. Remote procedure calls (RPC) can be made by 
using a connector chain which is implemented by Java’s Dynamic Proxy. It works like 
Web Service, but it is an extended version with connectors provides more functions. A 
connector is a communication abstraction, which connects two or more components. 
The connectors can do more than just transporting data from a source to a sink. 
Different connectors can have different functions such as decompressing or encoding 
etc. Under this framework, connectors on both client and server side should be 
synchronized. For example, if there is a connector chain which is formed by an 
encoding connector and then a compressing connector on the client side, then the 
connector chain on the server must be synchronized with the connector chain on the 
client side. So the connector chain on the server side is formed by a decompressing 
connector and then a decoding connector. 
 Java’s Dynamic Proxy is a class that implements several interfaces which are 
specified at runtime. More information about it will be presented in chapter 2.  
 Under this framework, developers will be free from tedious network configuration 
work. With simply configurations, a connector chain can work perfectly. A simple 
usage example is illustrated in figure 1.1. 
 

 
Figure 1.1 Usage example of connectors 

 
A client wants to book an air ticket from remote server of Air China by using a mobile 
phone. First, the user starts the program on his/her mobile phone to book a ticket and 
fills the booking information including credit card number etc. After this process, 
information is passed to the first connector and encoded, and then this encoded 
information is sent to further connectors with other functions. Through several 
connectors with various functions, data finally gets to the server of Air China through 
network. When the server gets the booking requirement, according to the connector 
sequence on client side, data should be decompressed first and then decoded. After 
that, the booking information is dealt. Finally server sends the e-ticket back to Mobile 
Phone user through the same connector chain. 

 For protecting the credit card information, the data should be encoded and 
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compressed, so client side adds two connectors with such functions. Synchronously, the 
server side will add decompressing and decoding connectors automatically. Moreover, 
when booking air tickets, different level of user can get different level of service, thus 
the server should dynamically choose a service for the user according to his/her user 
level. 

1.1 Problem discussion 

The problem here is how to develop such a flexible framework. Foremost point here is 
to make it flexible. For the people have experience on Web Service, most of them 
believe that the configuration work is pretty complex. Code often causes unpredictable 
errors.  

So, is there any better solution that can make this work easy and flexible? Here 
comes to this framework. Using Java’s Dynamic Proxy could bring flexibility. Proxy 
here works as a connector, or also could be called as an agency. Several agencies 
standing in a line, we can pass a message from first agency to the last agency in the line. 
In this process, a data chain is formed.  

Connectors can do more than just passing data; they could also have some functions, 
since the data flow will go through them. Like modern cars sells network. A customer 
orders a car in specific model with specific color from car vendor; this vendor passes 
the order to the car company in Germany. And the company informs its engine factory 
in Italy to manufacture certain engine, and then this engine factory passes the order and 
engine to assembly factory in US, finally after going through these several segments, 
the car is sent to the customer.  

Analogously, in our framework, connectors work as the role of factories. When 
data passed through connectors, they perform different actions on the data such as 
decoding, encoding, decompressing, compressing etc. For different purposes 
programmer can design different proxies/connectors with different functions. For 
instance, when people want to login to a website, it is not advisable to pass the real 
password to the web server, since it is not safe. A good option is to use a connector 
which can translate the password to a MD5 digest and pass it to next connector.  

1.2 Problem Statement 

In this project we are facing several problems in different phases and parts of this 
project. How to make several available technologies working together? How to make 
necessary modifications about these technologies? Generally, we make a list about the 
problems/goals for this project. 
i. The connector framework shall include adequate connector abstractions that 

developers can specialize, instantiate, and integrate directly in a component 
composition.  

ii. The framework shall provide primitives for component specification 
(instantiation) and manipulation.  

iii. The solution shall allow for dynamic re-configuration, example, it should be 
possible to manipulate the connector configurations as well as system 
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configurations at runtime.  
iv. The connector framework should be easy to migrate from one component model 

to another. 
v. The framework should provide and utilize a meta-protocol for end point 

communication and synchronization, for instance to guarantee end-points’ 
semantics. 

vi. One demonstrator shall be implemented to prove it functionality. 
 The list above is a general problems list for this project. Successfully solving 
these problems means the final solution is a success. Point ii, iii and iv are most 
important problems in this project. They are the main goals of this project. 

1.3 Method 

In this part we present two important aspects of this project Design and Evaluation. 

1.3.1 Design strategy 

In this project we set three main phases to achieve the goals of this project. 
Phase 1: Understanding the mechanism of how Java’s Dynamic Proxy works. Try 

to implement one or two programs using Proxies chain. 
Phase 2: Understanding the mechanism of Web Service, foremost understands 

how SOAP transmits data. Making SOAP work with connector chain. 
Phase 3: Improve the framework got from phase 2. In this phase synchronization, 

dynamic re-configuration etc. will be achieved.  
 Phase 1, generally is a preparation period, there will not be too much technology 
challenges, knowing how to use Java’s Dynamic Proxy is enough. Most time will be 
spent on the second phase and the third phase. Phase 2 is crucial in this project, in the 
phase; the main job is to make SOAP work well with proxies/connectors chain. Once 
they work well together, it will be a strong guarantee of this project’s success. Based on 
the framework from phase 2, in phase 3, the tasks left are to fulfill the rest functions, 
such as implementing the functions of adding connector to the chain, removing 
connector from the chain, synchronizing the connecter chain on server with the chain 
on the client. Therefore, phase 3 is also a time consuming phase. 

1.3.2 Evaluation strategy 

In evaluation we set up 3 aspects to evaluate the final solution. 
1. Functionality 
2. Overhead 
3. Usability 

Regarding functionality, according to pre-set goals the functionality of final solution 
should fulfill the functions in table 1.1. 
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Function name: Whether fulfill?  
Specification ? 
Instantiation ? 
Manipulation ? 

Dynamic Re-Configuration ? 
Synchronization ? 

Table 1.1 Evaluation form of Functionality 
 
Specification: the function of a connector should be specified by developer easily. 
Instantiation: this means that the framework can be instantiated. With this feature 

developers can develop program easily. 
Manipulation: the connector-chain/proxy-chain can be manipulated by developer, 

such like adding a connector to the chain and removing a connector from the chain.  
Dynamic re-configuration: this function is about that the framework will be able 

to change the proxy-chain in runtime. For example, while some services on server 
side are upgraded, it is not necessary to shutdown the program but make the 
requirement to the new service automatically. 

Synchronization: this means in this framework, both computation sides should be 
able to adjust their sequence/type of the connectors according the usage of the other 
computation side. For example, if Computer-A use a RSA encryption connector send 
a message to Computer-B, then Computer B will use a RSA Decryption connector to 
receive this message automatically.  

Regarding overhead, how much resource the system cost on the framework will be 
measured, for example, memory, CPU time and network overhead. Since this 
framework is supposed to work in a certain network, there may be numerous 
connections to server in the same time slice. If the overhead is in an unacceptable level, 
a server/computer will crash which is obviously a disaster. 

Regarding usability, the framework is supposed to be easy for programmer to use. 
Therefore how much extra work needed to be done if programmers want to use this 
framework will be measured. The purpose of this evaluation is to estimate the usability 
of this framework.  

If the solution fulfills all the pre-set goal functions and has a performance in an 
acceptable level, in this circumstance, the solution will be considered as a successful 
one. We achieve the objective.  

1.4 Restrictions 

This project is basically a practical work, therefore a demonstration program should be 
release to examine if the solution works or not. There are several communication 
components available for this framework. However, since the number of people 
working on this project is only two, the demonstration program will only adapt to Web 
Service as its communication component. However, Socket could also be a good 
optional communication component. 
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1.5 Structure of the thesis 

Chapter 1 gives a general idea of the problem that this project has to solve, and the 
direction of solving the problem. Chapter 2 gives an overview about the theory and 
background information that are used in this thesis, here we explain what is used in 
theory and the practical implications from these frameworks. Chapter 3 is the main part 
of this thesis; it presents the final solution and its rationale. Chapter 4 is the evaluation 
of the solution. Chapter 5 includes conclusions and future work. 

 5



2. Related Work 
In this chapter, we introduce some practical implementations that are relevant to the 
scope of this thesis. Such as Web service, SOAP(Simple Object Access Protocol), 
Apache Axis and Apache Tomcat, Web Tools Platform (WTP), Java Reflection API 
and Java Proxy. 

2.1 Web Service 

Today, Web service is an independent and important computer technology. It is 
commonly used since the Internet and Network becomes worldwide. In this section, 
some principles of Web service and a simple example of using this technology are 
presented.  

