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Preface

As an experienced developer on the Java� platform, you undoubtedly know how fast mov-
ing and comprehensive the platform is. Its many application programming interfaces (APIs) 
provide a wealth of functionality for all aspects of application and system-level program-
ming. While there are many good books and online documents that detail all the parameters 
that an API has, finding a book that brings these APIs together and uses them to solve an 
advanced business problem has always been a challenge. 

This book fills that void by presenting the design, development, test, deployment and debug-
ging phases for an enterprise-worthy auction application. It is not purely a reference for the 
Java APIs, but a practical, hands-on guide to building successful projects with the Java plat-
form. Like any good handbook on your car or house, it includes an entire section on what to 
do if things do not go so well. You will find sections that detail everything from what steps to 
take when troubleshooting bugs to tips on performance. 

While the example application does not cover every possible programming scenario, it 
explores many common situations and leaves you with a solid base of knowledge so you can 
go on and use the Java platform to design, build, debug, and deploy your own solutions. 
Developing one application throughout the book is a tool to help you fast-track learning new 
features. For example, you gain a working knowledge of RMI in one section, and a follow-
ing section on CORBA explains the similarities and differences between the two.

You can get a download of the example application source code and explore more informa-
tion on any topic presented here by visiting the Java Developer ConnectionSM (JDC) web site 
at http://developer.java.sun.com, or the main Java web site at http://java.sun.com.

The example for this book is an auction application because of the growing popularity of and 
interest in web-based electronic commerce. The example runs on a real application server 
using Enterprise JavaBeans� technology, which is particularly well-suited to electronic 
commerce applications. Later chapters expand the core example by adding advanced func-
tionality, improvements, and alternative solutions to do some of the things you get for free 
when you use the Enterprise JavaBeans platform. Additional topics important to applications 
development such as security, transaction management, and performance tuning are also pre-
sented. 

This book is for developers with more than a beginning level of understanding of writing 
programs in the Java programming language. The example application is written with the 
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Java  2 platform APIs and explained in terms of functional hows and whys, so if you need 
help installing the Java platform, setting up your environment, or getting your first applica-
tion to work, you should first read a more introductory book such as Essentials of the Java 
Programming Langauge: A Hands-On Guide or  The Java Tutorial .
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1: Matching Project 
Requirements with 

Technology

One challenge in writing a book on advanced application development for the Java� plat-
form is to find a project small enough to write about, while at the same time, complex 
enough to warrant advanced programming techniques. The project presented in this book is 
a web-based auction house. The application is initially written for the Enterprise Java-
Beans� platform. Later chapters expand the core example by adding advanced functionality, 
improvements, and alternative solutions to do some of the things you get for free when you 
use the Enterprise JavaBeans platform. 

To keep the discussion simple, the example application has only a basic set of transactions 
for posting and bidding on auction items. However, the application scales to handle multiple 
users, provides a three-tiered transaction-based environment, controls security, and inte-
grates legacy-based systems. 

This chapter covers how to determine project requirements and model the important steps 
that should always come before coding begins. 

Covered in this Chapter
• Project Requirements (page 2)

• Choosing the Software (page 7)
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• Duke’s Auction Demonstration (page 7)

Project Requirements
The first step in determining project requirements is to interview the user base to find out 
what they want in an online auction. This is an important step, and one that cannot be over-
rated because a solid base of user-oriented information helps you define your key application 
capabilities. 

2: Auction House Application (page 13) walks through the application code, explains how 
the Enterprise JavaBeans platform works, and tells you how to run a live demonstration. If 
you have never seen or used an online auction, Duke’s Auction Demonstration (page 7)
shows mock-ups of the example auction application HTML pages. 

Interview User Base
For the sake of discussion and to keep things simple, this section assumes interviews with 
the user base found the following auction house and user requirements: 

Auction House Requirements 
• Require buyer and seller information 

• Bill sellers for posting item

• Record and report the day's transactions

User Requirements 
• Bid on or sell an item

• Search or view items for sale

• Notify buyer and seller of sale

Model the Project
After analyzing the requirements, you can build a use case diagram to gain a better under-
standing of the elements needed in the application and how they interact. A use case diagram 
shows the relationships among actors and use cases within the system. A use case is a unique 
function in a system, and an actor is the person or software that performs the action or use 
case. For example, a buyer is the actor that performs the function (use case) of bidding on an 
auction item, and the seller is the actor that performs the use case of posting an item for auc-
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tions and to finalize the sale. So, to post or bid on an auction item, buyers and sellers are 
required to register. Registration needs to get the following information from buyers and 
sellers: 

• User ID and password for buying and selling.

• Email address so highest bidder and seller can communicate when item closes. 

• Credit card information so auction can charge sellers for listing their items.

Once registered, a user can post or bid on an item for sale. 

House Determines Highest Bidder 
Nightly, the auction application queries the database to record and report the day's transac-
tions. The application finds items that have closed and determines the highest bidder.

House Notifies Buyers and Sellers
The auction application uses email to notify the highest bidder and seller of the sale, and 
debit the seller's account.

Anyone Searches for an Item 
Sellers and buyers enter a search string to locate all auction items in the database.

Anyone Views Items for Sale
To popularize the auction and encourage new buyers and sellers, the application allows any-
one to view auction items without requiring user ID and password identification. To keep 
things simple, the auction lets anyone view summarized lists of items in the following three 
ways: 

• All items up for auction

• New items listed today

• Items due to close today

Anyone Views Item Details
The summarized lists of auction items should link each item to the following detailed infor-
mation. Detail information on auction items is available to anyone without identification. 

• Item Summary

• Auction Item number

• Current price

• Number of bids
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• Date posted for auction

• Date item closes

• Seller ID

• Highest bid

• Item description

Seller Posts Items for Sale
To post an item for sale, a seller needs to identify himself or herself and describe the item for 
sale, as follows: 

• User ID and password for seller identification

• Summary description of item

• Starting Price for bidding

• Detailed description of item

• Number of days item is available for bidding

Buyer Bids on Items
The detailed summary page for each item lets registered users identify themselves and bid 
on the item by providing the following information: 

• User ID

• Password

• Bid amount
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Choosing the Software
With the application modeled and project requirements defined, it is time to think about 
which Java APIs to use. The application is clearly client and server based because you will 
want to accommodate 1 to n buyers, sellers, and viewers at any given time. Because registra-
tion and auction item data must be stored and retrieved from somewhere, you will need an 
API for database access.

The core application can be created in a number of ways using any of the following APIs (to 
name a few):

• Servlets and HTTP

• Sockets, multithreading, and JDBC� APIs.

• Remote Method Invocation (RMI) and JDBC APIs.

• RMI over IIOP

• Enterprise JavaBeans� platform.

• Java Transaction Architecture (JTA)

• Common Object Request Broker Architecture (CORBA)

• Java Native Interface (JNI)

Rather than using all of these APIs as individual APIs in one application, you can use Enter-
prise JavaBeans. The Enterprise JavaBeans platform handles transaction and state manage-
ment, multithreading, resource pooling, search functionality to handle common situations, 
and other complex low-level details so you can focus on creating the best business solution. 
You get a distributed database application without writing any socket, thread, JDBC, or RMI 
code. For example, simple database transactions are rolled back (not written to the database) 
in the event of an error, database connections are cached so there is always a connection 
available when the application needs one, and items in the database are retrieved and dis-
played to the requestor using a simple search string.

2: Auction House Application (page 13) explains the core Enterprise JavaBeans application 
code and how to set up and run the example. Later chapters explain how you can implement 
such things as your own transaction management for more complex transactions, database 
caching to improve performance, or a more complex or comprehensive search algorithm. 

Duke’s Auction Demonstration
This section shows you how the auction house application web pages look.
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2: Auction House Application

The proliferation of internet- and intranet-based applications has created a great need for dis-
tributed transactional applications that leverage the speed, security, and reliability of server-
side technology. One way to meet this need is to use a multitiered model where a thin-client 
application invokes business logic that executes on the server. Normally, thin-client multit-
iered applications are hard to write because they involve many lines of intricate code to han-
dle transaction and state management, multithreading, resource pooling, and other complex 
low-level details. And to add to the difficulties, you have to rework this intricate code every 
time you write a new application because the code is so low-level it cannot be reused. 

If you could use prebuilt and pretested transaction management code or even reuse some of 
your own code, you would save a lot of time and energy that you could better spend solving 
the business problem. Well, Enterprise JavaBeans� technology can give you the help you 
need. Enterprise JavaBeans technology makes distributed transactional applications easy to 
write because it separates the low-level details from the business logic. You concentrate on 
creating the best business solution and leave the rest to the underlying architecture. 

This chapter describes how to create the example auction with the services provided by the 
Enterprise JavaBeans platform. Later chapters show how to customize these services. 

Covered in this Chapter
• A Multitiered Application with Enterprise Beans (page 14) 
• How Enterprise Beans are used in the Example (page 20) 
• AuctionServlet (page 20)
• Entity Bean Classes (page 22) 
• Session Bean Classes (page 24)
• Container Classes (page 25)
• Examining a Container-Managed Bean (page 26) 
• Container-Managed finder Methods (page 29)
• Code for this Chapter (page 33)
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Note: In the Enterprise JavaBeans specification, Enterprise JavaBeans server support for ses-
sion Beans is mandatory. Enterprise JavaBeans server support for entity Beans was optional, 
but is mandatory for version 2.0 of the specification.

Auction House Workings
Figure 12 shows the Enterprise Beans for the auction house application and their relation-
ship to the Enterprise JavaBeans server. The thin-client server invokes business logic in the 
four Enterprise Beans through their home and remote interfaces (described below). The 
Enterprise JavaBeans server in this example handles the low-level details including database 
read and write operations. The four Enterprise Beans in the example are: 

• AuctionItemBean is an entity Bean that maintains information for an auction item.

• RegistrationBean is an entity Bean that stores user registration information. 

• BidderBean is a session Bean that uses AuctionItemBean to retrieve a list of all auction 
items, only new items, items due to close, and items whose summary matches a search 
string from the database. It also checks the user ID and password when someone places 
a bid, and stores new bids in the database. 

• SellerBean is a session Bean that uses RegistrationBean to check the user ID and pass-
word when someone posts an auction item, and AuctionItemBean to add new auction 
items to the database.

An entity or session Bean is really a collection of interfaces and classes. All entity and ses-
sion Beans consist of a remote interface, home interface, and the Bean class. The servlet 
looks up the Beans's home interface running in the Enterprise JavaBeans server, uses the 
home interface to create the remote interface, and invokes Bean methods through the remote 
interface.
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Developing and Running Applications
Deployment tools and an Enterprise JavaBeans server are essential to running Enterprise 
JavaBeans applications. Deployment tools generate containers, which are classes that pro-
vide an interface to the low-level implementations in a given Enterprise JavaBeans server. 
The server provider can include containers and deployment tools for their server and will 
typically publish their low-level interfaces so other vendors can develop containers and 
deployment tools for their server. The auction house example uses the Enterprise JavaBeans 
server and deployment tools created by BEA Weblogic (http://www.beasys.com/
weblogic.html).

Because everything is written to specification, all Enterprise Beans are interchangeable with 
containers, deployment tools, and servers created by other vendors. In fact, you might or 
might not write your own Enterprise Beans because it is possible, and sometimes desirable, 
to use Enterprise Beans written by one or more providers that you assemble into an Enter-
prise JavaBeans application.

How Multitiered Applications Work
The goal in a multitiered application is that the client be able to work on application data 
without knowing at build time where the data is stored in the third tier. To make this level of 
transparency possible, the underlying services in a multitiered architecture use lookup ser-
vices to locate remote server objects (the Bean's remote interface object), and data communi-
cation services to move data from the client, through the remote server object, to its final 
destination in a storage medium. 

Lookup Service
To find remote server objects at runtime, the client program needs a way to look them up. 
One way to look remote server objects up at runtime is to use the Java� Naming and Direc-
tory Interface� (JNDI) API. JNDI is a common interface to existing naming and directory 
interfaces. The Enterprise JavaBeans containers use JNDI as an interface to the Remote 
Method Invocation (RMI) naming service. 

At deployment time, the JNDI service registers (binds) the remote interface with a name. As 
long as the client program uses the same naming service and asks for the remote interface by 
its registered name, it will be able to find it. The client program calls the lookup method on a 
javax.naming.Context object to ask for the remote interface by its registered name. The 
javax.naming.Context object is where the bindings are stored and is a different object from 
the Enterprise JavaBeans context, which is covered later. 
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Data Communication
Once the client program gets a reference to a remote server object, it makes calls on the 
remote server object's methods. Because the client program has a reference to the remote 
server object, a technique called data marshaling is used to make it appear as if the remote 
server object is local to the client program. 

Data marshaling is where methods called on the remote server object are wrapped with their 
data and sent to the remote server object. The remote server object unwraps (unmarshals) the 
methods and data, and calls the Enterprise Bean. The results of the call to the Enterprise 
Bean are wrapped again, passed back to the client through the remote server object, and 
unmarshaled. 

The Enterprise JavaBeans containers use Remote Method Invocation (RMI) services to mar-
shal data. When the Bean is compiled, stub and skeleton files are created. The stub file pro-
vides the data wrapping and unwrapping configuration on the client, and the skeleton
provides the same information for the server. The data is passed between the client program 
and the server using serialization. Serialization is a way to represent Java objects as bytes 
that can be sent over the network as a stream and reconstructed on the other side in the same 
state they were in when first sent. 

How Enterprise Beans are used in the Example
The example uses two entity Beans and two session Beans. The entity Beans, AuctionItem-
Bean and RegistrationBean, represent persistent items stored in a database, and the session 
Beans, SellerBean and BidderBean, represent short-lived operations with the client and data. 

The session Beans are the client interface to the entity beans. The SellerBean processes 
requests to add new auction items for sale. The BidderBean processes requests to retrieve 
auction items and place bids on those items. Changing and adding to the database data in a 
container-managed Bean is left to the entity Beans. 

Entity and session Beans are distributed objects that use the RMI API. This means that when 
an error occurs, an RMI remote exception is thrown. 

AuctionServlet
AuctionServlet (page 44) is essentially the second tier in the application and the focal point 
for auction activities. It accepts end user input from the browser by way of hypertext transfer 
protocol (HTTP), passes the input to the appropriate Enterprise Bean for processing, and dis-
plays the processed results to the end user in the browser. 
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     BidderHome bhome=(BidderHome) ctx.lookup("bidder"); 
//Create Bidder bean remote interface. 
     Bidder bid=bhome.create(); 
//Call Bidder bean method through remote interface. 
     Enumeration enum=(Enumeration)bid.getItemList(); 
 
     if(enum != null) { 
//Put retrieved items on servlet page. 
       displayitems(enum, out); 
       addLine("", out); 
     } 
  } catch (Exception e) { 
//Print error on servlet page. 
     addLine("AuctionServlet List All Items error",out); 
     System.out.println("AuctionServlet <list>:"+e); 
  } 
     out.flush(); 
}

Entity Bean Classes
AuctionItemBean and RegistrationBean are entity Beans. AuctionItemBean adds new auc-
tion items to the database and updates the bid amount as users bid on the item. Registration-
Bean adds information to the database on registered users. Both Beans consist of the classes 
described here. 

AuctionItem Entity Bean
These are the AuctionItemBean interfaces and classes. 

•  AuctionItem (page 33) 

•  AuctionItemHome (page 34)

•  AuctionItemBean (page 34)

•  AuctionItemPK (page 37)

AuctionItem is the remote interface. It describes what the Bean does by declaring the devel-
oper-defined methods that provide the business logic for this Bean. These methods are the 
ones used by the client to interact with the Bean over the remote connection. Its name maps 
to the AUCTIONITEMS table shown just below. 

AuctionItemHome is the home interface. It describes how the Bean is created in, found in, 
and removed from its container. The Enterprise Bean server deployment tools will provide 
the implementation for this interface. 
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AuctionItemBean is the Enterprise Bean. It implements EntityBean, provides the business 
logic for the developer-defined methods, and implements EntityBean methods for creating 
the Bean and setting the session context. This is a class that the Bean developer needs to 
implement. Its field variables map to fields in the AUCTIONITEMS table shown just below. 

AuctionItemPK is the primary key class. The Enterprise JavaBeans server requires a con-
tainer-managed entity Bean to have a primary key class with a public primary key field (or 
fields, if using composite primary keys). The Bean developer implements this class. The ID
field is the primary key in the AUCTIONITEMS table shown just below, so the ID field is a 
public field in this class. The id field is assigned a value when the primary key class is con-
structed. 

You can request the container manage database persistence for an Enterprise Bean or write 
the code to manage the persistence yourself. In this chapter, all beans (entity and session) are 
container-managed. With container-managed Beans, all you do is specify which fields are 
container managed and let the Enterprise JavaBeans server do the rest. This is great for sim-
ple applications, but if you are coding something that is fairly complex, you might need 
more control. How to override the underlying Enterprise JavaBeans services to gain more 
control or provide similar services for non-Enterprise JavaBean applications is covered in 3: 
Data and Transaction Management (page 55). 

Auction Items Table
This is the schema for the AUCTIONITEMS database table. Some application servers cre-
ate the table for you, but others require you to create it yourself. The BEA Weblogic appli-
cation server does not create the database table. 

create table AUCTIONITEMS (SUMMARY VARCHAR(80) , 
ID INT , 
COUNTER INT , 
DESCRIPTION VARCHAR(1000) , 
STARTDATE DATE , 
ENDDATE DATE , 
STARTPRICE DOUBLE PRECISION , 
INCREMENT DOUBLE PRECISION , 
SELLER VARCHAR(30) , 
MAXBID DOUBLE PRECISION, 
BIDCOUNT INT, 
HIGHBIDDER VARCHAR(30) )
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Registration Entity Bean
RegistrationBean consists of the same kinds of interfaces and classes and database table as 
the AuctionItem Bean, except the actual business logic, database table fields, and primary 
key are different. Rather than describe the classes, you can browse them and refer back to the 
AuctionItem Bean discussion if you have questions. 

• Registration (page 37)

• RegistrationHome (page 37)

• RegistrationBean (page 38)

• RegistrationPK (page 39)

Registration Table
This is the schema for the REGISTRATION database table. Some application servers cre-
ate the table for you, but others require you to create it yourself. The BEA Weblogic appli-
cation server does not create the database table.

create table REGISTRATION (THEUSER VARCHAR(40) , 
PASSWORD VARCHAR(40) , 
EMAILADDRESS VARCHAR(80) , 
CREDITCARD VARCHAR(40) , 
BALANCE DOUBLE PRECISION )

Session Bean Classes
BidderBean and SellerBean are the session Beans. BidderBean retrieves lists of auction 
items, searches for an item, checks the user ID and password when someone places a bid, 
and stores new bids in the database. SellerBean checks the user ID and password when 
someone posts an auction item, and adds new auction items to the database. 

Both session Beans are initially deployed as stateless Beans. A stateless Bean does not keep 
a record of what the client did in a previous call; whereas, a stateful Bean does. Stateful 
Beans are very useful if the operation is more than a simple lookup and the client operation 
depends on something that happened in a previous call. 
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Bidder Session Bean
These are the BidderBean interfaces and classes. There is no primary key class because these 
Beans are transient and no database access is involved. To retrieve auction items from the 
database, BidderBean creates an instance of AuctionItemBean, and to process bids, it creates 
an instance of RegistrationBean. 

•  Bidder (page 39)

•  BidderHome (page 40)

•  BidderBean (page 40)

Bidder is the remote interface. It describes what the Bean does by declaring the developer-
defined methods that provide the business logic for this Bean. These methods are the ones 
that the client calls remotely. 

BidderHome is the home interface. It describes how the Bean is created in, found in, and 
removed from its container. BidderBean is the Enterprise Bean. It implements SessionBean, 
provides the business logic for the developer-defined methods, and implements SessionBean
methods for creating the Bean and setting the session context. 

Seller Session Bean
SellerBean consists of the same kinds of interfaces and classes as BidderBean, except the 
business logic is different. Rather than describe the classes, you can browse them and refer 
back to the BidderBean discussion if you have questions. 

•  Seller (page 43)

•  SellerHome (page 43)

•  SellerBean (page 43)

Container Classes
The container needs classes to deploy an Enterprise Bean onto a particular Enterprise Java-
Beans server, and those classes are generated with a deployment tool. Container classes 
include *_Stub.class and *_Skel.class classes that provide the RMI hooks on the client and 
server sides for marshaling (moving) data between the client program and the Enterprise 
JavaBeans server. In addition, implementation classes are created for the interfaces and 
deployment rules defined for each Bean. 

• The Stub object is installed on or downloaded to the client system and provides a local 
proxy object for the client. It implements the remote interfaces and transparently del-
egates all method calls across the network to the remote object. 
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• The Skel object is installed on or downloaded to the server system and provides a local 
proxy object for the server. It unwraps data received over the network from the Stub
object for processing by the server. 

Examining a Container-Managed Bean
This section walks through the RegistrationBean (page 38) code to show how easy it is to 
have the container manage persistent data storage to an underlying medium such as a data-
base (the default). 3: Data and Transaction Management (page 55) modifies Registration-
Bean to use Bean-managed persistence to handle database access and manage transactions. 

Member Variables
A container-managed environment needs to know which variables are for persistent storage 
and which are not. In the Java programming language, the transient keyword indicates vari-
ables to not include when data in an object is serialized and written to persistent storage. In 
the RegistrationBean.java class, the EntityContext variable is marked transient to indicate 
that its data not be written to the underlying storage medium. 

EntityContext data is not written to persistent storage because its purpose is to provide infor-
mation on the container's runtime context. It, therefore, does not contain data on the regis-
tered user and should not be saved to the underlying storage medium. The other variables are 
declared public so the container can use the Reflection API to discover them. 

  protected transient EntityContext ctx; 
  public String theuser, password, creditcard, emailaddress; 
  public double balance;

Create Method
The Bean's ejbCreate method is called by the container after the client program calls the cre-
ate method on the remote interface and passes in the registration data. This method assigns 
the incoming values to the member variables that represent user data. The container handles 
storing and loading the data, and creating new entries in the underlying storage medium. 

public RegistrationPK ejbCreate(String theuser,String password, 
                                String emailaddress,String creditcard) 
                                throws CreateException, RemoteException { 
 
  this.theuser=theuser; 
  this.password=password; 
  this.emailaddress=emailaddress; 
  this.creditcard=creditcard; 
  this.balance=0;
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Entity Context Methods
An entity Bean has an associated EntityContext instance that gives the Bean access to con-
tainer-managed runtime information such as the transaction context. 

//API Ref :void setEntityContext(EntityContext ectx)
public void setEntityContext(javax.ejb.EntityContext ctx)  
                                   throws RemoteException { 
    this.ctx = ctx; 
  } 

//API Ref :void unsetEntityContext(EntityContext ectx)
  public void unsetEntityContext() throws RemoteException{ 
    ctx = null; 
  }

Load Method
The Bean's ejbLoad method is called by the container to load data from the underlying stor-
age medium. This would be necessary when BidderBean or SellerBean need to check a 
user's ID or password against the stored values. 

You do not implement the ejbLoad method because the Enterprise JavaBeans container 
seamlessly loads the data from the underlying storage medium for you. 

//API Ref :void ejbLoad()
public void ejbLoad() throws RemoteException {}

Store Method
The Bean's ejbStore method is called by the container to save user data. This method is not 
implemented because the Enterprise JavaBeans container seamlessly stores the data to the 
underlying storage medium. 

//API Ref :void ejbStore()
public void ejbStore() throws RemoteException {}

Connection Pooling
Loading data from and storing data to a database can take a lot of time and reduce an appli-
cation's overall performance. To reduce database connection time, the BEA Weblogic server 
uses a JDBC� connection pool to cache database connections so connections are always 
available when the application needs them. 

However, you are not limited to the default JDBC connection pool. You can override the 
Bean-managed connection pooling behavior and substitute your own. 8: Performance Tech-
niques (page 339) explains how. 



28 2: AUCTION HOUSE APPLICATION

Deployment Descriptor
The remaining configuration for a container-managed persistent Bean occurs at deployment 
time. The following is the text-based Deployment Descriptor used in a BEA Weblogic Enter-
prise JavaBeans server for deploying the Registration Bean. 

Text Deployment Descriptor
  (environmentProperties 
 
    (persistentStoreProperties 
      persistentStoreType          jdbc 
 
      (jdbc 
        tableName                  registration 
        dbIsShared                 false 
        poolName                   ejbPool 
        (attributeMap 
          creditcard               creditcard 
          emailaddress             emailaddress 
          balance                  balance 
          password                 password 
          theuser                  theuser 
        ); end attributeMap 
      ); end jdbc 
    ); end persistentStoreProperties
  ); end environmentProperties

The deployment descriptor indicates that storage is a database whose connection is held in a 
JDBC� connection pool called ejbPool. The attributeMap contains the Enterprise Bean vari-
able on the left and the associated database field on the right. 
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XML Deployment Descriptor
In Enterprise JavaBeans 1.1, the deployment descriptor uses XML. Below is the equivalent 
configuration in XML for the Registration Bean. 

The container-managed fields map directly to their counterpart names in the database table. 
The container resource authorization (res-auth) means the container handles the database 
login for the REGISTRATION table. 

<persistence-type>Container</persistence-type> 
<cmp-field><field-name>creditcard 
    </field-name></cmp-field> 
<cmp-field><field-name>emailaddress 
    </field-name></cmp-field> 
<cmp-field><field-name>balance 
    </field-name></cmp-field> 
<cmp-field><field-name>password 
    </field-name></cmp-field> 
<cmp-field><field-name>theuser 
    </field-name></cmp-field> 
<resource-ref> 
<res-ref-name>registration</res-ref-name> 
<res-type>javax.sql.DataSource</res-type> 
<res-auth>Container</res-auth>
</resource-ref>

Container-Managed finder Methods
The auction house search facility is implemented as a container-managed finder method. It 
starts when the end user types in a search string and clicks the Submit button on the home 
page to locate an auction item. This section walks through the different parts of the finder-
based search code. 3: Data and Transaction Management (page 55) describes how to create a 
Bean-managed search to handle complex queries and searches that span more than one Bean 
type (entity and session Beans) or database tables.

Finder-Based Search
Figure 14 shows how the browser passes the search string to the AuctionServlet.searchItem
method, which then passes it to the BidderBean.getMatchingItemsList method. At this point, 
BidderBean.getMatchingItemsList passes the search string to the findAllMatchingItems
method declared in the AuctionItemHome interface. 

The findAllMatchingItems method is a finder method, and container implementations vary 
in how they handle calls to finder methods. BEA Weblogic containers look in the Bean's 
deployment descriptor for information on a Bean's finder methods. In the case of the search, 
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AuctionServlet.searchItems
The searchItems method retrieves the text string from the browser, creates an HTML page to 
display the search results, and passes the search string to the BidderBean.getMatching-
ItemsList method. BidderBean is a session Bean that retrieves lists of auction items and 
checks the user ID and password for end users seeking to bid on auction items. The search 
results are returned to this method in an Enumeration variable. 

private void searchItems(ServletOutputStream out, HttpServletRequest request)
                          throws IOException { 
//Retrieve search string
  String searchString=request.getParameter(“searchString"); 
//Create HTML page
  String text = "Click Item number for description and to place bid."; 
  setTitle(out, "Search Results"); 
  try { 
     addLine("<BR>"+text, out); 
//Look up home interface for BidderBean 
     BidderHome bhome=(BidderHome) ctx.lookup("bidder"); 
//Create remote interface for BidderBean Bidder bid=bhome.create(); 
//Pass search string to BidderBean method 
     Enumeration enum=(Enumeration) bid.getMatchingItemsList(searchString); 
        if(enum != null) { 
          displayitems(enum, out); 
          addLine("", out); 
        } 
  } catch (Exception e) { 
    addLine("AuctionServlet Search Items error", out); 
    System.out.println("AuctionServlet <newlist>: "+e); 
  } 
    out.flush(); 
}
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BidderBean.getMatchingItemsList
The BidderBean.getMatchingItemsList method calls the AuctionItemHome.findAllMatch-
ingItems method and passes it the search string. AuctionItemBean is an entity Bean that han-
dles auction item updates and retrievals. The search results return an Enumeration. 

public Enumeration getMatchingItemsList(String searchString)  
                                       throws RemoteException {
  Enumeration enum=null; 
  try{ 
//Create Home interface for AuctionItemBean 
    AuctionItemHome home = (AuctionItemHome) ctx.lookup("auctionitems"); 
//Pass search string to Home interface method 
    enum=(Enumeration)home.findAllMatchingItems(searchString); 
  }catch (Exception e) { 
    System.out.println("getMatchingItemList: "+e); 
    return null; 
  } 
  return enum; 
}

AuctionItemHome.findAllMatchingItems
The AuctionItemHome.findAllMatchingItems method is not implemented in AuctionItem-
Bean. Instead, the AuctionItemBean finder method implementations are defined in the Auc-
tionItemBean deployment descriptor when BEA Weblogic containers are used. 

When using these containers, even if the Bean has finder method implementations, they are 
ignored and the deployment descriptor settings are consulted instead. 

//Declare method in Home interface 
  public Enumeration findAllMatchingItems(String searchString) 
                         throws FinderException, RemoteException;

AuctionItemBean Deployment Descriptor
When a Bean's finder method is called, the container consults the deployment descriptor for 
that Bean to find out what data the finder method needs to retrieve from the underlying data-
base table. The container passes this information to the Enterprise JavaBeans server, which 
does the actual retrieval. 

