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ABSTRACT

Interoperability between J2EE and .Net has recently been one of the most important areas of research. With J2EE and .Net being the two front runners in present world of Information technology, interoperability proves very critical when migrating from one technology to another. Web services provide a nice and efficient solution to achieve interoperability.
The objective of this project is to develop a client (an e-commerce website like EBay) in ASP.Net which makes use of EJB web services for all the business logic associated with the website and prove that interoperability between J2EE and .Net is indeed possible. Another objective of this report is to compare the performance of J2EE and .Net web services across cross-platforms. For this purpose some of the web services implemented in EJB are replicated in .Net and a JSP client similar to .Net client is developed which accesses .Net web services. 
The report addresses the performance issues of EJB and .Net web services for different loads. Rigorous stress and load testing is performed and thorough analysis is done, to derive legitimate conclusions about the performance of J2EE and .Net web services across cross-platforms.
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Chapter 1 -  Introduction

1.1   Problem

EBay is an auction website where people can buy, bid and sell items. Registered users are provided with the facility to view their bidding, buying and selling history. Web services provide interoperability between various software applications running on disparate platforms/operating systems. Migrating from one platform to another indeed seems very essential in today's dynamically changing environment. When migrating to another platform, reuse the services already implemented on a platform is an obvious choice as compared to of re-implementing entire functionality in another platform. The purpose of this project is to migrate the business logic of the EBay from ASP.Net platform to EJB web services and prove that point-to-point interoperability between J2EE and .Net is indeed very much possible. Point-to-point interoperability refers to interoperability between .Net presentation tier to the J2EE business tier, the J2EE presentation tier to the .Net business tier, and the .Net business tier to the J2EE business tier to the J2EE business tier and vice versa [1].
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Figure 1.1 . Point-to-Point interoperability between .Net and J2EE application
In addition to above, the project addresses performance evaluation of J2EE and .Net web services across cross-platforms. The project rigorously tests the EJB and .Net web services for different load and stress. Rigorous stress and load testing is conducted to compare the performance of .Net and J2EE web services.
1.2   Objective

There were two objectives in this project. First objective was to implement the entire business logic of the EBay web site developed in ASP.Net using EJB web services and prove that interoperability between ASP.Net and J2EE is indeed feasible. Retrieving user information, maintaining bidding information, getting details of all items etc. are some of services implemented in EJB web services.

The second objective is to develop some web services similar to the one developed in ASP.Net, which deals with different amount of data. There are four types of clients created, two in ASP.Net and two in JSP. One of the ASP.Net clients accesses the web services developed in EJB and the other accesses similar web services developed in ASP.Net. Similarly, one of the JSP clients invokes the web services developed in ASP.Net and the other accesses EJB web services. Performance of all the four clients is compared against different loads and stress. Thus, the performance of J2EE and .Net web services across cross-platform is evaluated.
1.3   Document Overview

The rest of this documentation first discusses related work in Chapter 2 where the background and working of web services is discussed. Chapter 3 presents the implementation details of the website and presents different screenshots and visualizations of the website. Chapter 4 deals with performance evaluation of different web services across cross-platforms. Chapter 5 presents the conclusion and future work.
Chapter 2 -  Related Work

The concept of the website developed is taken from EBay where we can bid, buy and sell items. Most of the features of EBay website are implemented as part of this project with entire business logic of it is implemented using EJB web services. EBay is one of the popular websites for its utility and ease of navigation. This project tries to match its performance to an extent and implements most of its features.
2.1   Web Services
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Graham Glass, the CEO and Chief Architect of The Mind Electric defined a web service as: [13]
2.1.1 Background
In recent years, the imperative to connect people, information, and processes has changed the way software is being developed. Successful IT systems increasingly require interoperability across platforms and flexible services that can easily evolve over time. This has led to the prevalence of XML as the universal language for representing and transmitting structured data that is independent of programming language, software platform, and hardware.

Building on the broad acceptance of XML, Web services are applications that use standard transports, encodings, and protocols to exchange information. Web services are components that implement business logic via services and expose these services programmatically over the web, which could be invoked by service clients using SOAP over HTTP. Web services provide the language and platform independence by separating the specification from implementation and provide the loosely coupled integration between applications by message-based, synchronous or asynchronous communication. Protocols do not make any assumption on the underlying implementation. 
One of the important features of the Web services based computing model is that both clients and Web services are unaware of the implementation details of each other. The Web services infrastructure provides several components that enable client applications to locate and consume Web services dynamically. The promise of web services is to enable a distributed environment in which any number of applications, or application components, can interoperate seamlessly among and between organizations in a platform-neutral, language-neutral fashion. This interoperation brings heterogeneity to the world of distributed computing once and for all. A web service is a piece of business logic, located somewhere on the Internet, that is accessible through standard-based Internet protocols such as HTTP, SMTP, FTP etc. This new breed of technology is based on standardized XML (as opposed to a proprietary binary standard) and supported globally by most major technology firms.
By using XML as the data representation layer for all web services protocols and technologies that are created, these technologies can be interoperable at their core level. As a data transport, XML eliminates any networking, operating system, or platform binding that a protocol has.

