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Abstract

Both Microsoft's Distributed interNet Architecture (DNA) and Sun's Java 2 
Enterprise Edition (J2EE) have recently gained strong industry acceptance as 
standard frameworks for the development of enterprise systems.  In this paper, we compare these two component technologies and consider also a practical example application developed in order to study the differences between DNA and J2EE.  This non-trivial example is based on a point-of-sale (POS) system and equivalent systems are constructed using both DNA and J2EE.  These implementations illustrate the differences in application architecture influenced by the respective DNA and J2EE base technologies.  The differences in application architecture and related issues are discussed.  Awareness of these differences is important for anyone involved in developing enterprise systems.

Introduction

The quest to develop multi-tier enterprise systems has resulted in considerable industry interest in component architectures [1].  Microsoft's Distributed interNet Architecture (DNA) [2] and Sun's Java 2 Platform Enterprise Edition (J2EE) [3] have recently both gained strong industry acceptance. These component architectures attempt to define a standard framework for the development of enterprise systems.  There have been a number of published analyses [4-11] focusing on the conceptual and programmatic differences between DNA and J2EE but there is, to our knowledge, no published comparison based on actual implementation of a multi-tier system which can then provide insights into the implications of the two technologies for application architecture and performance.

Both DNA and J2EE provide the underlying technology required to support component specification and deployment, transaction processing, security, object life cycle management, object pooling, database connection pooling, and threading.   From the transactional and service point of view, DNA and J2EE appear to be similar, however, they impose different requirements on applications.  

In this paper, we summarize some of the significant component and transaction related features of DNA and J2EE and examine the published reference applications, namely Microsoft's Duwamish Books (Phase 4) [12] and Sun's Java Pet Store [13] respectively. For the purpose of making more detailed comparisons between the two technologies, the paper describes our experiences with implementations in DNA and J2EE of a point-of-sale (POS) system, which represents a core part of the Duwamish Books application.  Resulting differences in application architecture and other application aspects are discussed. 

J2EE and DNA Overview

Microsoft's Windows DNA is a general architecture for building scalable, web-accessible, multi-tier applications for the Windows platform with a variety of different programming languages.   Windows DNA relies upon the Component Object Model (COM) [14] for the base component technology and COM+ for its high level component services.  COM+ is part of Windows 2000 and the core part of COM+ is Microsoft Transaction Server (MTS).  MTS was first introduced in 1996 and is essentially a Component Transaction Monitor (CTM) which provides combined support for transactions and components.

Sun's J2EE is based on Java technology and like DNA is an architecture for building scalable, web-accessible, multi-tier applications with CTM support.  Unlike Windows DNA, J2EE is a non-proprietary open specification with J2EE implementations having to pass a compatibility test suite before receiving J2EE certification.  Sun provides a reference implementation of J2EE, which is currently the Java 2 SDK, Enterprise Edition v1.2.  J2EE is essentially a superset of the Java 2 Platform Standard Edition (J2SE) specification and provides support for component and server-centric extensions such as Enterprise JavaBeans (EJB) [16-17], Servlets, and JSP, in addition to J2SE’s basic development and runtime environment.  EJB provides the basis for Sun’s component technology.  

To reduce the cost and complexity of developing multi-tier systems, DNA and J2EE define the use of application containers; DNA provides an MTS executive while J2EE provides EJB containers.  Both of these provide transaction services, resource pooling, security, object activation, messaging services, and connection services to other legacy systems thus providing all necessary supporting services and allowing developers to concentrate on providing the business logic.  The general architecture and services provided by MTS and EJB containers are very similar.  

MTS is based on COM and supports MTS objects, which are stateless COM objects.  MTS provides Just-In-Time Activation (JITA) for object activation; objects are retrieved “Just In Time” to service a client’s request.  After the request is completed and the object has indicated success or failure of any transactions involved, the MTS object is released.  MTS allows objects to perform work within a transaction, which protects tasks from anomalies due to application or system failures.  MTS automatically manages the beginning and ending of a transaction according to the value of the object’s transaction attribute.  There are four types of transaction attribute (Requires New, Required, Supported, and Not Supported), and they can be set for each type of MTS object.

J2EE specifies the use of EJBs for business services.  EJB supports two types of Enterprise JavaBeans; session beans and entity beans. Session beans can be stateful or stateless, while entity beans can only be stateful.  A stateful session bean can maintain state on behalf of a client while a stateless session bean carries no state and allows the container to maintain a smaller pool of reusable beans.  Entity beans provide persistence and are commonly used to represent data in a database.  EJB containers use instance pooling for object activation.  When there is a client request, an EJB container activates an instance of an EJB from a pool of shared instances.  After the request is completed, the component is returned to the pool for future use.   If required, EJBs can also maintain their own states.  