2.1.1 Principles of Web Service 

A Web service (also Web Service) is first defined by the W3C as a software system 
which is used to support interoperable machine-to-machine interaction over a network. 
Web services are frequently since Web application programming interfaces (API) can 
be accessed through the Internet and executed on a server that has the requested 
services. There are some other technologies that are similar to Web service, such as 
Object Management Group's, Common Object Request Broker Architecture, 
Microsoft's Distributed Component Object Model or SUN's Java/Remote Method 
Invocation (RMI). [1] 

Web services are a set of tools that can be used in a number of ways. There are 
three most common styles of use: RPC, SOA and REST. [1] 
Remote procedure calls (RPC)  

  Remote procedure call (RPC) is an Inter-process communication technology that 
allows a computer program to cause a subroutine or procedure to execute in another 
address space (commonly on another computer on a shared network) without the 
programmer explicitly coding the details for this remote interaction. That is, the 
programmer would write essentially the same code whether the subroutine is local to 
the executing program, or remote. When the software in question is written using 
object-oriented principles, RPC may be referred to as remote invocation or remote 
method invocation. [2] 

  RPC Web services present a distributed function (or method) call interface which 
is quite familiar to many developers. Typically, the basic unit of RPC Web services is 
the WSDL operation. [1] It is widely used in today’s Web services exploration.  
 The first Web services tools were based on RPC, and hence this style is widely 
used. “However, it is sometimes criticized for not being loosely coupled, because it 
was often implemented by mapping services directly to language-specific functions or 
method calls.” [2] 
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Figure 2.1 Architectural elements involved in the XML-RPC 

 
Service-oriented architecture (SOA) 
 Web services can also be used to implement an architecture according to 
Service-oriented architecture (SOA) concepts, where the basic unit of communication 
is a message, not an operation. It is often referred to as "message-oriented" services. 
[2] 
 SOA Web services are supported by most major software vendors and industry 
analysts. Unlike RPC Web services, loose coupling is more likely, because the focus 
is on the "contract" that WSDL provides, rather than the underlying implementation 
details. [2] 
Representational state transfer (REST) 
 Representational State Transfer (REST) attempts to describe architectures which 
use HTTP or similar protocols by constraining the interface to a set of well-known, 
standard operations (like GET, POST, PUT, DELETE for HTTP). Here, the focus is 
on interacting with stateful resources, rather than messages or operations. An 
architecture based on REST (or is 'RESTful') can use WSDL to describe SOAP 
messaging over HTTP, which defines the operations, can be implemented as an 
abstraction purely on top of SOAP (e.g., WS-Transfer), or can be created without 
using SOAP at all. [2] 

2.1.2 A simple example of Web Service  

The following is a small service: Hello.java. It has a method sayHello() which has one 
string parameter; this method can print out “Hello, ” and the string parameter.  
 
public class Hello { 

    public String sayHello(String username){ 

        return "Hello, " + username; 

    } 

} 

 
After deploying the above service on the web server successfully, then write a client 
to test if it is work well. The following shows the code of a client: TestHello.java. 
 
import org.apache.axis.client.Call; 

import org.apache.axis.client.Service; 

import javax.xml.rpc.ParameterMode; 

public class TestHello 

{ 

 7

http://upload.wikimedia.org/wikipedia/en/9/95/Webservice_xrpc.png�


   public static void main(String [] args) throws Exception { 

       

       String endpoint = "http://localhost:8080/axis/Hello.jws";//① 

       Service  service = new Service();  //② 

       Call     call    = (Call) service.createCall();//③ 

       call.setTargetEndpointAddress(new java.net.URL(endpoint));//④ 

       call.setOperationName( "sayHello" );// ⑤ 

       String res = (String) call.invoke( new Object[] {"jack"} );// ⑥ 

       System.out.println( res ); 

   } 

} 
 
① Indicate the web location of the service . 
② Create a Service (It is a Java Class)object. This is mandatory. 
③ Create a Call (It is a Java Class)object. This is also mandatory. 
④ Set the location for the Call object to invoke the service. 
⑤ Make sure the name of the method to be invoked is the same with the name on the 
 Server(in Class: Hello.java). 
⑥ Transfer the parameter “jack” and make sure the return type is String. 
Run the client, then “Hello, jack” will be printed on the screen. 

2.2 SOAP 

Simple Object Access Protocol (SOAP): It is a standardized communication standard, 
which is mainly used for Web Service. The emergence of SOAP is in order to simplify 
the web server from the XML database to extract information. It allows different 
applications to exchange XML format data with each other through HTTP protocol.  
In this circumstance, programming language, platform and hardware can be ignored. 
This standard from IBM, Microsoft, UserLand, and DevelopMentor in 1998 
co-sponsored and supported by IBM, Lotus, Compaq, such as the company's support, in 
2000, submitted to the league WWW (World Wide Web Consortium; W3C), the current 
version of SOAP 1.1 is the industry for common standards, belong to the second 
generation of the XML protocol (first-generation technology with the main 
representative for the XML-RPC and WDDX). 

SOAP Envelope, package defines a message to describe what the contents are, 
who sent, who should accept and deal with it and how to deal with their framework; 
SOAP Encoding Rules, used to express the application required the use of the data 
types of instances; SOAP RPC Representation, that the remote procedure call and 
response agreements; SOAP Binding, the underlying protocol used to exchange 
information. 
 So how can SOAP procedure be used? A SOAP message can be sent to a web 
service enabled web site (for example, a book price database) with the name of the 
book for a search. The site can then return an XML-formatted document with the 
resulting data (prices, authors, etc). Since the returned XML-formatted data is in a 
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standardized machine-parseable format, it can then be easily analyzed and displayed.  
 What is the transport method of SOAP? SOAP makes use of an Internet 
application layer protocol as a transport protocol. Both SMTP and HTTP are valid 
application layer protocols used as Transport for SOAP, however HTTP seemed has 
gained wider acceptance as it works well with today's Internet infrastructure; 
especially, HTTP works well with network firewalls. SOAP may also be used over 
HTTPS (it is the same protocol as HTTP at the application level, but uses an 
encrypted transport protocol underneath) with either simple or mutual authentication. 
This is a major advantage over other distributed protocols like GIOP/IIOP or DCOM 
which are normally filtered by firewalls. XML was chosen as the standard message 
format because of its widespread use by major corporations and open source 
development efforts. Additionally, a wide variety of freely available tools 
significantly eases the transition to a SOAP-based implementation. [4] 

2.3 Apache Axis and Tomcat 

The Apache Software Foundation provides support for the Apache community of 
open-source software projects. [3] It has significant contribution on the development 
of Web service since it provides two technologies: Axis and Tomcat. 

2.3.1 Apache Axis 

Axis is essentially a SOAP engine -- a framework for constructing SOAP processors 
such as clients, servers, gateways, etc. The current version of Axis is written in Java, 
while an implementation of C++ will be available in the future. 
 However Axis is not just a SOAP engine, it also includes: [5] 

i. a simple stand-alone server,  
ii. a server which plugs into Servlet engines such as Tomcat,  
iii. extensive support for the Web Service Description Language (WSDL),  
iv. emitter tooling that generates Java classes from WSDL.  
v. some sample programs, and  
vi. a tool for monitoring TCP/IP packets.  

After months coding effort by Apache software foundation, Axis now delivers the 
following 6 key features [5]: 
1 Speed. Axis uses SAX (event-based) parsing to achieve significantly greater 

speed than earlier versions of Apache SOAP.  
2 Flexibility. The Axis architecture gives the developer complete freedom to insert 

extensions into the engine for custom header processing, system management, or 
anything else you can imagine.  

3 Stability. Axis defines a set of published interfaces which change relatively 
slowly compared to the rest of Axis.  

4 Component-oriented deployment. You can easily define reusable networks of 
Handlers to implement common patterns of processing for your applications, or 
to distribute to partners.  

5 Transport framework. We have a clean and simple abstraction for designing 
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transports (i.e., senders and listeners for SOAP over various protocols such as 
SMTP, FTP, message-oriented middleware, etc), and the core of the engine is 
completely transport-independent.  

6 WSDL support. Axis supports the Web Service Description Language (WSDL), 
version 1.1, which allows user to easily build stubs to access remote services, and 
also to automatically export machine-readable descriptions of user’s deployed 
services from Axis. WSDL is an XML-based language that provides a model for 
describing Web services. W3C organizations (World Wide Web Consortium) has 
not ratified version 1.1 of the WSDL, but the 2.0 version has been in the 
formulation, the 2.0 version will be recommend as a standard (recommendation) 
(an official standard), and will be approved as an official W3C standard. 

2.3.2 Apache Tomcat 

Before introduce Tomcat, it is necessary to know what are Servlet and Servlet 
container. 
 A Servlet is a Java programming language object that can process requests and 
construct responses dynamically. It receives a request and generates a response based 
on that request. [7] 
 A Servlet container is a specialized web server that can support the Servlet 
execution. “It combines the basic functionality of a web server with certain 
Java/Servlet specific optimizations and extensions.” [7] 
 Apache Tomcat is a Servlet container which developed by the Apache Software 
Foundation (ASF). “Tomcat implements the Java Servlet and the JavaServer Pages 
(JSP) specifications from Sun Microsystems, and provides a "pure Java" HTTP web 
server environment for Java code to run.” [6] Table 2.1 shows some significant 
information about Tomcat. 
 

Developed by:  Apache Software Foundation 
Latest release:  6.0.18 / 2008-07-31 
Written in:  Java 
Operation System (OS): Cross-platform 
Type:  Servlet container HTTP web server 
License:  Apache License 2.0 
Website:  http://tomcat.apache.org/ 

Table 2.1 Information about Tomcat 

 2.4 Web Tools Platform (WTP) 

How to deploy services on the web server? There are several ways can accomplish 
this work. However, the most convenient approach is using Eclipse Web Tools 
Platform (WTP). In thesis project we use this approach to deploy services on server. 
 “The Eclipse Web Tools Platform (WTP) project extends the Eclipse platform 
with tools for developing Web and Java EE applications. It includes source and 
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graphical editors for a variety of languages, wizards and built-in applications to 
simplify development, and tools and APIs to support deploying, running, and testing 
apps.” [8] 
 Use WTP is not complicated. The first step is to install a web server (Here we use 
the Tomcat 5.5 as our web server) and WTP on the computer, then the next step is to 
add the web server to WTP (As Figure 2.2 shows). 
 