2.1.2  Web Services Technologies
The three main components of web services are:
2.1.2.1   Extensible Markup Language (XML)
XML happened to be the de facto language of Web Service technology. However, it also has the more general purpose within the confines of Internet technology, of simply making data portable. Like HTML, XML is a markup language and has its roots in SGML; thus, it is a specification for “tagging” documents in a meaningful way. Unlike HTML, which provides means for visualizing data, XML allows data to be self-describing and structured and so is meant primarily for the interchange of the data, not its visualization. XML is human legible and is the language by which Web service requests are issued and corresponding responses are delivered.
2.1.2.2   Simple Object Access Protocol (SOAP)
Simple Object Access Protocol, a lightweight XML-based messaging protocol used to encode the information in Web service request and response messages before sending them over a network. SOAP messages are independent of any operating system or protocol and may be transported using a variety of Internet protocols, including SMTP, MIME, FTP and HTTP. By having a standard transport mechanism, heterogeneous clients and servers become interoperable.
2.1.2.3   Web Service Description Language (WSDL)
WSDL describes the public interface to the web service. This is an XML-based service description on how to communicate using a web service; namely, the protocol bindings and message formats required to interact with the web services listed in its directory. The supported operations and messages are described abstractly, and then bound to a concrete network protocol and message format.

WSDL is often used in combination with SOAP and XML Schema to provide web services over the internet. A client program connecting to a web service can read the WSDL to determine what functions are available on the server. Any special data types used are embedded in the WSDL file in the form of XML Schema. The client can then use SOAP to actually call one of the functions listed in the WSDL.

2.1.2.4   Universal Description, Discovery and Integration (UDDI)
UDDI is one of the core Web Services standards. It is designed to be interrogated by SOAP messages and to provide access to Web Services Description Language documents describing the protocol bindings and message formats required to interact with the web services listed in its directory. Business analysts and technologists use UDDI to discover available web services by searching for names, identifiers, categories, or the specifications implemented by the web service.
2.1.3  Web Service Invocation
[image: image2.png]Web Server 3. How to invoke
WebService XYZ

4. VSDL has the details

5. Request operation X (SOAP)

6. Response to request (SOAP)

2. Venservice
located at Z
1. Where to find weh

service X¥z?




Figure 2.1 Web Service invocation
An application acting in the role of a web services client needs to locate another application or a piece of business logic located somewhere on the network. The client queries a UDDI registry for the service either by name, category, identifier, or specification supported. Once located, the client obtains information about the location of a WSDL document from the UDDI registry. The WSDL document contains information about how to contact the web service and the format of request messages in XML schema. The client creates a SOAP message in accordance with the XML schema found in the WSDL and sends a request to the host (where the service is). The host receives the soap request, de-serializes the soap request and invokes the appropriate web method of the web service and returns the result of the method in form of a soap message.
The two key technologies prevailing in present information technology field are J2EE and .Net. Web services provide interoperability between these two technologies. 

2.1.4   The J2EE and Microsoft.NET approach to Web Services

J2EE and .NET are evolutions of existing application server technology used to build such enterprise applications. The earlier versions of these technologies have historically not been used to build web services. Now that web services have arrived, both camps are repositioning their solutions as platforms that you can also use to build web services.
2.1.4.1   Microsoft .NET and Visual Studio

Closely associated with the .NET Framework is the main programmer development tool, Visual Studio.NET. Programmers of the presentation tier use Visual Studio.NET to define the logic that delivers HTML pages to thin client systems. Programmers of the business tier use Visual Studio.NET to implement business logic in a wide variety of languages and then to package that business logic as COM+ components.

Microsoft.NET is product suite that enables organizations to build smart, enterprise-class web services. Microsoft.NET offers language-independence and language-interoperability. This is one of the most intriguing and fundamental aspects of the .NET platform. A single .NET component can be written, for example, partially in VB.NET, the .NET version of Visual Basic, and C#, Microsoft's new object-oriented programming language. 

First, source code is translated into Microsoft Intermediate Language, sometimes abbreviated MSIL (IL). This IL code is language-neutral, and is analogous to Java byte code. 

The IL code then needs to be interpreted and translated into a native executable. The .NET Framework includes the Common Language Runtime (CLR), analogous to the Java Runtime Environment (JRE), which achieves this goal. The CLR is Microsoft's intermediary between .NET developers' source code and the underlying hardware, and all .NET code ultimately runs within the CLR. 
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Figure 2.2 Developing web services with Microsoft.NET [11]
Above Figure 2.2 is explained as follows: 

The .NET application is hosted within a container, which provides qualities of service necessary for enterprise applications, such as transactions, security, and messaging services. 

The business layer of the .NET application is built using .NET managed components. This layer performs business processing and data logic. It connects to databases using Active Data Objects (ADO.NET) and existing systems using services provided by Microsoft Host Integration Server 2000. It can also connect to business partners using web services technologies (SOAP, UDDI and WSDL). 
2.1.4.2    J2EE and NetBeans

The Java 2 Platform, Enterprise Edition (J2EE) was designed to simplify complex problems with the development, deployment, and management of multi-tier enterprise solutions. J2EE is an industry standard, and is the result of a large industry initiative led by Sun Microsystems.
J2EE has historically been architecture for building server-side deployments in the Java programming language. It can be used to build traditional web sites, software components, or packaged applications. J2EE has been extended to include support for building XML-based web services as well. These web services can interoperate with other web services that may or may not have been written to the J2EE standard.