The deployment descriptor for AuctionItemBean provides finderDescriptors for all finder
methods declared in the AuctionItemHome interface. The finderDescriptor for the findAll-
MatchingItems method maps the search string to the summary field in the underlying Auc-
tionItems database table. This tells the Enterprise JavaBeans server to retrieve the data for all 
table rows with a summary field that matches the text in the search string. 
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(finderDescriptors 
  "findAllItems()"         "(= 1 1)" 
  "findAllNewItems(java.sql.Date newtoday)" "(= startdate $newtoday)" 
  "findAllClosedItems(java.sql.Date closedtoday)" "(= enddate $closedtoday)" 
  "findAllMatchingItems(String searchString)" "(like summary $searchString)" 
); end finderDescriptors

Code for this Chapter
• AuctionItem (page 33)

• AuctionItemHome (page 34)

• AuctionItemBean (page 34)

• AuctionItemPK (page 37)

• Registration (page 37)

• RegistrationHome (page 37)

• RegistrationBean (page 38)

• RegistrationPK (page 39)

• Bidder (page 39)

• BidderHome (page 40)

• BidderBean (page 40)

• Seller (page 43)

• SellerHome (page 43)

• SellerBean (page 43)

• AuctionServlet (page 44)

AuctionItem
package auction;

import javax.ejb.*;
import java.rmi.*;
import java.util.*;

// Interface that contains the methods that can be called 
// in the auction bean 
public interface AuctionItem extends EJBObject {
  String getDescription() throws RemoteException;
  String getSeller() throws RemoteException;
  int getId() throws RemoteException;
  String getSummary() throws RemoteException;
  double getIncrement() throws RemoteException;
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  double getHighBid() throws RemoteException; 
  int getBidCount() throws RemoteException; 
  String getHighBidder() throws RemoteException;
  Date getStartDate() throws RemoteException;
  Date getEndDate() throws RemoteException;
  double getStartPrice() throws RemoteException;
  int setHighBid(String buyer, double amount, double increment)  
                  throws RemoteException;
}

AuctionItemHome
package auction;

import javax.ejb.*;
import java.rmi.*;
import java.util.*;

// Interface that is called by the client to create and return Beans 
public interface AuctionItemHome extends EJBHome {
  AuctionItem create(String theseller, String thedescription, 
                    int duration, double thestartprice, 
                           String thesummary) throws CreateException, RemoteException;
  AuctionItem create(int id,
                    String theseller, String thedescription, int duration, 
                      double thestartprice,String thesummary, double increment) 
                    throws CreateException, RemoteException;
  AuctionItem findByPrimaryKey(AuctionItemPK id) 
                    throws FinderException, RemoteException;
  public Enumeration findAllItems() throws FinderException, RemoteException;
  public Enumeration findAllNewItems(java.sql.Date newtoday) 
                    throws FinderException, RemoteException;
  public Enumeration findAllClosedItems(java.sql.Date closedtoday) 
                    throws FinderException, RemoteException;
  public Enumeration findAllMatchingItems(String searchString) 
                    throws FinderException, RemoteException;
}

AuctionItemBean
package auction;

import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;

// Implementation of the auction bean on the server side 
public class AuctionItemBean implements EntityBean {
  // one line summary of auction item
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  public String summary;    
  // username of person selling the item
  public String seller;  
  // auction item identification number
  public int id;  
  //auction item description
  public String description;
  //initial price of auction item
  public double startprice=0;
  // Date auction started
  public java.sql.Date startdate;
  // Date auction finishes
  public java.sql.Date enddate;
  // current maximum bid amount and bid increment
  public double maxbid,increment;
  // number of bids
  public int bidcount;
  // username of highest bidder
  public String highbidder;
  protected transient EntityContext ctx;
  // next available auction number
  public static int counter=400000;

  public String getDescription() throws RemoteException { 
    return description; 
  }
  public String getSummary() throws RemoteException { 
    return summary; 
  }
  public int getId() throws RemoteException { 
    return id; 
  }
  public String getSeller() throws RemoteException { 
    return seller; 
  }
  public double getIncrement() throws RemoteException {
    return increment;
  }
  public double getHighBid() throws RemoteException {
    return maxbid;
  }
  public int getBidCount() throws RemoteException {
    return bidcount;
  }
  public String getHighBidder() throws RemoteException {
    return highbidder;
  }
  public Date getStartDate() throws RemoteException {
    return startdate;
  }
  public Date getEndDate() throws RemoteException {
    return enddate;
  }
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  public double getStartPrice() throws RemoteException {
    return startprice;
  }
  public boolean isAuctionStillRunning() {
    Date now = (Calendar.getInstance()).getTime();
    if(enddate.getTime()>=now.getTime()) {
      return true;
    } else {
      return false;
    }
  }
  public int setHighBid(String buyer, double amount, double increment) 
                        throws RemoteException{
    if(isAuctionStillRunning()) {
      highbidder=buyer;
      maxbid=amount; 
      this.increment=increment;
      bidcount++;
      return(0);
    } else {
      return (-1);
    }
  }
  public void ejbCreate(String theseller, String thedescription, int duration, 
                       double thestartprice, String thesummary) 
                       throws CreateException, RemoteException {
    double inc=0;
    try {
      inc=Math.round((thestartprice)/10);
    } catch(Exception e) {
      System.out.println(“error parsing money”+e);
    }
    ejbCreate(counter++, theseller, thedescription, duration, thestartprice, 
              thesummary, inc);
    }
    public void ejbCreate(int theid, String theseller, String thedescription, 
                int duration, double thestartprice, String thesummary, 
                     double theincrement)  throws CreateException, RemoteException {
      id=theid;
      seller=theseller;
      description=thedescription;
      Calendar currenttime=Calendar.getInstance();
      Date currentdate=currenttime.getTime();
      startdate=new java.sql.Date(currentdate.getTime());
      currenttime.add(Calendar.DATE,duration);
      enddate=new java.sql.Date((currenttime.getTime()).getTime());
      startprice=thestartprice;
      summary=thesummary;
      maxbid=startprice;
      increment=theincrement;
  }
  public void ejbPostCreate(int id, String theseller, String thedescription, 
              int duration, double thestartprice, String thesummary, 
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              double increment) throws CreateException, RemoteException {
  }
  public void ejbPostCreate(String theseller, String thedescription, 
              int duration, double thestartprice, String thesummary) 
              throws CreateException, RemoteException {
  }
  public void setEntityContext(javax.ejb.EntityContext ctx) 
              throws RemoteException {
    this.ctx = ctx;
  }
  public void unsetEntityContext() throws RemoteException {   
    ctx = null;  
  } 
  public void ejbRemove() throws RemoteException, RemoveException { }
  public void ejbActivate() throws RemoteException { }
  public void ejbPassivate() throws RemoteException { }
  public void ejbLoad() throws RemoteException { }
  public void ejbStore() throws RemoteException { }
}

AuctionItemPK
package auction;

// Class that is used to find auction items by their unique id
public class AuctionItemPK implements java.io.Serializable {
  public int id;
}

Registration
package registration;

import javax.ejb.*;
import java.rmi.*;
import java.util.*;

// Interface that contains the methods that can be called 
// on the registration bean that stores users accounts 
public interface Registration extends EJBObject {
  boolean verifyPassword(String password) throws RemoteException;
  String getEmailAddress() throws RemoteException;
  String getUser() throws RemoteException;
  void adjustAccount(double amount) throws RemoteException;
  double getBalance() throws RemoteException;
}

RegistrationHome
package registration;
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import javax.ejb.*;
import java.rmi.*;
import java.util.*;

// Interface that is called by the client to create and return Beans 
public interface RegistrationHome extends EJBHome {
  Registration create(String theuser, String password, String emailaddress, 
               String creditcard)  
               throws CreateException, RemoteException;
  Registration findByPrimaryKey(RegistrationPK theuser) 
               throws FinderException, RemoteException;
}

RegistrationBean
package registration;

import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;

// Implementation of container-managed persistence 
// for the registration bean

public class RegistrationBean implements EntityBean {
  protected transient EntityContext ctx;
  public String theuser, password, creditcard, emailaddress;
  // simple information about the user including password, user identifier, etc.        
  public double balance; // balance of users account 

  public boolean verifyPassword(String password) throws RemoteException { 
    if (this.password.equals(password)) {
       return true;
    } else {
      return false;
    }
  }

  public String getEmailAddress() throws RemoteException { 
    return emailaddress;
  }
  public String getUser() throws RemoteException { 
    return theuser;
  }
  public void adjustAccount(double amount) throws RemoteException { 
    balance=balance+amount;
  }
  public double getBalance() throws RemoteException {
    return balance;
  }
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  public void ejbCreate(String theuser, String password, String emailaddress,
            String creditcard) throws CreateException, RemoteException {
    this.theuser=theuser;
    this.password=password;
    this.emailaddress=emailaddress;
    this.creditcard=creditcard;
    this.balance=0;
  }
  public void ejbPostCreate(String theuser,String password,String emailaddress,
            String creditcard)throws CreateException, RemoteException {
  }
  public void setEntityContext(javax.ejb.EntityContext ctx) 
            throws RemoteException {
    this.ctx = ctx;
  }
  public void unsetEntityContext() throws RemoteException {   
    ctx = null;  
  } 

//API Ref :void ejbRemove()
  public void ejbRemove() throws RemoteException, RemoveException { }

//API Ref :void ejbActivate()
  public void ejbActivate() throws RemoteException { }

//API Ref :void ejbPassivate()
  public void ejbPassivate() throws RemoteException { }
  public void ejbLoad() throws RemoteException { }
  public void ejbStore() throws RemoteException { }
}

RegistrationPK
package registration;

// Class that is used to find user by their unique user id
public class RegistrationPK implements java.io.Serializable {
  public String theuser;
  public RegistrationPK() {}
}

Bidder
package bidder;

import javax.ejb.*;
import java.rmi.*;
import java.util.*;

// Interface that contains the methods that can be called 
// on the bidder bean for placed auction bids 
public interface Bidder extends EJBObject {
  int placeBid(int item, String user, String password, double amount)  
              throws RemoteException;
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  Enumeration getItemList() throws RemoteException;
  Enumeration getNewItemList() throws RemoteException;
  Enumeration getClosedItemList() throws RemoteException;
   Enumeration getMatchingItemsList(String searchString) throws RemoteException;
}

BidderHome
package bidder;

import javax.ejb.*;
import java.rmi.*;
import java.util.*;

// Interface that is called by the client to create Beans 
public interface BidderHome extends EJBHome {
  Bidder create() throws CreateException, RemoteException;
}

BidderBean
package bidder;

import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;
import java.io.Serializable;
import javax.naming.*;
import auction.*;
import registration.*;

// Implementation of the session Bidder Bean   
public class BidderBean implements SessionBean {
  protected SessionContext sctx;
  Properties p = new Properties();
  Context ctx;

  public int placeBid(int item, String buyer, String password, double amount) 
                    throws RemoteException { 
    double highbid, increment=0;
    int bidcount=0;
          
    try {
      // Find bidder details from Registration database and
      // verify that the password supplied for that bidder matches what
      // is in the database
      RegistrationHome rhome = (RegistrationHome) ctx.lookup(“registration”);
      RegistrationPK rpk=new RegistrationPK();
      rpk.theuser=buyer;
      Registration newbidder=rhome.findByPrimaryKey(rpk);
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      if ((newbidder == null) || (!newbidder.verifyPassword(password))) {
         return(Auction.INVALID_USER);
      }
      // Now find the auction item receiving bids, and retrieve and set
      // the highest bid number of bids on that item. The next bid 
      // increment is calculated based on a simple formula applied to 
      // the current bid price
    
      AuctionItemHome home = (AuctionItemHome) ctx.lookup(“auctionitems”);
      AuctionItemPK pk=new AuctionItemPK();
      pk.id=item;
      AuctionItem aitem=home.findByPrimaryKey(pk);
      if (aitem !=null) {
        increment=aitem.getIncrement();      
        highbid=aitem.getHighBid();
        bidcount=aitem.getBidCount();
          if ((amount >= (highbid+increment)) || 
                       (bidcount == 0 && amount >=highbid )) {
            if(aitem.setHighBid(buyer, amount, (amount)/10)>=0 ) {
              // bid beat other bids!
              return Auction.HIGH_BID;
            } else {
              return Auction.AUCTION_OVER;
            }
          } else { //  amount < highbid+increment
            return Auction.OUT_BID;
          }
      } else { aitem = null
        // Item does not exist
        return Auction.INVALID_ITEM;
      }
    } catch(Exception e) { 
      System.out.println(“placeBid: “+e);
      return Auction.INVALID_ITEM;
    }
  }
  public Enumeration getItemList() throws RemoteException { 
    // Return list of all items in the auction database
    Enumeration enum=null;
    try {
      AuctionItemHome home = (AuctionItemHome) ctx.lookup(“auctionitems”);
      enum=(Enumeration)home.findAllItems();
    } catch (Exception e) {
      System.out.println(“getItemList: “+e);
      return null;
    }
    return enum;    
  }
  public Enumeration getNewItemList() throws RemoteException { 
    // Return list of all new items in the auction database
    Enumeration enum=null;
    try {
      AuctionItemHome home = (AuctionItemHome) ctx.lookup(“auctionitems”);
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      Calendar currenttime=Calendar.getInstance();
      enum = (Enumeration)home.findAllNewItems(
             new java.sql.Date((currenttime.getTime()).getTime()));
     } catch (Exception e) {
       System.out.println(“getNewItemList: “+e);
       return null;
     } 
     return enum;    
  }
  public Enumeration getClosedItemList() throws RemoteException {
    // Return list of all completed auction items in the auction database
    Enumeration enum=null;
    try {
      AuctionItemHome home = (AuctionItemHome) ctx.lookup(“auctionitems”);
      Calendar currenttime=Calendar.getInstance();
      enum = (Enumeration)home.findAllClosedItems(
             new java.sql.Date((currenttime.getTime()).getTime()));
    } catch (Exception e) {
      System.out.println(“getClosedItemList: “+e);
      return null;
    }
      return enum;
  }
  public Enumeration getMatchingItemsList(String searchString) 
                                         throws RemoteException {
    // Return list of all items matching searchString in the auction database
    Enumeration enum=null;
    try {
      AuctionItemHome home = (AuctionItemHome) ctx.lookup(“auctionitems”);
      enum=(Enumeration)home.findAllMatchingItems(searchString);
    } catch (Exception e) {
      System.out.println(“getMatchingItemList: “+e);
      return null;
    }
    return enum;
  }
  public void ejbCreate() throws CreateException, RemoteException {
    Properties p = new Properties();
    p.put(Context.INITIAL_CONTEXT_FACTORY,
                           “weblogic.jndi.TengahInitialContextFactory”);
    try {
      ctx = new InitialContext(p);
    } catch(Exception e) {
      System.out.println(“create exception: “+e);
     }
  }
  public void setSessionContext(SessionContext sctx) throws RemoteException {
    this.sctx = sctx;
  }
  public void unsetSessionContext() throws RemoteException {   
    sctx = null;  
  } 
  public void ejbRemove() {}
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  public void ejbActivate() throws RemoteException { }
  public void ejbPassivate() throws RemoteException { }
}

Seller
package seller;

import javax.ejb.*;
import java.rmi.*;
import java.util.*;

// Interface that contains the methods that can be called 
// on the seller bean to create new auction items 
public interface Seller extends EJBObject {int insertItem(String user,  
                String password, String description, int auctiondays, 
                double startprice, String summary) throws RemoteException;
}

SellerHome
package seller;

import javax.ejb.*;
import java.rmi.*;
import java.util.*;

// Interface that is called by the client to create Beans 
public interface SellerHome extends EJBHome {
  Seller create() throws CreateException, RemoteException;
}

SellerBean
package seller;

import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;
import java.io.Serializable;
import javax.naming.*;
import auction.*;
import registration.*;

// Implementation of the session seller bean  
public class SellerBean implements SessionBean {
  protected SessionContext ctx;
  Properties p = new Properties();
  public int insertItem(String seller, String password, String description, 
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                        int auctiondays, double startprice, String summary)  
                       throws RemoteException { 
    try {
      Context ectx = new InitialContext(p);
       RegistrationHome rhome = (RegistrationHome) ectx.lookup(“registration”);
      RegistrationPK rpk=new RegistrationPK();
      rpk.theuser=seller;
      Registration newseller=rhome.findByPrimaryKey(rpk);
      if ((newseller == null) || (!newseller.verifyPassword(password))) {
           return(Auction.INVALID_USER);
      }
      AuctionItemHome home = (AuctionItemHome) ectx.lookup(“auctionitems”);
      AuctionItem aitem= home.create(seller, description, auctiondays, 
                                    startprice, summary);
      if (aitem == null) {
         return Auction.INVALID_ITEM;
      } else {
        return(aitem.getId()); 
      }
    } catch(Exception e){ 
      System.out.println(“insert problem=”+e);
      return Auction.INVALID_ITEM;
    }
  }
  public void ejbCreate() throws CreateException, RemoteException {
    Properties p = new Properties();
    p.put(Context.INITIAL_CONTEXT_FACTORY, 
                       “weblogic.jndi.TengahInitialContextFactory”);
  }
  public void setSessionContext(SessionContext ctx) throws RemoteException {
    this.ctx = ctx;
  }
  public void unsetSessionContext() throws RemoteException {   
    ctx = null;  
  } 
  public void ejbRemove() {}
  public void ejbActivate() throws RemoteException {}
  public void ejbPassivate() throws RemoteException {}
}

AuctionServlet
package auction;

import java.io.*;
import javax.servlet.*;
import javax.servlet.http.*;
import javax.naming.*;
import javax.ejb.*;
import java.rmi.RemoteException;
import java.util.*;
import java.text.NumberFormat;
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import bidder.*;
import registration.*;
import seller.*;
import pool.*;
import search.*;
// The client side interface to EJB server is the AuctionServlet that
// displays results using HTML
 
public class AuctionServlet extends HttpServlet { 
  Context ctx=null;
  private String detailsTemplate;

  public void init(ServletConfig config) throws ServletException{
    super.init(config);
    try {
      ctx = getInitialContext();
    } catch (Exception e){
      System.err.println(“failed to contact EJB server”+e);
    }
    try {
      detailsTemplate=readFile(config.getInitParameter(“detailstemplate”));
    } catch(IOException e) {
        System.err.println(“Error in AuctionServlet <init>”+e);
    }
  }

  public void service(HttpServletRequest request, HttpServletResponse response) 
                     throws IOException {
    // main input loop, this extracts a parameter from the
    // HTML post called action.        
    String cmd;
    response.setContentType(“text/html”);
    ServletOutputStream out = response.getOutputStream();
    if (ctx == null ) {
      try {
         ctx = getInitialContext();
      }catch (Exception e){
        System.err.println(“failed to contact EJB server”+e);
      }
    }
    cmd=request.getParameter(“action”);     
    if (cmd !=null)  {
      if (cmd.equals(“list”)) {
        // Return an HTML list of all auction items  
        listAllItems(out);
      } else if(cmd.equals(“newlist”)) {   
        // Return an HTML list of all new auction items  
        listAllNewItems(out);
      } else if(cmd.equals(“search”)) {   
        // Return an HTML list of auction items where the description
        // matches the search string
        searchItems(out, request);
      } else if(cmd.equals(“close”)) {
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        // Return an HTML list of all closed auction items  
        listClosingItems(out);
      } else if (cmd.equals(“insert”)) {
        // Add a new auction item  
        insertItem(out, request);
      } else if (cmd.equals(“details”)) {
        // Return an HTML page describing the chosen auction item  
        itemDetails(out, request );
      } else if (cmd.equals(“bid”)) {
        // Bid on the identified auction item  
        itemBid(out, request) ;
      } else if (cmd.equals(“register”)) {
        // Create a new user  
        registerUser(out, request);
      }
    } else {
      // No command set
      setTitle(out, “error”);
    }
    setFooter(out);
    out.flush();
  }

  static private void addLine(String message, ServletOutputStream out)  
                           throws IOException {
    // Add a line to the returned html output
    if(message !=null) {
      out.println(“<BR>”+message);
    }
  }

  static public Context getInitialContext() throws Exception {
   Properties p = new Properties();
   p.put(Context.INITIAL_CONTEXT_FACTORY, 
                  “weblogic.jndi.TengahInitialContextFactory”);
        return new InitialContext(p);
  }
  private void listAllItems(ServletOutputStream out) throws IOException{
    // Return an HTML page with a summarized list of all auction items
    String text = “Click Item number for description and to place bid.”;
    setTitle(out, “Auction results”);
    try {
      addLine(“<BR>”+text, out);
      BidderHome bhome=(BidderHome) ctx.lookup(“bidder”);
      Bidder bid=bhome.create();
      Enumeration enum=(Enumeration)bid.getItemList();
      if(enum != null) {
        displayitems(enum, out);
        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet List All Items error”,out);
      System.out.println(“AuctionServlet <list>:”+e);
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    }
    out.flush();
  }
  private void listAllNewItems(ServletOutputStream out) throws IOException {
    setTitle(out, “New Auction Items”);
    try {
      addLine(““, out);
      String text = “Click Item number for description and to place bid.”;
      addLine(text, out);
      BidderHome bhome=(BidderHome) ctx.lookup(“bidder”);
      Bidder bid=bhome.create();
      Enumeration enum=(Enumeration)bid.getNewItemList();
      if(enum != null) {
        displayitems(enum, out);
        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet List New Items error”, out);
      System.out.println(“AuctionServlet <newlist>:”+e);
    }
    out.flush();
  }
  private void searchItems(ServletOutputStream out, HttpServletRequest request) 
                        throws IOException {
    // Return an HTML page with a list of auction items matching 
    // the search string posted in parameter searchString
    String searchString=request.getParameter(“searchString”);     
    String text = “Click Item number for description and to place bid.”;
    setTitle(out, “Search Results”);
    try {
      addLine(“<BR>”+text, out);
      AuctionItemHome ahome = (AuctionItemHome) ctx.lookup(“auctionitems”);
      SearchHome shome=(SearchHome) ctx.lookup(“search”);
      Search search=shome.create();
        Enumeration enum=(Enumeration)search.getMatchingItemsList(searchString);
      addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0><TR><TH>Item</TH>
               <TH>Summary</TH><TH>Current High bid</TH><TH>Number of bids</TH>
              <TH>Closing Date</TH></TR>”, out);
      while ((enum != null) && (enum.hasMoreElements())) {
        while(enum.hasMoreElements()) {
             AuctionItem ai=ahome.findByPrimaryKey(( 
                        AuctionItemPK)enum.nextElement());
             displayLineItem(ai, out);
        }
      }
      addLine(“</TABLE>”, out);
    } catch (Exception e) {
      addLine(“AuctionServlet Search Items error”, out);
      System.out.println(“AuctionServlet <searchItems>:”+e);
    }
    out.flush();
  }
  private void listClosingItems(ServletOutputStream out) throws IOException{
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    setTitle(out, “Items Due to Close Today”);
    String text = “Click Item number for description and to place bid.”;
    setTitle(out, “Items Due to Close Today”);
    try {
      addLine(“<BR>”+text, out);
      BidderHome bhome=(BidderHome) ctx.lookup(“bidder”);
      Bidder bid=bhome.create();
      Enumeration enum=(Enumeration)bid.getClosedItemList();
      if(enum != null) {
        displayitems(enum, out);
        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet List Closed Items error”, out);
      System.out.println(“AuctionServlet <close>:”+e);
    }
    out.flush();
  }
  private void insertItem(ServletOutputStream out, HttpServletRequest request)
                        throws IOException{
    setTitle(out, “Insert Auction Item”);
    String seller=request.getParameter(“seller”);
    String description=request.getParameter(“description”);
    String summary=request.getParameter(“summary”);
    String password=request.getParameter(“password”);
    String price=request.getParameter(“startprice”);
    double startprice=0.00;
    try {
      startprice = ((Number)NumberFormat.getCurrencyInstance().parse(
                   “$”+price)).doubleValue();
    } catch(java.text.ParseException e){
      System.out.println(“money problem”+e);
      return;
    } catch (NumberFormatException e) {
      System.out.println(“money problem”+e);
      return;
    }
    int auctiondays=7;
    try {
      auctiondays=Integer.parseInt(request.getParameter(“auctiondays”));
    } catch(NumberFormatException e){
      System.out.println(“problem parsing auction days”+e);
      return;
    }
    if(auctiondays<=0 || auctiondays>7) {
      auctiondays=7;
    }
    try {
      SellerHome home = (SellerHome) ctx.lookup(“seller”);
      Seller si= home.create();
      if(si != null) {
        int result= si.insertItem(seller, password, description, 
                                  auctiondays, startprice, summary);
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        if(result >0) {
          addLine(“Inserted item “+summary, out);
          addLine(“Details available 
            <A HREF=/ AuctionServlet?action=details&item=”+result+”>here</A>”,  
             out);
        } else {
          addLine(“Error inserting item”, out);
          return;
        }
        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet Insert Item error”, out);
      System.out.println(“AuctionServlet <insert>:”+e);
    }
    out.flush();
  }
  private void itemDetails(ServletOutputStream out, HttpServletRequest request)
                           throws IOException{
    // Return an HTML page with details about the auction identified by 
    // the posted parameter item 
    setTitle(out, “Item Details”);
    String item=request.getParameter(“item”);
    int itemid=0;
    try {
      itemid=Integer.parseInt(item);
    } catch (NumberFormatException e) {
      System.out.println(“problem with item id “+itemid);
      return;
    }
    try {
      AuctionItemHome home = (AuctionItemHome) ctx.lookup(“auctionitems”);
      AuctionItemPK pk=new AuctionItemPK();
      pk.id=itemid;
      AuctionItem ai=home.findByPrimaryKey(pk);
      displayPageItem(ai, out);
      addLine(“<BR><HR><P>Do you want to bid on this item?”, out);
      addLine(“<FORM ACTION=\”/AuctionServlet\” METHOD=\”POST\”>”, out);
      addLine(“<TR>Enter your user id:<INPUT TYPE=\”TEXT\” 
              SIZE=20 NAME=\”buyer\”> “, out);
        addLine(“and password:<INPUT TYPE=\”PASSWORD\” SIZE=20 NAME=\”password\”>
              </TR>”, out);
      addLine(“<TR>Your bid amount:<INPUT TYPE=\”TEXT\” 
              SIZE=20 NAME=\”amount\”></TR>”, out);
      addLine(“<INPUT TYPE=\”HIDDEN\” NAME=\”action\” VALUE=\”bid\”>”, out);
      addLine(“<INPUT TYPE=\”HIDDEN\” NAME=\”item\” VALUE=\””+itemid+”\”>”,
              out);
        addLine(“<INPUT TYPE=\”SUBMIT\” VALUE=\”Place Bid\” NAME=\”Bid\”></FORM>”,
              out);
    } catch (Exception e) {
      addLine(“AuctionServlet List Item error”, out);
      System.out.println(“AuctionServlet <details>:”+e);
    }
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    out.flush();
  }
  private void itemBid(ServletOutputStream out, HttpServletRequest request)
                      throws IOException{
    // Place a bid on the item specified in the item posted parameter
    setTitle(out, “Item Bid”);
    String item=request.getParameter(“item”);
    String buyer=request.getParameter(“buyer”);
    String password=request.getParameter(“password”);
    String bid=request.getParameter(“amount”);
    int itemid=0;
    double bidamount=0;
    try {
      itemid=Integer.parseInt(item);
    } catch (NumberFormatException e) {
      System.out.println(“problem with item id “ +itemid);
      return;
    }
    try {
      bidamount=Double.valueOf(bid).doubleValue();
    } catch (NumberFormatException e) {
      System.out.println(“problem with bid” +bid);
      return;
    }
    try {
      BidderHome bhome = (BidderHome) ctx.lookup(“bidder”);
      Bidder bidbean=bhome.create();
      int result=bidbean.placeBid(itemid, buyer, password, bidamount);
      switch(result) {
        case Auction.OUT_BID:
          addLine(“Your bid was not high enough”, out);
          break;
        case Auction.HIGH_BID:
          addLine(“You are the high bidder”, out);
          break;
        case Auction.AUCTION_OVER:
          addLine(“This auction has finished”, out);
          break;
        case Auction.INVALID_USER:
          addLine(“Invalid user or password”, out);
          break;
        default:  
          addLine(“Problem submitting bid”, out);
       }
     } catch (Exception e) {
       addLine(“AuctionServlet Bid error”, out);
       System.out.println(“AuctionServlet <bid>:”+e);
     }
     out.flush();
  }
   private void registerUser(ServletOutputStream out, HttpServletRequest request)
                           throws IOException{
    // Register a new user
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    setTitle(out, “Register User”);
    String user=request.getParameter(“user”);
    String password=request.getParameter(“password”);
    String creditcard=request.getParameter(“creditcard”);
    String emailaddress=request.getParameter(“emailaddress”);
    try {
      RegistrationHome home = (RegistrationHome) ctx.lookup(“registration”);
      Registration reguser= 
                home.create(user, password, emailaddress, creditcard);
      if(reguser != null) {
         addLine(“Created user: “+reguser.getUser(), out);
         addLine(““, out);
      } else {
         addLine(“Error creating user id, possibly already exists “, out);
      }
    } catch(Exception e) {
      addLine(“AuctionServlet registration error”, out);
      System.out.println(“AuctionServlet <register>:”+e);
    }
    out.flush();
  }
  static private void displayitems(Enumeration e,  ServletOutputStream out)
                      throws Exception{
    // Step through an enumerated list of auction items and 
    // display each summarized line  
    addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0>
            <TR><TH>Item</TH><TH>Summary</TH>
            <TH>Current High bid</TH><TH>Number of bids</TH>
            <TH>Closing Date</TH></TR>”, out);
    while((e !=null) && (e.hasMoreElements())) {
      while(e.hasMoreElements()) {
        displayLineItem((AuctionItem) e.nextElement(), out);
      }
    }
    addLine(“</TABLE>”, out);
  }
  static private void displayLineItem(AuctionItem auctionItem,
                      ServletOutputStream out)
                      throws RemoteException, IOException {
    // Return an HTML page with a summarized list of auction items
    StringBuffer line= new StringBuffer();
    int bidcount=auctionItem.getBidCount();
    int key=(int)auctionItem.getId();
    line.append(“<TR><TD>
            <A HREF=/AuctionServlet?action=details&item=”+key+”>”+key+”</A></TD>”);
    line.append(“<TD>”+auctionItem.getSummary() +”</TD>”);
    if(bidcount >0) {
      line.append(“<TD>”+
      NumberFormat.getCurrencyInstance().format(auctionItem.getHighBid())
           + ”</TD>”);
    } else {
      line.append(“<TD>-</TD>”);
    }
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    line.append(“<TD>”+bidcount+”</TD>”);
    line.append(“<TD>”+auctionItem.getEndDate() +”</TD></TR>”);
    addLine(line.toString(), out);
  }
  static private void displayPageItem(AuctionItem auctionItem,
                      ServletOutputStream out)
                      throws RemoteException, IOException {
    // Return an HTML page with one auction item on it
    int bidcount=auctionItem.getBidCount();
    addLine(auctionItem.getSummary(), out);
    addLine(“Auction Item Number: “+ auctionItem.getPrimaryKey(), out);
    if(bidcount >0) {
        addLine(“<P>Current price: “+NumberFormat.getCurrencyInstance().format(
              auctionItem.getHighBid()), out);
         addLine(“Minimum increment: “+NumberFormat.getCurrencyInstance().format(
              auctionItem.getIncrement()), out);
    } else {
      addLine(“<P>Current price: “+NumberFormat.getCurrencyInstance().format(
              auctionItem.getStartPrice()), out);
    }
    addLine(“# of bids: “+bidcount, out);
    addLine(“<P>Auction Started: “+auctionItem.getStartDate(), out);
    addLine(“Auction Ends: “+auctionItem.getEndDate(), out);
    addLine(“<P>Seller: “+auctionItem.getSeller(), out);
    if(bidcount >0) {
      addLine(“High Bidder: “+auctionItem.getHighBidder(), out);
    } else {
      addLine(“High Bidder: “+”-”, out);
    }
    addLine(“<HR><P>”, out);
    addLine(“Description: “+auctionItem.getDescription(), out);
  }
  private String readFile (String file) throws IOException {
    // Convenience method to read a file into memory
    if(file != null) {
      StringBuffer buffer = new StringBuffer();
      BufferedReader reader = new BufferedReader (new FileReader (file));
      String line;
      while( (line=reader.readLine()) != null ) {
        buffer.append (line+’\n’);
      }
      reader.close();
      return buffer.toString();
    } else {
      return null;
    }
  }
  private void setTitle(ServletOutputStream out, String title) {
    // Set the title on the html page
    try { 
      out.println(“<HTML><HEAD><TITLE>”+title+”</TITLE></HEAD>”);
      out.println(“<BODY BGCOLOR=\”WHITE\”>”);
    } catch(IOException e) {
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      System.out.println(“Unable to set title”+e);
    }
  }
  private void setFooter(ServletOutputStream out) {
    // Finish the html page with a navigation bar to choose
    // other auction commands 
    try {
      out.println(“<HR><CENTER> <A HREF=\”registration.html\”>Register</A>”);
      out.println(“<STRONG>|</STRONG>”);
        out.println(“<A HREF=\”/AuctionServlet?action=newlist\”>New Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
        out.println(“<A HREF=\”/AuctionServlet?action=close\”>Closing Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
      out.println(“<A HREF=\”/AuctionServlet?action=list\”>All Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
      out.println(“<A HREF=\”sell.html\”>Sell Items</A>”);
      out.println(“</CENTER>”);
    } catch (IOException e) {
      System.out.println(“Unable to set footer”+e);
    }
  }
}
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3: Data and Transaction 
Management

When you use the Enterprise JavaBeans� architecture, data is written to and read from the 
database without your writing any SQL code to do it. But what if you want to write your own 
SQL commands or manage transactions? You can override the built-in container-managed 
persistence and implement Bean-managed persistence using your own data storage and 
transaction management code. 