 
Figure 2.2 Adding web server on WTP 

 
In order to use the function of WTP to deploy services on the server, it is necessary to 
create a Dynamic Web Project, as Figure 2.3 shows. Because the function of 
deploying services is only available in Dynamic Web Project.  
 Write Java services programs under this project. After the service program has 
been finished, then click the right key of Mouse on the service program to create web 
service, as Figure 2.5 shows. After click the create web service on the option menu, 
the interface given in figure 2.4 will show up. Since it is only need to deploy the 
service, so we choose the Deploy Service operation on the service side and choose No 
Client option on the client side. 
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Figure 2.3 Create a Dynamic Web Project 

 
Figure 2.4 Deploy web service 
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Figure 2.5 Create web service 

2.5 Java Reflection API--Fundamentals 

“Reflection is a powerful tool. It lets you build flexible code that can be assembled at 
run time without requiring source code links between components.” [11] 

“Reflection is commonly used by programs which require the ability to examine 
or modify the runtime behavior of applications running in the Java virtual machine.” 
[10] It gives the Java code access to internal information for classes loaded into the 
JVM and allows the programmer to write code that works with classes selected during 
execution, not in the source code. This makes reflection a great tool for building 
flexible applications. [11] 

By using reflection, first build a class object for a given class A, and using this 
class object to call the method in class A. 

2.5.1 Creating Class Object 

There are many ways to create class object in Java, the following table shows several 
common ways to create a class object; 
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Class object creating methods Examples 
Using getClass() String str = "abc"; 

Class c1 = str.getClass(); 
Using static method 
Class.forName() 
(This is the most common 
way.) 

Class c1 = Class.forName ("Java.lang.String"); 
Class c2 = Class.forName ("Java.awt.Button"); 
Class c3 = Class.forName 
("Java.util.LinkedList$Entry"); 
Class c4 = Class.forName ("I"); 
Class c5 = Class.forName ("[I"); 

Using syntax 
 .class 

Class c1 = String.class; 
Class c2 = Java.awt.Button.class; 
Class c3 = Main.InnerClass.class; 
Class c4 = int.class; 
Class c5 = int[].class; 

Using Class.getSuperClass() Button b = new Button(); 
Class c1 = b.getClass(); 
Class c2 = c1.getSuperclass(); 

Using syntax: 
 .TYPE 

Class c1 = Boolean.TYPE; 
Class c2 = Byte.TYPE; 
Class c3 = Character.TYPE; 
Class c4 = Short.TYPE; 
Class c5 = Integer.TYPE; 
Class c6 = Long.TYPE; 
Class c7 = Float.TYPE; 
Class c8 = Double.TYPE; 
Class c9 = Void.TYPE; 

Table 2.2 Class object creating methods 
 

2.5.2 Using Reflection 

In this thesis project, the technology of Java reflection is useful and the following 
example demonstrates the referent technology that will be used to solve the thesis 
problem. 
 
import Java.lang.reflect.*; 

public class method2  

{ 

 public int add(int a, int b) 

 { 

  return a + b; 

 } 

 public static void main(String args[]) 
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 { 

   Class cls = Class.forName("method2"); 

   Class partypes[] = new Class[2]; 

   partypes[0] = Integer.TYPE; 

   partypes[1] = Integer.TYPE; 

   Method meth = cls.getMethod("add", partypes); 

   method2 methobj = new method2(); 

   Object arglist[] = new Object[2]; 

   arglist[0] = new Integer(37); 

   arglist[1] = new Integer(47); 

   Object retobj= meth.invoke(methobj, arglist); 

   Integer retval = (Integer)retobj; 

   System.out.println(retval.intValue()); 

 } 

} 
 

In this example, there is a class named method2 which has a method: add(), in the 
main method, it shows how the reflection works: first build a class object cls for class 
method2, and then using this class object to call the method add(). 

2.6 Java Reflection API--Dynamic Proxy 

A proxy is an “agency, function, or office of a deputy who acts as a substitute for 
another.” [9] When it comes to object-oriented programming (such as Java, C++, etc), 
A proxy is an object that can support the interface of another object, called its target. 
Thus, in this way the proxy can substitute for the target for all practical purposes. 
 The main purposes for the existence of Proxy are interface implementation and 
delegation. The proxy implements the same interface as the target so that it can be 
used in exactly the same way. The proxy delegates part or all of the calls that it 
receives to its target. Moreover, it delegates acts as either an intermediary or a 
substitute. As an intermediary, the proxy can add functionality either before or after 
the method is forwarded to the target. Therefore, using such technology developer 
will be able to add various behaviors to objects. This section discusses about working 
with proxies, exploring proxy, implementing a tracing proxy and chaining proxies. 

2.6.1 Mechanism of Proxy 

Figure 2.6 shows the most common use of proxy in object-oriented programming, the 
proxy instance receives a method call and forwards it to the target. In this situation, 
the location of the real target is hidden from the client, so the user on the client side 
can not see the codes on the server (the service on the server is the target). 
 The Java reflection API has a useful dynamic proxy-creation facility, 
java.lang.reflect.Proxy. Proxy is Java’s only way to approximate method invocation 
intercession. Intercession, here is the key feature which means it has the reflective 
ability wihich can modify the behavior of a program by directly taking control of that 
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behavior. Under this technology, method call could be intercepted by method 
invocation intercession. 
 Since Java does not support reflective facilities for interceding on method calls, 
so we must use proxies as an approximation. In Figure 2.6, we can see that proxies 
have the ability to pre- and post-process method calls. 

 
Figure 2.6 Sequence diagram for the typical use of a proxy. The proxy forwards received 
method calls to its target. The proxy may or may not do some pre- and post-processing. 

 
As properties of classes are becoming more and more important to 
programmers/developers, we would like to focus on the properties of classes. Here we 
list some terms and give some simple explanations. Atomic class is a class which is 
able to ensure that the object will not be at an intermediate state if a wrong operation 
is executed. Tracing class’s duty is to records its methods calls. 
 Developers can get two key benefits by separating property-implementing code. 

1. It can low the maintenance cost for applications. 
2. It can also improve reusability. 

 So far we have seen the abstract benefits of proxy. In the following section we 
would like to discuss how to use proxy.  

2.6.2 Exploring Proxy 

Proxy and InvocationHandler are inseparably. In this section, Proxy declaration and 
InvocationHandler will be explained in detail. 
Proxy Declaration 
 As mentioned before, delegation and interface implementation are foremost tasks 
of proxy. By creating a class that implements several given interfaces dynamically, the 
Java Proxy class can achieve implementation of interfaces. This dynamic class 
creation can be achieved by the static get_Proxy_Class and new_Proxy_Instance 
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factory methods, as shown in following list [9]:  
 
Listing 2.1 Partial code declatation for java.lang.reflect.Proxy  

public class Proxy implements java.io.Serializable { 
... 

public static Class getProxyClass( ClassLoader loader, 
Class[] interfaces ) 

throws IllegalArgumentException ... 

public static Object newProxyInstance( ClassLoader loader, 
Class[] interfaces, 

InvocationHandler h ) 

throws IllegalArgumentException ... 

public static boolean isProxyClass( Class cl ) ... 
public static InvocationHandler getInvocationHandler( Object proxy ) 
throws IllegalArgumentException ... 

} 

 
Each class that constructed by the above factory methods is a public final subclass of 
Proxy, called as a proxy class. An instance of one of these dynamically constructed 
proxies is a proxy instance. The interfaces that the proxy class implements are called 
proxied-interfaces. 
 Each proxy class has a constructor which takes an InvocationHandler as a 
parameter. The InvocationHandler plays a role as an interface for objects that handle 
methods received by proxy instances through their proxied interfaces [9]. 
 The getProxyClass method is able to retrieve the proxy class which is specified 
by a class loader and a series of interfaces. A combination use of getConstructor and 
newInstance can construct proxy instances, as in the following code shows:  
 

Proxy cl = getProxyClass( SomeInterface.getClassLoader(), 

Class[]{SomeInterface.class} ); 

Constructor cons = cl.getConstructor( new                  

       Class[]{InvocationHandler.class} ); 

Object proxy = cons.newInstance( new Object[] { new SomeIH( obj ) } ); 

 
In above code, SomeIH is a class that implements InvocationHandler. This 
sequence of code can be rewrite in a simple way with a single call to 
newProxyInstance: 
 

Object proxy = Proxy.newProxyInstance(  

        SomeInterface.getClassLoader(), 

        Class[]{SomeInterface.class}, 

        new SomeIH( obj ) ); 

 
The static method isProxyClass is used for determining whether a class object 
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represents a proxy class or not. The following line:  
 

Proxy.isProxyClass(obje.getClass()) 

 
is used to determine if obje is a proxy instance. Take a look at the following line of 
code. 
 

Proxy.getInvocationHandler(prox) 

 

If prox is a proxy instance, then this line will return the InvocationHandler which 
was used to construct prox. 
Invocation Handlers 
 Proxy provides the InvocationHandler interface; hence programmers can 
accomplish the delegation task. Instances of InvocationHandler are also called as 
invocation handlers; they are objects that handle each method call for a proxy instance. 
Invocation handlers can hold references to targets of the proxy instance. The 
following lines show the InvocationHandler interface: 
 

public interface InvocationHandler { 
public Object invoke( Object proxy, Method method, Object[] args ) 
       throws Throwable; 

} 
 

When invoke method is called, a proxy object will pass method calls to the 
invocation handler, while the originally arguments for this call are passed to invoke in 
the form of an object array. If target refers to the object has being proxied, the lines 
below implements an invoke method which can pass every method call transparently 
[9]. 
 

public Object invoke( Object proxy, Method method, Object[] args) 

  throws Throwable 

{ 

  return method.invoke(target, args); 

} 
 

In addition, more complicated invoke method can perform pre- and post-processing 
on the arguments/parameters. Figure 2.7 illustrates actual sequence of calls when the 
invocation handler is implemented. 