NetBeans 5.5 Beta supports the Java Enterprise Edition 5 platform, and most notably the Java Persistence, EJB 3 and JAX-WS 2.0 specifications.

NetBeans IDE 5.5 Beta adds support for Java EE 5 and Sun Java System Application Server PE 9. NetBeans 5.5 generates JAX-WS 2.0 artifacts for Java SE 6 and Java EE 5 projects. Configuration is done through binding’s customization (like asynchronous calls, package info). NetBeans has simplified and updated template wizards.  High-level user actions that generate common code patterns (e.g. calling a web service).
NetBeans5.5. has support for Enterprise Java Beans 3 session beans and facilitates for simplified development of session beans and message driven beans. It has enhanced Java source editor with code completion, error checking, and hints specifically targeting EJB 3.
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Figure 2.3 Developing web services with J2EE [11] 
J2EE application is hosted within a container, which provides qualities of service necessary for enterprise applications, such as transactions, security, and persistence services. 

The business layer performs business processing and data logic. In large-scale J2EE applications, business logic is built using Enterprise JavaBeans (EJB) components. This layer performs business processing and data logic. It connects to databases using Java Database Connectivity (JDBC) or SQL/J, or existing systems using the Java Connector Architecture (JCA). It can also connect to business partners using web services technologies (SOAP, UDDI, WSDL, ebXML) through the Java APIs for XML (the JAX APIs). 

Business partners can connect with J2EE applications through web services technologies (SOAP, UDDI, WSDL, ebXML). A servlet, which is a request/response oriented Java object, can accept web service requests from business partners. The servlet uses the JAX APIs to perform web services operations. Shared context services will be standardized in the future through shared context standards that will be included with J2EE. 

Chapter 3 -  Implementation

This chapter discusses the implementation details of the website developed. It discusses about the latest technologies used, the system architecture, database design, functionalities and features available.
3.1   System Design
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Figure 3.1. System Architecture 
The system architecture is shown in above figure. Pages when loaded for the first time act similar to the normal asp.net web application, but the user interactions, where the user requests something, are handled in the form of asynchronous calls through Ajax. Hence, the top side of the architecture is used when loading the page for the first time, and to do operations that are not possible through Ajax. The bottom side of the architecture is used when the user requests something and calls to the server are made behind the scenes. In the architecture shown below, Client UI is the client browser which is present in the client’s machine. The Presentation layer consists of standard ASP.NET web forms, and documents, etc. This layer works with the results/output of the business logic layer and transforms the results into something usable and readable by the end user. 
The business logic of the EBay website is developed using EJB web services and some of the business logic is implemented in ASP.Net web forms. Invoking of web services is sometimes through AJAX and sometimes it is a direct invocation.  
3.2   System Setup for Performance Evaluation
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Figure 3.2 System setup for Performance evaluation of web services across cross-platforms
The purpose of the project is to compare the performance of J2EE and .Net web services across cross-platforms. For this purpose four clients are created, two in ASP.Net and two in JSP. One of the ASP.Net clients accesses the web services developed in EJB and the other accesses similar web services developed in ASP.Net. Similarly, one of the JSP clients invokes the web services developed in ASP.Net and the other accesses web services developed in EJB. There are three types of EJB and .Net web services created. All the three types of web services retrieve different type of data. One web service retrieves small data from Oracle database and another web service retrieves large data (1000 items) from the database, while the other web service outputs one MB of locally generated data. Performance of all the four clients is compared under different loads and stress. Thus, the performance of J2EE and .Net web services across cross-platform is evaluated.

3.3   Functionalities 
Business logic of the below functionalities is implemented in EJB web services.
· Browse Items: User can browse through different items on the website without being logged in. He can browse through the items by selecting any main category and any subcategory in it. Once the user selects a specific item, he has the option for bidding and watching it.
· Search Items: User can search for a particular item based on the name or manufacturer of the item. He can even select the category he wants to find the item from. Page indexing is done for all the items displayed on search click.

· Watch Items: User can also watch a particular item, so that he can bid the item in future if he wants to. Once a user selects an item, there is an option for him to watch that item. This is an important feature which helps the user keep an eye on the product he wishes to buy. An e-mail is send to the user about the items he is watching, which have a time left of less than a day.
· Sell Items: Registered user can sell a particular item, before which he needs to be logged in. A transaction fee of $1 is automatically charged for each item the seller sells. Seller needs to select the main category and then the subcategory he wants the item to appear in. He then needs to enter all the information about the item, like the name, manufacturer, reserve price, minimum bid, number of days he wants the item to available for bid, description about the item, alt-tag, shipping info etc.
· My EBay: This is the place where the user can keep track of all the items he has bid, the items he has been watching, the items he lost, the items he won and the items he is selling. So, this is a very important feature of the website which helps the user to keep track of all the transactions he has made without any fuss. Amongst the list of items he is watching, he can select the items he wants to delete from the watch list and delete it. The information about the items bid, sell, watch are in full detail, like the max current bid, time left, small item description, name of the seller, status of the item etc.
· Admin Page: The administrator has the right to create new main categories and subcategories and set the features for each subcategory. He can also modify the existing subcategories. He also performs regular database updating and keeps the users updated about the latest items through e-mail.
3.4   Database Design
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Figure 3.3. Database Schema
Features used in Oracle 9i

· Sequences: Created different sequences for unique itemid, unique imageid, unique maincatid, unique subcatid etc. 
· Triggers: Created triggers to insert a new itemid (from sequence) every time a new item is added to the _items table. Similarly triggers are written for insertion into subcategory and main category tables

· Procedures: Insertion of any data into the database tables is done using procedures. For example during registration, the user information is taken and inserted into the _buyer table using procedures. So all the database entry and updating is done using procedures.