Bean-managed persistence comes in handy when you want more control than the container-
managed persistence provides. For example you might want to override the default of most 
containers to map the data in one Bean to one row in a table, implement your own finder
methods, or customize caching. 

This chapter converts the RegistrationBean class from 2: Auction House Application (page 
13) to provides its own SQL commands for reading from and writing to the database. It also 
explains how you can write your own transaction management code and implement a more 
complex search than you can get with the finder-based search described in 2: Auction House 
Application (page 13). 

Covered in this Chapter
• Bean-Managed Persistence & the JDBC Platform (page 55)

• Managing Transactions (page 59) 

• Bean-Managed finder Methods (page 68)

• Code for this Chapter (page 72)

Bean-Managed Persistence & the JDBC Platform
There might be times when you want to override container-managed persistence and imple-
ment entity or session Bean methods to use the SQL commands you provide. This type of 
Bean-managed persistence can be useful if you need to improve performance or map data in 
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multiple Beans to one row in a database table. This section shows you how to convert the 
RegistrationBean.java class to access the database with the JDBC PreparedStatement
class. 

Connect to Database
This version of the RegistrationBean (SQL) (page 72) class establishes a connection to the 
database by instantiating a static Driver class and providing the getConnection method. The 
getConnection method queries the static DriverManager class for a registered database 
driver that matches the Uniform Resource Locator (URL). In this case, the URL is 
weblogic.jdbc.jts.Driver. 

//Create static instance of database driver 
static { 
  new weblogic.jdbc.jts.Driver(); 
} 
 
//Get registered driver from static instance
public Connection getConnection() throws SQLException{ 
  return DriverManager.getConnection( "jdbc:weblogic:jts:ejbPool"); 
}

Create Method
The ejbCreate method assigns values to data member variables, gets a connection to the 
database, and creates an instance of the java.sql.PreparedStatement class to execute the SQL 
statement for writing the data to the registration table in the database. 

A PreparedStatement object is created from a SQL statement which is sent to the database 
and precompiled before any data is sent. You call the appropriate setXXX statements on the 
PreparedStatement object to send the data. Keeping the PreparedStatement and Connection
objects as private instance variables greatly reduces overhead because the SQL statement 
does not have to be compiled every time data is sent. 

The last thing the ejbCreate method does is create a primary key class with the user ID, and 
return it to the container. 

public RegistrationPK ejbCreate(String theuser, String password,  
                                String emailaddress, String creditcard)  
                                throws CreateException, RemoteException { 
  this.theuser=theuser; 
  this.password=password; 
  this.emailaddress=emailaddress; 
  this.creditcard=creditcard; 
  this.balance=0; 
  try { 
    con=getConnection();
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//API Ref :PrepareStatement prepareStatement(String sql)
    ps=con.prepareStatement("insert into registration (theuser, password,  
                            emailaddress, creditcard, balance)  
    values (  ?, ?, ?, ?, ?)"); 
    ps.setString(1, theuser); 
    ps.setString(2, password); 
    ps.setString(3, emailaddress); 
    ps.setString(4, creditcard); 
    ps.setDouble(5, balance); 
    if (ps.executeUpdate() != 1) { 
      throw new CreateException ("JDBC did not create a row"); 
    } 
    RegistrationPK primaryKey = new RegistrationPK(); 
    primaryKey.theuser = theuser; 
    return primaryKey; 
    } catch (CreateException ce) { 
      throw ce; 
    } catch (SQLException sqe) { 
      throw new CreateException (sqe.getMessage()); 
    } finally { 
      try { 
         ps.close(); 
      } catch (Exception ignore) {} 
      try { 
         con.close(); 
      } catch (Exception ignore) {} 
    } 
}

Load Method
The ejbLoad method gets the primary key from the entity context and passes it to the refresh
method which loads the data. 

  public void ejbLoad() throws RemoteException { 
    try { 
      refresh((RegistrationPK) ctx.getPrimaryKey()); 
    } catch (FinderException fe) { 
      throw new RemoteException (fe.getMessage()); 
    } 
  }

Refresh Method
The refresh method is programmer-supplied code to load the data from the database. It 
checks the primary key value, gets a connection to the database, and creates a PreparedState-
ment object for querying the database for the user specified in the primary key. Data is read 
from the database into a ResultSet and assigned to the global member variables so the Regis-
trationBean has the most up-to-date information for the user. 
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private void refresh(RegistrationPK pk)throws FinderException, RemoteException { 
  if (pk == null) { 
    throw new RemoteException ("primary key cannot be null"); 
  } 
  Connection con = null; 
  PreparedStatement ps = null; 
  try { 
     con=getConnection(); 
     ps=con.prepareStatement("select password, emailaddress, creditcard,  
                            balance from registration where theuser = ?"); 
     ps.setString(1, pk.theuser); 
     ps.executeQuery();

//API Ref :ResultSet getResultSet()
     ResultSet rs = ps.getResultSet(); 
     if (rs.next()) { 
       theuser = pk.theuser;

//API Ref :String getString(String columnName)
       password = rs.getString(1); 
       emailaddress = rs.getString(2); 
       creditcard = rs.getString(3); 
       balance = rs.getDouble(4); 
     } else { 
        throw new FinderException  
                    ("Refresh: Registration ("+ pk.theuser + ") not found"); 
     } 
  } catch (SQLException sqe) { 
     throw new RemoteException (sqe.getMessage()); 
  } 
  finally { 
     try { 
        ps.close(); 
     } catch (Exception ignore) {} 
     try { 
        con.close(); 
     } catch (Exception ignore) {} 
  } 
}

Store Method
This method gets a database connection and creates a PreparedStatement to update the data-
base. 

public void ejbStore() throws RemoteException { 
  Connection con = null; 
  PreparedStatement ps = null; 
  try { 
     con = getConnection();

//API Ref :PrepareStatement prepareStatement(String sql)
     ps = con.prepareStatement("update registration set password = ?,  
                   emailaddress = ?, creditcard = ?, balance = ? where theuser = ?");

//API Ref :void setString(int index, String s)
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     ps.setString(1, password); 
     ps.setString(2, emailaddress); 
     ps.setString(3, creditcard);

//API Ref :void setDouble(int index, double doublevalue)
     ps.setDouble(4, balance); 
     ps.setString(5, theuser);

//API Ref :int executeUpdate()
     int i = ps.executeUpdate(); 
     if (i == 0) { 
       throw new RemoteException ( 
                       "ejbStore: Registration (" + theuser + ") not updated"); 
     } 
  } catch (RemoteException re) { 
       throw re; 
  } catch (SQLException sqe) { 
       throw new RemoteException (sqe.getMessage()); 
  } finally { 
    try { 
       ps.close(); 
    } catch (Exception ignore) {} 
     try { 
        con.close(); 
     } catch (Exception ignore) {} 
  } 
}

Find Method
The ejbFindByPrimaryKey method matches the signature of the findByPrimaryKey method 
in the RegistrationHome (page 37) interface. It calls the refresh method to get or refresh the 
user data for the user specified by the primary key. The container-managed version of Regis-
trationBean (page 38) does not implement this method because the container handles getting 
and refreshing the user data. 

public RegistrationPK ejbFindByPrimaryKey(RegistrationPK pk)  
                      throws FinderException, RemoteException { 
  if ((pk == null) || (pk.theuser == null)) { 
     throw new FinderException ("primary key cannot be null"); 
  } 
  refresh(pk); 
  return pk; 
}

Managing Transactions
Wouldn't it be great if every operation your application attempts succeeds? Unfortunately, in 
the multithreaded world of distributed applications and shared resources, this is not always 
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possible. Why? First of all, shared resources must maintain a consistent view of the data to 
all users. This means reads and writes have to be managed so users do not overwrite each 
other's changes, or transaction errors do not corrupt data integrity. Also, if you factor in 
intermittent network delays or dropped connections, the potential for operations to fail in a 
web-based application increases as the number of users increases. 

If operation failures are unavoidable, the next best thing is to recover safely, and that is 
where transaction management fits in. Modern databases and transaction managers let you 
undo and restore the state of a failed sequence of operations to ensure the data is consistent 
for access by multiple threads. 

This section adds code to the container-managed SellerBean (page 43) so it can manage its 
auction item insertion transaction beyond the default transaction management provided by 
its container. 

Why Manage Transactions?
When you access databases using the JDBC API, all operations are run with an explicit auto 
commit by default. This means any other application viewing this data will see the updated 
data after each JDBC call. For simple applications this may be acceptable, but consider the 
auction application and the sequences that occur when SellerBean inserts an auction item. 
The user's account is first charged for listing the item, and the item is then added to the list of 
items up for auction. These operations require RegistrationBean to debit the account and 
AuctionItemBean to add the item to the auction list. 

In auto commit mode, if the auction item insertion fails, only the listing is backed out, and 
you have to manually adjust the user's account to refund the listing charge. In the meantime, 
another thread might try to deduct from the same user's account, find no credit left, and abort 
when perhaps a few milliseconds later it would have completed. There are two ways to 
ensure the debit is backed out if the auction item insertion fails: 

• Add session synchronization code to a container-managed session Bean to gain control 
over transaction commits and roll backs. 

• Configure JDBC services to transaction commit mode and add code to start, stop, com-
mit, and rollback the transaction. This is a Bean-managed transaction and can be used 
with an entity or session Bean.

Session Synchronization
A container-managed session Bean can optionally include session synchronization code to 
manage the default auto commit provided by the container. Session synchronization code 
lets the container notify the Bean when important points in the transaction are reached. Upon 
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receiving the notification, the Bean can take any needed actions before the transaction pro-
ceeds to the next point. 

Note: A session Bean using Bean-managed transactions does not need session synchronization 
because the Bean is in full control of the commit. 

Container-Managed Example
SellerBean is a session Bean that uses RegistrationBean and AuctionItemBean in the follow-
ing ways:

• RegistrationBean checks the user ID and password when someone posts an auction 
item and debit the seller's account for a listing.

• AuctionItemBean adds new auction items to the database. 

The transaction begins in the SellerBean.insertItem method with the account debit and ends 
when the entire transaction either commits or rolls back. The entire transaction including the 
50 cents debit rolls back if the auction item is null (the insertion failed), or if an exception is 
caught. If the auction item is not null and the insertion succeeds, the entire transaction 
including the 50 cents debit commits. 

Session Synchronization Code
To use session synchronization, a session Bean implements the SessionSynchronzation
interface and its three methods, afterBegin, beforeCompletion, and afterCompletion. This 
example adapts the SellerBean (Session Synchronization) (page 75) code to use session syn-
chronization. 

public class SellerBean implements SessionBean, SessionSynchronization { 
  private transient SessionContext ctx; 
  private transient Properties p = new Properties(); 
  private transient boolean success = true; 
 
  public void afterBegin() {} 
  public void beforeCompletion() { 
    if (!success ) { 
      ctx.setRollbackOnly(); 
    } 
  } 
  public void afterCompletion(boolean state) {}

afterBegin
The container calls the afterBegin method before the debit to notify the session Bean a new 
transaction is about to begin. You can implement this method to do any preliminary database 
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work that might be needed for the transaction. In this example, no preliminary database work 
is needed so this method has no implementation. 

beforeCompletion
The container calls the beforeCompletion method when it is ready to write the auction item 
and debit to the database, but before it actually does (commits). You can implement this 
method to write out any cached database updates or roll back the transaction. In this exam-
ple, the method calls the setRollbackOnly method on its session context in the event the suc-
cess variable is set to false during the transaction. 

afterCompletion
The container calls the afterCompletion method when the transaction commits. A boolean
value of true means the data committed and false means the transaction rolled back. The 
method uses the boolean value to determine if it needs to reset the Bean's state in the case of 
a rollback. In this example, there is no need to reset the state in the event of a failure. The 
insertItem method shown here has comments to indicate where SessionSynchronization
methods are called. 

public int insertItem(String seller, String password, String description,  
    int auctiondays, double startprice, String summary) throws RemoteException { 
  try { 
    Context jndiCtx = new InitialContext(p); 
    RegistrationHome rhome = (RegistrationHome) sCtx.lookup("registration"); 
    RegistrationPK rpk=new RegistrationPK(); 
    rpk.theuser=seller; 
    Registration newseller=rhome.findByPrimaryKey(rpk); 
    if((newseller == null) || (!newseller.verifyPassword(password))) { 
      return(Auction.INVALID_USER); 
    } 
//Call to afterBegin 
    newseller.adjustAccount(-0.50); 
    AuctionItemHome home = (AuctionItemHome) jndiCtx.lookup("auctionitems"); 
    AuctionItem ai= home.create(seller, description, auctiondays,  
                                startprice, summary); 
    if(ai == null) { 
      success=false; 
      return Auction.INVALID_ITEM; 
    } else { 
      return(ai.getId()); 
    } 
  } catch(Exception e){ 
      System.out.println("insert problem="+e); 
      success=false; 
      return Auction.INVALID_ITEM; 
    } 



3: DATA AND TRANSACTION MANAGEMENT 63

//Call to beforeCompletion 
//Call to afterCompletion 
 
 }

Transaction Commit Mode
If you configure the JDBC services to transaction commit mode, you can have the Bean 
manage the transaction. To set the JDBC services to commit, call con.setAutoCommit(false)
on your JDBC connection. Not all JDBC drivers support commit mode, but to have the Bean 
control and manage transactions, you need a JDBC driver that does. 

Transaction commit mode lets you add code that creates a safety net around a sequence of 
dependent operations. The Java� Transaction API (JTA) provides the hooks you need to cre-
ate that safety net. But, if you are using the Enterprise JavaBeans architecture, you can do it 
with a lot less code. You only have to configure the Enterprise JavaBeans server, and specify 
where the transaction starts, stops, rolls back, and commits in your code. 

Server Configuration
Configuring the Enterprise JavaBeans server involves specifying the following settings in a 
configuration file for each Bean: 

• An isolation level to specify how exclusive a transaction's access to shared data is.

• A transaction attribute to specify how to handle Bean-managed or container-managed 
transactions that continue in another Bean. 

• A transaction type to specify whether the transaction is managed by the container or 
the Bean.

For example, you would specify these settings for the BEA Weblogic server in a Deploy-
mentDescriptor.txt file for each Bean. Here is the part of the DeploymentDescriptor.txt for 
SellerBean that specifies the isolation level and transaction attribute. A description of the 
settings follows. 

(controlDescriptors 
  (DEFAULT 
     isolationLevel            TRANSACTION_SERIALIZABLE 
     transactionAttribute      REQUIRED 
     runAsMode                 CLIENT_IDENTITY 
     runAsIdentity             guest 
  ); end DEFAULT
); end controlDescriptors

Here is the equivalent Enterprise JavaBeans 1.1 extended markup language (XML) descrip-
tion that specifies the transaction type. In this example SellerBean is container managed. 
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<container-transaction>  
    <method>  
        <ejb-name>SellerBean</ejb-name>  
        <method-name>*</method-name>  
    </method>  
    <transaction-type>Container</transaction-type> 
    <trans-attribute>Required</trans-attribute>  
</container-transaction>

In this example, SellerBean is Bean managed. 

<container-transaction>  
    <method>  
        <ejb-name>SellerBean</ejb-name>  
        <method-name>*</method-name>  
    </method>  
    <transaction-type>Bean</transaction-type> 
    <trans-attribute>Required</trans-attribute>  
</container-transaction>

Transaction Attribute Descriptions
An Enterprise Bean uses a transaction attribute to specify whether a Bean's transactions are 
managed by the Bean itself or by the container, and how to handle transactions that started in 
another Bean. 

The Enterprise JavaBeans server can control only one transaction at a time. This model fol-
lows the example set by the OMG Object Transaction Service (OTS), and means the current 
Enterprise JavaBeans specification does not provide a way to nest transactions. A nested 
transaction is a new transaction that starts from within an existing transaction. While trans-
action nesting is not allowed, continuing an existing transaction in another Bean is okay. 

When a Bean is entered, the server creates a transaction context to manage the transaction. 
When the transaction is managed by the Bean, you access the context to begin, commit, and 
rollback the transaction as needed. 

These are the transaction attributes with a brief description for each one. The attribute names 
changed between the 1.0 and 1.1 versions of the Enterprise JavaBeans specification.
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Isolation Level Descriptions
An enterprise Bean uses an isolation level to negotiate its own interaction with shared data, 
and the interaction of other threads with the same shared data. As the name implies, there are 
various levels of isolation with TRANSACTION_SERIALIZABLE providing the highest 
level of data integrity. 

Note: Be sure to verify that your database can handle the level you choose. In the Enterprise 
JavaBeans 1.1 specification, only Bean-managed persistence session Beans can set the isolation 
level. If the database cannot handle the isolation level, the Enterprise JavaBeans server will get 
a failure when it tries to call the setTransactionIsolation JDBC method. 

TRANSACTION_SERIALIZABLE. This level provides maximum data integrity. The Bean 
gets what amounts to exclusive access to the data. No other transaction can read or write this 
data until the serializable transaction completes.

Serializable in this context means to process the data as a serial operation, and should not be 
confused with serializing objects to preserve and restore their states. Running transactions as 
a single serial operation is the slowest setting. If performance is an issue, use another isola-
tion level that meets your application requirements, but provides better performance. 

TRANSACTION_REPEATABLE_READ. At this level, data read by a transaction can be read 
but not modified, by another transaction. The data is guaranteed to have the same value it 
had when first read, unless the previous transaction changes it and writes the changed value 
back. 

TRANSACTION_READ_COMMITTED. At this level, data read by a transaction cannot be 
read by other transactions until the previous transaction either commits or rolls back. How-
ever, if another transaction alters the data after this transaction starts, a second read would 
retrieve the modified data. To prevent this type of  inconsistent data, use 
TRANSACTION_REPEATABLE_READ.

TRANSACTION_READ_UNCOMMITTED. At this level, data involved in a transaction can 
be read by other threads before the previous transaction either completes or rolls back. The 
other transactions cannot tell if the data was finally committed or rolled back. 

Bean-Managed Example
SellerBean is a session Bean that uses RegistrationBean and AuctionItemBean in the follow-
ing ways:
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• RegistrationBean checks the user ID and password when someone posts an auction 
item and debit the seller's account for a listing.

• AuctionItemBean adds new auction items to the database. 

The transaction begins in the SellerBean.insertItem method with the account debit and ends 
when the entire transaction either commits or rolls back. The entire transaction including the 
50-cent debit rolls back if the auction item is null (the insertion failed), or if an exception is 
caught. If the auction item is not null and the insertion succeeds, the entire transaction 
including the 50 cents debit commits. 

For this example, the isolation level is TRANSACTION_SERIALIZABLE, and the transac-
tion attribute is TX_BEAN_MANAGED. The other Beans in the transaction, Registration-
Bean and AuctionItemBean, have an isolation level of TRANSACTION_SERIALIZABLE
and a transaction attribute of REQUIRED. Changes to this version of SellerBean.insertItem
over the container-managed version are flagged with comments. 

public int insertItem(String seller, String password, String description,  
                      int auctiondays, double startprice, String summary)  
                      throws RemoteException { 
//Declare transaction context variable using the 
//javax.transaction.UserTransaction class 
  UserTransaction uts= null; 
  try { 
    Context ectx = new InitialContext(p); 
//Get the transaction context 
    uts=(UserTransaction)ctx.getUserTransaction(); 
    RegistrationHome rhome = (RegistrationHome)ectx.lookup("registration"); 
    RegistrationPK rpk=new RegistrationPK(); 
    rpk.theuser=seller; 
    Registration newseller=rhome.findByPrimaryKey(rpk); 
    if((newseller == null)|| (!newseller.verifyPassword(password))) { 
        return(Auction.INVALID_USER); 
    } 
//Start the transaction

//API Ref :void begin()
    uts.begin();  
//Deduct 50 cents from seller's account 
    newseller.adjustAccount(-0.50); 
    AuctionItemHome home = (AuctionItemHome) ectx.lookup("auctionitems"); 
    AuctionItem ai= home.create(seller, description, auctiondays,  
                                startprice, summary); 
    if(ai == null) { 
//Roll transaction back

//API Ref :void rollback()
        uts.rollback(); 
        return Auction.INVALID_ITEM; 
    } else { 
//Commit transaction 

//API Ref :void commit()
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        uts.commit(); 
        return(ai.getId()); 
    } 
    } catch(Exception e){ 
      System.out.println("insert problem="+e); 
//Roll transaction back if insert fails  
        uts.rollback(); 
        return Auction.INVALID_ITEM; 
    } 
}

Bean-Managed finder Methods
The container-managed search described in 2: Auction House Application (page 13) is based 
on a finder method mechanism where the deployment descriptor, rather than the Bean, spec-
ifies the finder method behavior. While the finder mechanism works well for simple queries 
and searches, it cannot handle complex operations that span more than one Bean type or 
database table. Also, the Enterprise JavaBeans 1.1 specification currently provides no speci-
fication for putting finder rules in the deployment descriptor. 

So, for more complex queries and searches, you have to write Bean-managed queries and 
searches. This section explains how to write a Bean-managed version of the auction house 
search facility from 2: Auction House Application (page 13). The Bean-managed search 
involves changes to the AuctionServlet.searchItems method and a new session Bean, Search-
Bean. 

AuctionServlet.searchItems
The search begins when the end user submits a search string to the search facility on the auc-
tion house home page and clicks the Submit button. This invokes AuctionServlet, which 
retrieves the search string from the HTTP header and passes it to the searchItem method. 

Note: The search logic for this example is fairly simple. The idea here is to show you how to 
move the search logic into a separate Enterprise Bean so you can create a more complex search 
on your own. 

Figure 15 shows how the searchItem operation is in the following two parts: 1) Using the 
search string to retrieve primary keys, and 2) Using primary keys to retrieve auction items. 
Parts 1 and 2 are described in more detail below the figure.
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SearchBean
The SearchBean (page 70) class defines a Bean-managed search for the primary keys of auc-
tion items with summary fields that contain characters matching the search string. This Bean
establishes a database connection, and provides the getMatchingItemsList and EJBCreate
methods. A custom search Bean is written because the default finder rules supplied by the 
EJB server do not allow a wild card SQL search string. This technique can also be used for 
more complex queries or queries that could be better optimized by the developer than those 
search queries generated by the EJB server.

Database Connection
Because this Bean manages its own database access and search, it has to establish its own 
database connection. It cannot rely on the container to do this. The database connection is 
established by instantiating a static Driver class and providing the getConnection method. 
The getConnection method queries the static DriverManager class for a registered database 
driver that matches the Uniform Resource Locator (URL). In this case, the URL is 
weblogic.jdbc.jts.Driver. 