 18



 
Figure 2.7 Sequence diagram illustrating the actual sequence of calls when using invocation 

handler 

2.6.3 Tracing proxy 

As stated in section 2.6.1, in a tracing class, each method records information about 
its entry and, after method-execution, records information about its return. 
 Here we present a scenario of a tracing issue. A company wants to figure out the 
potential defeat of a program. Therefore, the technical team is assigned to make a 
defect report which could help the company to trace the defects. Tracing is a useful 
feature, but it also very I/O intensive. Hence, classes should be able to turn on and off. 
However, including tracing code and guards to turn it on and off in each class makes 
classes complicated and slower because of the execution of the ‘IF ’statements. So the 
company employee has to find another solution. After knowing Java’s dynamic proxy, 
the company employee can use proxy to solve this problem. In this new solution, it 
must have an invocation handler in which the invoke method forwards all method 
calls to the target. Then the design decisions are the creation of proxy and the 
invocation handler. All of the creation code can be in the class written for invocation 
handler by using a static method --- createProxy. The following Listing shows the 
invocation handler achieved tracing calls. 
 
Listing 2.2 An Invocation handler for a proxy that traces calls [9] 

import java.lang.reflect.*; 

import java.io.PrintWriter; 

public class TracingIH implements InvocationHandler { 

  public static Object createProxy( Object obj, PrintWriter out ) 

  { 

   return               

 Proxy.newProxyInstance( obj.getClass().getClassLoader(), 

        obj.getClass().getInterfaces(), 

        new TracingIH( obj, out ) ); 
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  } 

  private Object target; 

  private PrintWriter out; 

  private TracingIH( Object obj, PrintWriter out ) { 

  target = obj; 

  this.out = out; 

  } 

  public Object invoke( Object proxy, Method method, Object[] 

  args ) 

   throws Throwable 

  { 

   Object result = null; 

   try { 

    out.println( method.getName() + "(...) called" ); 

    result = method.invoke( target, args ); 

   } catch (InvocationTargetException e) { 

   out.println( method.getName() + " throws " + e.getCause() ); 

   throw e.getCause(); 
   } 

  out.println( method.getName() + " returns" ); 

  return result; 

  } 

} 
 

The solution takes place in the createProxy method. At first, createProxy examines 
its argument object for the direct interfaces that its class implements. Then, it sends 
that array of interfaces to Proxy.newProxyInstance, which constructs a proxy class 
for those interfaces. After that, a TracingIH is constructed with the argument as its 
target. At last, createProxy constructs and returns a new proxy that forwards its calls 
to the TracingIH. This proxy implements all of the interfaces of the target object and 
is assignment compatible with those types [9] 
 The delegation part of this solution takes place in the invoke method. The invoke 
method first records the method name to a java.io.PrintWriter. Then the invoke 
method forwards the call to the target and, after that, stores the return value. The 
declared return type of invoke is Object. 
 Following arguments [9] will be passed firstly, when a proxied method is called 
on a proxy instance: 

i. proxy: The proxy instance on which the method was invoked. 
ii. method: A Method object for the invoked method. 
iii. args: An array of objects containing the values of the arguments passed in the 

method invocation on the proxy instance. If the method has no arguments, 
then args is null. Primitive types of arguments are wrapped in instances of the 
appropriate primitive wrapper class. For instance, java.lang.Integer wraps an 
int. 
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In order to fully understand the previous invocation handler class --- TracingIH, let’s 
take a look at a simple application to see how this using application is changed by the 
execution of the statement:   

Dog proxyForRover = (Dog) TracingIH.createProxy( rover ); 
. At here Dog is a Java interface and rover contains an instance of a class DogImpl 
that implements that interface. Notice that the proxy facility ensures that the proxy 
instance returned by createProxy can be cast to Dog.  

2.6.4 Chaining proxies 

One important feature of proxies is that they can be arranged in a chain. In a proxy 
chain, except the last proxy in the chain, each proxy has another (the one next to itself) 
proxy as its target, but only the last proxy has the real target object. The proxy chain 
can combine the functions implemented by each proxy. In order to find and get the 
real target object for the proxy chain, we have to structure an invocation handler for 
chaining proxies. 
Invocation handlers for chaining 
 Here, we present InvocationHandlerBase which is an abstract class that 
implements InvocationHandler. It is used for finding the real target object and 
finding the field (or parameters) of the real target. The following listing shows the 
source code of InvocationHandlerBase [9]. 
 
Listing 2.3 InvocationHandlerBase 

import java.lang.reflect.*; 

import mopex.*; 

public abstract class InvocationHandlerBase implements 

 InvocationHandler { 

  protected Object nextTarget; 

  protected Object realTarget = null; 

  InvocationHandlerBase( Object target ) { 

   nextTarget = target; 

   if ( nextTarget != null ) { 

    realTarget = findRealTarget(nextTarget); 

    if (realTarget == null) 

  throw new RuntimeException("findRealTarget failure"); 

   } 

  } 

  protected final Object getRealTarget() { return realTarget; } 

  protected static final Object findRealTarget( Object t ) { 

   if ( !Proxy.isProxyClass(t.getClass()) ) 

   return t; 

   InvocationHandler ih = Proxy.getInvocationHandler(t); 

   if ( InvocationHandlerBase.class.isInstance( ih ) ) { 

    return ((InvocationHandlerBase)ih).getRealTarget(); 

   } else { 
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    try { 

    Field f = Mopex.findField( ih.getClass(), "target" ); 

    if ( Object.class.isAssignableFrom(f.getType()) && 

     !f.getType().isArray() ) { 
      f.setAccessible(true); // suppress access checks 

      Object innerTarget = f.get(ih); 

      return findRealTarget(innerTarget); 

    } 

    return null; 

   } catch (NoSuchFieldException e){ 

    return null; 

   } catch (SecurityException e){ 

    return null; 

   } catch (IllegalAccessException e){ 

    return null; 

   } // IllegalArgumentException cannot be raised 

   } 

  } 

} 

 
It does a recursive search findRealTarget which traverses the chain of the proxy 
instances and also the invocation handlers to find the real target object at the end of 
the chain. 
 The code stated in listing 2.3 can be used for finding the real target object. 
Another problem is how to find the target field. This can be accomplished by using 
Mopex.findField, shown in the follow listing [9]. 
 
Listing 2.4 The findField method in Mppex 

public static Field findField( Class cls, String name ) 

          throws NoSuchFieldException { 

  if ( cls != null ) { 

   try { 

    return cls.getDeclaredField( name ); 

   } catch(NoSuchFieldException e){ 

    return findField( cls.getSuperclass(), name ); 

   } 

  } else { 

   throw new NoSuchFieldException(); 

  } 

} 

 
The synchronized proxy 
 If there were multiple proxy chains that have the same target object and try to 
access the target concurrently, then synchronization is necessary. So it comes to the 
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synchronized proxy. Listing 2.5 [9] shows an invocation handler for synchronized 
access to its target object. It uses the synchronized modifier on a class declaration. 
 
Listing 2.5 An invocation handler for synchronized access 

import java.lang.reflect.*; 

public class SynchronizedIH extends InvocationHandlerBase { 

  public static Object createProxy( Object obj ) { 

   return Proxy.newProxyInstance(  

          obj.getClass().getClassLoader(), 

          obj.getClass().getInterfaces(), 

          new SynchronizedIH( obj ) ); 

  } 

  private SynchronizedIH( Object obj ) { super( obj ); } 

  public Object invoke( Object proxy, Method method, Object[] 

        args ) throws Throwable 

  { 

   Object result = null; 

   synchronized ( this.getRealTarget() ) { 

   result = method.invoke( nextTarget, args ); 

   } 

   return result; 

  } 

} 

 
Chaining two proxies 
 As stated previously, chaining is a very important and useful feature of Proxy. 
Here, we present a simple application to show how to build proxy chain. Suppose 
Dog is a Java interface and DogImpl is an implementation of this interface. Then the 
following piece of code constructs a synchronized proxy instance for a tracing proxy 
instance for a Dog object. 

Dog rover = (Dog)SynchronizedIH.createProxy( 

      TracingIH.createProxy( new DogImpl(), 

          new PrintWriter(System.out) ) ); 
The created Dog object rover is first synchronized and then traced. This process is 
illustrated in figure 2.8. In figure 2.8, a call is passed from one proxy to the next 
proxy until the call reaches the real target.  
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Figure 2.8 The chaining of the synchronized proxy and the tracing proxy 

 
If there are more than N proxies in a chain, then it can be constructed in the following 
statement. 

IH1.createProxy(IH2.createProxy(……IH .createProxy( 1−N

     IH N .createProxy(the_real_target)……) 

In this way, the order of the proxies in the chain is IH1, IH2 …IH , IH . 1−N N
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3. Design and Implementation for the framework 
The goal of this project is to develop a framework where developer can create 
composite connectors in a straight forward and flexible way. Connected computation 
ends can work under this framework. Remote procedure calls can be made by using a 
connector chain which is implemented by Java’s dynamic proxy. In this framework, a 
connector is a communication abstraction, which connects two or more components. 
The connectors can not only transport data from a source to a sink, but also can 
provide some other functions. Different connectors can have different functions, such 
as encoding, decoding, compressing, and decompressing, etc. Under this framework, 
connectors on both client and server side should be synchronized. 
 In this chapter we give a detailed explanation about the solution we find to achieve 
the goal of this project. We set three sections in this chapter. The first section is about 
using the Java’s dynamic proxy to implement a web service application that only with 
single proxy. In this framework, each proxy stands for a connector. The second 
section is based on the work that done in the first section. In this section, we applied 
chaining proxies on the client side. Moreover, these connectors/proxies will have their 
own functions. Besides, we add a synchronized proxy at the beginning of the chain to 
guarantee the synchronization. This solves the problem happened when two or more 
clients visit the service at the same time. The last section is the most complicated one; 
it is based on the work in the second section, in this section, we apply chaining 
proxies on the server side and make it synchronized with the chain on the client side.  