3.5   Use Case Diagram


Figure 3.4. Use Case Diagram
Use case diagrams describe what a system does from the standpoint of an external observer. The use case diagram above figure depicts the relationships among the actors and use cases where actors represent the external entities of the system and use cases represent the functional parts of the system.

3.6   Class Diagram
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Figure 3.5 Class Diagram
A class diagram is similar to a family tree. A class diagram consists of a group of classes and interfaces reflecting important entities of the business domain of the system being modeled, and the relationships between these classes and interfaces. The classes and interfaces in the diagram represent the members of a family tree and the relationships between the classes are analogous to relationships between members in a family tree. Interestingly, classes in a class diagram are interconnected in a hierarchical fashion, like a set of parent classes (the grand patriarch or matriarch of the family, as the case may be) and related child classes under the parent classes. By definition, a class diagram is a diagram showing a collection of classes and interfaces, along with the collaborations and relationships among classes and interfaces. The class diagram in above figure depicts the classes, components and their relationships among each other in the web application. Most of the business logic is implemented in web services such as user registration, display of user details, validation phase during login, display of items bidding, selling and buying etc. 
3.7   Zoom into architecture diagram
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Figure 3.6 Zoom into architecture diagram

The above diagram show how the presentation layer with different class of business layer. Business logic layer is divided into two. Some functionality in Business logic layer is invoked by Ajax function calls, while most of them are directly invoked from presentation layer.
3.8   Screenshots
3.8.1 Browser Compatibility:
The website is tested for Internet Explorer and Mozilla browser compatibility. The Ajax compatibility with Mozilla for accessing the web services is also implemented. Microsoft Active X controls present in Internet Explorer is used to parse XML data received from the web services. But there are no such active X controls in Mozilla so some other alternative is used to implement that.
3.8.2  Screenshots of web pages

· Main page (Internet Explorer)
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Figure 3.7 Main Page

· Main Page (Mozilla Browser)
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· Bidding Page
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Figure 3.8 Bidding page
· Selling Page
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Figure 3.9 Selling Page

· Search Page
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Figure 3.10 Search Page

· Common Interface for testing performance of web services ( both JSP and .Net client)
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Figure 3.11. Common interface for testing web service performance

Chapter 4 -  Testing
4.1   Unit Testing

HarnessIt is a unit testing and integration testing tool.  HarnessIt also makes it easy to assemble your individual unit tests into a cohesive regression test.  Finally, with the addition of our execution engines, HarnessIt can perform unit testing, integration testing, and more on remote computers and web servers. It is a powerful unit testing tool, which can check the functionality of a webpage.
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Figure 4.1 Unit testing using HarnessIt
I have tested most of my important functions. Following are the functions I have tested for:

i. Check if the user login ( Username and password) match correctly
ii. Check if encrypted password is decrypted properly

iii. Check is UserID and password match correctly

iv. Check for the Uniqueness of each user is maintained

v. Check is user has entered valid e-mail address
vi. Check is all the main categories are retrieved properly

vii. Check is all the sub categories are retrieved properly

viii. Verify that the bidding for an item is not allowed once the end time for that item is reached.

ix. Check that the user cannot bid as well as watch the same item.
x. Verify that the status of an item is ‘Sold’ or ‘Not Sold’ once the bid end time is reached.

xi. Check if the end of bid is reported correctly.
xii. Verify if the status of an item before the bid end time for an item is waiting
4.2   Performance Testing
The main purpose of the project is to test the performance of J2EE and .Net web services across cross-platforms. For this purpose, JSP and .Net clients which access different types of web services are tested for different load and stress. Thus, the performance of J2EE and .Net web services across cross-platform is evaluated.
4.2.1 Web Performance Testing:

Today most websites and web applications function properly as long as a single user is accessing them. If several thousand users are going to access your website per day then web performance testing ensures that all the users get appropriate results in an acceptable time. Web Performance testing helps you to gather the performance and stability information of your website by realistically simulating load (n number of users accessing certain pages) in your web site.

4.2.1.1   System Configuration:

	Type of Laptop
	Dell Latitude

	OS 
	Windows XP Professional

	Physical Memory
	512 MB

	Processor Speed 
	1.60 GHz

	Memory
	60GB


Table 4.1. System Configuration

4.2.1.2   Workload / hours spent:

	Type of work
	No of hours spent

	Installing ASP.Net and Oracle
	6hrs

	Installing Sun App Server / Net Beans
	4hrs

	Developing EJB’s
	20hrs

	Deployment of EJB and exposing as web services
	12hrs

	Development of .Net web services
	14hrs

	Development of .Net client for .Net web services
	3hrs

	Development of .Net client for .EJB web services
	6hrs

	Development of JSP client for  .Net web services
	5hrs

	Development of JSP client for EJB web services
	5hrs

	Search Appropriate tool for testing
	10hrs

	Testing
	25hrs

	Analysis
	10hrs


Table 4.2 Workload/hrs spent
4.2.1.3   Lines of Code / No of classes:

	Type of work
	No of Classes
	Lines of Code

	ASP.Net Client for EBay web site
	60
	5500

	ASP.Net Client – EJB web services
	10
	800

	JSP Client - .Net web service
	10
	700

	JSP Client – EJB web service
	10
	700

	Business Logic in EJB web service
	15
	1500

	Business Logic in .Net web service
	15
	1100

	Java Script for XML Parsing
	-
	600

	Java Script for Validation
	-
	600

	CSS
	-
	260


Table 4.3 Lines of Code/No of Classes
4.2.1.4   Testing Tools:
4.2.1.4.1  AdventNet QEngine Server: 
AdventNet QEngine is a powerful, affordable and highly intuitive tool that provides the quickest and most accurate way of testing the functionality and performance of your web applications/web services in both Windows and Linux machines.
AdventNet QEngine Web Performance Test tool is a powerful, easy-to-use and affordable web load testing tool to quickly test the performance of your Web sites and Web-based applications. Its automatic analysis enables you to accurately emulate the traffic of thousands of users to identify and isolate performance bottlenecks and optimize the user experience within minutes.

QEngine Web Performance Testing (Load testing) has following features:

· HTTP/HTTPS Protocol Support.

· Provision to record and play AJAX requests.

· Distributed Load Testing.
· Simultaneous testing of multiple web pages.

· Dynamic graphs generated during load test execution.

· Realistic Load Scenarios (Normal/Ramp-up/Ramp-down/Burn-in).

· Summary and Detailed Reports/Graphs.
· Workload pattern graph for configured workload details.

· Virtual User Simulation with a provision to assign unique IP to each user.
Due to all the above advantages of QEngine Server, this was chosen as primary testing tool for testing web performance.
4.2.1.4.2  Other Testing tools tried:

· JMeter: Apache JMeter may be used to test performance both on static and dynamic resources (files, Servlets, Perl scripts, Java Objects, Data Bases and Queries, FTP Servers and more). It can be used to simulate a heavy load on a server, network or object to test its strength or to analyze overall performance under different load types. You can use it to make a graphical analysis of performance or to test your server/script/object behavior under heavy concurrent load.

But the downside of JMeter testing is that testing ASP.Net pages produced high percentage of error rate as JMeter has complete portability and 100% Java purity and is not primarily meant to test .Net pages. Testing AJAX pages wasn’t supported by JMeter

· ANTS:  ANTS Load is used to predict a web application's behavior and performance under the stress of a multiple user load. It does this by simulating multiple clients accessing a web application at the same time, and measuring what happens. This is a very efficient tool but the trial version of ANTS can simulate maximum up to 5 simultaneous browser connections.
4.2.1.5   Web Performance Analysis:
4.2.1.5.1  Methodology:
For this purpose four clients are created, two in ASP.Net and two in JSP. One of the ASP.Net clients accesses the web services developed in EJB, while the other accesses similar web services developed in ASP.Net. Similarly, one of the JSP clients invokes the web services developed in ASP.Net and the other accesses web services developed in EJB. There are three types of EJB and .Net web services. All the three types of web services retrieve different type of data. One web service retrieves small data from Oracle database and another web service retrieves large data (1000 items) from the database, while the other web service outputs one MB of locally generated data. Performance of all the four clients is compared for different loads and stress.
 There are four types of clients:
a. JSP Client accessing EJB Web Services.

b. JSP Client accessing .Net Web Services.

c. .Net Client accessing EJB Web Services.

d. .Net Client accessing .Net Web Services.

The three types of Web Services developed both in .Net as well as in EJB:

a) Web Service which outputs details for 10 users from the Oracle database.

b) Web Service which outputs details of 1000 items from the Oracle database

c) Web Service which outputs one megabyte of locally generated data.

4.2.1.5.2  Test Results:
I. Web pages accessing web services which o/p large data:
a) Four simultaneous browser connections:
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Figure 4.2 Response time graph for large data (4 users)
b) Nine simultaneous browser connections:
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Figure 4.3 Response time graph for large data (9 users)
	Mean Page download time for web pages accessing large data(ms)

	Type of Client/ Web Service
	4 users / 5 iterations
	9 users / 5 iterations

	.Net Client - .Net Web Service
	550
	898

	JSP Client - .Net Web Service
	610
	936

	JSP Client - EJB Web Service
	725
	1206

	.Net Client - EJB Web Service
	875
	1356


Table 4.4. Mean Page download time for web pages accessing large data (ms)