//Establish database connection 
  static { 
    new weblogic.jdbc.jts.Driver(); 
  } 
  public Connection getConnection() throws SQLException { 
    return DriverManager.getConnection("jdbc:weblogic:jts:ejbPool"); 
  }

Get Matching Items List
The getMatchingItemsList method looks up AuctionItemBean and creates a PreparedState-
ment object for querying the database for summary fields that contain the search string. Data 
is read from the database into a ResultSet, stored in a Vector, and returned to AuctionServlet. 

public Enumeration getMatchingItemsList(String searchString)  
                   throws RemoteException { 
  ResultSet rs = null; 
  PreparedStatement ps = null; 
  Vector v = new Vector(); 
  Connection con = null; 
  try { 
//Get database connection 
    con=getConnection();

//API Ref :PreparedStatement prepareStatement(String sql)
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    ps=con.prepareStatement("select id from auctionitems where summary like ?"); 
    ps.setString(1, "%"+searchString+"%"); 
//Execute database query 
    ps.executeQuery(); 
//Get results set 
    rs = ps.getResultSet(); 
//Get information from results set 
    AuctionItemPK pk; 
    while (rs.next()) { 
      pk = new AuctionItemPK(); 
      pk.id = (int)rs.getInt(1); 
//Store retrieved data in vector 
      v.addElement(pk); 
    } 
    rs.close(); 
    return v.elements(); 
  } catch (Exception e) { 
    System.out.println("getMatchingItemsList: "+e); 
    return null; 
   } finally { 
     try { 
     if (rs != null) { 
        rs.close(); 
     } 
     if (ps != null) { 
        ps.close(); 
     } 
     if (con != null) { 
        con.close(); 
      } 
      } catch (Exception ignore) {} 
    } 
  }

Create Method
The ejbCreate method creates an javax.naming.InitialContext object. This is a Java Naming 
and Directory� (JNDI) class that lets SearchBean access the database without relying on the 
container. 

public void ejbCreate() throws CreateException,  
  RemoteException { 
  Properties p = new Properties(); 
  p.put(Context.INITIAL_CONTEXT_FACTORY,  
               "weblogic.jndi.TengahInitialContextFactory"); 
  try { 
    ctx = new InitialContext(p); 
  } catch(Exception e) { 
    System.out.println("create exception: "+e); 
  } 
}
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Code for this Chapter
• RegistrationBean (SQL) (page 72)

• SellerBean (Session Synchronization) (page 75)

• searchItems Method (page 77)

• SearchBean (page 77)

RegistrationBean (SQL)
package registration;

import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;
import java.sql.*;

// Bean-managed persistence using JDBC
public class RegistrationBean implements EntityBean {
  private transient EntityContext ctx;
  private PreparedStatement ps=null;
  private Connection con=null;
  public String theuser, password, creditcard, emailaddress;
  public double balance;
  static {
    new weblogic.jdbc.jts.Driver(); 
  }
  public Connection getConnection() throws SQLException {
    return DriverManager.getConnection(“jdbc:weblogic:jts:ejbPool”);
  }
  public boolean verifyPassword(String password) throws RemoteException { 
    if(this.password.equals(password)) {
      return true;
    } else {
      return false;
    }
  }
  public String getEmailAddress() throws RemoteException { 
    return emailaddress;
  }
  public String getUser() throws RemoteException { 
   return theuser;
  }
  public int adjustAccount(double amount) throws RemoteException { 
    balance=balance+amount;
    return(0);
  }
  public double getBalance() throws RemoteException {
    return balance;
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  }
  public RegistrationPK ejbCreate(String theuser, String password,  
                       String emailaddress, String creditcard) 
                       throws CreateException, RemoteException {
    this.theuser=theuser;
    this.password=password;
    this.emailaddress=emailaddress;
    this.creditcard=creditcard;
    this.balance=0;
    try {
      con=getConnection();
      // Create new registration entry into the database using JDBC
      ps=con.prepareStatement(“insert into registration (theuser, password, 
                             emailaddress, creditcard, balance) 
      values (?, ?, ?, ?, ?)”);
      ps.setString(1, theuser);
      ps.setString(2, password);
      ps.setString(3, emailaddress);
      ps.setString(4, creditcard);
      ps.setDouble(5, balance);
      if (ps.executeUpdate() != 1) {
          throw new CreateException (“JDBC did not create any row”);
      }
      RegistrationPK primaryKey = new RegistrationPK();
      primaryKey.theuser = theuser;
      return primaryKey;
    } catch (CreateException ce) {
      throw ce;
    } catch (SQLException sqe) {
      throw new CreateException (sqe.getMessage());
    } finally {
      try {
        ps.close();
      } catch (Exception ignore) {}
      try {
        con.close();
      } catch (Exception ignore) {}
    }
  }
  public void ejbPostCreate(String theuser, String password, String emailaddress, 
             String creditcard) throws CreateException, RemoteException {
  }
  public void setEntityContext(javax.ejb.EntityContext ctx)  
              throws RemoteException {
    this.ctx = ctx;
  }
  public void unsetEntityContext() throws RemoteException {   
    ctx = null;  
  } 
  public void ejbRemove() throws RemoteException, RemoveException { }
  public void ejbActivate() throws RemoteException { }
  public void ejbPassivate() throws RemoteException { }
  public void ejbLoad() throws RemoteException { 
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    try {
      refresh((RegistrationPK) ctx.getPrimaryKey());
    } catch (FinderException fe) {
      throw new RemoteException (fe.getMessage());
    }
  }
  public void ejbStore() throws RemoteException {  
    Connection con = null;
    PreparedStatement ps = null;
    try {
      con = getConnection();
      // Write the Bean contents to the database
      ps = con.prepareStatement(“update registration set password = ?, 
           emailaddress = ?, creditcard = ?, balance = ? where theuser = ?”);
      ps.setString(1, password);
      ps.setString(2, emailaddress);
      ps.setString(3, creditcard);
      ps.setDouble(4, balance);
      ps.setString(5, theuser);
      int i = ps.executeUpdate();
      if(i == 0) {
        throw new RemoteException(“ejbStore: Registration (“ + 
                                   theuser + “) not updated”);
      }
    } catch (RemoteException re) {
      throw re;
    } catch (SQLException sqe) {
      throw new RemoteException (sqe.getMessage());
    } finally {
      try {
        ps.close();
      } catch (Exception ignore) {}
      try {
        con.close();
      } catch (Exception ignore) {}
    }
  }
  public RegistrationPK ejbFindByPrimaryKey(RegistrationPK pk)
                        throws FinderException, RemoteException {
    // Find the Bean matching this primary key and read from database
    if((pk == null) || (pk.theuser == null)) {
      throw new FinderException (“primary key cannot be null”);
    }
    refresh(pk);
    return pk;
  }
  private void refresh(RegistrationPK pk)   
                      throws FinderException, RemoteException {
   // Read the Bean contents from the database
    if(pk == null) {
     throw new RemoteException (“primary key cannot be null”);
    }
    Connection con = null;
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    PreparedStatement ps = null;
    try {
      con=getConnection();
      ps=con.prepareStatement(“select password, emailaddress, creditcard, 
                             balance from registration where theuser = ?”);
      ps.setString(1, pk.theuser);
      ps.executeQuery();
      ResultSet rs = ps.getResultSet();
      if(rs.next()) {
        theuser = pk.theuser;
        password = rs.getString(1);
        emailaddress = rs.getString(2);
        creditcard = rs.getString(3);
        balance = rs.getDouble(4);
      } else {
        throw new FinderException (“Refresh: Registration (“
                                   + pk.theuser + “) not found”);
      }
    } catch (SQLException sqe) {
      throw new RemoteException (sqe.getMessage());
    } finally {
      try {
        ps.close();
      } catch (Exception ignore) {}
      try {
        con.close();
      } catch (Exception ignore) {}
    }
  }
}

SellerBean (Session Synchronization)
package seller;

import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;
import java.io.Serializable;
import javax.naming.*;
import javax.jts.*;
import auction.*;
import registration.*;

public class SellerBean implements SessionBean, SessionSynchronization {
  private transient SessionContext ctx;
  private transient Properties p = new Properties();
  private transient boolean success = true; 
  public void afterBegin() {}
  public void beforeCompletion() {
    // before the transaction is ready to commit
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    if(!success ) {
      ctx.setRollbackOnly();
    }
  }
  public void afterCompletion(boolean state) {}

  public int insertItem(String seller, String password, 
             String description, int auctiondays, 
            double startprice, String summary) 
            throws RemoteException { 
    // Insert auction item into the auction
    try {
      Context jndiCtx = new InitialContext(p);  
      RegistrationHome rhome = (RegistrationHome) 
      jndiCtx.lookup(“registration”);
      RegistrationPK rpk=new RegistrationPK();
      rpk.theuser=seller;
      Registration newseller=rhome.findByPrimaryKey(rpk);
      if((newseller == null) || 
                (!newseller.verifyPassword(password))) {
         return(Auction.INVALID_USER);
      }
      newseller.adjustAccount(-0.50);
      AuctionItemHome home = (AuctionItemHome) 
      jndiCtx.lookup(“auctionitems”);
      AuctionItem ai= home.create(seller, description, 
      auctiondays, startprice, summary);
      if(ai == null) {
        success=false;
        return Auction.INVALID_ITEM;
      } else {
           return(ai.getId()); 
      }
    } catch(Exception e){ 
      System.out.println(“insert problem=”+e);
      success=false;
      return Auction.INVALID_ITEM;
    }
  }
  public void ejbCreate() throws CreateException, RemoteException {
    p.put(Context.INITIAL_CONTEXT_FACTORY, 
                    “weblogic.jndi.TengahInitialContextFactory”);
  }
  public void setSessionContext(SessionContext ctx) throws RemoteException {
    this.ctx = ctx;
  }
  public void unsetSessionContext() throws RemoteException {   
    ctx = null;  
  } 
  public void ejbRemove() {}
    public void ejbActivate() throws RemoteException { }
  public void ejbPassivate() throws RemoteException { } 
}
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searchItems Method
private void searchItems(ServletOutputStream out, HttpServletRequest request)
                         throws IOException {
  String searchString=request.getParameter(“searchString”);
  String text = “Click Item number for description and to place bid.”;
  setTitle(out, “Search Results”);
  try {
    addLine(“<BR>”+text, out);
//Look up Home interfaces
    AuctionItemHome ahome = (
    AuctionItemHome) ctx.lookup(“auctionitems”); 
    SearchHome shome=(SearchHome) ctx.lookup(“search”);
//Create remote interface for search Bean
    Search search=shome.create();
//Call search method and pass the search string
    Enumeration enum=(Enumeration) search.getMatchingItemsList(searchString);
    addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0>
      <TR> <TH>Item<TH> <TH>Summary<TH><TH>Current High bid<TH>
      <TH>Number of bids<TH><TH>Closing Date<TH><TR>”, out);
//Iterate through search results
    while ((enum != null) && (enum.hasMoreElements())) {
      while(enum.hasMoreElements(in)) {
//Locate auction items
        AuctionItem ai=ahome.findByPrimaryKey((AuctionItemPK)enum.nextElement());
      displayLineItem(ai, out);
    }
  }
    addLine(“<TABLE>”, out);
  } catch (Exception e) {
    addLine(“AuctionServlet Search Items error”, out);
    System.out.println(“AuctionServlet <searchItems>:”+e);
  }
  out.flush();
}

SearchBean
package search;

import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;
import java.io.Serializable;
import javax.naming.*;
import auction.*;
import registration.*;
import java.sql.*;

public class SearchBean implements SessionBean {
    protected SessionContext sctx;
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    Properties p = new Properties();
    Context ctx;
    static {
      new weblogic.jdbc.jts.Driver();
    } 
  
  public Connection getConnection() throws SQLException {
    return DriverManager.getConnection(“jdbc:weblogic:jts:ejbPool”);
  }
  public Enumeration getMatchingItemsList(String searchString)  
                                       throws RemoteException {
    // Search for matching item by comparing searchString to
    // the database summary field and returning an enumerated
    // list of the primary key auction id values.

    ResultSet rs = null;
    PreparedStatement ps = null;
    Vector v = new Vector();
    Connection con = null;
    try {
      AuctionItemHome home = (AuctionItemHome) 
      ctx.lookup(“auctionitems”);
      con = getConnection();
      ps = con.prepareStatement(
           “select id from auctionitems where summary like ?”);
      ps.setString(1, “%”+searchString+”%”);
      ps.executeQuery();
      rs = ps.getResultSet();
      AuctionItemPK pk;
      while(rs.next()) {
        pk = new AuctionItemPK();
        pk.id = (int)rs.getInt(1);
        v.addElement(pk);
      }
      return v.elements();
    } catch (Exception e) {
      System.out.println(“getMatchingItemsList: “+e);
      return null;
    } finally {
      try {
        if(rs != null) {
          rs.close();
        }
        if(ps != null) {
          ps.close();
        }
        if(con != null) {
          con.close();
        }
      } catch (Exception ignore) {
          // An exception was thrown trying to 
         // close the used connections. The exception is ignored 
         // because there is no further need for the used connection.
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     }
    }
  }
  public void ejbCreate() throws CreateException, RemoteException {
    Properties p = new Properties();
    p.put(Context.INITIAL_CONTEXT_FACTORY,
                   “weblogic.jndi.TengahInitialContextFactory”);
    try {
      ctx = new InitialContext(p);
    } catch(Exception e) {
      System.out.println(“create exception: “+e);
    }
  }
  public void setSessionContext(SessionContext sctx) throws RemoteException {
    this.sctx = sctx;
  }
  public void unsetSessionContext() throws RemoteException {   
    sctx = null;  
  } 

//API Ref :void ejbRemove()
  public void ejbRemove() {}

//API Ref :void ejbActivate()
  public void ejbActivate() throws RemoteException { }

//API Ref :void ejbPassivate()
  public void ejbPassivate() throws RemoteException { }
}
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4: Distributed Computing

As recently as ten years ago, distributed computing generally meant you had client PCs in 
one room with a server in another room. The problem here is if the server machine is down, 
the clients cannot update the payroll, sales, or whatever other distributed company databases. 
To prevent this kind of down time, required different distributed models. One example is the 
master and slave model where if the master fails, the slaves take over. 

The problem with the different distributed network models is they all required some form of 
manual intervention and are often tied to one operating system or language. And while these 
approaches met some of the short-term requirements for decreasing down time, they do not 
apply to heterogeneous distributed systems with mixed network protocols and machines.

The Java� platform and other advances such as Common Object Request Broker Architec-
ture (CORBA), multi-tiered servers, and wireless networks have brought the realization of 
fully distributed computing another step ahead of the traditional client and server approach. 

Today, you can build applications that include service redundancy by default. If one server 
connection fails, you can seamlessly use a service on another server. CORBA and Distrib-
uted Component Object Model (DCOM) bridges mean that objects can be transferred 
between virtually all machines and languages. And with the new Jini� System software, the 
distributed computing environment can soon be part of everything in your home, office or 
school. In short, distributed computing has never been as important as it is today. 

The first part of this chapter shows you how to write lookup code using JNDI, CORBA, IOR, 
and RMI-IIOP. The second part describes how to use lookup code with RMI and CORBA, 
and concludes with a discussion of JDBC� and servlet technologies.

Covered in this Chapter
• Lookup Services (page 82)

• Remote Method Invocation (page 91) 

• Common Object Request Broker Architecture (CORBA) (page 107)

• JDBC Technology (page 129)

• Servlets (page 145)
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• Code for this Chapter (page 160)

Lookup Services
Lookup (naming) services enable communications over a network. A client program can use 
a lookup protocol to get information on remote programs or machines and use that informa-
tion to establish a communication. 

• One common lookup service you might already be familiar with is Directory Name 
Service (DNS). It maps Internet Protocol (IP) addresses to machine names. Programs 
use the DNS mapping to look up the IP address associated with a machine name and 
use the IP address to establish a communication.

• In the same way, the AuctionServlet (page 44) presented in 2: Auction House Appli-
cation (page 13) uses the naming service built into the Enterprise JavaBeans� archi-
tecture to look up and reference Enterprise Beans registered with the Enterprise 
JavaBeans server.

In addition to naming services, some lookup protocols provide directory services. Directory 
services such as Lightweight Directory Access Protocol (LDAP) and Sun's NIS+ provide 
other information and services beyond what is available with simple naming services. For 
example, NIS+ associates a workgroup attribute with a user account. This attribute can be 
used to restrict access to a machine so only the users in the specified workgroup have access. 

This chapter describes how the Java Naming and Directory Interface� (JNDI) is used in the 
auction application to look up Enterprise Beans. It also explains how to use some of the 
many other lookup services that have become available over time. The code to use these 
other services is not as simple as the lookup code in the auction application in 2: Auction 
House Application (page 13), but the advantages to these other services can outweigh the 
need for more complex code in some situations. 

Java Naming and Directory Interface (JNDI)
The JNDI API makes it easy to plug lookup services from various providers into a program 
written in the Java programming language. As long as the client and server both use the 
same lookup service, the client can easily look up information registered with the server and 
establish communication. 

The auction application session Beans use JNDI and a special JNDI naming factory from 
BEA Weblogic to look up entity Beans. JNDI services normally initialize the naming factory 
as a property on the command line or as an initialization value. First, the naming factory 
weblogic.jndi.TengahInitialContextFactory is put into a java.util.Property object, then the 
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Property object is passed as a parameter to the InitialContext constructor. Here is an example 
ejbCreate method. 

Context ctx; //JNDI context
public void ejbCreate() throws CreateException, RemoteException {
  Hashtable env = new Hashtable(); 
  env.put(Context.INITIAL_CONTEXT_FACTORY,  
                         "weblogic.jndi.TengahInitialContextFactory");
  try { 
    ctx = new InitialContext(env);
  } catch(Exception e) {
    System.out.println("create exception: "+e);
  } 
}

Once created, the JNDI context is used to look up Enterprise Bean home interfaces. In this 
example, a reference to the Enterprise Bean bound to the name registration is retrieved and 
used for further operations. 

RegistrationHome rhome = (RegistrationHome) ctx.lookup("registration");
RegistrationPK rpk=new RegistrationPK();
rpk.theuser=buyer;
Registration newbidder = rhome.findByPrimaryKey(rpk);

On the server side, the deployment descriptor for the RegistrationBean has its beanhome-
name value set to registration. Enterprise JavaBeans tools generate the rest of the naming 
code for the server. 

The server calls ctx.bind to bind the name registration to the JNDI context. The this param-
eter references the _stub class that represents the RegistrationBean. 

ctx.bind("registration", this);

JNDI is not the only way to look up remote objects. Lookup services are also available in the 
RMI, JINI, and CORBA platforms. You can use these platform-specific lookup services 
directly or from the JNDI API. 

JNDI allows the application to change the name service with little effort. For example, here 
are the code changes to have the BidderBean.ejbCreate method use the org.omb.CORBA
lookup services instead of the default BEA Weblogic lookup services. 

Hashtable env = new Hashtable();
env.put("java.naming.factory.initial", “com.sun.jndi.cosnaming.CNCtxFactory");
Context ic = new InitialContext(env);
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In this example, the auction application has adapted SellerBean to a CORBA naming service 
to look up the CORBA RegistrationBean. The following code is extracted from the Seller-
Bean class, which acts as the CORBA client, and the RegistrationServer CORBA server. 

CORBA RegistrationServer
The RegistrationServer (lookup) (page 161) code creates a NameComponent object that uses 
the auction and RegistrationBean strings as a full name indicating where to locate the Regis-
trationBean. 

NameComponent[] fullname = new NameComponent[2];
fullname[0] = new NameComponent("auction", "");
fullname[1] = new NameComponent( "RegistrationBean", "");

This next code binds the fullname as a new name context. The first elements in the full name 
(auction in this example) are placeholders for building the context naming tree. The last ele-
ment of the full name (RegistrationBean in this example) is the name submitted as the bind-
ing to the object.

public static void main(String args[]) { 
String[] orbargs = { "-ORBInitialPort 1050"};

//API Ref :status ORB init(String[] args, Properties props)
ORB orb = ORB.init(orbargs, null) 
RegistrationServer rs= new RegistrationServer(); 
try{

//API Ref :void connect(Object object)
  orb.connect(rs);
  org.omg.CORBA.Object nameServiceObj =  
                     orb.resolve_initial_references("NameService");
  NamingContext nctx = NamingContextHelper.narrow(nameServiceObj);

//API Ref :NameComponent(String nameid, String kind)
  NameComponent[] fullname = new NameComponent[2]; 
  fullname[0] = new NameComponent("auction", "");
  fullname[1] = new NameComponent("RegistrationBean", "");
  NameComponent[] tempComponent = new NameComponent[1];
  for (int i=0; i < fullname.length-1; i++ ) { 
    tempComponent[0]= fullname[i]; 
    try {

//API Ref :NamingContext bind_new_context(NameComponent[] nc)
      nctx=nctx.bind_new_context(tempComponent);
    } catch (org.omg.CosNaming.NamingContextPackage.AlreadyBound e){
      //If this part of the tree is already bound then ignore this exception
    }
  }
    tempComponent[0]=fullname[fullname.length-1];
  // finally bind the object to the full context path

//API Ref :static void rebind(String rminame, Remote obj)
    nctx.rebind(tempComponent, rs);



86 4: DISTRIBUTED COMPUTING

Once the RegistrationServer object is bound, it can be looked up with a JNDI lookup using a 
CosNaming service provider as described in Java Naming and Directory Interface (JNDI)
(page 82) or using the CORBA name lookup service. Either way, the CORBA name server 
must be started before any lookups can take place. In the Java 2 platform, the CORBA name 
server is started as follows to start the CORBA RegistrationServer on the default TCP port 
900: 

tnameserv

If you need to use a different port, you can start the server like this:

tnameserv -ORBInitialPort 1050

CORBA SellerBean
On the client side, the CORBA lookup uses the NameComponent object to construct the 
name. Start the object server like this: 

java registration.RegistrationServer

The difference in the client is the name is passed to the resolve method which returns the 
CORBA object. The following code from the SellerBean object illustrates this point. 

public static void main(String args[]) { 
  java.util.Properties props=System.getProperties();
  props.put("org.omg.CORBA.ORBInitialPort", "1050");
  System.setProperties(props);
  ORB orb = ORB.init(args, props);

//API Ref :  Object resolve_initial_references(String servicename)
  org.omg.CORBA.Object nameServiceObj = orb.resolve_initial_references(
                                                "NameService") ;
  nctx= NamingContextHelper.narrow(nameServiceObj);
  NameComponent[] fullname = new NameComponent[2];
  fullname[0] = new NameComponent("auction", "");
  fullname[1] = new NameComponent("RegistrationBean", "");

//API Ref :  Object resolve(NameComponent[] nc)
  org.omg.CORBA.Object cobject= nctx.resolve(fullname);

}

The narrow method, from the Helper class, is generated by the IDL compiler, which pro-
vides a detailed mapping to translate each CORBA field into its respective Java program-
ming language field. For example, the SellerBean.insertItem method looks up a registration 
CORBA object using the name RegistrationBean, and returns a RegistrationHome object. 
With the RegistrationHome object, you can return a Registration record by calling its find-
ByPrimaryKey method.
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public int insertItem(String seller, String password, String description, 
                      int auctiondays, double startprice, String summary) 
                      throws RemoteException {
try{
  NameComponent[] fullname = new NameComponent[2];
  fullname[0] = new NameComponent("auction", "");
  fullname[1] = new NameComponent("RegistrationBean", "");

  org.omg.CORBA.Object cobject= nctx.resolve(fullname);
  RegistrationHome regHome = RegistrationHomeHelper.narrow(cobject);
  RegistrationHome regRef = 
           RegistrationHomeHelper.narrow(nctx.resolve(fullname));
  RegistrationPKImpl rpk = new RegistrationPKImpl();
  rpk.theuser(seller); 
  Registration newseller = 
           RegistrationHelper.narrow(regRef.findByPrimaryKey(rpk));
  if ((newseller == null) || (!newseller.verifyPassword(password))) {
      return(Auction.INVALID_USER);
  }
  } catch(Exception e) {
     System.out.println("insert problem="+e);
     return Auction.INVALID_ITEM;
  }
}

Interoperable Object References (IOR)
Using a CORBA name service works for most CORBA applications especially when the 
object request brokers (ORBs) are supplied by one vendor. However, you might find the 
name service is not completely compatible among all ORBs, and you could get a frustrating 
COMM_FAILURE message when the CORBA client tries to connect to the CORBA server. 

The solution is to use an Interoperable Object Reference (IOR) instead. An IOR is available 
in ORBs that support the Internet Inter-ORB protocol (IIOP). It contains the information a 
naming service keeps for each object such as the host and port where the object resides, a 
unique lookup key for the object on that host, and what version of IIOP is supported. 

IOR Server
To create an IOR all you do is call the object_to_string method from the ORB class and pass 
it an instance of the object. For example, to convert the RegistrationServer object to an IOR, 
you need to add the line String ref = orb.object_to_string(rs); to the main program: 

String[] orbargs=  {"-ORBInitialPort 1050"};
ORB orb = ORB.init(orbargs, null);
RegistrationServer rs = new RegistrationServer();
//Add this line

//API Ref :String object_to_String(Object object)
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String ref = orb.object_to_string(rs);

So, instead of retrieving this object information from a naming service, there is another way 
for the server to send information to the client. You can register the returned String with a 
substitute name server, which can be a simple HTTP web server because the object is 
already in a transmittable format. 

IOR Client
This example uses an HTTP connection to convert the IOR string back to an object. You call 
the string_to_object method from the ORB class. This method requests the IOR from the 
RegistrationServer and returns the IOR string. The String is passed to the ORB using the 
ORB.string_to_object method, and the ORB returns the remote object reference: 

URL iorserver = new URL("http://server.com/servlet?object=registration");
URLConnection con = ioserver.openConnection();
BufferedReader br = new BufferReader(new InputStreamReader(con.getInputStream));
String ref = br.readLine();

//API Ref :Object string_to_object(String stringvalue)
org.omg.CORBA.Object cobj = orb.string_to_object(ref);
RegistrationHome regHome = RegistrationHomeHelper.narrow(cobj);

The substitute name server can keep persistent IOR records that can survive a restart if 
needed.

Remote Method Invocation (RMI)
The Remote Method Invocation (RMI) API originally used its own communication protocol 
called Java Remote Method Protocol (JRMP), which resulted in having its own lookup ser-
vice. Newer releases of RMI can now use the more ubiquitous IIOP protocol, in addition to 
JRMP. 

The JRMP RMI naming service is similar to other lookup and naming services. The actual 
lookup is achieved by calling Naming.lookup and passing a URL parameter to that method. 
The URL specifies the machine name, an optional port where the RMI naming server that 
knows about the object, rmiregistry, is running, and the remote object you want to reference 
and call methods on. For example: 

//API Ref :static Remote lookup(String rminame)
SellerHome shome = (SellerHome)Naming.lookup(
                   "rmi://appserver:1090/seller");

The above code returns the remote SellerHome reference _stub from the object bound to the 
name seller on the machine called appserver. The rmi part of the URL is optional and you 
may have seen RMI URLs without it, but if you are using JNDI or RMI-IIOP, including rmi
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in the URL will save confusion later. Once you have a reference to SellerHome, you can call 
its methods. 

In contrast to the JNDI lookup performed by AuctionServlet.java (page 82), which requires a 
two-stage lookup to create a context and then the actual lookup, RMI initializes the connec-
tion to the RMI name server, rmiregistry, and also gets the remote reference with one call. 
This remote reference is leased to the client from the rmiregistry. The lease means that 
unless the client informs the server it still needs a reference to the object, the lease expires 
and the memory is reclaimed. This leasing operation is automatic and transparent to the user, 
but can be tuned by setting the server property java.rmi.dgc.leaseValue value in milliseconds 
when starting the server as follows: 

java -Djava.rmi.dgc.leaseValue=120000 myAppServer

You can find more information on leasing in Distributed Garbage Collection (page 99).

RMI Over Internet Inter-ORB Protocol (IIOP)
RMI over Internet Inter-ORB Protocol (IIOP) lets existing RMI code reference and look up 
an object using the CORBA CosNaming service. This gives you greater interoperability 
between architectures with little change to your existing RMI code. 

Note: The rmic compiler provides the -iiop option to generate the stub and the classes neces-
sary for RMI-IIOP. 

IIOP Server
The RMI-IIOP protocol is implemented as a JNDI plug-in, so as before, you need to create 
an InitialContext: 

Hashtable env = new Hashtable();
env.put("java.naming.factory.initial", "com.sun.jndi.cosnaming.CNCtxFactory");
env.put("java.naming.provider.url","iiop://localhost:1091");
Context ic = new InitialContext(env);

The naming factory should look familiar as it is the same CORBA naming service used in 
CORBA Naming Service (page 84). The main difference is the addition of a URL value 
specifying the naming service to which to connect. The naming service used here is the 
tnameserv program started on port 1091. 

tnameserv -ORBInitialPort 1091
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The other main change to the server side is to replace calls to Naming.rebind to use the JNDI 
rebind method in the InitialContext instance. For example: 

Old RMI lookup code: 

SellerHome shome= new SellerHome("seller"); 
Naming.rebind("seller", shome);

New RMI code: 

Hashtable env = new Hashtable();
env.put("java.naming.factory.initial","com.sun.jndi.cosnaming.CNCtxFactory");
env.put("java.naming.provider.url", "iiop://localhost:1091");
Context ic = new InitialContext(env);
SellerHome shome= new SellerHome("seller");
ic.rebind("seller", shome);

IIOP Client
On the client side, the RMI lookup is changed to use an instance of the InitialContext in 
place of RMI Naming.lookup. The return object is mapped to the requested object by using 
the narrow method of the javax.rmi.PortableRemoteObject class. PortableRemoteObject
replaces UnicastRemoteObject that was previously available in the RMI server code. 

Old RMI code: 

//API Ref :static Remote lookup(String rminame)
SellerHome shome =  
              (SellerHome)Naming.lookup("rmi://appserver:1090/seller");

New RMI code: 

Hashtable env = new Hashtable();
env.put("java.naming.factory.initial", "com.sun.jndi.cosnaming.CNCtxFactory");
env.put("java.naming.provider.url", iiop://localhost:1091");
Context ic = new InitialContext(env);
SellerHome shome = 

//API Ref :static object narrow(Object narrowFrom, Class narrowTo
     (SellerHome)PortableRemoteObject.narrow(ic.lookup("seller"), SellerHome)

The PortableRemoteObject replaces UnicastRemoteObject previously available in the RMI 
server code. The RMI code would either extend UnicastRemoteObject or call the exportOb-
ject method from the UnicastRemoteObject class. The PortableRemoteObject also contains 
an equivalent exportObject method. In the current implementation, is best to explicitly 
remove unused objects by calling PortableRemoteObject.unexportObject.
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Improving Lookup Performance
When you run your application, if you find it would be faster to walk the object to the other 
computer on a floppy, you have a network configuration problem. The source of the problem 
is how host names and IP addresses are resolved, and there is a workaround. 

RMI and other naming services use the InetAddress class to obtain resolved host name and 
IP addresses. InetAddress caches lookup results to improve subsequent calls, but when it is 
passed a new IP address or host name, it performs a cross-reference between the IP address 
and the host name to prevent address spoofing. If you supply the host name as an IP address, 
InetAddress still tries to verify the name of the host. To workaround this problem, include 
the host name and IP address in a hosts file on the client. 

Unix Systems
On Unix, the hosts file is usually /etc/hosts. 

Windows
On Windows 95 or 98, the hosts file is c:\windows\hosts, (hosts.sam is a sample file). On 
Windows NT, the hosts file is c:\winnt\system32\drivers\etc\hosts All you do is put these 
lines in the hosts file. The myserver1 and myserver2 entries are the hosts running the remote 
server and rmiregistry.

127.0.0.1  localhost
129.1.1.1  myserver1
129.1.1.2  myserver2

Remote Method Invocation
The Remote Method Invocation (RMI) API enables client and server communications over 
the net between programs written in the Java programming language. The Enterprise Java-
Beans server transparently implements the necessary Remote Method Invocation (RMI) 
code so the client program can reference the Enterprise Beans running on the server and 
access them as if they are running locally to the client program. 

Having RMI built into the Enterprise JavaBeans server is very convenient and saves you cod-
ing time, but if you need to use advanced RMI features or integrate RMI with an existing 
application, you need to override the default RMI implementation and write your own RMI 
code. 

This chapter replaces the container-managed RegistrationBean from How Enterprise Beans 
are used in the Example (page 20) with an RMI-based registration server. The container-
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managed SellerBean (page 43) from Chapter 2 is also changed to call the new RMI registra-
tion server using a Java 2 RMI lookup call. 

About RMI
The RMI API lets you access a remote server object from a client program by making simple 
method calls on the server object. While other distributed architectures for accessing remote 
server objects such as Distributed Component Object Model (DCOM) and Common Object 
Request Broker Architecture (CORBA) return references to the remote object, the RMI API 
not only returns references, but provides these additional benefits. 