Following we will present 3 important parts of this project, and at the end of this 
chapter a demonstration program integrates all these three parts of works will be 
illustrated to show how these technologies work together. 
 SOAP remote proxy, this proxy is the key of this project, since it responses for 
the communication of this framework. This framework uses SOAP to pass 
message/data through the network. 
 Manipulating on Proxy Chain (both on the client and server), considering the 
whole framework is a data-chain. Therefore, the ability of manipulating on proxy 
chain is the key feature to achieve flexible connection. 

3.1 Generating SOAP remote proxy 

The purpose of using SOAP remote proxy in this project is that we decide use SOAP 
to pass the message between two points through the network. So this part of works 
will ensure the communication between end points.  

In this thesis project, we represent a web service example. By working on this 
example, we illustrate how SOAP remote proxy works in the framework.  

The first step is to implement the remote services. Fortunately, the classic 
application of proxies is in the implementation of remote services [9]. The client calls 
the methods on the proxy as if it were the remote object. Then the proxy forwards 
method calls to the server using a specific protocol--SOAP. The proxy used at here so 
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called as SOAP proxy. Now that we have the SOAP proxy, then it is necessary to 
implement the invocation handler for SOAP proxy. The following listing shows the 
invocation handler for SOAP proxy. 

 
Listing 3.1 Soap invocation handler for SOAP remote proxy 
public class SoapInvocationHandler implements InvocationHandler  

{ 

    public static Object createSoapProxy( Class[] interfaces,       

       String target,PrintWriter out)       ① 

    {                                                                 

  SoapInvocationHandler handler = new SoapInvocationHandler(); 

  handler.endpoint = target;   

  handler.out=out; 

                                                                

  return Proxy.newProxyInstance(                                 

       SoapInvocationHandler.class.getClassLoader(),     

       interfaces,                                     

       handler );                                      

}    

                                                              

    private String endpoint;  ② 

    private PrintWriter out; 

    public SoapInvocationHandler() {} 

 

    public Object invoke( Object proxy, Method method, Object[] args ) 

 throws Throwable   ③ 

 { 

  //----------④ 
        Service  service = new Service();   

        Call     call    = (Call) service.createCall(); 

        call.setTargetEndpointAddress( new java.net.URL(endpoint) ); 

        String operation=method.getName(); 

        call.setOperationName( operation ); 

 

     out.println("Client side: "+method.getName()+ "(…) called");⑤ 

        Thread.sleep(1000);  ⑥ 

        Object o=call.invoke( args ); ⑦ 

        Thread.sleep(1000);  ⑥ 

      out.print("Client side: "+ method.getName() + " returns: " ); ⑧ 

        out.println(o.toString()); 

  //---------- ⑨ 
        double d=Double.parseDouble((String) o); 

        return d;  

 } 
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} 

Explanations of above code: 
① This static createSoapProxy factory method creates an invocation handler, 
populates its instance variables, creates and returns a new proxy instance. Using the 
Java Proxy implies that if a proper Java interface is declared for any Web service, a 
usable proxy object for the Web service is constructed. [9] 
② It is the URL for finding the Web service. It is the networking parameter required 
by SOAP. 
③ The invoke method of the invocation handler is used for creating, and invoking a 
Call object. 
④ The call object is constructed, the URL of the Web service and the name of the 
remote method are set.  
⑤ Before forwarding to the remote method, print out some information, for example, 
the name of the remote method. In this way, we can clearly see the process when the 
program begins to invoke the remote method on the server. We can also do some 
operations on the parameters, such as encoding, and so on. 
⑥ It is used for making the thread wait 1 second. So that we can get a clearly view at 
the runtime process, before forwarding to the remote method and after invoking the 
remote method. 
⑦ The invoke method of Call is used for sending a SOAP remote call to the server 
which is specified by the URL that stored in endpoint. 
⑧ After return from the remote method, print out some information, for example, the 
return result of this remote method. In this way, we can clearly see the process when 
the program has invoked the remote method. We can also do some operations on the 
return result, such as encoding, and so on. 
⑨ The default return value type of remote call is String. If the value type is not String, 
it is necessary to do some transformations.  
 
 So far, it has introduced the principle of SOAP remote proxy and implemented 
the invocation handler for the SOAP remote proxy. Then they are examined on a 
small example to see if SOAP remote proxy works well. Figure 3.1 shows the 
procedure of the example that uses SOAP remote proxy.  
 

 
Figure 3.1 Using SOAP proxy to implement the remote services 

 
Using Webservice Tools Platform (WTP) of Eclipse to create and deploy a service 
compute_rectangle_area that used to calculate the area of a rectangle; the 
parameters of this service are the length and width of a rectangle.  
 On the client side, first to create an interface corresponds to the 
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compute_rectangle_area service on the server. As listing 3.2 shows: 
 
Listing 3.2 A Java interface corresponds to the compute_rectangle_area service on the server 
package test_client; 

public interface IcomputeAreaService 

{ 

 public double compute_rectangle_area(double length,double width); 

} 
 
Then start to write the test client. It is not complex; listing 3.3 shows the test client 
Java class. 
 
Listing 3.3 Calculating rectangle area through the remote service 
package test_client; 

import java.io.PrintWriter; 

import java.lang.reflect.InvocationTargetException; 

 

public class SoapClientTest 

{ 

 public static void main(String[] args) throws ClassNotFoundException, 

SecurityException, IllegalArgumentException, NoSuchMethodException, 

IllegalAccessException, InvocationTargetException 

 { 

  String endpoint   

 ="http://localhost:9090/FilterDemo/services/ComputeAreaService"; 

  PrintWriter out=new PrintWriter(System.out, true);  

  IcomputeAreaService  compute                

   =SoapInvocationHandler.createSoapProxy( 

    new Class[] {IcomputeAreaService.class}, endpoint,out); 

  System.out.println("Rectanle area is: "+compute.      

     compute_rectangle_area(10.5, 2)); 

 } 

} 
 
After running the program, the system gave the correct result “21”. Other parameters 
are tested and the results are also correct. Hence, the SOAP remote proxy and SOAP 
invocation handler implemented by us can work very well. Then we forwards to the 
next phase of work. 

3.2 Generating and manipulating Proxy chain on the client 

On the invocation handlers, before calling the invoke method we can make some 
operations on the parameters, such as encoding, compressing and so on. And after 
calling the invoke method, developer can also make some operations on the return 
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result, such as encoding, compressing, etc. Due to these functions, then a single proxy 
object can work as a connector, which can not only transport data but also have other 
functions, such as encoding, decoding, and decompressing and so on. 
 Therefore, the goal of this thesis project---A framework of connectors can be 
accomplished by working on the Java’s dynamic proxy. Then the chaining of 
connectors can be done by chaining proxies. Following work is about how to 
implement the proxy chain on the client side and the function of manipulating the 
proxy chain, such as adding proxy, deleting proxy from the chain. 

3.2.1 Implementing Proxy chain 

In section 2.6.4, it has presented the technology of chaining two or more proxies. 
Figure 3.2 illustrates the working process of using proxy chain on the web service 
example stated in section 3.1. 
 

 
Figure 3.2 The flow diagram of chaining proxies in web services 

 
Each proxy should have one and only one invocation handler. For example, SOAP 
invocation-handler corresponds to SOAP Proxy, IH1 (Invocation-Handler1) 
corresponds to Proxy1; IH2 corresponds to Proxy2 and so forth. Since only the SOAP 
proxy can acquire the real target, so SOAP proxy is at the end of the chain. This chain 
is constructed by this code: 

IH1.createProxy(IH2.createProxy(……IH .createProxy( 1−N

  IH .createProxy(SOAP_IH.createProxy(the_real_target))……) N

Note that, an invocation handler except the SOAP invocation handler can be used one 
or more times. In other words, not all invocation handlers are different with each other. 
For instance IH1and IH3 may be the same invocation handler, IH2, IH5, IH7 may be 
the same invocation handler, and so on. 

3.2.2 Manipulating Proxy chain 

One of the main targets of this project is to implement the manipulation on proxy 
chain. It is a rather difficult work which took us much time to find solution and 
consummate the solution.  
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 The manipulation on proxy chain or called connector chain includes adding 
connectors to the chain and removing connectors from the chain. So how to achieve 
these two functions? After some time of analyzing on the problem, we get one 
solution which is inspired by a useful Java data class ArrayList.  
 Take a look at the Java class ArrayList. AyyayList is an implementation of the 
interface List. Implements all optional list operations, adding and deleting are two 
significant functions in ArrayList, and it permits all elements, including null value. 
Due to ArrayList has adding and deleting functions, and also a list and a chain has the 
similar structure. So we decide to store the chain information into an ArrayList object. 
The element of the ArrayList object is the String name of invocation handler class. 
Take the chain in section 3.2.1 for example; the ArrayList object for storing the chain 
information is like 

(IH1, IH2, IH3,……, IH , IH , SOAP_IH) 1−N N

, therefore when adding or deleting connector on the connector chain, we simply 
adding or removing the corresponding element on the ArrayList object. Then a 
problem comes up, how to get the final proxy object? This can be solved by using the 
technology of Java Reflection API stated in section 2.5. Run a loop on the ArrayList 
object, during each loop get the element under current index, then use Java Reflection 
API to find the corresponding Invocation Handler class and invoke the method 
creteProxy of the Invocation Handler.   
 Finally, we create a Java class named ConnectorChain which have the functions 
of creating a connector chain, adding connector to and deleting connector from the 
connector chain. The following listing shows this Java class. 
 