	
	Error %

	
	4 users
	9 users

	Type of Client/ Web Service
	403
	500 +
	403
	500 +

	.Net Client - .Net Web Service
	0
	0
	30
	1

	JSP Client - .Net Web Service
	0
	0
	5
	0

	JSP Client - EJB Web Service
	0
	0
	4
	0

	.Net Client - EJB Web Service
	0
	0
	27
	1


Table 4.5. Error percentage for web pages accessing large data
Analysis 1:
From Figure 4.2 it is clear that a .Net web service responds faster than an EJB web service. Amongst the clients accessing .Net web services, page-download time of JSP client is greater than .Net client. Amongst the clients accessing EJB web services, page-download time of .Net client is greater than JSP client.
The two types of tests conducted are run for 5 iterations. For the first test, 4 users are simulated for each iteration, with a ramp up period of Zero (4 simultaneous users). For the second test 9 simultaneous users are simulated for each iteration, with a ramp up period of Zero.
CPU Utilization for the 4 users is 60% and for 9 users CPU utilization is 70%. Increase in CPU utilization time is due to more load on the application server, which is due to more number of simultaneous requests generated.
Figure 4.3 shows the page download time for 9 simultaneous users and for 5 iterations. From the Figure 4.3 it is clear that for the first iteration, order of page download time matches the order of page download time shown in Figure 4.2. But for the following iterations page download of time of .Net clients spike up and down in random fashion. This can be attributed to high error rate of .Net clients.
Table 4.5 shows that the error rate for a .Net client on average is 30%. This is because of the classic by-design symptom of IIS on a non-Server SKU (like Windows 2000 Professional, XP Professional, XP Professional x64) hitting its 10 connection limit at the OS level and not serving out any more open requests, leading to data, images and other de-referenced hyperlinks to not display.

The error rate is random for different runs of test due to its timing and relative size of data output by web service. Since large amount of data is output from web service, it happens to keep the browser's connection open while it uses other connections to retrieve the data for remaining users and you may randomly hit the 10 connection limit. This issue also gets more pronounced if the browser uses HTTP Pipelining. The error rate for .Net client - .Net web service is even higher than others, as both the web service and client run on same IIS.
There is high load on CPU because of IIS, Sun Application server and QEngine testing tool running on same CPU. This high load on CPU is also another reason for high error rate.

II. Web pages accessing web services which o/p small data
a) Four simultaneous browser connections:   
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Figure 4.4. Response time graph for small data (4 users)
b) Nine simultaneous browser connections
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Figure 4.5 Response time graph for small data (9 users)
	Mean Page download time for web page accessing small data(ms)

	Type of Client/ Web Service
	5 users / 5 iterations
	9 users / 5 iterations

	.Net Client - .Net Web Service
	128
	175

	JSP Client - .Net Web Service
	138
	210

	JSP Client - EJB Web Service
	147
	240

	.Net Client - EJB Web Service
	175
	280



Table 4.6. Mean Page download time for web page accessing small data (ms)

	
	Error %

	
	4 users
	9 users

	Type of Client/ Web Service
	403
	500 +
	403
	500 +

	.Net Client - .Net Web Service
	0
	0
	25
	0

	JSP Client - .Net Web Service
	0
	0
	5
	0

	JSP Client - EJB Web Service
	0
	0
	2
	0

	.Net Client - EJB Web Service
	0
	0
	20
	0


Table 4.7. Error percentage for web pages accessing small data
Analysis 2:
From Figure 4.4. it is clear that a .Net web service responds faster than an EJB web service. Amongst the clients accessing .Net web services, page-download time of a JSP client is greater than a .Net client. Amongst the clients accessing EJB web services, page-download time of .Net client is greater than JSP client.

The two types of tests conducted are run for 5 iterations. For the first test, 4 users are simulated for each iteration, with a ramp up period of Zero (4 simultaneous users). For the second test 9 simultaneous users are simulated for each iteration, with a ramp up period of Zero.

CPU utilization for the 4 users is 30% and for 9 users CPU utilization is 40% which is less than the CPU utilization for web pages accessing large data. Increase in CPU utilization time for 9 users is due to more load on the application server, which is due to more number of simultaneous requests generated but this is less comparative to web pages accessing large data because small amount of data is requested by client which puts less load on the sever. 

Figure 4.5 shows the page download time for 9 simultaneous users and for 5 iterations.  From the Figure 4.5  it is clear that for the first iteration order of page download time matches the order of page download time in Figure 4.4. But for the following iterations page download of time of .Net clients spike up and down in random fashion. This can be attributed to high error rate of .Net clients. 

From Table 4.7.  it is clear that the error rate for a .Net client on average is 20% which is less compared to clients which accesses large data (30%). The reason for high error rate for 9 simultaneous users is similar to the one specified in analysis 1, which is classic by-design problem of IIS on a non-Server SKU (like Windows 2000 Professional, XP Professional, XP Professional x64) hitting its 10 connection limit at the OS level and not serving out any more open requests. But the error rate is small compared to the web pages accessing large data because of the amount of data being transferred from web service is small, which leads to less simultaneous open connections. So, the chances of hitting 10 connection limit on IIS server decreases. 
III. Web pages accessing web services which o/p one megabyte of local data:
a) Four simultaneous browser connections:
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Figure 4.6 Response time for one MB local data (4 users)
b) Nine simultaneous browser connections:
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Figure 4.7 Response time graph for small data (9 users)
	Mean Page download time for web pages accessing 1MB local data(ms)

	Type of Client/ Web Service
	5 users / 5 iterations
	9 users / 5 iterations

	.Net Client - .Net Web Service
	990
	1570

	JSP Client - .Net Web Service
	1134
	1658

	JSP Client - EJB Web Service
	1490
	1720

	.Net Client - EJB Web Service
	1800
	2200


Table 4.8. Mean Page download time for web pages accessing 1MB local data (ms)
	
	Error %

	
	4 users
	9 users

	Type of Client/ Web Service
	403
	500 +
	403
	500 +

	.Net Client - .Net Web Service
	3
	0
	35
	5

	JSP Client - .Net Web Service
	0
	0
	10
	0

	JSP Client - EJB Web Service
	0
	0
	6
	0

	.Net Client - EJB Web Service
	5
	0
	30
	3


Table 4.9. Error percentage for web pages accessing 1MB Local data
Analysis 3:
From Figure 4.6  it is clear that a .Net web service responds faster than an EJB web service. Amongst the clients accessing .Net web services, page-download time of a JSP client is greater than a .Net client. Amongst the clients accessing EJB web services, page-download time of a .Net client is greater than a JSP client.