EJB provides six types of transaction attribute (Requires New, Required, Supported, Not Supported, Mandatory and Never).  Unlike MTS, these attributes can be specified at the level of individual methods, rather than the component as a whole.  Each component can also be container-managed, client-managed, or bean-managed.  EJB’s container-managed transaction service allows the container to control the transaction service without client or bean intervention.  

As web accessibility is an important part of an enterprise system, DNA and J2EE both support HTML / DHTML for web presentation.  While DNA supports Active Server Pages (ASP), VBScripts, JavaScripts and ActiveX controls, J2EE specifies the use of Java Server Pages (JSP), JavaScripts, Servlets and Java applets.  Both DNA and J2EE support the use of XML for data communication and provide support for databases via ODBC and JDBC respectively.  For packaging and deployment, MTS objects are packaged as DLLs, while J2EE specifies that EJB components together with deployment descriptors are packaged as “jar” files. 

Although the architectures of DNA and J2EE appear similar, J2EE is much finer grained in terms of transaction configuration and component state management.  This difference in granularity provides greater choice for the designer and simultaneously imposes greater responsibility.  A later section of this paper discusses how this granularity leads to different designs for the experimental application system that we implemented.  

Reference Applications – DNA’s Duwamish Books and J2EE’s Java Pet Shop

In order to demonstrate the application of DNA, Microsoft has produced a reference application –Duwamish Books [12].  Duwamish Books is presented as a series of progressively extended implementations starting with a desktop application which is then migrated to a basic client/server environment and, finally, to a web-based retail bookstore.  We concentrate on the multi-tier implementation (phase 4) because it uses COM objects within an MTS setting and has a web front-end.  Figure 1 depicts the system architecture of the Phase 4 implementation.  
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Figure 1: Duwamish Books Phase 4

As seen in Figure 1, components under MTS are divided as three separate packages, namely workflow layer (cWorkFlow), business logic layer (cBusLogic, cBusLogicT and cBusLogicN), and data access layer (cDataAccess).  The workflow layer takes care of client shopping sessions and coordinates the client request to the business logic layer.  As the name suggests, the business logic layer contains the business rules of how users interact with and manipulate the data.  The data access layer takes care of the connection with the database.  As transaction attributes cannot be set on a per method basis with MTS, the business logic layer must use three MTS objects to maintain the appropriate transaction attribute settings ( “Not Supported” for cBusLogic, “Required for cBusLogic, and “Support” for cBusLogicN).  In order to improve performance, data caching is used at the workflow layer and stored procedures are used in the database for all SQL statements.  As all MTS objects are stateless, the design of the application is potentially scalable.  However, changes to the SQL stored procedures may be required if a different database server is used.
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Figure 2: Java Pet Store

Sun too has recently produced a reference application – the Java Pet Store [13], which is a multi-tier  web-based retail pet store, and Figure 2 shows the system architecture of the implementation.  Unlike DNA, J2EE encourages explicit domain modeling through the use of entity beans for database access.  This results in separate Order, Account, and Inventory beans.  However, the ShoppingClientController, ShoppingClient and Catalog components, which take care of client shopping session, are similar in functionality to the cWorkFlow object in the Duwamish Books system.  Data caching is performed with the help of the Catalog component which is a stateless session bean.  The three entity beans (Order, Account and Inventory) are bean-managed as each bean may need to manage multiple database tables.  DataAccess Objects are used to encapsulate access to databases, and these are database server specific as they contain SQL statements.  Table 1 summarizes the comparison between the two reference implementations.

	Application Features
	Duwamish Books


	Java Pet Store

	Application components
	Stateless COM objects
	Stateless and stateful 

Session Beans, and

Entity Beans

	Transaction
	Automatic transaction with MTS
	Bean-managed



	Transaction attributes
	“Support” for cWorkFlow,

“Not Supported” for cBusLogic, “Required” for cBusLogicT, and “Supported” for cBusLogicN.
	“Required” for all components

	Persistence
	Data caching in cWorkFlow object
	Data persistence in all entity beans and data caching in Catalog component

	Encapsulation of SQL statements
	Stored procedures in database
	DataAccess Objects


Table 1: Comparison between Duwamish Books and Java Pet Store

Sample Implementations on DNA and J2EE

To produce a detailed comparison of the DNA and J2EE technologies a suitable example system was required for implementation using both technologies. The example chosen was the point-of-sale subsystem which represents a core part of the Duwamish Books example. The implementation of this subsystem using both technologies provides the basis for comparison. While this example is not intended to explore all facets of the DNA and J2EE technology, it does highlight some important component and transaction related aspects of the design that need to be considered when using these technologies.