Listing 3.4 Java Class ConnectorChain implemented the manipulation of chaining proxies  
public class ConnectorChain 

{ 

 public Object o_compute=null; 

 String endpoint=""; 

 PrintWriter out; 

 ArrayList<String> list=new ArrayList<String> (); 

 //Initialization, set endpoint.  

 public Connector(String end_point,PrintWriter p_out) 

 { 

  endpoint=end_point; 

  out=p_out; 

 } 

 @SuppressWarnings("unchecked") 

 public Object getNewProxy() throws ClassNotFoundException, 

SecurityException, NoSuchMethodException, IllegalArgumentException, 

IllegalAccessException, InvocationTargetException 

 { 

  o_compute= SoapInvocationHandler.createSoapProxy(new Class[]  
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   {IcomputeAreaService.class}, endpoint,out); //Initialize 

  int size=list.size(); 

  for(int i=0;i<size;i++) 

  { 

   String s=list.get(i); 

   Class c=Class.forName("test_client."+s); 

   Class partypes[] = new Class[1]; 

   partypes[0]=Object.class; 

   //Use Java Reflection to build chaining proxy object.  

   Method m= c.getMethod("createProxy", partypes);   

   o_compute= m.invoke(this, o_compute); 

  } 

  return o_compute; 

 } 

 

 public void addConnector(String s) throws ClassNotFoundException, 

SecurityException, NoSuchMethodException, IllegalArgumentException, 

IllegalAccessException, InvocationTargetException 

 { 

  list.add(s); 

 } 

 

 public void removeConnector(String s) 

 { 

  Collection<String> col=new LinkedHashSet<String> (); 

  col.add(s);  //col only has one element: 's' 

  list.removeAll(col); //Remove all filters which named 's' 

 } 

} 

 

There are a global variable: list and three methods in this class: getNewProxy, 
addConnector and removeConnector. Following are the exact functions of them: 

1. list: used to store the name of the invocation handler in the chain. 
2. addConnector: add specified invocation handler class name to the end of 

the variable list. 
3. removeConnector: delete specified invocation handler class name from the 

variable list. If there are two or more this elements in the list, then delete all 
of them from the list.  

4. getNewProxy: it uses Java Reflection API to build a chaining proxy object 
according to the information from the list. And return the proxy object. 

Let’s see how it works in practical. About the example presented in section 3.2.1, by 
using the class ConnectorChain, the code of the client could be :  
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Listing 3.5 Test client of using Class ConnectorChain 
public class ClientTest 

{ 

 public static void main(String[] args) throws ClassNotFoundException, 

SecurityException, IllegalArgumentException, NoSuchMethodException, 

IllegalAccessException, InvocationTargetException 

 { 

  String endpoint   

 ="http://localhost:9090/FilterDemo/services/ComputeAreaService"; 

  PrintWriter out=new PrintWriter(System.out, true);  

  ConnectorChain con=new ConnectorChain(endpoint,out); 

  con.addConnector("IH1"); 

  con.addConnector ("IH2"); 

  con.removeConnector ("IH2"); // To test the function of removing 

           // connectors from the chain. 

  con.addConnector ("IH2"); 

  ………………… 

  con.addConnector ("IH "); 1−N

  con.addConnector ("IH2"); 

  con.addConnector ("IH "); N

  con.addConnector ("SOAP_IH"); 

  IcomputeAreaService compute 

     =(IcomputeAreaService)con.getNewProxy();   

  System.out.println("Rectanle area is: "+compute.      

     compute_rectangle_area(10.5, 2)); 

 } 

} 

 
In order to test the function of removing connectors, firstly add IH2 then remove it 
from the chain. Note that, after adding or removing connectors, if developers want to 
use the new chain, it is obligatory to call the method getNewProxy first; otherwise 
developer may still use the old chain which is generated before the latest 
manipulation. 

3.2.3 Synchronizing the proxy chain on the client side 

So far the test client of above example is not synchronized. If multiple threads access 
a service concurrently, it should be synchronized externally. So we add the 
synchronized proxy, which is introduced in section 2.6.4, at the head of the chain. The 
whole process is illustrated in figure 3.3. 
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Figure 3.3 Chaining proxies with synchronized Proxy in web service 

 
Regarding the code of the client, the line of code: 

con.addConnector("SynchronizedIH"); 

should be added before the following code. 
     con.addConnector("IH1"); 
So far, we have implemented the proxy chain and the manipulation of proxy chain on 
the client side. Then the next step of work is to synchronize the proxies on the server 
with the proxies on the client. 

3.3 Chaining proxies on the server 

This part of work is a bit of tricky, since there are many problems need to solve in this 
part, such as implement the chaining proxies on the server and make them 
synchronized with the proxies on the client. Besides that it should also have the 
function of dynamically selecting a method for the remote call if there are two or 
more implemented methods for the remote call on the server. 
 In order to make the proxies on the server synchronized with the proxies on the 
client, it is necessary to send the information of the proxy chain on client to the server.  
The information is the proxy name and its order in the chain. Then, on the server side, 
build a proxies chain according to the chain information received from the client.  
Therefore, first the solution of sending client proxies chain information to the server 
will be introduced. And then it will discuss how to generate proxy chain on the server. 
 Figure 3.4 shows the general flow diagram of this process. 
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Figure 3.4 General flow diagram of this framework 
 
At the client side, first client creates a ConnectorChain object, use this object to 
create a proxy chain and then send the information of this chain to the server; then the 
server receive this information and use a static Stack to store it. After that the client 
generates remote call to access the service on the server. Then the server creates a 
proxy chain and calls the method corresponds to the remote call via this chain proxy. 
We will present this process in detail. 

3.3.1 Sending the information of Proxy chain on the client to server 

As stated previously, once a proxy chain has been generated at the client side, it is 
necessary to send this chain information to the server. Before introducing our solution, 
we would like to present our rules for naming the proxy class: 

1. Each proxy should be ended like _NUM, the NUM is an integer.  
2. The NUM value between the proxies on the client can not be the same. 
3. The NUM value between the proxies on the server can not be the same. 
4. The proxy on the client and its corresponding proxy on the server should 

have the same NUM value. This can help to find corresponding proxy of the 
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client proxy when building proxy chain on server. 
Then let’s discuss our idea of sending chain information to the server. We decide to 
accomplish sending the chain information in the Java class--- ConnectorChain, as 
presented in section 3.2.2, Listing 3.4. We add a new method send_order and only 
make a small modification on the method getNewProxy which is calling method 
send_order before return value. Then we get our new ConnectorChain class, 
as following listing shows. The codes in red rectangle are the new added part 
compared to the codes in listing 3.4. 
 
Listing 3.6 New Java Class ConnectorChain implemented the manipulation of chaining proxies  
public class ConnectorChain 

{ 

 public Object o_compute=null; 

 String endpoint=""; 

 PrintWriter out; 

 ArrayList<String> list=new ArrayList<String> (); 

 //Initialization, set endpoint.  

 public Connector(String end_point,PrintWriter p_out) 

 { 

  endpoint=end_point; 

  out=p_out; 

 } 

 @SuppressWarnings("unchecked") 

 public Object getNewProxy() throws ClassNotFoundException, 

SecurityException, NoSuchMethodException, IllegalArgumentException, 

IllegalAccessException, InvocationTargetException 

 { 

  o_compute= SoapInvocationHandler.createSoapProxy(new Class[]  

   {IcomputeAreaService.class}, endpoint,out); //Initialize 

  int size=list.size(); 

  for(int i=0;i<size;i++) 

  { 

   String s=list.get(i); 

   Class c=Class.forName("test_client."+s); 

   Class partypes[] = new Class[1]; 

   partypes[0]=Object.class; 

   //Use Java Reflection to build chaining proxy object.  

   Method m= c.getMethod("createProxy", partypes);   

   o_compute= m.invoke(this, o_compute); 

  } 
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  return o_compute; 

  send_order(list); //After each getNewProxy, then synchronize 

        //the filters on the server side. 

 } 

 

 public void addConnector(String s) throws ClassNotFoundException, 

SecurityException, NoSuchMethodException, IllegalArgumentException, 

IllegalAccessException, InvocationTargetException 

 { 

  list.add(s); 

 } 

 

 public void removeConnector(String s) 

 { 

  Collection<String> col=new LinkedHashSet<String> (); 

  col.add(s);  //col only has one element: 's' 

  list.removeAll(col); //Remove all filters which named 's' 

 } 
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 //Synchronize the server side filters order.  

 public void send_order(ArrayList<String> l)  

 { 

  try{ 

   Service  service = new Service();   

         Call     call    = (Call) service.createCall(); 

         call.setTargetEndpointAddress( new 

java.net.URL(endpoint) ); 

         String operation="set_order"; 

         call.setOperationName(operation); 

         String str=l.toString(); 

         String str1=(String) str.subSequence(1, str.length()-1); 

         System.out.println(str1); 

         call.invoke(new Object[] {str1}); 

  } catch (MalformedURLException e) { 

  // TODO Auto-generated catch block 

  e.printStackTrace(); 

  } catch (RemoteException e) { 

  // TODO Auto-generated catch block 

  e.printStackTrace(); 

  } catch (ServiceException e) { 

  // TODO Auto-generated catch block 

  e.printStackTrace(); 

  } 

 } 

} 

 
The basic idea of method send_order is using web service to access the method 
set_order on the server; the parameter is a String which contains the names of 
proxies in the chain and their order in the chain. The format is like: 
      “IH_1, IH_5, IH_3, IH_2” 
The sequential order is their order in the chain, and a comma is added between each 
two connected proxy. 