• The RMI API handles remote object references (call by reference) and can also return 
a copy of the object (call by value). 

• If the client program does not have local access to the class from which a local or 
remote object was instantiated, RMI services can download the class file.

Serialization and Data marshaling
To transfer objects, the RMI API uses the Serialization API to wrap (marshal) and unwrap 
(unmarshal) the objects. To marshal an object, the Serialization API converts the object to a 
stream of bytes, and to unmarshal an object, the Serialization API converts a stream of bytes 
into an object. You can find more informationon data marshaling in Data Marshaling (page 
97).

RMI over IIOP
One of the initial disadvantages to RMI was that its sole reliance on the Java platform to 
write the interfaces made integration into existing legacy systems difficult. However, RMI 
over Internet Inter-ORB Protocol (IIOP) discussed in Lookup Services (page 82) lets RMI 
communicate with any system or language that CORBA supports. 

If you combine improved integration with the ability of RMI to burrow through firewalls 
using HTTP firewall proxying, you might find distributing your business logic using RMI is 
easier than a socket-based solution. 

Note: Transferring code and data are key parts of the Jini� System software specification. In 
fact, adding a discovery and join service to the RMI services would create something very sim-
ilar to what you get in the Jini architecture. 

RMI in the Auction Application
The RMI-based RegistrationServer (RMI) (page 165) has the following new methods: 
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• A new create method for creating a new user.

• A new find method for finding a user. 

• A new search method for the custom search of users in the database.

The new custom search passes results back to the calling client by way of an RMI callback. 
The RMI callback custom search is similar to the finder methods used in the Bean- and con-
tainer-managed examples from 2: Auction House Application (page 13) and 3: Data and 
Transaction Management (page 55), except in the RMI version, it can take more time to gen-
erate the results because the remote registration server calls a remote method exported by the 
RMI-based SellerBean (RMI) (page 170) client. 

If the calling client is written in the Java programming language, and is not, for example, a 
web page, the server can update the client as soon as the results are ready. But, the HTTP 
protocol used in most browsers does not allow results to be pushed to the client without a 
request for those results. This means the resulting web page is not created until the results 
are ready, which can add a small delay. 

Class Overview
The two main classes in the RMI-based auction implementation are SellerBean (RMI) (page 
170) and RegistrationServer (RMI) (page 165). SellerBean is called from AuctionServlet 
(RMI) (page 173) to insert an auction item into the database, and check for low account bal-
ances. 

The example models the Enterprise JavaBeans architecture in that a user's registration details 
are separate from the code to create and find the registration details. That is, the user's regis-
tration details provided by the Registration (RMI) (page 169) class are separate from the 
code to create and find a Registration object, which is in the RegistrationHome (RMI) (page 
169) class. 

The remote interface implementation in RegistrationHome.java is bound to the rmiregistry. 
When a client program wants to manipulate a user's registration details, it must first look up 
the reference to the RegistrationHome.java object in the rmiregistry. 

File Summary
All the source code files for the RMI-based example are described in the bullet list below. 

• SellerBean (RMI) (page 170): Client program that calls the RegistrationServer.verify-
passwd and RegistrationServer.findLowCreditAccounts remote methods. SellerBean
also exports its updateResults method that RegistrationServer calls when it completes 
its RegistrationServer.findLowCreditAccounts search.

• RegistrationServer (RMI) (page 165): Remote server object that implements the Reg-
istrationHome and Registration remote interfaces. 
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• Registration (RMI) (page 169): Remote interface that declares the getUser, verify-
passwd, and other remote methods for managing a user's registration details. 

• RegistrationHome (RMI) (page 169): Remote interface that declares the create, find-
ByPrimaryKey, and findLowCreditAccounts remote methods that create or return 
instances of registration details. 

• RegistrationImpl.java: The RegistrationServer (RMI) (page 165) source file includes 
the implementation for the Registration remote interface as class RegistrationImpl 

• RegistrationPK (RMI) (page 170): Class that represents a user's registration details 
using just the primary key of the database record. 

• ReturnResults (RMI) (page 172): Remote interface that declares the updateResults
method the SellerBean class implements as a callback. 

• AuctionServlet (RMI) (page 173): Modified version of the original AuctionServlet
class where registration accounts are created by calling the RMI RegistrationServer
directly. The auction servlet also calls the SellerBean.auditAccounts method, which 
returns a list of users with a low account balance. 

The auditAccounts method is called with the following Uniform Resource Locator 
(URL), which does a simple check to verify the request came from the local host. 

http://phoenix.eng.sun.com:7001/AuctionServlet?action=auditAccounts

You also need the following java.policy security policy file to grant the permissions needed 
to run the example on the Java 2 platform. 

grant {
  permission java.net.SocketPermission "*:1024-65535", "connect,accept,resolve";
  permission java.net.SocketPermission "*:80", "connect";
  permission java.lang.RuntimePermission "modifyThreadGroup";
  permission java.lang.RuntimePermission "modifyThread";
};

Most RMI applications need the two socket permissions for socket and HTTP access to the 
specified ports. The two thread permissions, were listed in a stack trace as being needed for 
the RegistrationImpl class to create a new inner thread. 

In the Java 2 platform, when a program does not have all the permissions it needs, the Java 
virtual machine generates a stack trace that lists the permissions that need to be added to the 
security policy file. See 10: Signed Applets & Security Managers (page 417) for more infor-
mation on this and other security topics.

Compile the Example
Before describing the RMI-based code for the above classes, here is the command sequence 
to compile the example on the Unix and Win32 platforms: 
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Unix:

javac registration/Registration.java
javac registration/RegistrationPK.java
javac registration/RegistrationServer.java
javac registration/ReturnResults.java
javac seller/SellerBean.java
rmic -d . registration.RegistrationServer
rmic -d . registration.RegistrationImpl
rmic -d . seller.SellerBean

Win32:

javac registration\Registration.java
javac registration\RegistrationPK.java
javac registration\RegistrationServer.java
javac registration\ReturnResults.java 
javac seller\SellerBean.java
rmic -d . registration.RegistrationServer
rmic -d . registration.RegistrationImpl
rmic -d . seller.SellerBean

Start the RMI Registry
Because you are using your own RMI code, you have to explicitly start the RMI Registry so 
the SellerBean object can find the remote Enterprise Beans. The RegistrationServer uses the 
RMI Registry to register or bind Enterprise Beans that can be called remotely. The Seller-
Bean client contacts the registry to look up and get references to the remote AuctionItem and 
Registration Enterprise Beans. 

Because RMI allows code and data to be transferred, you must be sure the system class-
loader does not load extra classes that could be mistakenly sent to the client. In this example, 
extra classes would be the Stub and Skel class files and the RegistrationSever and Registra-
tionImpl classes. To prevent them being mistakenly sent, they should not appear anywhere in 
the CLASSPATH when you start the RMI Registry, and because the current path could be 
included automatically, you need to start the RMI Registry away from the code workspace 
too. 

The following commands prevent the sending of extra classes by unsetting the CLASSPATH
before starting the RMI Registry on the default 1099 port. You can specify a different port by 
adding the port number as follows: rmiregistry 4321 &. If you specify a different port num-
ber, you must specify the same port number in both your client lookup and server rebind
calls. 

Unix:

export CLASSPATH=""
rmiregistry &
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Win32:

unset CLASSPATH
start rmiregistry

Start the Remote Server 
Once the rmiregistry is running, you can start the remote server, RegistrationServer. The 
RegistrationServer program registers the name registration2 with the rmiregistry name 
server, and any client can use this name to retrieve a reference to the remote server object, 
RegistrationHome. 

To run the example, copy the RegistrationServer and RegistrationImpl classes and the asso-
ciated stub classes to a remotely accessible area and start the server program. 

Unix:

cp *_Stub.class /home/zelda/public_html/registration
cp RegistrationImpl.class /home/zelda/public_html/registration
cd /home/zelda/public_html/registration
java -Djava.server.hostname=phoenix.sun.com registration.RegistrationServer

Windows:

copy *_Stub.class  \home\zelda\public_html\registration
copy RegistrationImpl.class  \home\zelda\public_html\registration
cd \home\zelda\public_html\registration
java -Djava.server.hostname=phoenix.sun.com registration.RegistrationServer

The following key properties are used to configure RMI servers and clients. These properties 
can be set inside the program or supplied as command line properties to the Java virtual 
machine. 

• The java.rmi.server.codebase property specifies where the publicly accessible classes 
are located. On the server this can be a simple file URL to point to the directory or JAR 
file that contains the classes. If the URL points to a directory, the URL must terminate 
with a file separator character, “/”. If you are not using a file URL, you will either need 
an HTTP server to download the remote classes or have to manually deliver the remote 
client stub and remote interface classes in, for example, a JAR file.

• The java.rmi.server.hostname property is the complete host name of the server where 
the publicly accessible classes reside. This is only needed if the server has problems 
generating a fully qualified name by itself. 

• The java.rmi.security.policy property specifies the policy file with the permissions 
needed to run the remote server object and access the remote server classes for down-
load.
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Establishing Remote Communications
Client programs communicate with each other through the server. The server program con-
sists of three files. The Registration.java and RegistrationHome.java remote interface files 
define the methods that can be called remotely, and the RegistrationServer.java class file 
defines the RegistrationServer and RegistrationImpl classes that implement the methods. 

To establish remote communications, both the client and server programs need to access the 
remote interface classes. The server needs the interface classes to generate the interface 
implementation, and the client uses the remote interface class to call the remote server 
method implementation. For example, SellerBean creates a reference to RegistrationHome, 
the interface, and not RegistrationServer, the implementation, when it needs to create a user 
registration. 

Besides the server interfaces and classes, you need stub and skeleton classes to establish 
remote communications. The stub and skeleton classes needed in this example are generated 
when you run the rmic compiler command on the RegistrationServer and SellerBean classes. 

The generated SellerBean, SellerBean_Stub.class and SellerBean_Skel.class classes are 
needed for the callback from the server to the SellerBean client. It is the _Stub.class file on 
the client that marshals data to and unmarshals it from the server, while the _Skel.class class 
does the same for the server. 

Note: In the Java 2 platform, the server side, _Skel.class file is not used. 

Data Marshaling
An example of marshaling and unmarshaling data is when you call the Registra-
tionHome.create method from SellerBean, this call is forwarded to the 
RegistrationServer_Stub.create method. The RegistrationServer_Stub.create method wraps 
the method arguments and sends a serialized stream of bytes to the 
RegistrationServer_Skel.create method. 

As shown in Figure 17, the RegistrationServer_Skel.create method unwraps the serialized 
bytestream, re-creates the arguments to the original RegistrationHome.create call, and 
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Passing by Value and Passing by Reference
Although the RegistrationImpl class is not bound to the registry, it is still referenced 
remotely because it is associated with the RegistrationHome return results. Because Regis-
trationImpl extends UnicastRemoteObject, its results are passed by reference, and so only 
one copy of that user's registration Bean exists in the Java virtual machine at any one time. 

In the case of reporting results such as in the RegistrationServer.findLowCreditAccounts
method, the RegistrationImpl class copy of the remote object could be used instead. By sim-
ply not extending UnicastRemoteObject in the RegistrationImpl class definition, a new Reg-
istration object would be returned for each request. In effect the values were passed, but not 
the reference to the object on the server.

Distributed Garbage Collection
Using remote references to objects on the server from a client outside the server's garbage 
collector introduces some potential problems with memory leaks. How does the server know 
it is holding onto a reference to a Registration object that is no longer being used by any cli-
ents because they aborted or a network connection was dropped? 

To avoid potential memory leaks on the server from clients, RMI uses a leasing mechanism 
when giving out references to exported objects. When exporting an object, the Java virtual 
machine increases the count for the number of references to this object and sets an expiration 
time, or lease time, for the new reference to this object. 

When the lease expires, the reference count of this object is decreased and if it reaches 0, the 
object is set for garbage collection by the Java virtual machine. It is up to the client that 
maintains this weak reference to the remote object to renew the lease if it needs the object 
beyond the lease time. A weak reference is a way to refer to an object in memory without 
keeping it from being garbage collected. 

This lease time value is a configurable property measured in milliseconds. If you have a fast 
network, you could shorten the default value and create a large number of transient object 
references. The following code sets the lease timeout to 2 minutes. 

Property prop = System.getProperties();
prop.put("java.rmi.dgc.leaseValue", 120000);

The create and findByPrimaryKey methods are practically identical to the other versions of 
the Registration Server. The main difference is that on the server side, the registration record 
is referenced as RegistrationImpl, which is the implementation of Registration. On the client 
side, Registration is used instead. 

The findLowCreditAccounts method builds an ArrayList of serializable RegistrationImpl
objects and calls a remote method in the SellerBean class to pass the results back. The 



100 4: DISTRIBUTED COMPUTING

results are generated by an inner Thread class so the method returns before the results are 
complete. The SellerBean object waits for the updateAccounts method to be called before 
displaying the HTML page. In a client written with the Java programming language, it 
would not need to wait, but could display the update in real time. 

public class RegistrationServer extends UnicastRemoteObject
                                 implements RegistrationHome { 
  public registration.RegistrationPK create(String theuser,  
           String password, String emailaddress, String creditcard)  
           throws registration.CreateException{
    double balance=0;
    Connection con = null;
    PreparedStatement ps = null;;

    try {
      con=getConnection();
      ps=con.prepareStatement("insert into registration (theuser, password,
             emailaddress, creditcard, balance) values (?, ?, ?, ?, ?)");
      ps.setString(1, theuser);
      ps.setString(2, password);
      ps.setString(3, emailaddress);
      ps.setString(4, creditcard);
      ps.setDouble(5, balance);

      if (ps.executeUpdate() != 1) {
         throw new CreateException ();//JDBC did not create any row;
      }
      RegistrationPK primaryKey = new RegistrationPK();
      primaryKey.setUser(theuser);
      return primaryKey;
    } catch (CreateException ce) {
      throw ce;
    } catch (SQLException sqe) {
      throw new CreateException ();
    } finally {
      try {
          ps.close();
          con.close();
      } catch (Exception ignore) {
        // ignore the exception as we are no longer interested
        // in this connection
      }
    }
  } 
  public registration.Registration findByPrimaryKey(
                                   registration.RegistrationPK pk)
                                    throws registration.FinderException { 
    // return a Registration object that is created from reading
    // values from the database by calling refresh()  
    if ((pk == null) || (pk.getUser() == null)) { 
      throw new FinderException ();
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    } 
    return(refresh(pk)); 
  }
 
  private Registration refresh(RegistrationPK pk) throws FinderException { 
    // Read the appropriate registration fields from the database
    // based on the database item that the primary key (pk) contains
    if(pk == null) { 
      throw new FinderException (); 
    } 
    Connection con = null; 
    PreparedStatement ps = null; 
    try { 
      con=getConnection(); 
      ps=con.prepareStatement("select password, emailaddress, creditcard,  
                              balance from registration where theuser = ?"); 
      ps.setString(1, pk.getUser()); 
      ps.executeQuery(); 
      ResultSet rs = ps.getResultSet(); 
      if(rs.next()) { 
        RegistrationImpl reg=null; 
        try{ 
          reg= new RegistrationImpl(); 
        }catch (RemoteException e) {} 
          reg.theuser = pk.getUser(); 
          reg.password = rs.getString(1); 
          reg.emailaddress = rs.getString(2); 
          reg.creditcard = rs.getString(3); 
          reg.balance = rs.getDouble(4); 
          return reg; 
      } else{ 
        throw new FinderException (); 
      } 
    } catch (SQLException sqe) { 
           throw new FinderException(); 
    } finally { 
      try { 
        ps.close(); 
        con.close(); 
      } catch (Exception ignore) {} 
    } 
  }
 
  public void findLowCreditAccounts( 
                final ReturnResults client) throws FinderException { 
    // This method finds accounts with less than 3 dollars in 
    // a US domain. It then creates a RegistrationImpl object and
    // calls a callback method called updateResults from the 
    // ReturnResults class. It runs as a thread so the client
    // does not have to block to wait for the results to return
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    Runnable bgthread = new Runnable() { 
      public void run() { 
        Connection con = null; 
        ResultSet rs = null; 
        PreparedStatement ps = null; 
        ArrayList ar = new ArrayList(); 
        try { 
          con=getConnection(); 
          ps=con.prepareStatement("select theuser,  
                   balance from registration where balance < ?"); 
          ps.setDouble(1, 3.00); 
          ps.executeQuery(); 
          rs = ps.getResultSet(); 
          RegistrationImpl reg=null; 
          while (rs.next()) { 
            try { 
              reg= new RegistrationImpl(); 
            } catch (RemoteException e) {} 
              reg.theuser = rs.getString(1); 
              reg.balance = rs.getDouble(2); 
              ar.add(reg); 
            } 
          rs.close(); 
          client.updateResults(ar); 
          } catch (Exception e) { 
            System.out.println("findLowCreditAccounts: "+e); 
            return; 
          } 
          finally { 
            try { 
              if(rs != null) { 
                rs.close(); 
              } 
              if(ps != null) { 
                ps.close(); 
                       } 
              if(con != null) { 
                con.close(); 
              } 
            }catch (Exception ignore) {} 
        } 
      } //run 
    }; 
    Thread t = new Thread(bgthread); 
    t.start(); 
  } 

The main method loads the JDBC pool driver. This version uses the Postgres database, 
installs the RMISecurityManager, and contacts the RMI registry to bind the Registra-
tionHome remote object to the name registration2. It does not need to bind the remote inter-
face, Registration, because that class is loaded when it is referenced by RegistrationHome. 
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By default, the server uses port 1099. If you want to use a different port number, you can add 
it to the machine name with a colon as follows: phoenix:4321. If you change the port here, 
you must start the RMI Registry with the same port number. 

The main method also installs a RMIFailureHandler. If the server fails to create a server 
socket then the failure handler returns true which instructs the RMI server to retry the opera-
tion. 

  public static void main(String[] args){ 
    try { 
      new pool.JDCConnectionDriver("postgresql.Driver",  
                            "jdbc:postgresql:ejbdemo","postgres", "pass"); 
    } catch (Exception e){  
      System.out.println("error in loading JDBC driver"); 
      System.exit(1); 
    } 
    try { 
      Properties env=System.getProperties(); 
      env.put("java.rmi.server.codebase",  
                          "http://phoenix.sun.com/registration"); 
      RegistrationServer rs= new RegistrationServer();

//API Ref :static SecurityManager getSecurityManager()
     if(System.getSecurityManager() == null )  {

//API Ref :static SecurityManager setSecurityManager(SecurityManager s)
        System.setSecurityManager(new RMISecurityManager()); 
      }

//API Ref :static void setFailureHandler(RMIFailureHandler fh)
      RMISocketFactory.setFailureHandler(new RMIFailureHandlerImpl());

//API Ref :static void rebind(String rminame, Remote obj)
      Naming.rebind("//phoenix.sun.com/registration2",rs); 
    } catch (Exception e) { 
      System.out.println("Exception thrown "+e); 
    } 
  } // End of Main
class RMIFailureHandlerImpl implements RMIFailureHandler { 
  public boolean failure(Exception ex ){ 
    System.out.println("exception "+ex+" caught"); 
    return true; 
  } 
}

Registration Interface
The Registration (RMI) (page 169) interface declares the methods implemented by the Reg-
istrationImpl class in the RegistrationServer.java source file. 

package registration; 
 
import java.rmi.*; 
import java.util.*; 
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public interface Registration extends Remote { 
  boolean verifyPassword(String password) throws RemoteException; 
  String getEmailAddress() throws RemoteException; 
  String getUser() throws RemoteException; 
  int adjustAccount(double amount) throws RemoteException; 
  double getBalance() throws RemoteException;
}

RegistrationHome Interface
The RegistrationHome (RMI) (page 169) interface declares the methods implemented by the 
RegistrationServer class. These methods mirror the Home interface defined in the Enterprise 
JavaBeans example. The findLowCreditAccounts method takes a remote interface as its only 
parameter. 

package registration;
 
import java.rmi.*; 
import java.util.*; 
 
public interface RegistrationHome extends Remote { 
  RegistrationPK create(String theuser, String password, String emailaddress,  
                 String creditcard) throws CreateException, RemoteException; 
  Registration findByPrimaryKey(RegistrationPK theuser)  
                 throws FinderException, RemoteException; 
  public void findLowCreditAccounts(ReturnResults rr)  
                 throws FinderException, RemoteException;
}

ReturnResults Interface
The ReturnResults (RMI) (page 172) interface declares the method implemented by the Sell-
erBean class. The updateResults method is called from RegistrationServer to return data and 
frees the client from blocking while the results are generated. 

package registration;
import java.rmi.*; 
import java.util.*; 
 
public interface ReturnResults extends Remote { 
  public void updateResults(ArrayList results)  
                  throws FinderException, RemoteException;
}
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SellerBean Class
The SellerBean (RMI) (page 170) class includes the callback method implementation and 
calls the RegistrationServer object using RMI. The updateResults method in the Seller-
Bean class is made accessible to other services in the auction application with a call to the
UnicastRemoteObject.exportObject method. 

The call to UnicastRemoteObject in this example makes all public methods in the Seller-
Bean class available to other RMI clients. When the auction administrator wishes to retrieve 
the list of accounts that have a low balance, the SellerBean.auditAccounts method is 
called, which calls the remote RMI method findLowCreditAccounts from the Registra-
tionServer and waits on a Boolean object called ready. 

When the remote findLowCreditAccounts method has finished processing the search 
results, it calls the updateResults method from the RMI exported SellerBean. The updat-
eResults method updates ArrayList of Auction user IDs from the passed-in value and
notifies all methods waiting on the Boolean object ready that the results have been updated. 
This enables the auditAccounts method to continue and forward the results to the Auction 
administrator. 

package seller;
 
import java.rmi.RemoteException; 
import java.rmi.*; 
import javax.ejb.*; 
import java.util.*; 
import java.text.NumberFormat; 
import java.io.Serializable; 
import javax.naming.*; 
import auction.*; 
import registration.*; 
import java.rmi.server.UnicastRemoteObject; 
import java.util.ArrayList; 
 
public class SellerBean implements SessionBean, ReturnResults { 
  protected SessionContext ctx; 
  javax.naming.Context ectx; 
  Hashtable env = new Hashtable(); 
  Boolean ready=new Boolean("false"); 
  ArrayList returned; 
 
  public int insertItem(String seller, String password, String description,  
                        int auctiondays, double startprice, String summary)  
                        throws RemoteException {  
    // Insert an item into the Auction items for sale. First
    // the seller details are verified with the Registration Database
    // before calling the AuctionItem Bean.
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    try { 
      RegistrationHome regRef = (RegistrationHome)Naming.lookup( 
                                "//phoenix.sun.com/registration2"); 
      RegistrationPK rpk= new RegistrationPK(); 
      rpk.setUser(seller); 
      Registration newseller = ( 
      Registration)regRef.findByPrimaryKey(rpk); 
      if ((newseller == null) || (!newseller.verifyPassword(password))) { 
        return(Auction.INVALID_USER); 
      } 
      AuctionItemHome home = (AuctionItemHome) ectx.lookup("auctionitems"); 
      AuctionItem ai = home.create(seller, description, auctiondays,  
                                   startprice, summary); 
      if (ai == null) { 
         return Auction.INVALID_ITEM; 
       } else{ 
         return(ai.getId());  
       } 
      } catch(Exception e){  
        System.out.println("insert problem="+e); 
        return Auction.INVALID_ITEM; 
      } 
    } 
    public void updateResults(java.util.ArrayList ar) throws RemoteException { 
      // Method called from remote rmi client as a callback
      returned=ar;  
      synchronized(ready) { 
        ready.notifyAll(); 
      } 
    }
 
    public ArrayList auditAccounts() { 
      // Call the findLowCreditAccounts method from the RegistrationServer
      // and wait for the results to be sent via the updateResults method
      try { 
        RegistrationHome regRef = (RegistrationHome)Naming.lookup( 
                             "//phoenix.eng.sun.com/registration2"); 
      regRef.findLowCreditAccounts(this); 
      synchronized(ready) { 
        try { 
          ready.wait(); 
        } catch (InterruptedException e){} 
      } 
      return (returned); 
    } catch (Exception e) { 
      System.out.println("error in creditAudit "+e); 
    } 
    return null; 
  }
 
  public void ejbCreate() throws javax.ejb.CreateException,  
                                              RemoteException { 
      // Initialize the Bean by creating the RMI connection
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      // and exporting this object to the rmi registry.
      env.put(javax.naming.Context.INITIAL_CONTEXT_FACTORY,  
              "weblogic.jndi.TengahInitialContextFactory"); 
      try { 
        ectx = new InitialContext(env); 
      } catch (NamingException e) { 
        System.out.println("problem contacting EJB server"); 
        throw new javax.ejb.CreateException(); 
      } 
      Properties env=System.getProperties(); 
      env.put("java.rmi.server.codebase",  
              "http://phoenix.sun.com/registration"); 
      env.put("java.security.policy","java.policy"); 
      UnicastRemoteObject.exportObject(this); 
   } 
   public void setSessionContext(SessionContext ctx) throws RemoteException { 
     this.ctx = ctx; 
   } 
   public void unsetSessionContext() throws RemoteException {    
     ctx = null;   
   }  
   public void ejbRemove() {} 
   public void ejbActivate() throws RemoteException {   
     System.out.println("activating seller bean"); 
   } 
   public void ejbPassivate() throws RemoteException {  
     System.out.println("passivating seller bean"); 
   }
}

Common Object Request Broker Architecture 
(CORBA)

Both the Remote Method Invocation (RMI) and Enterprise JavaBeans auction application 
implementations use the Java programming language to implement the different auction ser-
vice tiers. However, you might need to integrate with applications written in C, C++ or other 
languages and running on a myriad of operating systems and machines. 

One way to integrate with other applications is to transmit data in a common format such as 
8 bit characters over a TCP/IP socket. The disadvantage is you have to spend a fair amount 
of time deriving a messaging protocol and mapping the various data structures to and from 
the common transmission format so the data can be sent and received over the TCP/IP con-
nection. 

This is exactly where Common Object Request Broker Architecture (CORBA) and its Inter-
face Definition Language (IDL) can help. IDL provides a common format to represent an 
object that can be distributed to other applications. The other applications might not even 
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understand objects, but as long as they can provide a mapping between the common IDL for-
mat and their own data representations, the applications can share data. 

This section describes the Java language to IDL mapping scheme, and how to replace the 
original container-managed RegistrationBean with its CORBA server equivalent. The Seller-
Bean.java and AuctionServlet.java programs are changed to interoperate with the CORBA 
RegistrationServer program. 

IDL Mapping Scheme
Many programming languages provide a mapping between their data types to the common 
denominator IDL format, and the Java programming language is no exception. The Java pro-
gramming language can send objects defined by IDL to other CORBA distributed applica-
tions, and receive objects defined by IDL from other CORBA distributed applications. 

This section describes the Java language to IDL mapping scheme and, where appropriate, 
discusses issues you should take into consideration. 

Quick Reference
Here is a quick reference table of the Java programming language to CORBA IDL data 
types, and the runtime exceptions thrown when conversions fail. Data types in this table that 
need explanation are covered below. 

Table 1     Java Data Type Table 2     IDL Format Table 3     Runtime Exception

byte octet

boolean boolean

char char DATA_CONVERSION

char wchar

double double

float float

int long

int unsigned long

long long long
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Unsigned Values
The primitive types byte, short, int, and long are represented by 8 bit, 16 bit, 32 bit and 64 bit 
two's-complement integers. So, a Java short value represents the range -215 to 215- 1  
or -32768 to 32767 inclusive. The equivalent signed IDL type for a short, matches that 
range, but the unsigned IDL short type uses the range 0 to 216 or 0 to 65535. 

This means that in the case of a short, if an unsigned short value greater than 32767 is passed 
to a program written in the Java programming language, the short value is represented in the 
Java programming language as a negative number. This can cause confusion in boundary 
tests for a value greater than 32767 or less than 0. 

IDL char Types 
The Java programming language uses 16-bit unicode, but the IDL char and string types are 
8-bit characters. You can map a Java char to an 8-bit IDL char to transmit multi-byte charac-
ters if you use an array to do it. However, the IDL wide char type wchar is specifically 
designed for languages with multi-byte characters and allocates a fixed number of bytes as 
needed to contain that language set for each and every letter. 

When mapping between the Java programming language char type and the IDL char type, a 
DATA_CONVERSION exception is thrown if the character does not fit into 8 bits. 

IDL string Types
The IDL string type can be thought of as a sequence of IDL char types, and also raises the 
DATA_CONVERSION exception. The IDL wstring type is equivalent to a sequence of 
wchars terminated by a wchar NULL. 

An IDL string and wstring type can either have a fixed size or no maximum defined sized. If 
you try to map a java.lang.String to a fixed size or bounded IDL string and the 
java.lang.String is too large, a MARSHAL exception is raised. 

long unsigned long long

short short

short unsigned short

java.lang.String string DATA_CONVERSION

java.lang.String wstring MARSHAL

Table 1     Java Data Type Table 2     IDL Format Table 3     Runtime Exception
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Setting up IDL Mappings
Java programming language to IDL mappings are placed in a file with an .idl extension. The 
file is compiled so it can be accessed by CORBA programs that need to send and receive 
data. This section explains how to construct the mappings for package statements and the 
Java data types. CORBA in the Auction Application (page 115) describes how to use this 
information to set up an IDL mapping file for the CORBA Registration server. 

Java packages and interfaces. Java package statements are equivalent to the module
type in IDL. The module types can be nested, which results in generated Java classes being 
created in nested sub-directories. IDL is compiled and the compiler maps IDL interfaces to 
Java interfaces.