While DNA and J2EE influence solution architectures in different ways, unsatisfactory results may be produced by either technology when using an unsuited or inappropriate application architecture. In order to provide a fair comparison the example system has been implemented using architectures suited to each technology respectively. 
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Figure 3: Point-of-sale system in DNA

Consider the sample architecture illustrated in Figure 3. This is the architecture chosen for use with DNA, and is based on the architecture used in the complete Duwamish Books example. This same architecture can be used for a J2EE implementation and is illustrated in Figure 4. 

An alternative architecture using entity beans instead is shown in Figure 5. There is no corresponding DNA implementation of this architecture as DNA does not support the equivalent of entity beans.

The differences between the sample architectures of the “native” or platform-optimized solutions (Figures 3 and 5 respectively) are primarily attributed to differences in the granularity of transaction settings, and the different options for state management.  A key point is that DNA only allows transaction attributes to be set at the component level, while J2EE allows transaction attributes to be set for individual methods.  This tends to promote better object-oriented development as grouping methods by their potential transactional requirements need not be considered.  The structure of the native example for DNA reflects a grouping based on transactional requirements, rather than the underlying business object represented.  However, this could be solved by partitioning components into sub-components based on transactional requirements.
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Figure 4: Point-of sale system in EJB - option 1                       Figure 5: Point-of sale system in EJB - option 2

The ability to set transaction attributes at the method level together with the ability to set transaction attributes at configuration time can be problematic.  At configuration time, the internal implementation of a bean will not be known (even if it is, it should not be depended upon).  Thus the pattern of self-recursive calls is unknown and could result in unexpected behavior of a bean. Consider by way of example a bean that has two methods called A and B.  If A is set to “Required”, and B is set to “Supported”, then a call to A may or may not start a transaction depending on whether A internally calls B. Thus the internal code structure affects the transactional behavior which is counter to the goals of component software. 

The use of stateful entity beans in the native J2EE example is also of interest. There is no straightforward corresponding implementation of this sample architecture using DNA because DNA presents a stateless transactional programming model.  MTS objects do not maintain state across transaction boundaries as a consequence of the need to maintain transactional semantics [18]. 

The DNA example was coded in Java using Visual J++ in order to provide a fair comparison of the coding complexity between DNA and J2EE. The code required for the DNA implementation was simpler than the code for the corresponding J2EE code. It seems the additional flexibility of J2EE comes at a price of more complex coding.  It should also be noted that container-managed entity beans in J2EE are simpler to code than the bean-managed beans, but lack flexibility.  For example, container-managed entity beans cannot manage multiple database tables.  Database tables using primary keys with automatic increment in non-insert mode are not allowed when using container-managed beans.  When manipulating results of a database query, the use of COM’s recordset appears to be more flexible than Java’s resultset.   When using a resultset, data has to be extracted before passing to clients.  On the other hand, a recordset can be passed directly to the client.

As J2EE has only recently been published, not all EJB container vendors are up-to-date with the latest specification.  For example, the authors note that some modification is required in order to run Weblogic Server v4.5 [19] code in J2EE especially in the areas of connection pooling, dataSource reference and environment variables

Summary

The reference applications published by Microsoft and Sun - Duwamish Books and the Java Pet Store - are both extensive examples which illustrate the use of their respective technologies.  It is interesting to note that although the J2EE literature emphasizes the use of container-managed beans, the Pet Store example uses bean-managed beans.  This may be because the container-managed beans cannot reference multiple database tables.  It is interesting to note that the architectures of the two examples are quite different even though both are web-based retail applications. 

Our sample application, the point-of-sale system is based on part of the Duwamish Books system and allows us to compare J2EE and DNA.  It appears that J2EE provides more flexible support in terms of state and transaction management.  However, this increased flexibility may increase the complexity of developing enterprise systems.  For example in J2EE, the developer can choose from entity beans, stateful or stateless session beans.  On the other hand, DNA provides only one type of MTS object. 

Another distinguishing feature between J2EE and DNA is the level of granularity at which transaction attributes can be set.  In J2EE, different transaction attributes can be set for each individual method.  In DNA the one type of transaction attribute is set for all methods of an MTS object.  The J2EE ability to set different transaction attributes for each method avoids any need to group the methods of a component by its transactional behavior.  As can be seen in the DNA sample implementation, the business logic layer has been split into transactional and non-transactional components.   However, to correctly set transaction attributes for each individual method may require the internal implementation of a component to be exposed.  The precise behavior of beans with certain combinations of transaction attributes is not clear in the circumstances in which these beans call their own methods.
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