3.3.2 Receiving Proxy chain information from client and generating Proxy chain 

on server 

As introduced at the end of section 3.3.1, there should be a method set_order on 
server which is used to receive the information about names and the order of proxies 
in the proxy chain at client side.  
 On sever; we create another two important Java classes: ProxiesInServer 
and PackageReader. We will introduce their functions in detail. 
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 Class PackageReader has only one method --- 
getAllServerConnectors, it is used to get all the proxy classes on the server 
and returns a Map object, the key of this Map is the NUM value of proxy class name, 
and the value of Map is the name of proxy class. The entire code of this class is 
shown in listing 3.6. 
 Class ProxiesInServer has a static variable stack and two methods: 
setServerProxyChain and getServerProxyChain. The entire code of this 
class is shown in listing 3.7. 

1. stack: it is a static variable. Type is Stack. It is used to store the names of 
proxies on the server proxy chain. The order of these proxies is indicated by 
their index on the Stack. 

2. setServerProxyChain: It is a method that used to set the variable stack. This 
method calls the method getAllServerConnectors of Class 
PackageReader to get all proxy classes names on the server side. Then 
finds the proxies that correspond to the proxies on the client. It is not hard to 
finds the corresponding proxies on the server, since the name of a proxy on 
the client and the name of its corresponding proxy on the server have the 
same end, for example, clientProxy_1 matches to serverProxy_1 and 
clientProxy_3 matches to serverProxy_3. Figure 3.5 shows the process of 
how this method works. 

 

 
Figure 3.5 Working Process of method setServerProxyChain in class ProxiesInServer 

 
3. getServerProxyChain: This method generates and returns the server proxy 

chain. The generating of server proxy chain has the same principle of 
generating client proxy chain. It uses Java Reflection API to build a chain 
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proxy object according to the information from the variable. Figure 3.6 
shows how this method works. 

 

 
Figure 3.6 Working Process of method getServerProxyChain in class ProxiesInServer 

 
The service method on server is not the real target method, it is just an agency. At first, 
it calls method getServerProxyChain to build chaining proxy and then uses this 
chain to call the real target method; the working process of it is shown in figure 3.7. 

 
Figure 3.7 The working process on the server 

 
Here comes to the main part of codes of these two Java class: PackageReader and 
ProxiesInServer. 
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Listing 3.6 Main part of Class PackageReader 
public class PackageReader 

{ 

 public  HashMap<Integer,String> getAllServerConnectors() 

 { 

    /** 

     * @para path The Directory of operation 

     */ 

    File file = new 

File(this.getClass().getResource("").getPath()); 

     

    if(!file.isDirectory()) 

    { 

     System.exit(0); 

    } 

    HashMap<Integer,String> filterMap=new 

HashMap<Integer,String>(); 

    String[] filelist=file.list(); 

    for(int i=0;i<filelist.length;i++){ 

     

if(filelist[i].endsWith(".class")&&filelist[i].startsWith("S_")){ 

      int ind=filelist[i].lastIndexOf('.'); 

      String values=(String) filelist[i].subSequence(0,ind); 

      int ind1=values.lastIndexOf('_'); 

      int id=Integer.valueOf(values.substring(ind1+1)); 

      filterMap.put(id, values); 

     } 

    } 

    return filterMap; 

   } 

} 

 
Listing 3.7 Main part of Class ProxiesInServer 
public class ProxiesInServer 

{ 

 List<Integer> list; 

 PackageReader p=new PackageReader(); 

 static Stack<Integer> stack=new Stack<Integer> (); 

 Map<Integer,String> map=p.getAllServerConnectors (); 

 public void setServerProxyChain (String str) 

 { 

  String [] arr=str.split(", "); 

  int size=arr.length; 

  int a; 
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  for(int i=0;i<size;i++) 

  { 

   String s=arr[i]; 

   int start=s.lastIndexOf("_"); 

   String number=s.substring(start+1); 

   a=Integer.parseInt(number); 

   stack.push(a); 

  } 

  //System.out.println("dfdfdfdddfs: "+size); 

 } 

 @SuppressWarnings("unchecked") 

 public Object getServerProxyChain () 

 { 

  int size=stack.size(); 

  //System.out.println("dfdfdfdddfs: "+size); 

  DynamicImplementationFetcher di=new 

DynamicImplementationFetcher(); 

  Object cal_methods=di.getImplemention(); 

  for(int i=0;i<size;i++) 

  { 

   int num=stack.pop(); 

   Class c; 

   try 

   { 

    c = Class.forName("test_service."+map.get(num)); 

    Class partypes[] = new Class[1]; 

    partypes[0]=Object.class; 

    Method m= c.getMethod("createProxy", partypes); 

    cal_methods= m.invoke(this, cal_methods); 

   } catch (ClassNotFoundException e) 

   ………… 

 

  } 

  return cal_methods; 

 } 

   

} 

 

So far, we have figured out the most complicated and hard work of this thesis. The 
next step of work is to implement the function of dynamically selecting a target 
service method if there are two or more such methods on server. 
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3.3.3 Dynamic Configuration 

One situation in real world always happens. Sometime, there are numerous clients 
requiring services from server in which situation sever maybe not response that many 
requirements. Another situation is that the developer creates a new version of services. 
In this situation new requirement should be answered with the new service without 
shutting down the whole server to update service. Here we present a solution for both 
situations.  
 In this framework, this figure 3.8 illustrates the data flow of a call process. In this 
case, assuming that the client wants to get a computation service f(x), while at the 
server side there are three different versions of f(x). When Service Proxy gets the 
service requirement, it will look for configuration information stored on the server. 
This configuration information could solve many problems.  
 For example, a server provides a computation service f(x), but it has three 
versions with different accuracy. The computation resource on the server is limited, 
while the number of client access to the server is unpredictable. Then, the 
configuration could be different accuracy service according to the number of client 
requires the service at that time, or provides different accuracy computation service 
according to the priority of client.   
 Therefore, according to the configuration information, the Service Proxy will 
create/initialize certain object at runtime. And then computation result will return to 
client. Moreover, through this framework it will not be necessary to shutdown the 
whole sever to upgrade service any more. If there is a new version of computation 
service f(x) using algorithm 4, all the needed to be done is to put the complied .class 
file in the library of the server.  

 
Figure 3.8 Dynamic proxy connection 
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Figure 3.9 describes the same structure of this framework in the aspect of activities.  

 
Figure 3.9 Connection Sequence diagram 

 

3.4 Demonstration of an application using this solution 

Our application of this solution is about accessing the computer area service on server. 
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There are two services on server; one is for computing area of a rectangle by given its 
width and length, the other one is for computing area of a circle by given its radius. 
The configuration of this example is like this: 
1. There are three kinds of implementations for each service. The first kind of 

implementation returns a value nearest integer. The second kind of 
implementation returns a value nearest float and the last kind of implementation 
returns a double value.  

2. We use three Java classes for each kind of implementation. Class 
CalculationMethods1 has the kind of methods which return a value nearest 
integer. Class CalculationMethods2 has the kind of methods which return a value 
nearest float. Class CalculationMethods3 has the kind of methods which return a 
double. When a client tries to access a computing area service on server, the 
server will dynamically select a kind of implemented method from these three 
classes. 

3. Three connectors on client. We named these two connectors as C_connector_1, 
C_ connector _2 and C_connector_3. Also, there are three connectors on server, 
S_ connector _1, S_connector_2 and S_ connector _3. C_ connector _1 
corresponds to S_ connector _1, C_ connector _2 corresponds to S_ connector _2, 
C_ connector _3 corresponds to S_ connector _3. 

In client side, we build a connector chain. The chain is like: C_connector_1, 
C_connector_2, C_connector_3, C_connector_1, C_connector_3. Then we call 
the compute circle area service to compute the area for a circle of which radius is 
10.111111111. A part of client code is:  
 
public class SoapClientTest 

{ 

 public static void main(String[] args) throws ClassNotFoundException, 

SecurityException, IllegalArgumentException, NoSuchMethodException, 

IllegalAccessException, InvocationTargetException 

 { 

  String endpoint 

="http://localhost:9090/FilterDemo/services/ComputeAreaService"; 

  PrintWriter out=new PrintWriter(System.out, true);  

  boolean b=((SoapInvocationHandler.createSoapProxy(new Class[] 

{IcomputeAreaService.class}, endpoint,out))==null); 

  //  Chaining proxies. 

  ConnectorChain con=new ConnectorChain(endpoint,out); 

  con.addConnector("C_connector_1"); 

  con.addConnector("C_connector_2"); 

  con.addConnector("C_connector_3"); 

  con.addConnector("C_connector_1"); 

  con.addConnector("C_connector_3"); 

  IcomputeAreaService compute=(IcomputeAreaService) 

con.getNewProxy(); 
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  compute.compute_circle_area(10.111111111); 

 } 

} 

 
After running the program, we get the following out put. 
 First, the print out on the client screen. It illustrates the transition process to 
access service in the chain of client side. 
 

 
Figure 3.10 Print out of Client, phase 1 

 
Then, it comes to the print out on the server screen. It shows the transition in the chain 
of server. 
 