For example, if a CORBA program contains this package statement: 

package registration;

the mappings file would have this IDL module mapping for it: 

module registration { 
};

If a CORBA program contains a package hierarchy like this 

package registration.corba;

the equivalent IDL module mapping is this: 

  module registration {
    module corba {
    };
  };

Distributed classes are defined as Java interfaces and map to the IDL interface type. IDL 
does not define access such as public or private like you find in the Java programming lan-
guage. It does, however, allow inheritance from other interfaces. This example adds the Java 
Registration interface to an IDL registration module. 

  module registration { 
     interface Registration {
     };
  }

This example adds the Java Registration interface to an IDL registration module, and indi-
cates the Registration interface inherits from the User interface. 

  module registration {
     interface Registration: User {
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     };
  }

Java methods. IDL operations map to Java methods. The IDL operation looks similar to 
a Java method except there is no concept of access control. You also have to tell the IDL 
compiler which parameters are in, inout or out. An inout parameter is marshaled 4 times, and 
in and out parameters are marshaled 2 times. Because marshling takes time, you want to 
specify the parameters exactly. Specifying parameters to be inout when they eally are not 
will only generate a lot of time consuming code.

• in - parameter is passed into the method but not changed. 

• inout - parameter is passed into the method and might be returned changed. 

• out - parameter might be returned changed.

This IDL mapping includes the Registration and RegistrationHome interface methods to 
IDL operations using one IDL module type. 

module registration { 
  interface Registration { 
    boolean verifyPassword(in string password); 
    string getEmailAddress(); 
    string getUser(); 
    long adjustAccount(in double amount); 
    double getBalance(); 
  }; 
  interface RegistrationHome { 
    Registration findByPrimaryKey( in RegistrationPK theuser) raises (FinderExce
ption); 
  }
}

Java Arrays. Arrays in the Java programming language are mapped to the IDL array or 
IDL sequence type using a type definition. This example maps the Java array double bal-
ances[10] to an IDL array type of the same size. 

typedef double balances[10];

These examples map the Java array double balances[10] to an IDL sequence type. The first 
typedef sequence is an example of an unbounded sequence, and the second typedef sequence
has the same size as the array. 

typedef sequence<double> balances;
typedef sequence<double,10> balances;

Java Exception. Java exceptions are mapped to IDL exceptions. Operations use IDL 
exceptions by including the raises keyword. This example maps the CreateException from 
the auction application to the IDL exception type, and adds the IDL raises keyword to the 
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operation as follows. IDL exceptions follow C++ syntax, so instead of throwing an excep-
tion (as you would in the Java language), the operation raises an exception. 

exception CreateException { 
}; 
interface RegistrationHome { 
  RegistrationPK create(in string theuser, in string password,  
        in string emailaddress, in string creditcard) raises (CreateException); 
}

Other IDL keywords and types
These other basic IDL types do not have an exact equivalent in the Java programming lan-
guage. Many of these should be familiar if you have used C or C++. The Java programming 
language provides a mapping for these types so a program written in the Java language can 
receive data from programs written in C or C++. 

• IDL attribute keyword

• IDL enum 

• IDL struct

• IDL union 

• IDL Any

• IDL Principal 

• IDL Object

IDL attribute
The required IDL attribute keyword is similar to the get and set methods used to access fields 
in the JavaBeans software. In the case of a value declared as an IDL attribute, the IDL com-
piler generates two methods of the same name as the IDL attribute. One method returns the 
field and the other method sets it. For example, this attribute definition: 

interface RegistrationPK { 
  attribute string theuser; 
};

defines these methods 

//return user 
  String theuser();  
//set user
  void theuser(String arg); 
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IDL enum
The Java programming language has an Enumeration class for representing a collection of 
data. The IDL enum type is different because it is declared as a data type and not a data col-
lection. The IDL enum type is a list of values that can be referenced by name instead of by 
their position in the list. In the example, you can see that referring to an IDL enum status 
code by name is more readable than referring to it by its number. This line maps static final 
int values in the final class LoginError. You can reference the values as you would reference 
a static field: LoginError.INVALID_USER. 

enum LoginError { INVALID_USER, WRONG_PASSWORD, TIMEOUT};

Here is a version of the enum type that includes a preceding underscore that can be used in 
switch statements: 

switch (problem) { 
  case LoginError.INVALID_USER: 
    System.out.println("please login again"); 
    break; 
}

IDL struct
An IDL struct type can be compared to a Java class that has only fields, which is how it is 
mapped by the IDL compiler. This example declares an IDL struct. Note that IDL types can 
reference other IDL types. In this example LoginError is from the enum type declared above. 

struct ErrorHandler { 
  LoginError errortype; 
  short retries;
};

IDL union
An IDL union can represent one type from a list of types defined for that union. The IDL 
union maps to a Java class of the same name with a discriminator method used for determin-
ing the type of this union. 

This example maps the GlobalErrors union to a Java class by the name of GlobalErrors. A 
default case: DEFAULT could be added to handle any elements that might be in the Login-
Errors enum type, and not specified with a case statement here. 

  union GlobalErrors switch (LoginErrors) { 
     case: INVALID_USER: string message; 
     case: WRONG_PASSWORD: long attempts; 
     case: TIMEOUT: long timeout;
  };
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In a program written in the Java programming language, the GlobalErrors union class is cre-
ated as follows: 

  GlobalErrors ge = new GlobalErrors(); 
  ge.message("please login again");
  // The INVALID_USER value is retrieved like this: 
  switch (ge.discriminator().value()) { 
    case: LoginError.INVALID_USER 
      System.out.println(ge.message()); 
      break;
  }

Any type
If you do not know what type is going to be passed or returned to an operation, you can use 
the Any type mapping, which can represent any IDL type. The following operation returns 
and passes an unknown type: 

  interface RegistrationHome { 
    Any customSearch(Any searchField, out count);
  };

To create a type of Any, first request the type from the Object Request Broker (ORB). To set 
a value in a type of Any, use an insert_<type> method. To retrieve a value, use the 
extract_<type> method. This example requests an object of type Any, and uses the 
insert_type method to set a value. 

  Any sfield = orb.create_any(); 
  sfield.insert_long(34);

The Any type has an assigned TypeCode value that you can query using type().kind().value()
on the object. The following example shows a test for the TypeCode double. This example 
includes a reference to the IDL TypeCode to find out which type the Any object contains. 
The TypeCode is used for all objects. You can analyze the type of a CORBA object using the 
_type or type methods as shown here. 

public Any customSearch(Any searchField, IntHolder count){ 
  if(searchField.type().kind().value() == TCKind._tk_double){ 
//return number of balances greater than supplied amount 
    double findBalance=searchField.extract_double();

Principal
The Principal type identifies the owner of a CORBA object, for example, a user name. The 
value can be interrogated from the request_principal field of the CORBA RequestHeader
class to make the identification. More comprehensive security and authorization is available 
in the CORBA security service. 
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Object
The Object type is a CORBA object. If you need to send Java objects, you have to either 
translate them into an IDL type or use a mechanism to serialize them when they are trans-
ferred. 

CORBA in the Auction Application
The container-managed RegistrationBean from the auction application in RegistrationBean
(page 38) is completely replaced with a standalone CORBA RegistrationServer (CORBA)
(page 181) that implements the registration service. The CORBA RegistrationServer is built 
by creating and compiling an IDL mappings file so client programs can communicate with 
the registration server. 

The SellerBean (CORBA) (page 187) and AuctionServlet (CORBA) (page 191) sources are 
updated to look up the CORBA registration server. 

CORBA RegistrationServer Implementation
This section describes the Registration.idl (CORBA) (page 187) file, which maps the Regis-
trationHome and Registration remote interfaces from the Enterprise JavaBean auction appli-
cation to their IDL equivalents and shows how to compile the Registration.idl file into 
CORBA registration server classes. 

The CORBA registration server implements the create and findByPrimaryKey methods from 
the original RegistrationBean.java file, and is enhanced with the following two new methods 
to help illustrate CORBA callbacks and how to use the Any type. 

• findLowCreditAccounts(in ReturnResults rr), which uses a callback to return a list of 
accounts with a low balance.

• Any customSearch(in Any searchfield, out long count), which returns a different 
search result depending on the search field type submitted.

IDL Mappings File
Here is the Registration.idl (CORBA) (page 187) file that maps the data types and methods 
used in the RegistrationHome and Registration programs to their IDL equivalents. 

module registration { 
  interface Registration { 
    boolean verifyPassword(in string password); 
    string getEmailAddress(); 
    string getUser(); 
    long adjustAccount(in double amount); 
    double getBalance(); 
  }; 
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  interface RegistrationPK { 
   attribute string theuser; 
  }; 
  enum LoginError {INVALIDUSER, WRONGPASSWORD, TIMEOUT}; 
  exception CreateException { 
  }; 
  exception FinderException { 
  }; 
  typedef sequence<Registration> IDLArrayList; 
  interface ReturnResults  { 
    void updateResults(in IDLArrayList results) raises (FinderException); 
  }; 
  interface RegistrationHome { 
    RegistrationPK create(in string theuser, in string password,  
                          in string emailaddress, in string creditcard)  
                          raises (CreateException); 
    Registration findByPrimaryKey(in RegistrationPK theuser)  
                          raises (FinderException); 
    void findLowCreditAccounts(in ReturnResults rr) raises (FinderException); 
    Any customSearch(in Any searchfield, out long count); 
  }; 
};

Compiling the IDL Mappings File
The IDL file has to be converted into Java classes that can be used in the CORBA distributed 
network. The Java 2 platform compiles .idl files using the program idltojava. This program 
will be replaced with the idltoj command. The -fno-cpp arguments indicate there is no C++ 
compiler installed. 

idltojava -fno-cpp Registration.idl

Other Java IDL compilers should also work, for example, jidl from ORBacus can generate 
classes that can be used by the Java 2 ORB.

Stubs and Skeletons
CORBA and RMI are similar in that compilation generates a stub file for the client and a 
skeleton file for the server. As shown in Figure 18, the stub (or proxy) and skeleton (or ser-
vant) are used to marshal and unmarshal data between the client and server. The skeleton is 
used by the server. In this example, the IDL RegistrationHome interface mapping generates 
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In the RegistrationServer (CORBA) (page 181) program, the server object to be distributed 
is bound to the ORB using the connect method: 

RegistrationServer rs = new RegistrationServer();
//API Ref :void connect(Object object)

orb.connect(rs);

An object connected to an ORB can be removed with the disconnect method: 

//API Ref :void disconnect(Object object)
orb.disconnect(rs);

Once connected to a CORBA server object, the Java 2 ORB keeps the server alive and waits 
for client requests to the CORBA server. 

java.lang.Object sync = new java.lang.Object(); 
synchronized(sync) { 
  sync.wait(); 
}

Making the CORBA Server Accessible
Although this object is now being managed by the ORB, the clients do not yet have a mech-
anism to find the remote object. This can be solved by binding the CORBA server object to a 
naming service. 

The Java 2 naming service is called tnameserv. The naming service by default uses port 900; 
however, this value can be changed by setting the argument -ORBInitialPort portnumber
when starting tnameserv or setting the property org.omg.CORBA.ORBInitialPort when 
starting the client and server processes. 

java.util.Properties props=System.getProperties(); 
props.put("org.omg.CORBA.ORBInitialPort", "1050"); 
System.setProperties(props); 
ORB orb = ORB.init(args, props);

The next lines from the main method in the RegistrationServer (CORBA) (page 181) class 
show how this naming reference is created. The first step is to request the service called 
NameService by calling the resolve_initial_references method from the Object Request Bro-
ker with the value NameService. This technique is used to find other services from the ORB, 
not just the NameService. 

The NamingContext is retrieved by narrowing the returned Object to the NameComponent
type. The name is built up and bound to the naming service as a list of NameComponent ele-
ments. The name in this example has a root called auction with this object being bound at the 
next level of the name tree as RegistrationBean. The naming scheme could be used to mir-
ror the package and class that the object came from, in this example it could be used to 
describe that the object was also the class auction.RegistrationBean. 
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org.omg.CORBA.Object nameServiceObj = orb.resolve_initial_references(
                                      NameService");
NamingContext nctx = NamingContextHelper.narrow(nameServiceObj);
NameComponent[] fullname = new NameComponent[2];
fullname[0] = new NameComponent("auction", "");
fullname[1] = new NameComponent("RegistrationBean", "");

//API Ref :NameComponent(String nameid, String kind)
NameComponent[] tempComponent = new NameComponent[1]; 
for(int i=0; i < fullname.length-1; i++ ) { 
    tempComponent[0]= fullname[i]; 
    try { 
      nctx=nctx.bind_new_context(tempComponent); 
    } catch (org.omg.CosNaming.NamingContextPackage.AlreadyBound e){  
      // It may already be bound so ignore  
} 
tempComponent[0]=fullname[fullname.length-1]; 
try { 
  nctx.rebind(tempComponent, rs); 
} catch (Exception e){ 
  System.out.println("rebind failed"+e); 
}

Plugging in a new ORB
The Java 2 IDL ORB does not currently include some of the services available in many other 
commercial ORBs such as security or event notification services. However, you can use 
another ORB in the Java 2 runtime by configuring two properties and including any neces-
sary object adapter code. 

Using a new ORB in the registration server requires the org.omg.CORBA.ORBClass and 
org.omg.CORBA.ORBSingletonClass properties point to the appropriate ORB classes. In 
this example the ORBacus ORB is used instead of the Java 2 IDL ORB. To use another 
ORB, the code below should be plugged into the RegistrationServer.main method. 

In the example code, a SingletonClass ORB is used. The SingletonClass ORB is not a full 
ORB, and is primarily used as a factory for TypeCodes. The call to ORB.init() in the last line 
creates the Singleton ORB. 

Properties props= System.getProperties(); 
props.put("org.omg.CORBA.ORBClass", "com.ooc.CORBA.ORB"); 
props.put("org.omg.CORBA.ORBSingletonClass","com.ooc.CORBA.ORBSingleton"); 
System.setProperties(props); 
ORB orb = ORB.init(args, props) ;

In the Java 2 IDL, there is no distinct object adapter. As shown in the example code segment 
below, using the Basic Object Adapter from ORBacus requires an explicit cast to the ORBa-
cus ORB. The Broker Object Architecture (BOA) is notified that the object is ready to be 
distributed by calling the impl_is_ready(null) method. 
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BOA boa = ((com.ooc.CORBA.ORB)orb).BOA_init(args, props); 
 ... 
boa.impl_is_ready(null);

Although both the ORBSingletonClass and ORBClass ORBs build the object name using 
NameComponent, you have to use a different ORBacus Naming Service. The CosNam-
ing.Server service is started as follows where the -OAhost parameter is optional: 

java com.ooc.CosNaming.Server -OAhost localhost -OAport 1060

Once the naming service is started, the server and client programs find the naming service 
using the IIOP protocol to the host and port named when starting the Naming service: 

java registration.RegistrationServer -ORBservice NameService  
                           iiop://localhost:1060/DefaultNamingContext

Naming Service Access by CORBA Clients
CORBA clients access the naming service in a similar way to the server, except that instead 
of binding a name, the client resolves the name built from the NameComponents. The Auc-
tionServlet and SellerBean classes use the following code to look up the CORBA server: 

//API Ref :NameComponent(String nameid, String kind)
NameComponent[] fullname = new NameComponent[2]; 
fullname[0] = new NameComponent("auction", ""); 
fullname[1] = new NameComponent("RegistrationBean", ""); 
 
RegistrationHome regRef = RegistrationHomeHelper.narrow(nctx.resolve(fullname));

In the case of the ORBacus ORB, the clients also need a Basic Object Adapter if callbacks 
are used as in the SellerBean.auditAccounts method. The naming context helper is also con-
figured differently for the ORBacus server started earlier: 

Object obj = ((com.ooc.CORBA.ORB)orb).get_inet_object ("localhost",  
                             1060, "DefaultNamingContext");  

NamingContext nctx = NamingContextHelper.narrow(obj);

Helper and Holder classes
References to remote objects in CORBA use a Helper class to retrieve a value from that 
object. A commonly used method is the Helper narrow method, which ensures the object is 
cast correctly. 

Holder classes hold values returned when using inout or out parameters in a method. The 
caller first instantiates the appropriate Holder class for that type and passes the Holder class 
to the method call as one of the parameters. On return from the method call, the application 
retrieves the value that has been changed in the Holder. 
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In the next example, the count of how many occurrences of the search term is held in a 
instance of an int type Holder object. The Holder object, count is passed to the custom-
Search method where the field called value in the Holder object is changed on the remote 
end. On return from the customSearch method, the count value is retrieved by accessing the
value field. 

//API Ref :IntHolder()
IntHolder count= new IntHolder(); 
sfield=regRef.customSearch(sfield,count); 
System.out.println("count now set to "+count.value);

Garbage Collection
Unlike RMI, CORBA does not have a distributed garbage collection mechanism. References 
to an object are local to the client proxy and the server servant. This means each Java virtual 
machine is free to reclaim that object and garbage collect it if there are no longer references 
to it. If an object is no longer needed on the server, the orb.disconnect(object) needs to be 
called to allow the object to be garbage collected. 

CORBA Callbacks
The new findLowCreditAccounts method is called from the AuctionServlet when the 
user uses the Uniform Resource Locator (URL) http://localhost:7001/AuctionServ-
let?action=auditAccounts. The AuctionServlet.auditAccounts method calls the Seller-
Bean.auditAccounts method, which returns an ArrayList of Registration records. 

// From file AuctionServlet.java 
  private void auditAccounts(ServletOutputStream out,HttpServletRequest request) 
                             throws IOException{ 
//   ... 
   SellerHome home = (SellerHome) ctx.lookup("seller"); 
   Seller si= home.create(); 
   if(si != null) {
     // Call the auditAccounts method in SellerBean and return
     // an ArrayList of Registration records. Call the getUser
     // and getBalance methods on each Registration Object.
     ArrayList ar=si.auditAccounts();

//API Ref :Interator iterator()
//API Ref :boolean hasNext()

     for(Iterator i=ar.iterator(); i.hasNext();) { 
       Registration user=(Registration)(i.next()); 
       addLine("<TD>"+user.getUser() + "<TD><TD>"+user.getBalance() + 
               "<TD><TR>", out); 
     } 
       addLine("<TABLE>", out); 
    }
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The SellerBean object calls the CORBA RegistrationHome.findLowCreditAccounts
method implemented in the RegistrationServer class, and passes a reference to itself as a 
parameter in the findLowCreditAccounts method call. The reference can be passed 
because the SellerBean class implements the ReturnResults interface declared in the Reg-
istration.idl file. 

// From file SellerBean.java 
  public ArrayList auditAccounts() { 
    try {

//API Ref :NameComponent(String nameid, String kind)
      NameComponent[] fullname = new NameComponent[2]; 
      fullname[0] = new NameComponent("auction", ""); 
      fullname[1] = new NameComponent("RegistrationBean", ""); 
      RegistrationHome regRef = RegistrationHomeHelper.narrow(  
                                nctx.resolve(fullname)); 
      // Pass a reference to this SellerBean object to the
      // Registration CORBA method findLowCreditAccounts
      regRef.findLowCreditAccounts(this); 
      synchronized(ready) { 
        try { 
          ready.wait();
        } catch (InterruptedException e){} 
      } 
        return (returned); 
      } catch (Exception e) { 
        System.out.println("error in auditAccounts "+e); 
      } 
      return null; 
  }

The RegistrationServer.findLowCreditAccounts method retrieves user records from the data-
base registration table that have a credit value less than three. It then returns the list of Regis-
tration records in an ArrayList by calling the SellerBean.updateResults method to which it 
has a reference. 

// From file RegistrationServer.java
  public void findLowCreditAccounts(final ReturnResults client)  
                                    throws FinderException { 
    // Start a new thread to do the search because it might
    // take a while to complete
    Runnable bgthread = new Runnable() { 
      public void run() { 
        Connection con = null; 
        ResultSet rs = null; 
        PreparedStatement ps = null;
        ArrayList ar = new ArrayList(); 
        try { 
          con=getConnection();
          // Search for the records we are interested in using
          // a simple JDBC call

//API Ref :PrepareStatement prepareStatement(String sql)
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          ps=con.prepareStatement("select theuser, balance from registration  
                                  where balance < ?");

//API Ref :void setDouble(int index, double doublevalue)
          ps.setDouble(1, 3.00); 
          //Execute the prepared statement query

//API Ref :ResultSet executeQuery()
          ps.executeQuery(); 
          rs = ps.getResultSet(); 
          RegistrationImpl reg=null; 
          while(rs.next()) {
            // Create a Registration object for each row and add each
            // Registration to an ArrayList 
            try { 
              reg= new RegistrationImpl(); 
            } catch (Exception e) { 
              System.out.println("Problem creating registration record"+e); 
            }

//API Ref :String getString(String columnName)
            reg.theuser = rs.getString(1);

//API Ref :double getDouble(String columnName)
            reg.balance = rs.getDouble(2);

//API Ref :boolean add(Object object)
            ar.add(reg); 
          } 
          rs.close();

//API Ref :Object[] toArray(Object[] objarray)
          RegistrationImpl[] regarray = (RegistrationImpl [])ar.toArray( 
                                        new RegistrationImpl[0]);
          // Convert the ArrayList to an array of RegistrationImpl objects
          // and pass the results back by calling the updateResults method
          //  from the SellerBean client 
          client.updateResults(regarray); 
        } catch (Exception e) { 
          System.out.println("findLowCreditAccounts: "+e); 
          return; 
        } finally { 
          try { 
            if(rs != null) { 
              rs.close(); 
            } 
            if(ps != null) { 
              ps.close(); 
            } 
            if(con != null) { 
              con.close(); 
            } 
          } catch (Exception ignore) {} 
        } 
      }//run 
    }; 
  Thread t = new Thread(bgthread); 
  t.start();
  }
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The SellerBean.updateResults method updates the global ArrayList of Registration records 
returned by the RegistrationServer object and notifies the SellerBean.auditAccounts method 
that it can return that ArrayList of Registration records to the AuctionServlet. 

// From file SellerBean.java 
ArrayList returned =new ArrayList();
  
 public void updateResults(Registration[] ar)  
                              throws registration.FinderException { 
    if (ar == null) { 
       throw new registration.FinderException(); 
    } 
    try { 
      for(int i=0; i< ar.length; i++) { 
        returned.add(ar[i]); 
      } 
    } catch (Exception e) { 
      System.out.println("updateResults error:"+e); 
      throw new registration.FinderException(); 
    } 
    synchronized(ready) { 
      ready.notifyAll(); 
    } 
  }

Using the Any type
The RegistrationServer.customSearch method uses the IDL Any type to pass in and return 
results. Users can call the customSearch method from the AuctionServlet as follows: 

http://phoenix.sun.com:7001/
AuctionServlet?action=customSearch&searchfield=2

The searchfield parameter can be set to a number or a string. The AuctionServlet.custom-
Find method passes the search field directly to the SellerBean.customFind method and 
retrieves a String that is then displayed to the user. 

 // From file AuctionServlet.java

 private void customSearch(ServletOutputStream out,HttpServletRequest request)  
                            throws IOException{ 
    String text = "Custom Search"; 
    String searchField=request.getParameter("searchfield"); 
    setTitle(out, "Custom Search"); 
    if(searchField == null ) { 
      addLine("Error: SearchField was empty", out); 
      out.flush(); 
      return; 
    } 
    try { 
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      addLine("<BR>"+text, out); 
      SellerHome home = (SellerHome)ctx.lookup("seller"); 
      Seller si= home.create(); 
      if(si != null) { 
        // Call customFind method from SellerBean and display results
        String displayMessage=si.customFind(searchField); 
        if(displayMessage != null ) { 
          addLine(displayMessage+"<BR>", out); 
        } 
      } 
    } catch (Exception e) { 
      addLine("AuctionServlet customFind error",out); 
      System.out.println("AuctionServlet " + "<customFind>:"+e); 
    } 
    out.flush(); 
  }

The SellerBean.customFind method calls the RegistrationHome object implemented in 
the RegistrationServer (CORBA) (page 181) class, and because the searchField might be a 
number or a string, an object of the CORBA type Any is used to transfer the value. 

The convenience of not needing to specify the type of the object incurs an extra cost because 
special methods are required to set and retrieve values from an object of type Any. The Any
object is created by a call to the ORB, orb.create_any method. 

The customFind method also uses an out parameter, count, of type int that returns the 
number of records found. The number of records found is retrieved from count.value when 
the customFind method returns. The return type of the customFind method also is type 
String and is described after the code sample.

 // From file SellerBean.java 
  public String customFind(String searchField) 
                           throws javax.ejb.FinderException, RemoteException{ 
  int total=-1; 
  IntHolder count= new IntHolder(); 
  try {

//API Ref :NameComponent(String nameid, String kind)
    NameComponent[] fullname = new NameComponent[2]; 
    fullname[0] = new NameComponent("auction", ""); 
    fullname[1] = new NameComponent( 
                          "RegistrationBean", ""); 
    RegistrationHome regRef =  
                   RegistrationHomeHelper.narrow(nctx.resolve(fullname)); 
      if(regRef == null ) { 
        System.out.println("cannot contact RegistrationHome"); 
        throw new javax.ejb.FinderException(); 
      }

//API Ref :Any create_any()
      Any sfield=orb.create_any(); 
      Double balance; 
      try {
       // Treat the search value as an account balance. If it cannot
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       // be converted to a number then its an email address so send it as a String 
//API Ref :static Double valueOf(double doublevalue)

        balance=Double.valueOf(searchField); 
        try {
          // Insert the double value held as balance into the Any object

//API Ref :void insert_double(double doublevalue)
          sfield.insert_double(balance.doubleValue()); 
        } catch (Exception e) { 
          return("Problem with search value"+balance); 
        } 
       sfield=regRef.customSearch(sfield,count);
       // The number of records is available in the count out parameter
       // and in the return object. 
       if(sfield != null ) { 
         total=sfield.extract_long(); 
       } 
       return(total+" accounts are below optimal level from" + 
              count.value+" records"); 
     } catch (NumberFormatException e) {
       // The value could not be converted to a double so search
       // with the value of type String

//API Ref :void insert_string(String stringvalue)
       sfield.insert_string(searchField); 
       Registration reg;
       // The returned object contains a Registration record stored
       // as a type Any.
       if((reg=RegistrationHelper.extract(regRef.customSearch(sfield,count)))  
                                                 != null ) { 
        return("Found user "+reg.getUser() +" who has email address "+ 
               reg.getEmailAddress()); 
      } else { 
        return("No users found who have email address " + searchField); 
      } 
     } 
    } catch(Exception e){ 
      System.out.println("customFind problem="+e); 
      throw new javax.ejb.FinderException(); 
    }
  }

The return value from the call to customFind is extracted into an object of type Any, the 
results of the search are then displayed to the user in the AuctionServlet. For simple types, 
the extract_<type> method of the Any object can be used. However, for the Registration
type, the RegistrationHelper class is used. 

Registration reg = RegistrationHelper.extract( 
                               regRef.customSearch(sfield,count));

The RegistrationServer.customSearch method determines the type of Object being passed in 
the searchField parameter by checking the .type().kind().value() of the Any object. 

 if(searchField.type().kind().value() == TCKind._tk_double)
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Finally, because the customSearch method returns an object of type Any, a call to 
orb.create_any() is required. For simple types like double, the insert_<type> method is 
used. For a Registration record, the RegistrationHelper class is used like this: Regis-
trationHelper.insert(returnResults, regarray[0]). 

// From file RegistrationServer.java 
  public Any customSearch(Any searchField, IntHolder count){ 
    Any returnResults= orb.create_any(); 
    int tmpcount=count.value; 
    if(searchField.type().kind().value() == TCKind._tk_double){ 
      // Search database for number of accounts where the balance is
      // less than supplied amount
      double findBalance=searchField.extract_double(); 
      Connection con = null; 
      ResultSet rs = null; 
      PreparedStatement ps = null; 
      try { 
        con=getConnection();

//API Ref :PrepareStatement prepareStatement(String sql)
        ps=con.prepareStatement("select count(*) from  
                           registration where balance < ?");

//API Ref :void setDouble(int index, double doublevalue)
        ps.setDouble(1, findBalance);

//API Ref :ResultSet executeQuery()
        ps.executeQuery(); 
        rs = ps.getResultSet();

//API Ref :boolean next()
        if(rs.next()) {

//API Ref :int getInt(String ColumnName)
          tmpcount = rs.getInt(1); 
        } 
        count.value=tmpcount; 
        rs.close(); 
       } catch (Exception e) { 
         System.out.println("custom search: "+e); 
         returnResults.insert_long(-1); 
         return(returnResults); 
       } finally { 
         try { 
           if(rs != null) { rs.close(); } 
           if(ps != null) { ps.close(); } 
           if(con != null) { con.close(); } 
         } catch (Exception ignore) {} 
       } 
         returnResults.insert_long(tmpcount); 
         return(returnResults); 
     } else if(searchField.type().kind().value() == TCKind._tk_string) { 
       // If the any value is of type string then the admin was 
       // looking for an email address so return the
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       // email addresses that match supplied address 
       String findEmail=searchField.extract_string(); 
       Connection con = null; 
       ResultSet rs = null; 
       PreparedStatement ps = null; 
       ArrayList ar = new ArrayList(); 
       RegistrationImpl reg=null; 
       try { 
         con=getConnection(); 
         ps=con.prepareStatement("select theuser, emailaddress from 
                   registration where emailaddress like ?"); 
         ps.setString(1, findEmail); 
         ps.executeQuery(); 
         rs = ps.getResultSet(); 
         while (rs.next()) { 
           reg= new RegistrationImpl(); 
           reg.theuser = rs.getString(1); 
           reg.emailaddress = rs.getString(2);
           // Add each entry to an ArrayList in readiness to convert
           // an array of RegistrationImpl records 
           ar.add(reg); 
         } 
         rs.close(); 
        RegistrationImpl[] regarray = (RegistrationImpl [])ar.toArray( 
        new RegistrationImpl[0]); 
        RegistrationHelper.insert(returnResults, regarray[0]); 
        return(returnResults); 
      } catch (Exception e) { 
        System.out.println("custom search: "+e); 
        return(returnResults); 
      } 
      finally { 
        try { 
          if(rs != null) { rs.close(); } 
          if(ps != null) { ps.close(); } 
          if(con != null) { con.close(); } 
        } catch (Exception ignore) {} 
     } 
  } 
  return(returnResults); 
}

In Conclusion
As you have seen, converting the application to use RMI or CORBA requires very little 
change to core programs. The main difference has been the initialization and naming ser-
vice. By abstracting these two areas in your application away from the business logic you 
ease migration between different distributed object architectures for the Java platform. 
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JDBC Technology
The Bean-managed Enterprise JavaBeans auction application with its Remote Method Invo-
cation (RMI) and Common Object Request Broker (CORBA) variants has used simple 
JDBC calls to retrieve and update information from a database using a JDBC connection 
pool. By default, JDBC database access involves opening a database connection, running 
SQL commands in a statement, processing the returned results, and closing the database 
connection. 