The two types of tests conducted are run for 5 iterations. For the first test, 4 users are simulated for each iteration, with a ramp up period of Zero. For the second test 9 simultaneous users are simulated for each iteration, with a ramp up period of Zero.

CPU Utilization for the 4 users is 70% and for 9 users CPU utilization is 90%. Increase in CPU utilization time is due to more load on the application server, which is due to more number of simultaneous requests generated. CPU utilization is more compared to when web pages which access small and large data which is understandable, because the greater the amount of data being requested from client the more the load being put on the server.
. 


Figure 4.7 shows the page download time for 9 simultaneous users and for 5 iterations.  From the Figure 4.7 it is clear that for the first iteration order of page download time matches the order of page download time shown in Figure 4.6 . But for the following iterations page download of time of .Net clients spike up and down in random fashion. This can be attributed to high error rate of .Net clients. 

From Table 4.6 it is clear that error rate for .Net client on average is 36% which is more compared to clients which accesses large data (30%) and small data (20%). The reason for high error rate for 9 simultaneous users is similar to the one specified in Analysis1 which is classic by-design problem of IIS on a non-Server SKU (like Windows 2000 Professional, XP Professional, XP Professional x64) hitting its 10 connection limit at the OS level and not serving out any more open requests. But, the error rate is large compared to the web pages accessing large data and small data because the amount of data being transferred from web service is very large, which leads to more simultaneous open connections being open. So, the chances of hitting 10 connection limits on IIS server are significantly more. 
There are also 500+ errors which are generated. This implies that the server is over burdened and cannot accept new requests. This is also seen from the fact that the CPU utilization is 90% for 9 simultaneous users. 
Overall Analysis:

From analysis1, analysis2 and analysis3 it is clear if number of simultaneous users was increased to 9 users and with a loop count of 5, then the results was a little haphazard and error prone. Therefore, for the rest of the remaining analysis the results of 4 simultaneous users iterated for 5 times is only considered and not 9 users iterated for 5 times.

All the previous analysis shows that the following inferences can be derived:

A. Performance of .Net web services is better than the performance of EJB web services. 
Reasons for .Net web services to perform better than EJB web services:
1. Additional Operation performed by EJB container:

Enterprise Java bean which reside in EJB container when exposed as web service becomes an EJB web service. EJB container performs lot of operations. Since EJB container provides system-level services to enterprise beans, the bean developer can concentrate on solving business problems. It is the EJB container and not the bean developer which is responsible for system-level services such as transaction management and security authorization. Thus, Enterprise Java Beans are heavy weight applications and consume more time and more resources. 

.Net architecture doesn’t have any such container and the transaction and security management is performed by IIS and hence Enterprise java beans exposed as web services are more secure but have low performance compared to .Net web services.

2. Difference in style of writing SOAP messages and techniques for serializing data in SOAP message between J2EE and .Net web services:

     There are two styles of writing SOAP messages:

(a) Document 
(b) RPC – Remote Procedure Call.

There are also two different techniques for serializing the data in the SOAP body:

(a) Literal XML Schema definitions and

(b) SOAP encoding rules.

EJB web services use RPC/Encoded style of SOAP messages. While .Net web services use Document/Literal style of SOAP messages. 

RPC/Encoded combinations show very poor performance at between two and three times slower than the fastest Document/Literal implementation [15]. As per research conducted in different types of SOAP messages and their performances [15] “Document/Literal implementations perform better than any of the RPC/Encoded implementations and serialization/de-serialization are primary bottle necks for processing large soap messages”.

Since EJB web services use RPC/ Encoded style of SOAP messages, has low performance when compared to .Net web services. 

3. CPU Utilization:

CPU utilization when a client invokes an EJB web service is 40% more than the CPU utilization when a client invokes a .Net web service. This can be attributed to large amount of memory consumed by J2EE application server for start up and large memory consumed for EJB container operations. Due to large amount of resource utilization of EJB web services they respond slower comparative to .Net web services. 

B.     Effect of increased load on web performance due to interoperability is diminutive. As load increases it is the type of web service (.Net/J2EE) which affects the web performance more and not the interoperability. Clients which access .Net web services download faster than clients which access EJB web services.

 The above statement is strengthened by the following analysis:

Mean time results of above analysis can be put forth together as below:
	Mean page Download time of WebPages

	
	
	
	Small Data
	Large Data
	One MB local data

	.Net Client - EJB Web Service
	175
	875
	1800

	JSP Client - EJB Web Service
	147
	725
	1490

	JSP Client - .Net Web Service
	138
	610
	1134

	.Net Client - .Net Web Service
	128
	550
	990


Table 4.10. Mean page download time (ms)
Mean time analysis:
Taking bench mark as .Net client accessing EJB web service below is the analysis of how much better others perform compared to this.
	% increase in performance compared to .Net client invoking EJB web service

	
	
	
	Small Data
	Large Data
	One MB local data

	JSP Client - EJB Web Service
	16.00%
	17.14%
	17.22%

	JSP Client - .Net Web Service
	21.14%
	30.27%
	37.00%

	.Net Client - .Net Web Service
	26.85%
	37.14%
	45.55%


Table 4.11 Percentage increase in performance compared to .Net Client-EJB web service
From analyzing Table 4.8we can derive some of the following inferences.