 
Figure 3.11 Print out of server 

 
An at last, it turns back to the client screen which shows the process of receiving 
result from the server via the client chain. 
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Figure 3.12 Print out of client, phase 2 

 
The chain order on server must be the reverse order of the chain on client. Seeing in 
figure 3.10 and figure 3.11, we can get to know at run time, the chain order on server 
is correct. From the print out of each process, we can clearly see that the program runs 
in the way it should be.  
 We also access the service of computing the area of a rectangle and use the 
function of removing connectors from the client connector chain. And the result 
shows the solution is also correct. Therefore, we could consider our solution has met 
the criteria of this thesis.  
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4. Evaluation 
In this Chapter, we would like to evaluate our solution to see whether it can achieve 
the original goals:  
i. The connector framework shall include adequate connector abstractions that 

developers can specialize, instantiate, and integrate directly in a component 
composition.  

ii. The framework shall provide primitives for component specification 
(instantiation) and manipulation.  

iii. The solution shall allow for dynamic re-configuration, example, it should be 
possible to manipulate the connector configurations as well as system 
configurations at runtime.  

iv. The connector framework should be easy to migrate from one component model 
to another. 

v. The framework should provide and utilize a meta-protocol for end point 
communication and synchronization, for instance to guarantee end-points’ 
semantics. 

vi. One demonstrator shall be implemented to prove it functionality. 
Since the research and develop process are according to the original goals, all the 
goals above had been achieved.  

4.1 Evaluation of functionality 

As the evaluation form shown in Chapter 1, we will evaluate these functions one by 
one. 
 Specification: As the demonstration program has shown that developer working 
under this framework will very easy to set the configurations. The connectors can be 
easily specified. Moreover, generating a connector chain is very easy. Therefore, this 
framework fulfills this function. 
 Instantiation: As the demonstration program in chapter 3 shown, this function is 
also fulfilled. 
 Manipulation: The generated connector chain is also very easy to manipulate. 
Developer is able to add connector to connector chain and delete connector from 
connector chain. Therefore, this framework fulfills this function. 
 Dynamic Re-Configuration: As discussed in section 3.3.3, this framework 
supports configuration.  
 The final evaluation form of the functionality is shown in table 4.1.  
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Function name: Whether fulfill?  
Specification Yes 
Instantiation Yes 
Manipulation Yes 

Dynamic Re-Configuration Yes 
Synchronization Yes 

Table 4.1 Evaluation form of Functionality 

4.2 Evaluation of performance  

In this part, the framework will measure numerically which means that the evaluation 
will based on some numbers can be recovered. We test the performance of the 
solution on two individual computers. The following two tables show the testing 
environments of each computer. 
Test machine PC1: 
 

Processor Intel(R) Core2 Duo CPU T7300 @2.GHz 
Northbridge Intel PM965 rev. C0 
Southbridge Intel 82801HBM (ICH8-ME) rev. B0 
Memory Type DDR2 
Memory Size 2048 MBytes 
Channels Dual (Symmetric) 
Memory Frequency 327.9 MHz (3:5) 
Operating System Windows Vista Ultimate Service Pack 1 

Table 4.2 Configuration of test machine PC1 
 
Test machine PC2: 
 

Processor Intel(R) Core2 Duo CPU T5600 @1.83GHz 
Northbridge Intel i945PM rev. 03 
Southbridge Intel 82801GHM (ICH7-M/U) rev. B0 
Memory Type DDR2 
Memory Size 2048 MBytes 
Channels Dual 
Memory Frequency 332.6 MHz (1:2) 
Operating System Windows Vista Home Service Pack 1 

Table 4.3 Configuration of test machine PC2 

4.2.1 Overhead 

Overhead is a very important factor in evaluating this framework, since in reality the 
overhead of the program must in a certain level that both client and service provider 
can undertake. In this part, we do an experiment which can measure the overhead of 
running the framework on computer. We use two laptops to carry out this test. Since 
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this test only based on the computation ability, the difference between two computers 
should only be CPU speed and Memory Speed. 
 In this test, we measured three important figures the memory cost, the CPU usage 
percentage and the time cost.  

On each computer, there two javaw threads are working for this framework. One 
thread is for the client and the other thread is for the server. Therefore the CPU usage 
of client thread and server thread could be measured. Moreover, to reduce the 
influence of JVM each process will be executed for 50 times.  
 

 PC1 

CPU usage 

PC2 

CPU usage 

PC1 

Memory cost (KB)

PC2 

Memory Cost (KB) 

Time Cost 

 (Second) 

 Client Server Client Server Client Server Client Server PC1 PC2 

0 Proxy  29% 7% 50% 10% 24,342 38,231 20,732 37,780 1.533 1.676

With 2 Proxy 28% 5% 46% 9% 26,344 39,013 22,352 38,272 2.032 2.232

With 4 Proxy 27% 5% 43% 8% 26,452 39,543 22,232 38,148 2.152 2.419

With 6 Proxy 27% 5% 43% 7% 26,782 40,122 22,716 38,424 2.085 2.43 

2 Proxy Dynamically 0-2% 0-2% 0-2% 0-1% 26,538 40,013 22,770 37,908 44.231 52.134

4 Proxy Dynamically 0-2% 0-2% 0-2% 0-2% 26,674 40,232 22,824 39,024 44.351 52.543

6 Proxy Dynamically 0-2% 0-2% 0-2% 0-2% 26,913 40,575 22,832 38,880 44.522 52.592

Table 4.4 Overhead test result 
 
Overhead test result analysis: 
 CPU usage: According to table 4.4, the client thread usage in static proxy chain 
is rather low; it is generally lower than 50%. For laptop computer, the CPU cost for 
simulating a client is acceptable. While, the server thread’s performance is even much 
better, the CPU usage percentage is lower than 10%. This result indicates that for a 
real server with much better CPUs will handle this task easily. 
 The CPU usage percentage of dynamic proxy chain is quite different from the 
CPU usage percentage of static proxy chain; the CPU usage percentage of dynamic 
proxy chain is much lower than static chain. The explanation for this phenomenon is 
dynamic proxy chain takes much time to achieve dynamic configuration. 
 Memory Cost: As table 4.4 shown, the memory cost of client and the server are 
less than 45 KB, which is a rather small cost. Thus, the memory cost is acceptable. 
 Time cost: Since all programs are executed 50 times, the average execution time 
is less than 1 second. Therefore the computation speed of this framework is rather 
fast. 
 The time cost between the performance of static proxy chain and dynamic proxy 
chain are quite different. Perform a static proxy chain is much faster than perform a 
dynamic proxy chain, since dynamic proxy chain always take much more time to 
achieve dynamic configuration. The server CPUs used in this test are from laptops, so 
if using the real server CPUs, such as CPUs in IBM server, the performance will be 
much better. 
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4.2.2 Usability 

Since this framework is based on Java language, only the developers who are familiar 
with Java language can use this framework well. For some developers and companies, 
if they want to use this framework, it is necessary to alter their programming language 
to Java or find another solution. Obviously this change will bring huge costs. 
Only-Java-support makes this framework less flexible. However, this framework will 
be very useful in some special regions where the compatibility is less important. For 
example, in military, data need to be encoded before sending and be decoded after 
receiving. Also, in some commercial applications where security is much important, 
this framework is also very useful. From another aspect, Uni-Language development 
will bring less cost, because the develop teams only need developers that are familiar 
with Java.  
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5. Conclusion and future work 

In this chapter, we would like to state our conclusions and discuss the future work what 
may be faced. 

5.1 Conclusion 

As illustrated in section 3.4, the demonstration program using this framework works 
well. Furthermore, in Chapter 4, enough data has been provided that the overhead is 
under an acceptable level.  
 Regarding the overhead of this framework, as mentioned in section 4.2.1, we can 
know that if this framework is put into practice, the overhead will be in an acceptable 
level. The performance of this framework is relative good. 
 This framework may not have the best performance among other similar 
frameworks, but this framework is more flexible than other frameworks. There should 
be a certain balance between performance and flexibility. Since one of the original 
goals of this project is to make this framework flexible, we focus more on flexibility. 
Therefore, this framework is very flexible for developer to use. 
 The motivation of such cost in performance is for bringing much flexibility, since 
the ultimate purpose is to achieve more flexibility. Surely in dynamic framework it 
will cost system more resource. However, developer can create software with more 
options. It’s never been a bother to upgrade some services, developer do not need to 
shutdown the whole program to upgrade some services. The only cost is some 
performance. As shown in evaluation part, the overhead of this framework is rather 
low. Therefore, such flexibility is worth the cost in performance. 

5.2 Future work 

In the future, if time and resource is allowed, more related search works and 
improvements could be done on this framework. 

5.2.1 The further examinations of this solution 

The solution we provide may have disfigurement or limitation which we did not bring 
into consideration. It is difficult to answer whether this solution will fit all situations. 
Therefore, further examinations on more different models should be done to find the 
disadvantages of this solution. 
 For this framework, obviously the best test is to run the program on a server and 
use a certain number of clients to access service on this sever. However, currently with 
limited resources, we can not carry out this kind of test. So what will happen if we 
carry out this test? We can give a prediction but not an exact result. In the future, we 
can do such test to get the exact result.  
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5.2.2 Improvements 

This framework is based on Java Develop Kit 1.6. As SUN Company is always 
keeping up upgrading its Java product, there may be significant improvements of Java 
library in future. Therefore, one possibility is to improve the performance of this 
framework by using new version of Java library. 

5.2.3 Related research 

 Like Java, C# also has Reflection, is it possible to build such framework with C# or 
other programming languages that may provide better performance?  

  It would be a valuable if related research could be done in such direction in the 
future. The performances between these languages implementing such framework will 
be a very interesting research topic.
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