Overall, the default approach works well for low volume database access, but how do you 
manage a large number of requests that update many related tables at once and still ensure 
data integrity? This section explains how. 

JDBC Drivers
The connection to the database is handled by the JDBC Driver class. The Java SDK contains 
only one JDBC driver, a jdbc-odbc bridge that can communicate with an existing Open 
DataBase Connectivity (ODBC) driver. Other databases need a JDBC driver specific to that 
database. 

To get a general idea of what the JDBC driver does, you can examine the JDCConnection-
Driver (page 391) class. The JDCConnectionDriver class implements the java.sql.Driver
class and acts as a pass-through driver by forwarding JDBC requests to the real database 
JDBC Driver. The JDBC driver class is loaded with a call to Class.forName(drivername). 

These next code lines show how to load three different JDBC driver classes: 

Class.forName("sun.jdbc.odbc.JdbcOdbcDriver"); 
Class.forName("postgresql.Driver");  
Class.forName("oracle.jdbc.driver.OracleDriver");

Each JDBC driver is configured to understand a specific URL so multiple JDBC drivers can 
be loaded at any one time. When you specify a URL at connect time, the first matching 
JDBC driver is selected. 

The jdbc-odbc bridge accepts Uniform Resource Locators (URLs) starting with jdbc:odbc:
and uses the next field in that URL to specify the data source name. The data source name 
identifies the particular database scheme you wish to access. The URL can also include more 
details on how to contact the database and enter the account. 

//access the ejbdemo tables 
  String url = "jdbc:odbc:ejbdemo";

This next example contains the Oracle SQL*net information on the particular database 
called ejbdemo on machine dbmachine. 
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String url = "jdbc:oracle:thin:user/password@(description=(address_list=( 
       address=(protocol=tcp (host=dbmachine)(port=1521)))(source_route=yes) 
       (connect_data=(sid=ejbdemo)))";

This next example uses mysql to connect to the ejbdemo database on the local machine. The 
login user name and password details are also included. 

String url = "jdbc:mysql://localhost/ejbdemo?user=user;
                                             password=pass";

JDBC drivers are divided into four types. Drivers may also be categorized as pure Java or 
thin drivers to indicate if they are used for client applications (pure Java drivers) or applets 
(thin drivers). Newer drivers are usually Type 3 or 4. The four types are as follows: 

Type 1 Drivers
Type 1 JDBC drivers are the bridge drivers such as the jdbc-odbc bridge. These drivers rely 
on an intermediary such as ODBC to transfer the SQL calls to the database. Bridge drivers 
often rely on native code, although the jdbc-odbc library native code is part of the Java 2 vir-
tual machine. 

Type 2 Drivers
Type 2 Drivers use the existing database API to communicate with the database on the client. 
Although Type 2 drivers are faster than Type 1 drivers, Type 2 drivers use native code and 
require additional permissions to work in an applet. A Type 2 driver might need client-side 
database code to connect over the network. 

Type 3 Drivers
Type 3 Drivers call the database API on the server. JDBC requests from the client are first 
proxied to the JDBC Driver on the server to run. Type 3 and 4 drivers can be used by thin cli-
ents as they need no native code. 

Type 4 Drivers
The highest level of driver reimplements the database network API in the Java programming 
language. Type 4 drivers can also be used on thin clients as they also have no native code.

Database Connections
A database connection can be established with a call to the DriverManager.getConnection
method. The call takes a URL that identifies the database, and optionally, the database login 
user name and password. 

//API Ref :static Connection getConnection(String url)
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Connection con = DriverManager.getConnection(url);
//API Ref :static Connection getConnection(String url, String user, String password)

Connection con = DriverManager.getConnection(url, "user", "password");

After a connection is established, a statement can be run against the database. The results of 
the statement can be retrieved and the connection closed. 

One useful feature of the DriverManager class is the setLogStream method. You can use this 
method to generate tracing information to help you diagnose connection problems that 
would normally not be visible. To generate tracing information, just call the method like this: 

//API Ref :static void setLogStream(PrintStream out)
DriverManager.setLogStream(System.out); 

Connection Pooling (page 344) shows you how to improve the throughput of JDBC connec-
tions by not closing the connection once the statement completes. Each JDBC connection to 
a database incurs overhead in opening a new socket and using the username and password to 
log into the database. Reusing the connections reduces the overhead. The Connection Pool 
keeps a list of open connections and clears any connections that cannot be reused.

Statements
There are three basic types of SQL statements used in the JDBC API: CallableStatement, 
Statement, and PreparedStatement. When a Statement or PreparedStatement is sent to the 
database, the database driver translates it into a format the underlying database can recog-
nize.

Callable Statements
Once you have established a connection to a database, you can use the Connection.prepare-
Call method to create a callable statement. A callable statement lets you execute SQL stored 
procedures. This next example creates a CallableStatement object with three parameters for 
storing account login information. 

//API Ref :CallableStatement prepareCall(String sql)
  CallableStatement cs = con.prepareCall("{call accountlogin(?,?,?)}");

//API Ref :void setString(int index, String s)
  cs.setString(1,theuser); 
  cs.setString(2,password);

//API Ref :void registerOutParameter(int index, int sqltype)
  cs.registerOutParameter(3,Types.DATE); 
  cs.executeQuery();

//API Ref :Date getDate(int index)
  Date lastLogin = cs.getDate(3);
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Statements
The Statement interface lets you execute a simple SQL statement with no parameters. The 
SQL instructions are inserted into the Statement object when the Statement.execute<type>
method is called. 

Query Statement. This code segment creates a Statement object and calls the State-
ment.executeQuery method to select text from the dba database table. The results of the 
query are returned in a ResultSet object. How to retrieve results from a ResultSet object is 
explained in Result Sets (page 133) below. 

//API Ref :Statement createStatement()
 Statement stmt = con.createStatement();

//API Ref :int executeQuery(String sql)
 ResultSet results = stmt.executeQuery("SELECT TEXT FROM dba ");

Update Statement. This next code segment creates a Statement object and calls the 
Statement.executeUpdate method to add an email address to a table in the dba database 
table. 

String updateString = "INSERT INTO dba VALUES (‘some text’)";
//API Ref :int executeUpdate(String sql)

int count = stmt.executeUpdate(updateString);

Prepared Statements
The PreparedStatement interface descends from the Statement interface and uses a template 
to create a SQL request. Use a PreparedStatement to make multiple database operations 
where only the values change. The advantage to using a PreparedStatement is that the state-
ment is compiled the first time and subsequent calls are optimized by inserting only the 
changed data.

Note: Not all database drivers compile prepared statements. 

Query PreparedStatement. You create a PreparedStatement object by specifying the 
template definition and parameter placeholders. The parameter data is inserted into the Pre-
paredStatement object by calling its set<type> methods and specifying the parameter and its 
data. The SQL instructions and parameters are sent to the database when the execute<type>
method is called. 

This next code segment creates a PreparedStatement object to select user data based on the 
user's email address. The question mark (“?”) indicates this statement has one parameter. 

//API Ref :PrepareStatement prepareStatement(String sql)
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PreparedStatement pstmt = con.prepareStatement(select theuser from  
                          registration where emailaddress like ?"); 
//Initialize first parameter with email address

//API Ref :void setString(int index, String s)
pstmt.setString(1, emailAddress);

//API Ref :ResultSet executeQuery()
ResultSet results = ps.executeQuery();

Once the PreparedStatement template is initialized, only the changed values are inserted for 
each call. 

pstmt.setString(1, anotherEmailAddress);

Update PreparedStatement.  This code segment creates a PreparedStatement object to 
update a seller's registration record. The template has five parameters, which are set with five 
calls to the appropriate PreparedStatement.set<type>X methods. 

PreparedStatement ps = con.prepareStatement( 
                   "insert into registration(theuser, password,  
                   emailaddress, creditcard, balance) values (?, ?, ?, ?, ?)"); 
ps.setString(1, theuser); 
ps.setString(2, password); 
ps.setString(3, emailaddress); 
ps.setString(4, creditcard); 
ps.setDouble(5, balance); 
ps.executeUpdate();

Caching Database results
The PreparedStatement concept of reusing requests can be extended to caching the results of 
a JDBC call. For example, an auction item description remains the same until the seller 
changes it. If the item receives thousands of requests, the results of the query statement 
“select description from auctionitems where item_id='4000343'” might be stored more effi-
ciently in a hash table. 

Storing results in a hash table requires the JDBC call be intercepted before creating a real 
statement to return the cached results, and the cache entry be cleared if there is a correspond-
ing update to that item_id. 

Result Sets
The ResultSet interface manages access to data returned from a query. The data returned 
equals one row in a database table. Some queries return one row of data while many queries 
return multiple rows of data. 
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You use getType methods to retrieve data from specific columns for each row returned by the 
query. The SELECT TEXT FROM dba query selects the TEXT column from the daba table.

Statement stmt = con.createStatement(); 
ResultSet results = stmt.executeQuery("SELECT TEXT FROM dba ");

//API Ref :boolean next()
  while(results.next()){

//API Ref :String getString(String columnName)
    String s = results.getString("TEXT"); 
    displayText.append(s + "\n"); 
  } 
stmt.close();

Scrolling Result Sets
Before JDBC 2.0, JDBC drivers returned read-only result sets with cursors that moved in 
one direction, forwards. Each element was retrieved by calling the next method on the result 
set. JDBC 2.0 introduces scrollable results sets whose values can be read and updated if 
reading and updating is supported by the underlying database. With scrollable result sets, 
any row can be selected at random, and the result set can be traversed forwards and back-
wards. 

One advantage to the new result set is you can update a set of matching rows without having 
to issue an additional executeUpdate call. The updates are made using JDBC calls so no cus-
tom SQL commands need to be generated. This improves the portability of the database 
code you create. 

Both Statements and PreparedStatements have an additional constructor that accepts a scroll 
and an update type parameter. The scroll type value can be any one of the following: 

• ResultSet.TYPE_FORWARD_ONLY: Default behavior in JDBC 1.0, application can 
only call next() on the result set.

• ResultSet.SCROLL_SENSITIVE: ResultSet is fully navigable and updates are 
reflected in the result set as they occur. 

• ResultSet.SCROLL_INSENSITIVE: Result set is fully navigable, but updates are only 
visible after the result set is closed. You need to create a new result set to see the results. 

The update type parameter can be one of the following two values: 

• ResultSet.CONCUR_READ_ONLY: The result set is read only.

• ResultSet.CONCUR_UPDATABLE: The result set can be updated.

You can verify that your database supports these types by calling con.getMetaData().sup-
portsResultSetConcurrency() method as shown here. 

Connection con = getConnection();
//API Ref :DatabaseMetaData getMetaData()
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//API Ref :boolean supportsResultSetConcurrency(int type, int concurrency)
if(con.getMetaData().supportsResultSetConcurrency( 
  ResultSet.SCROLL_INSENSITIVE, 
  ResultSet.CONCUR_UPDATABLE)) { 
  PreparedStatement pstmt = con.prepareStatement("select password, emailaddres, 
                       creditcard, balance from registration where theuser = ?",  
                       ResultSet.SCROLL_INSENSITIVE,ResultSet.CONCUR_UPDATABLE);  
 } 

Navigating the ResultSet
The fully scrollable result set returns a cursor that can be moved using simple commands. By 
default, the result set cursor points to the row before the first row of the result set. A call to 
the next method retrieves the first result set row. The cursor can also be moved by calling one 
of the following ResultSet methods: 

• beforeFirst(): Default position. Puts the cursor before the first row of the result set.

• first(): Puts the cursor on the first row of the result set. 

• last(): Puts the cursor before the last row of the result set. 

• afterLast() Puts the cursor beyond last row of the result set. Calls to previous moves 
backwards through the ResultSet. 

• absolute(pos): Puts the cursor at the row number position where absolute(1) is the first 
row and absolute(-1) is the last row. 

• relative(pos): Puts the cursor at a row relative to its current position where relative(1) 
moves row cursor one row forward.

Updating the Result Set
You can update a value in a result set by calling the ResultSet.update<type> method on the 
row where the cursor is positioned. The type value here is the same value used when retriev-
ing a value from the result set. For example, updateString updates a String value in the result 
set. 

These next code lines update the balance for a user from the result set created earlier. The 
update applies only to the result set until the call to rs.updateRow(), which updates the 
underlying database. Closing the result set before calling updateRow will lose any edits 
applied to the result set. 

//API Ref :boolean first()
rs.first();

//API Ref :double updateDouble(String columnName)
//API Ref :double getDouble(String columnName, double d)

updateDouble("balance", rs.getDouble("balance") - 5.00);
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Inserting a new row uses the same update<type> methods. The only difference being that the 
method rs.moveToInsertRow is called before, and rs.insertRow is called after the fields have 
been initialized. You can delete the current row with a call to rs.deleteRow. 

Batch Jobs
By default, every JDBC statement is sent to the database individually. Apart from the addi-
tional network requests, this process incurs additional delays if a transaction spans several 
statements. JDBC 2.0 lets you submit multiple statements at one time with the addBatch
method. 

This next code segment shows how to use the addBatch statement. The calls to 
stmt.addBatch append statements to the original Statement, and the call to executeBatch
submits the entire statement with all the appends to the database. 

 Statement stmt = con.createStatement(); 
 stmt.addBatch("update registration set balance=balance-5.00 
        where theuser="+theuser); 
 stmt.addBatch("insert into auctionitems(description, startprice)  
        values("+description+","+startprice+")");

//API Ref :int executeBatch()
 int[] results = stmt.executeBatch();

The addBatch method return result is an array of row counts affected for each statement exe-
cuted in the batch job. If a problem occurs, a java.sql.BatchUpdateException is thrown. An 
incomplete array of row counts can be obtained from BatchUpdateException by calling its 
getUpdateCounts method. 

Storing Classes, Images and Other Large Objects
Many databases can store binary data as part of a row if the database field is assigned a long 
raw, longvarbinary, or other similar type. These fields can accommodate up to two Gigabytes 
of data. This means if you can convert the data into a binary stream or array of bytes, it can 
be stored and retrieved from the database in the same way you would store a string or dou-
ble. This technique can be used to store and retrieve images and Java objects. 

Storing and retrieving an image. It is very easy to store an object that can be serialized 
or converted to a byte array. Unfortunately, java.awt.Image is not Serializable. However, as 
shown in this next code example, you can store the image data to a file and store the informa-
tion in the file as bytes in a database binary field. 
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  int itemnumber=400456; 
  // Each image is assumed to be in the format <auctionitem>.jpg 
  // 400456.jpg 
  File file = new File(itemnumber+".jpg"); 
  FileInputStream fis = new FileInputStream(file); 
  PreparedStatement pstmt = con.prepareStatement("update auctionitems  
        set theimage=? where id= ?");
  // The FileInputStream fis and the length of that stream are used
  // as parameters to the setBinaryStream method

//API Ref :void setBinaryStream(int index, InputStream stream, int length)
  pstmt.setBinaryStream(1, fis, (int)file.length()): 
  pstmt.setInt(2, itemnumber);

//API Ref :int executeUpdate()
  pstmt.executeUpdate();

//API Ref :void close()
  pstmt.close(); 
  fis.close(); 

To retrieve this image and create a byte array that can be passed to createImage, do the fol-
lowing: 

  int itemnumber=400456; 
  byte[] imageBytes; 
  PreparedStatement pstmt = con.prepareStatement( 
                            "select theimage from auctionitems where id= ?");

//API Ref :void setInt(int index, int intvalue)
  pstmt.setInt(1, itemnumber); 
  ResultSet rs = pstmt.executeQuery(); 
  if(rs.next()) {
    // Retrieve the image as bytes and convert to an image using the 
    // method createImage from the awt Toolkit

//API Ref :byte[] getBytes(String ColumnName)
    imageBytes = rs.getBytes(1); 
  } 
  pstmt.close(); 
  rs.close(); 
  Image auctionimage = Toolkit.getDefaultToolkit().createImage(imageBytes);

Storing and retrieving an object. A class can be serialized to a binary database field in 
much the same way as the image was in the previous example. In this example, the Registra-
tionImpl class is changed to support default serialization by adding implements Serializable
to the Class declaration. 

Next, a ByteArrayInputStream is created to be passed as the JDBC Binary Stream. To create 
the ByteArrayInputStream, RegistrationImpl is first piped through an ObjectOutputStream
to an underlying ByteArrayInputStream with a call to RegistrationImpl.writeObject The 
ByteArrayInputStream is then converted to a byte array, which can then be used to create the 
ByteArrayInputStream. The create method in RegistrationServer.java is changed as follows: 
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  public registration.RegistrationPK create(String theuser, String password,  
                                     String emailaddress, String creditcard)  
                                     throws registration.CreateException{ 
     double balance=0; 
     Connection con = null; 
     PreparedStatement ps = null;; 
     try { 
       con=getConnection(); 
       // Create a Registration Bean from the parameters supplied  
       RegistrationImpl reg= new RegistrationImpl(); 
       reg.theuser = theuser; 
       reg.password = password; 
       reg.emailaddress = emailaddress; 
       reg.creditcard = creditcard; 
       reg.balance = balance; 
       // Getting this Bean into the database requires an input stream, 
       // which in this case is a ByteArrayInputStream that is created from 
       // a byte array. The byte array is created from a bytearrayoutput 
       // stream of the object that is to be stored. 
       // Create a ByteArray stream and write the object to that stream 
       ByteArrayOutputStream regStore = new ByteArrayOutputStream(); 
       ObjectOutputStream regObjectStream = new ObjectOutputStream(regStore); 
       regObjectStream.writeObject(reg); 
       // Create an array of bytes from the bytearray stream 
       byte[] regBytes=regStore.toByteArray(); 
       regObjectStream.close(); 
       regStore.close();

       // Finally, create the byte array input stream from the array of bytes 
       ByteArrayInputStream regArrayStream = new ByteArrayInputStream(regBytes); 
       ps=con.prepareStatement("insert into registration (theuser, theclass)  
                                values (?, ?)"); 
       ps.setString(1, theuser); 
       ps.setBinaryStream(2, regArrayStream, regBytes.length); 
       if(ps.executeUpdate() != 1) { 
         throw new CreateException (); 
       } 
       RegistrationPK primaryKey = new RegistrationPKImpl(); 
       primaryKey.theuser(theuser); 
       return primaryKey; 
     } catch (IOException ioe) { 
       throw new CreateException (); 
     } catch (CreateException ce) { 
       throw ce; 
     } catch (SQLException sqe) { 
       System.out.println("sqe="+sqe); 
       throw new CreateException (); 
     } finally { 
       try { 
         ps.close(); 
         con.close(); 
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       } catch (Exception ignore) { 
       } 
     } 
  }

The object is retrieved and reconstructed by extracting the bytes from the database, creating 
a ByteArrayInputStream from those bytes to be read from an ObjectInputStream, and calling 
readObject to create the instance again. 

This next example shows the changes needed to the RegistrationServer.refresh method to 
retrieve the registration instance from the database. 

  private Registration refresh(RegistrationPK pk) throws FinderException { 
      if(pk == null) { 
          throw new FinderException (); 
      } 
      ResultSet rs = null; 
      Connection con = null; 
      PreparedStatement ps = null; 
      try { 
         con=getConnection(); 
         ps=con.prepareStatement("select theclass from registration  
                                 where theuser = ?"); 
         ps.setString(1, pk.theuser()); 
         ps.executeQuery(); 
         rs = ps.getResultSet(); 
         if(rs.next()){ 
            byte[] regBytes = rs.getBytes(1); 
            ByteArrayInputStream regArrayStream =  
                new ByteArrayInputStream(regBytes); 
            ObjectInputStream regObjectStream =  
                new ObjectInputStream(regArrayStream); 
            RegistrationImpl reg=  
                (RegistrationImpl)regObjectStream.readObject(); 
            return reg; 
         } else { 
           throw new FinderException (); 
         } 
     } catch (Exception sqe) { 
       System.out.println("Exception when loading image: "+sqe); 
       throw new FinderException (); 
     } finally { 
       try { 
         rs.close(); 
         ps.close(); 
         con.close(); 
       } catch (Exception ignore) {} 
     } 
  }

BLOBs and CLOBs . Storing large fields in a table with the other data is not necessarily 
optimum especially if the data has a variable size. One way to handle large, variable sized 
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objects is with the Large Objects (LOBs) type. LOBs use a locator, essentially a pointer, in 
the database record that points to the real database field. 

There are two types of LOBs: Binary Large Objects (BLOBs) and Character Large Objects 
(CLOBs). When you access a BLOB or CLOB, the data is not copied to the client. To 
retrieve the actual data from a result set, you have to retrieve the pointer with a call to BLOB 
blob = getBlob(1) or CLOB clob = getClob(1), and then retrieve the data with a call to 
blob.getBinaryStream() or clob.getBinaryStream(). Both getBlob and getClob are in the 
java.sql package. 

Controlling Transactions
By default, JDBC statements are processed in full auto-commit mode. This mode works well 
for a single database query, but if an operation depends on several database statements that 
all have to complete successfully or the entire operation is cancelled, a finer transaction is 
needed. 

A description of transaction isolation levels is covered in more detail in 3: Data and Transac-
tion Management (page 55). To use transaction management in the JDBC platform, you first 
need to disable the full auto-commit mode by calling: 

Connection con= getConnection(); 
con.setAutoCommit(false);

At this point, you can either commit any following JDBC statements or undo any updates by 
calling the Connection.rollback method. The rollback call is commonly placed in the Excep-
tion handler, although it can be placed anywhere in the transaction flow. 

This next example inserts an auction item and decrements the user's balance. If the balance is 
less than zero, the entire transaction is rolled back and the auction item is removed. 

// New insertItem code to add to file SellerBean.java
static {
   try{
        new pool.JDCConnectionDriver("COM.cloudscape.core.JDBCDriver", "jdbc:clo
udscape:ejbdemo","none", "none");
   } catch(Exception e) { 
      System.out.println("new pool error"+e);
   }
}

public Connection getConnection() throws SQLException {
   return DriverManager.getConnection("jdbc:jdc:jdcpool");
}
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public int insertItem(String seller, String password, String description,  
                        int auctiondays, double startprice, String summary) { 
    Connection con = null; 
    int count=0; 
    double balance=0; 
    java.sql.Date enddate, startdate; 
    Statement stmt=null;

//API Ref :PrepareStatement prepareStatement(String sql)
    PreparedStatement ps = null;
 
    try { 
      con = getConnection();
      // Disable auto commit of jdbc transactions for this connection

//API Ref :void setAutoCommit(boolean autoCommit)
      con.setAutoCommit(false);

//API Ref :Statement createStatement()
      stmt = con.createStatement(); 
      stmt.executeQuery("select counter from auctionitems");

//API Ref :ResultSet getResultSet()
      ResultSet rs = stmt.getResultSet(); 
      if(rs.next()) { 
        count=rs.getInt(1); 
      }
      // Calculate the end date of the auction

//API Ref :static Calendar getInstance()
      Calendar currenttime = Calendar.getInstance();

//API Ref :long getTime()
      java.util.Date currentdate = currenttime.getTime(); 
      startdate=new java.sql.Date(currentdate.getTime());

//API Ref :void add(int partofdate, int dateamount)
      currenttime.add(Calendar.DATE, auctiondays); 
      enddate = new java.sql.Date((currenttime.getTime()).getTime());

      // Insert auction item 
      ps = con.prepareStatement("insert into auctionitems(id, description,  
                    startdate, enddate, startprice, summary) values (?,?,?,?,?,?)"); 
      ps.setInt(1, count); 
      ps.setString(2, description);

//API Ref :void setDate(int index, Date datavalue)
      ps.setDate(3, startdate); 
      ps.setDate(4, enddate);

//API Ref :void setDouble(int index, double doublevalue)
      ps.setDouble(5, startprice); 
      ps.setString(6, summary); 
      ps.executeUpdate(); 
      ps.close();
       
      // Update users balance to deduct a listing fee

//API Ref :PrepareStatement prepareStatement(String sql)
      ps = con.prepareStatement("update registration set balance=balance -0.50  
                                where theuser= ?"); 
      ps.setString(1, seller); 
      executeUpdate(ps); 



142 4: DISTRIBUTED COMPUTING

      ps.close(); 
      stmt = con.createStatement(); 
      stmt.executeQuery("select balance from registration  
                        where theuser='"+seller+"'");

//API Ref :ResultSet getResultSet()
      rs = stmt.getResultSet(); 
      if(rs.next()) { 
         balance=rs.getDouble(1); 
       } 
       stmt.close();
       // Finally, check the users balance, its is less than 0 rollback 
       // the whole transaction else update the auction id number and
       // commit everything to the database 
       if(balance <0) {

//API Ref :void rollback()
         con.rollback(); 
         con.close(); 
         return (-1); 
       } 
       stmt= con.createStatement();
       // Counter is the next auction item id number that can be
       // used for a auction listing

//API Ref :int executeUpdate(String sql)
       stmt.executeUpdate("update auctionitems set counter=counter+1"); 
       stmt.close(); 
       con.commit(); 
       con.close(); 
       return(0); 
     } catch(SQLException e) { 
       try {
         // Always roll the transaction back if something unexpected happens 
         con.rollback(); 
         con.close(); 
         stmt.close(); 
         ps.close(); 
       } catch (Exception ignore){} 
     } 
     return (0); 
  }

Escaping Characters
The JDBC API provides the escape keyword so you can specify the character you want to 
use to escape characters. For example, if you want to use the percent sign (%) as the percent 
sign and not have it interpreted as the SQL wildcard used in SQL LIKE queries, you have to 
escape it with the escape character you specify with the escape keyword. This next statement 
shows how you would use the escape keyword to look for the value 10%. 

stmt.executeQuery("select tax from sales where tax like ‘10\%' {escape '\'}");
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If your program stores names and addresses entered from the command line or by way of a 
user interface to the database, the single quotes (') symbol might appear in the data. Passing 
single quotes directly into a SQL string causes problems when the SQL statement is parsed 
because SQL gives this symbol another meaning unless it is escaped. 

To solve this problem, the following method escapes any ' symbol found in the input line. 
This method can be extended to escape any other characters such as commas that the data-
base or database driver might interpret another way. 

static public String escapeLine(String s) { 
  String retvalue = s; 
  if(s.indexOf ("'") != -1 ) { 
    StringBuffer hold = new StringBuffer(); 
    char c; 
    for(int i=0; i < s.length(); i++ ) { 
      if((c=s.charAt(i)) == '\'' ) { 
      hold.append ("''"); 
    } else { 
      hold.append(c); 
    } 
  } 
  retvalue = hold.toString(); 
  } 
  return retvalue; 
}

However, if you use a PreparedStatement instead of a simple Statement, most of these 
escape problems go away. For example, instead of this line with the escape sequence: 

stmt.executeQuery("select tax from sales where tax like '10\%' {escape '\'}");

You could use this line: 

preparedstmt = C.prepareStatement("update tax set tax = ?");

Mapping Database Types
Apart from a few JDBC types such as INTEGER that are represented as an INTEGER in 
most popular databases, you might find that the JDBC type for a table column does not 
match the type as it is represented in the database. This means calls to ResultSet.getObject, 
PreparedStatement.setObject and CallableStatement.getObject() will very likely fail. 

Your program can determine the database column type from the database meta data and use 
that information to check the value before retrieving it. This next code checks that the value 
is in fact type INTEGER before retrieving its value. 
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int count=0; 
Connection con=getConnection(); 
Statement stmt= con.createStatement(); 
stmt.executeQuery("select counter from auctionitems"); 
ResultSet rs = stmt.getResultSet(); 
if(rs.next()) { 
  if(rs.getMetaData().getColumnType(1) == Types.INTEGER) { 
    Integer i=(Integer)rs.getObject(1); 
    count=i.intValue(); 
  } 
} 
rs.close();

Mapping Date types
The DATE type is where most mismatches occur. This is because the java.util.Date class rep-
resents both Date and Time, but SQL has the following three types to represent data and time 
information: 

• A DATE type that represents the date only (03/23/99).

• A TIME type that specifies the time only (12:03:59) 

• A TIMESTAMP that represents time value in nanoseconds.

These three additional types are provided in the java.sql package as java.sql.Date, 
java.sql.Time and java.sql.Timestamp and are all subclasses of java.util.Date. This means 
you can use convert java.util.Date values to the type you need to be compatible with the 
database type. 

Note: The Timestamp class loses precision when it is converted to a java.util.Date because 
java.util.Date does not contain a nanosecond field. It is better to not convert a Timestamp 
instance if the value will be written back to the database. 

This example uses the java.sql.Date class to convert the java.util.Date value returned by the 
call to Calendar.getTime to a java.sql.Date. 