1. We see that percentage of increase in performance of JSP Client – EJB web service compared to .Net client – EJB web service is almost same for web services which output small data (16.00%), large data (17.14%) and One MB of local data (17.22%). This is because it is only the interoperability which comes into picture and not the performance of EJB web service. This is because the percentage increase is calculated in terms of same EJB web service for different clients. It is just the interoperability between EJB web service to a .Net client and a JSP client which accounts for the result and it does not depend on the load on web service. 
2. When we compare the performance of JSP client – EJB web service with JSP client - .Net web service for small data, large data and one MB of local data, we see that the difference in percentage increase in performance for JSP client – EJB web service with JSP client and .Net web service is 5% for small data, 13% for large data and 20% for one MB data. Thus, difference in performance is widening between .Net web service and EJB web service as the amount of load a web service handles in increasing. This can be attributed to the fact that the performance of Document/Literal kind of SOAP messages compared to RPC/Encoded style of SOAP messages increase as the size of message (data transferred increases). This can be also attributed to the fact that the CPU utilization is more when large data is transferred by EJB web service than when transferred by .Net web service.
3. If we compare the percentage increase in performance of JSP client - .Net web service with .Net client - .Net web service for different types of web services, we see that difference in percentage increase is 5% ( 26.85% – 21.14%) for small data and 7% (37% - 30%) for large data and 7.5% (45.5% - 37%) for one MB data. So the percentage difference in performance is increasing but not by great extent which proves that for .Net web services it is the type of web service which affects the performance more than interoperability.
From the above three inferences it is clear that effect of increased load on web performance due to interoperability is diminutive. As load increases it is the type of web service (.Net/J2EE) which affects the web performance more and not the interoperability. Clients which access .Net web services download faster than clients which access EJB web services.
Chapter 5 -  Conclusions and Future work
5.1   Conclusions

5.1.1  Conclusions inferred:

The aim of the current project was to develop business components in EJB and integrate it across platforms to a .Net system and evaluate the performance of J2EE and .Net web services across cross-platforms. This involved deploying and exposing the EJB’s as web services. Parsing of SOAP messages back and forth to native language calls implied a communication overhead. Hence cross-platform integration is not suited for web applications that require speedy communication with business components. Performance of .Net web services is lot better than the performance of EJB web services which can be attributed to the over head of EJB container and RPC/Encoded style of SOAP messages used by EJB web services. . As load increases it is the type of web service (.Net/J2EE) which affects the web performance more and not the interoperability. Clients which access .Net web services download faster than clients which access EJB web services. With interoperability become one of the primary requirement due to frequent migration to different platforms, its high time that J2EE community come up with different techniques to elevate the performance of J2EE web services.
5.1.2 .Net v/s J2EE (programmer’s perspective)
Both Java and Microsoft .NET have pros and cons when viewed from a programmer’s perspective. .NET has a strong IDE support that allows commonly used components in a web application to be dragged and dropped onto the page. This ease-of-use alleviates the programmer for writing code for commonly used components, while in the case of Java, the IDE’s commonly used in an academic environment do not provide the same level of ease-of-use. A number of commonly used components have to be coded by the programmer. To obtain a comparative ease-of-use functionality a programmer has to go in for a commercial and costly IDE. .NET is highly optimized for Rapid Application Development (RAD) and enterprise web application can be up and running in no time. This is possible as the framework is optimized and deals with a number of system files and dll files. Debugging then becomes difficult as things work under the hood and are non-transparent. Contrast this with Java, being an open-source language where the programmer gets a clear picture of how things work under the hood and in the process debugging applications becomes easier if not straightforward. 

5.1.3 Problems faced and lessons learned:
There were many problems face when deploying EJB’s as web services. Being new to EJB it was hard to understand the basics of SOAP and other web services components to deploy EJB’s as web services. Unlike .Net web services, EJB web services were difficult to deploy and needed to write deployment descriptor files etc. Though NetBeans eases the development of EJB web services to an extent, I strongly feel that J2EE community should come up with an interface or IDE which simplifies the development and deployment of EJB web services. There were some security issues that needed to be handled when accessing oracle database from EJB web services. 

It is been a great learning experience. I really got to know the J2EE architecture. Invoking EJB web services using AJAX was a challenging task and a good learning experience. With rapid development in field of web services, migration from one platform to another should no more be a huge problem in future. To integrate mozilla browser compatibility with AJAX was one the difficult task for me. 
5.2   Future work

There is scope for extending the project further to go deeply into issues involved in cross-platform integration. These include
1)  Changing the encoding scheme of EJB web services SOAP messages from RPC/Encoded to Document/Literal.

2) Providing better IDE and user interface to develop and deploy EJB web services, so that they can be used even more extensively and efficiently.

3) Improving security by using extending SOAP headers to carry authentication information
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