  Calendar currenttime = Calendar.getInstance(); 
  java.sql.Date startdate = new java.sql.Date((currenttime.getTime()).getTime());

You can also use the java.text.SimpleDateFormat class to do the conversion. This example 
uses the java.text.SimpleDateFormat class to convert a java.util.Date object to a 
java.sql.Date object: 

  SimpleDateFormat template = new SimpleDateFormat("yyyy-MM-dd");  
  java.util.Date enddate = new java.util.Date("10/31/99");  
  java.sql.Date sqlDate = java.sql.Date.valueOf(template.format(enddate)); 
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If you find a database date representation cannot be mapped to a Java type with a call to 
getObject or getDate, retrieve the value with a call to getString and format the string as a 
Date value using the SimpleDateFormat class shown above. 

Servlets
A servlet is a server-side program written in the Java programming language that interacts 
with clients and is usually tied to a HyperText Transfer Protocol (HTTP) server. One com-
mon use for a servlet is to extend a web server by providing dynamic web content. 

Servlets have an advantage over other technologies such as Perl scripts in that they are com-
piled, have threading capability built in, and provide a secure programming environment. 
Even web sites that previously did not provide servlet support can do so now by using pro-
grams such as JRun or the Java module for the Apache web server. 

The web-based auction application described in Duke’s Auction Demonstration (page 7)
uses a servlet to accept and process buyer and seller input through the browser and dynami-
cally return auction item information to the browser. The AuctionServlet program is created 
by extending the HttpServlet class. The HttpServlet class provides a framework for handling 
HTTP requests and responses. 

This section examines the AuctionServlet and includes information on how to use Cookie
and Session objects in a servlet. 

HttpServlet
The AuctionServlet (page 44) class extends HttpServlet, which is an abstract class. 

public class AuctionServlet extends HttpServlet {

A servlet can be either loaded when the web server starts up or when requested by way of an 
HTTP URL that specifies the servlet. The servlet is usually loaded by a separate classloader 
in the web server because this allows the servlet to be reloaded by unloading the class loader 
that loaded the servlet class. However, if the servlet depends on other classes and one of 
those classes changes, you will need to update the date stamp on the servlet for it to reload. 

After a servlet loads, the first stage in its lifecycle is the web server calls the servlet's init
method. Once loaded and initialized, the next stage in the servlet's lifecycle is to serve 
requests. The servlet serves requests through its service, doGet, or doPost method imple-
mentations. 

The servlet can optionally implement a destroy method to perform clean-up operations 
before the web server unloads the servlet.
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The init Method
The init method is only called once by the web server when the servlet is first started. The 
init method is passed a ServletConfig object containing initialization information pertaining 
to the web server where the application is running. 

The ServletConfig object is used to access information maintained by the web server includ-
ing values from the initArgs parameter in the servlet properties file. Code in the init method 
uses the ServletConfig object to retrieve the initArgs values by calling the config.getInitPa-
rameter(“parameter”) method. 

The AuctionServlet.init method also contacts the Enterprise JavaBeans server to create a 
context (ctx) object. The ctx object is used in the service method to establish a connection 
with the Enterprise JavaBeans server. 

public class AuctionServlet extends HttpServlet {
Context ctx=null; 
private String pageTemplate; 

public void init(ServletConfig config) throws ServletException{ 
  super.init(config); 
  try { 
    ctx = getInitialContext(); 
  } catch (Exception e){ 
    System.err.println("failed to contact EJB server"+e); 
  } 
  try {
    // The pagetemplate parameter contains the name of the file
    // that contains the default HTML page layout.
    // The readFile method is a convenience method in AuctionServlet
    // to read a file as into a string.
    pageTemplate=readFile(config.getInitParameter("pagetemplate")); 
  } catch(IOException e) { 
    System.err.println("Error in AuctionServlet <init>"+e); 
  } 
}

The destroy Method
The destroy method is a lifecycle method implemented by servlets that need to save their 
state between servlet loading and unloading. For example, the destroy method would save 
the current servlet state, and the next time the servlet is loaded, that saved state would be 
retrieved by the init method. You should be aware that the destroy method might not be 
called if the server machine crashes. 

public void destroy() { 
  saveServletState(); 
}



4: DISTRIBUTED COMPUTING 147

The service Method
The AuctionServlet is an HTTP servlet that handles client requests and generates responses 
through its service method. It accepts as parameters the HttpServletRequest and HttpServle-
tResponse request and response objects. 

• HttpServletRequest contains the headers and input streams sent from the client to the 
server.

• HttpServletResponse is the output stream that is used to send information from the 
servlet back to the client.

The service method handles standard HTTP client requests received by way of its HttpServ-
letRequest parameter by delegating the request to one of the following methods designed to 
handle that request. The different types of requests are described in HTTP Requests (page 
148). 

• doGet for GET, conditional GET, and HEAD requests.

• doPost for POST requests. 

• doPut for PUT requests.

• doDelete for DELETE requests. 

• doOptions for OPTIONS requests.

• doTrace for TRACE requests.

The AuctionServlet program provides its own service method implementation that calls one 
of the following methods based on the value returned by the call to cmd = request.getParam-
eter(“action”). These method implementations match the default implementations provided 
in the doGet and doPost methods called by the default service method, but add some auction 
application-specific functionality for looking up Enterprise Beans. 

• listAllItems(out)

• listAllNewItems(out) 

• listClosingItems(out)

• insertItem(out, request) 

• itemDetails(out, request)

• itemBid(out, request) 

• registerUser(out, request)

public void service(HttpServletRequest request, HttpServletResponse response)  
                    throws IOException { 
  String cmd; 
  response.setContentType("text/html"); 
  ServletOutputStream out = response.getOutputStream(); 
  if(ctx == null ) { 
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    try { 
      ctx = getInitialContext(); 
    } catch (Exception e){ 
      System.err.println("failed to contact EJB server"+e); 
    } 
  }

  // The action parameter is part of the posted URL. For example
  // http://phoenix.sun.com/AuctionServlet?action=details&item=4000001      
  cmd =request.getParameter("action"); 
  if(cmd !=null)  { 
    if(cmd.equals("list")) { 
      listAllItems(out); 
    } else if(cmd.equals("newlist")) { 
      listAllNewItems(out); 
    } else if(cmd.equals("search")) { 
      searchItems(out, request); 
    } else if(cmd.equals("close")) { 
      listClosingItems(out); 
    } else if(cmd.equals("insert")) { 
      insertItem(out, request); 
    } else if (cmd.equals("details")) { 
      itemDetails(out, request ); 
    } else if (cmd.equals("bid")) { 
      itemBid(out, request) ; 
    } else if (cmd.equals("register")) { 
      registerUser(out, request); 
    } 
  } else{ 
    // no command set 
    setTitle(out, "error"); 
  } 
  setFooter(out); 
  out.flush(); 
}

HTTP Requests
A request is a message sent from a client program such as a browser to a server program. 
The first line of the request message contains a method that indicates the action to perform 
on the incoming Uniform Resource Locator (URL). The two commonly used mechanisms 
for sending information to the server are GET and POST. 

• GET requests might pass parameters to a URL by appending them to the URL. GET
requests can be bookmarked and emailed and add the information to the URL of the 
response.

• POST requests might pass additional data to a URL by directly sending it to the server 
separately from the URL. POST requests cannot be bookmarked or emailed and do not 
change the URL of the response.
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• PUT requests are the reverse of GET requests. Instead of reading the page, PUT 
requests write (or store) the page. 

• DELETE requests are for removing web pages. 

• OPTIONS requests are for getting information about the communication options avail-
able on the request/response chain. 

• TRACE requests are for testing or diagnostic purposes because they let the client see 
what is being received at the other end of the request chain. 

Using Cookies in servlets
HTTP cookies are essentially custom HTTP headers passed between a client and a server. 
Although cookies are not overwhelmingly popular, they do enable state to be shared between 
the two machines. For example, when a user logs into a site, a cookie can maintain a refer-
ence verifying the user has passed the password check and can use that reference to identify 
that same user on future visits. 

Cookies are normally associated with a server. If you set the domain to .java.sun.com, then 
the cookie is associated with the domain. If no domain is set, the cookie is only associated 
with the server that created the cookie. 

Setting a Cookie
The Java Servlet API includes a Cookie class that you can use to set or retrieve the cookie 
from the HTTP header. HTTP cookies include a name and value pair. The startSession
method shown here is in the Login Servlet (page 200) program. In this method, the name in 
the name and value pair used to create the Cookie is JDCAUCTION, and a unique identifier 
generated by the server is the value. 

  protected Session startSession(String theuser, String password, 
                                 HttpServletResponse response) { 
    Session session = null; 
    if( verifyPassword(theuser, password) ) { 
      // The user was validated in the user database, 
      // create a session 
      session = new Session (theuser);
      // Set a timeout for this session that we control        
      session.setExpires (sessionTimeout + System.currentTimeMillis()); 
      sessionCache.put (session); 
    // Create a client cookie

//API Ref :Cookie(String name, String value)
      Cookie c = new Cookie("JDCAUCTION", String.valueOf(session.getId()));

//API Ref :void setPath(String path)
      c.setPath ("/");

//API Ref :void setMaxAge(int expire)
      c.setMaxAge (-1);

//API Ref :void setDomain(String domainstring)
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      c.setDomain (domain);
//API Ref :void addCookie(Cookie cookie)

      response.addCookie (c); 
    } 
    return session; 
  }

Later versions of the Servlet API include a Session API, to create a session using the Servlet 
API in the previous example you can use the getSession method. 

HttpSession session = new Session (true);

The startSession method is called by requesting the login action from a POST to the Login-
Servlet as follows: 

<FORM ACTION="/LoginServlet" METHOD="POST"> 
<TABLE> 
<INPUT TYPE="HIDDEN" NAME="action" VALUE="login"> 
<TR><TD>Enter your user id:</TD> 
<TD><INPUT TYPE="TEXT" SIZE=20 NAME="theuser"></TD> 
</TR> 
<TR><TD>Enter your password:<TD> 
<TD><INPUT TYPE="PASSWORD" SIZE=20 NAME="password"></TD> 
</TR> 
</TABLE> 
<INPUT TYPE="SUBMIT" VALUE="Login" NAME="Enter"> 
</FORM>

The cookie is created with an maximum age of -1, which means the cookie is not stored but 
remains alive while the browser runs. The value is set in seconds, although when using val-
ues smaller than a few minutes you need to be careful of machine times being slightly out of 
sync. 

The path value can be used to specify that the cookie only applies to files and directories 
under the path set on that machine. In this example the root path / means the cookie is appli-
cable to all directories. 

The domain value in the example is read from the initialization parameters for the servlet. If 
the domain is null, the cookie is applied to that machines domain only. 

Retrieving a Cookie
The cookie is retrieved from the HTTP headers with a call to the getCookies method on the 
request: 

//API Ref :Cookie[] getCookies()
Cookie c[] = request.getCookies();

You can later retrieve the name and value pair settings by calling the Cookie.getName
method to retrieve the name, and the Cookie.getValue method to retrieve the value. Login-
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Servlet has a validateSession method that checks the user's cookies to find a JDCAUCTION
cookie that was set in this domain: 

  private Session validateSession(HttpServletRequest request, 
                                  HttpServletResponse response) { 
    // Request the users cookies for this domain
    Cookie c[] = request.getCookies(); 
    Session session = null; 
    if( c != null ) { 
      for(int i=0; i < c.length && session == null; i++ ) {
        // Look for a cookie whose name is JDCAUCTION in this
        // domain. This cookie was previously set by us.
        // The cookie value is the session id number stored in the 
        // session cache. 
        if(c[i].getName().equals("JDCAUCTION")) { 
          String key = String.valueOf (c[i].getValue()); 
          session=sessionCache.get(key); 
        } 
      } 
    } 
    return session;
  }

If you use the Servlet session API, you can use the following method. Note that the parame-
ter is false to specify that the session value is returned and a new session not created. 

HttpSession session = request.getSession(false);

Generating Sessions
The LoginServlet.validateSession method returns a Session object represented by the Ses-
sion (Servlets) (page 204) class. The Session class uses an identifier generated from a 
numeric sequence. This numbered session identifier is the value part of the name and value 
pair stored in the cookie. 

The only way to reference the user name on the server is with this session identifier, which is 
stored in a simple memory cache with the other session IDs. When a user terminates a ses-
sion, the LoginServlet logout action is called like this: 

http://phoenix.sun.com:7001/LoginServlet?action=logout

The session cache implemented in the SessionCache (Servlets) (page 205) program includes 
a reaper thread to remove sessions older than a preset time. The preset timeout could be mea-
sured in hours or days depending on how many visitors visit the site.

Preventing Page Caching
The LoginServlet.setNoCache method sets the Cache-Control or Pragma values (depending 
on which version of the HTTP protocol is being used) in the response header to no-cache. 
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The Expires expiration header is also set to 0. Alternately, you can set the time to be the cur-
rent system time. Even if the client does not cache the page, there are often proxy servers in 
a corporate network that would. Only pages using Secure Socket Layer (SSL) are not cached 
by default. 

private void setNoCache (HttpServletRequest request, 
                         HttpServletResponse response) {

//API Ref :String getProtocol()
  if(request.getProtocol().compareTo ("HTTP/1.0") == 0) {

//API Ref :void setHeader(String name, String value)
    response.setHeader ("Pragma", "no-cache"); 
  } else if (request.getProtocol().compareTo("HTTP/1.1") == 0) { 
    response.setHeader ("Cache-Control", "no-cache"); 
  }

//API Ref :void setDateHeader(String name, long datevalue)
  response.setDateHeader ("Expires", 0); 
}

Restricting Access and Redirections
If you install the Login Servlet (page 200) as the default servlet or servlet to run when serv-
ing any page under the document root, you can use cookies to restrict users to certain sec-
tions of the site. For example, you can allow users who have cookies that state they have 
logged in to access sections of the site that require a login password and keep all others out. 

The Login servlet checks for a restricted directory in its in it method. The init method shown 
below sets the protectedDir variable to true if the config variable passed to it specifies a pro-
tected directory. The web server configuration file provides the settings passed to a servlet in 
the config variable. 

public void init(ServletConfig config) throws ServletException  { 
  super.init(config);

//API Ref :String getInitParameter(String parametername)
  domain = config.getInitParameter("domain"); 
  restricted = config.getInitParameter("restricted"); 
  if(restricted != null) { 
    protectedDir=true; 
  }
// ..

Later on in the validateSession and service methods, the protectedDir variable is checked 
and the HttpResponse.sendRedirect method is called to send the user to the correct page 
based on their login and session status. 

//API Ref :void sendRedirect(String urlstring)
if(protectedDir) { 
    response.sendRedirect (restricted+"/index.html"); 
  } else{ 
    response.sendRedirect (defaultPage);
  }
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The init method also retrieves the servlet context for the FileServlet servlet so methods can 
be called on the FileServlet in the validateSession method. The advantage to calling methods 
on FileServlet to serve the files rather than serving the files from within the LoginServlet, is 
you get the full advantage of all the functionality added into FileServlet such as memory 
mapping or file caching. The downside is that the code may not be portable to other servers 
that do not have FileServlet. This code retrieves the FileServlet context. 

FileServlet fileServlet = (FileServlet)
//API Ref :ServletContext getServletContext()

                          config.getServletContext().getServlet("file");

The validateSession method prevents users without a logon session from accessing the 
restricted directory. 

HTTP Error Codes
You can return an HTTP error code using the sendError method. For example, two common 
HTTP error codes are error 500 which indicates an internal server error, and the 404 error 
code indicates page not found.

 This next code segment returns the HTTP 500 error code. 

protected void service(HttpServletRequest request,HttpServletResponse response) 
                       throws ServletException { 
  response.sendError (500); 
}

Reading GET and POST Values
The Servlet API has a getParameter method in the HttpServletRequest class that returns the 
GET or POST value for the name you supply. 

• The HTTP GET request handles name and value pairs as part of the URL. The getPa-
rameter method parses the URL passed in, retrieves the name=value pairs delimited by 
the ampersand (&) character, and returns the value. 

• The HTTP POST request reads the name and value pairs from the input stream from 
the client. The getParameter method parses the input stream for the name and value 
pairs. 

The getParameter method works well for simple servlets, but if you need to retrieve the 
POST parameters in the order they were placed on the web page or handle multi-part posts, 
you can write your own code to parse the input stream. 

The next example returns POST parameters in the order they were received from the web 
page. Normally, the parameters are stored in a Hashtable that does not maintain the sequence 
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order of elements stored in it. The example keeps a reference to each name and value pair in 
a vector that can be traversed to return the values in the order they were received by the 
server. 

// File auction.PostServlet.java
package auction; 
 
import java.io.*; 
import java.util.*; 
import javax.servlet.*; 
import javax.servlet.http.*; 
 
public class PostServlet extends HttpServlet { 
 
  public void init(ServletConfig config) throws ServletException  { 
    super.init(config); 
  }
 
  public void service(HttpServletRequest request, HttpServletResponse response)  
                      throws IOException {
    private Vector paramOrder; 
    private Hashtable parameters;

//API Ref :  void setContentType(String type)
    response.setContentType("text/html");

//API Ref :PrintWriter getWriter() 
    PrintWriter out = response.getWriter(); 
    if(request.getMethod().equals("POST") && request.getContentType().equals( 
                       "application/x-www-form-urlencoded")) {
      // If this is a POST request and the content type from the post is
      // a url encoded form, build a hash table with the extracted parameter
      // values and generate an associated vector that just records the
      // name of the parameters in ascending order
      //  
      parameters = parsePostData(request.getContentLength(),  
                   request.getInputStream(), paramOrder); 
    }
    // Parse through the list of posted parameters by getting the name
    // of each parameter from the vector and extracting the value
    // of that parameter by calling getParameter on the Hashtable of
    // value pairs 
    for(int i=0;i<paramOrder.size();i++) { 
      String name = (String)paramOrder.elementAt(i); 
      String value = getParameter((String)paramOrder.elementAt(i), parameters); 
      out.println("name="+name+" value="+value); 
    } 
    out.println("</body></html>"); 
    out.close(); 
  }
 
  private Hashtable parsePostData(int length, ServletInputStream instream, 
Vector paramOrder) { 
    String valArray[] = null; 
    int inputLen, offset; 
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    byte[] postedBytes = null; 
    boolean dataRemaining=true; 
    String postedBody; 
    Hashtable ht = new Hashtable(); 
    paramOrder= new Vector(10); 
    StringBuffer sb = new StringBuffer(); 
    if(length <=0) { 
      return null; 
    } 
    postedBytes = new byte[length];
    // Read the posted form into a byte array
 
    try { 
      offset = 0; 
      while(dataRemaining) { 
        inputLen = instream.read (postedBytes, offset, length - offset); 
        if(inputLen <= 0) { 
          throw new IOException ("read error"); 
        } 
        offset += inputLen; 
        if((length-offset) ==0) { 
          dataRemaining=false; 
        } 
      } 
    } catch (IOException e) { 
      System.out.println("Exception ="+e); 
      return null; 
    }
    // Create a string from the byte array and parse the name/value
    // pairs. 
    postedBody = new String (postedBytes); 
    StringTokenizer st = new StringTokenizer(postedBody, "&"); 
    String key=null; 
    String val=null; 
    while (st.hasMoreTokens()) { 
      String pair = (String)st.nextToken(); 
      int pos = pair.indexOf('='); 
      if(pos == -1) { 
        throw new IllegalArgumentException(); 
      } 
      try {
        // Spaces and other http sensitive characters are url encoded
        // before posting so convert the posted string into its original
        // form 
        key = java.net.URLDecoder.decode(pair.substring(0, pos)); 
        val = java.net.URLDecoder.decode(pair.substring(pos+1, pair.length())); 
      } catch (Exception e) { 
        throw new IllegalArgumentException(); 
      } 
      if(ht.containsKey(key)) { 
        String oldVals[] = (String []) ht.get(key); 
        valArray = new String[oldVals.length + 1]; 
        for(int i = 0; i < oldVals.length; i++) { 
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          valArray[i] = oldVals[i]; 
        } 
        valArray[oldVals.length] = val; 
      } else { 
        valArray = new String[1]; 
        valArray[0] = val; 
      } 
      ht.put(key, valArray); 
      paramOrder.addElement(key); 
    } 
    return ht; 
  }
 
  public String getParameter(String name, HashTable parameters) { 
    String vals[] = (String []) parameters.get(name); 
    if(vals == null) { 
      return null; 
    } 
    String vallist = vals[0]; 
    for(int i = 1; i < vals.length; i++) { 
      vallist = vallist + "," + vals[i]; 
    } 
    return vallist; 
  }
}

To find out whether the request is POST or GET, call the getMethod in the HttpServletRe-
quest class. To determine the format of the data being posted, call the getContentType
method in the HttpServletRequest class. For simple HTML web pages, the type returned by 
this call will be application/x-www-form-urlencoded. 

If you need to create a post with more than one part such as the one created by the following 
HTML form, the servlet will need to read the input stream from the post to reach individual 
sections. Each section is distinguished by a boundary defined in the post header. 

<FORM ACTION="/PostMultiServlet" METHOD="POST" ENCTYPE="multipart/form-data"> 
<INPUT TYPE="TEXT" NAME="desc" value=""> 
<INPUT TYPE="FILE" NAME="filecontents" value=""> 
<INPUT TYPE="SUBMIT" VALUE="Submit" NAME="Submit"> 
</FORM>

The next example extracts a description and a file from the client browsers. It reads the input 
stream looking for a line matching the boundary string, reads the content line, skips a line 
and then reads the data associated with that part. The uploaded file is simply displayed, but 
could also be written to disk. 

// File auction.PostMultiServlet.java
package auction; 
 
import java.io.*; 
import java.util.*; 
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import javax.servlet.*; 
import javax.servlet.http.*; 
 
public class PostMultiServlet extends HttpServlet { 
   public void init(ServletConfig config) throws ServletException  { 
     super.init(config); 
   }
 
   public void service(HttpServletRequest request, HttpServletResponse response)
                       throws ServletException, IOException { 
     response.setContentType("text/html"); 
     PrintWriter out = response.getWriter(); 
     if(request.getMethod().equals("POST") &&  
                  request.getContentType().startsWith("multipart/form-data")) { 
       int index = request.getContentType().indexOf("boundary="); 
       if(index < 0) { 
         System.out.println("can't find boundary type"); 
         return; 
       }
       // Look for the data past the identifying string boundary= 
       String boundary = request.getContentType().substring(index+9); 
       ServletInputStream instream = request.getInputStream(); 
       byte[] tmpbuffer = new byte[8192]; 
       int length=0; 
       String inputLine=null; 
       boolean moreData=true; 
//Skip http header fields until form data is reached 
       length = instream.readLine(tmpbuffer, 0, tmpbuffer.length); 
       inputLine = new String (tmpbuffer, 0, 0, length); 
       while(inputLine.indexOf(boundary)  >0 && moreData) { 
         length = instream.readLine(tmpbuffer, 0, tmpbuffer.length); 
         inputLine = new String (tmpbuffer, 0, 0, length); 
         if(inputLine !=null) 
           System.out.println("input name="+inputLine); 
           if(length<0) { 
             moreData=false; 
           } 
         } 
         if(moreData) { 
           length = instream.readLine(tmpbuffer, 0, tmpbuffer.length); 
           inputLine = new String (tmpbuffer, 0, 0, length); 
           if(inputLine.indexOf("desc") >=0) { 
             length = instream.readLine(tmpbuffer, 0, tmpbuffer.length); 
             inputLine = new String (tmpbuffer, 0, 0, length); 
             length = instream.readLine(tmpbuffer, 0, tmpbuffer.length); 
             inputLine = new String (tmpbuffer, 0, 0, length); 
             System.out.println("description ="+inputLine); 
         } 
     } 
         while(inputLine.indexOf(boundary)  >0 && moreData) { 
           length = instream.readLine(tmpbuffer, 0, tmpbuffer.length); 
           inputLine = new String (tmpbuffer, 0, 0, length); 
         } 
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         if(moreData) { 
           length = instream.readLine(tmpbuffer, 0, tmpbuffer.length); 
           inputLine = new String (tmpbuffer, 0, 0, length); 
           if(inputLine.indexOf("filename") >=0) {
             // We know what the file name is now 
             int startindex=inputLine.indexOf("filename"); 
             System.out.println("file name="+ inputLine.substring(startindex+10, 
                                inputLine.indexOf("\"", startindex+10))); 
             length = instream.readLine(tmpbuffer, 0, tmpbuffer.length);
          
             inputLine = new String (tmpbuffer, 0, 0, length); 
           } 
         } 
         byte fileBytes[]=new byte[50000]; 
         int offset=0; 
         if(moreData) {
           // Read the contents of the posted file into fileBytes 
           while(inputLine.indexOf(boundary) >0 && moreData) { 
             length = instream.readLine(tmpbuffer,0, tmpbuffer.length); 
             inputLine = new String (tmpbuffer, 0, 0, length); 
             if(length >0 && (inputLine.indexOf(boundary) <0)) { 
               System.arraycopy(tmpbuffer, 0, fileBytes, offset, length); 
               offset+=length; 
             } else { 
              moreData=false; 
             } 
           } 
         } 
// Trim last two newline/return characters before using data 
        for(int i=0;i<offset-2;i++) { 
          System.out.print((char)fileBytes[i]); 
        } 
     } 
     out.println("</body></html>"); 
     out.close(); 
  } 
}

Threading
A servlet must be able to handle multiple concurrent requests. Any number of end users at 
any given time could invoke the servlet, and while the init method is always run single-
threaded, the service method is multi-threaded to handle multiple requests. 

This means any fields accessed by the service method should be restricted to simple thread 
access. The example below uses the synchronized keyword to restrict access to a counter so 
it can only be updated by one thread at a time: 
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static int counter; 
Boolean lock = new Boolean(true); 
synchronized(lock){ 
  counter++; 
}

HTTPS
Many servers, browsers, and the Java Plug-In can support the secure HTTP protocol called 
HTTPS. HTTPS is similar to HTTP except the data is transmitted over a secure socket layer 
(SSL) instead of a normal socket connection. Web servers often listen for HTTP requests on 
one port while listening for HTTPS requests on another. 

SSL has checks to find out if encrypted data sent over the network has been tampered with in 
transit. SSL also authenticates the web server to its clients by providing a public key certifi-
cate. In SSL 3.0 the client can also authenticate itself with the server using a public key cer-
tificate. 

Public key cryptography (also called asymmetric key encryption) uses a public and private 
key pair. Any message encrypted with the private key in the pair can only be decrypted with 
the corresponding public key. Certificates are digitally signed statements generated from a 
trusted third party Certificate Authority. The Certificate Authority needs proof that you are 
who you say you are because clients will be trusting the certificate they receive. 

It is this certificate that contains the public key in the public and private key pair. The certifi-
cate is signed by the private key of the Certificate Authority, and most browsers know the 
public key for the main Certificate Authorities. 

While public key encryption is good for authentication purposes, it is not as fast as symmet-
ric key encryption and so the SSL protocol uses both types of keys in the lifecycle of an SSL 
connection. The client and server begin an HTTPS transaction with a connection initializa-
tion or handshaking phase. 

It is in the handshaking stage that the server is authenticated using the certificate that the cli-
ent has received. The client uses the server's public key to encrypt messages sent to the 
server. After the client has been authenticated and the encryption algorithm or cipher has 
been agreed between the two parties, new symmetric session keys are used to encrypt and 
decrypt any further communication. 

The encryption algorithm or cipher can be one of many popular algorithms like Rivest 
Shamir and Adleman (RSA) or Data Encryption Standard (DES). The greater the number of 
bits used to make the key, the more difficult it is to break into using brute force search tech-
niques. 
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HTTPS using public key cryptography and certificates lets you provide the amount of pri-
vacy your application needs for safe and secure transactions. Servers, browsers, and Java 
Plug-In have their own setup for enabling HTTPS using SSL communications. In general, 
the steps involve the following: 

• Get a private key and a digitally-signed certificate with the matching public key.

• Install the certificate in a location specified by the software you are using (server, 
browser, or Java Plug-In). 

• Enable SSL features and specify your certificate and private key files as instructed in 
your documentation.

You should enable SSL features according to your specific application requirements depend-
ing on the level of security you need. For example, you do not need to verify the identity of 
customers browsing auction items, but you will want to encrypt credit card and other per-
sonal information supplied when buyers and sellers register to participate. 

HTTPS can be used for any data not just HTTP web pages. Programs written in the Java pro-
gramming language can be downloaded over an HTTPS connection, and you can open a 
connection to a HTTPS server in the Java Plug-in. To write a program in the Java program-
ming language that uses SSL, you need an SSL library and a detailed knowledge of the 
HTTPS handshaking process. Your SSL library should provide all the functionality you need 
because this information is restricted by export security control. 

Code for this Chapter
• RegistrationServer (lookup) (page 161)

• SellerBean (lookup) (page 163)

• RegistrationServer (RMI) (page 165)

• Registration (RMI) (page 169)

• RegistrationHome (RMI) (page 169)

• RegistrationPK (RMI) (page 170)

• SellerBean (RMI) (page 170)

• AuctionServlet (RMI) (page 173)

• RegistrationServer (CORBA) (page 181)

• Registration.idl (CORBA) (page 187)

• SellerBean (CORBA) (page 187)

• Seller (CORBA) (page 191)

• AuctionServlet (CORBA) (page 191)
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• Login Servlet (page 200)

• Session (Servlets) (page 204)

• SessionCache (Servlets) (page 205)

RegistrationServer (lookup)
package registration;

import java.sql.*;
import org.omg.CosNaming.*;
import org.omg.CORBA.*;

public class RegistrationServer extends _RegistrationHomeImplBase{
  static {
    new pool.JDCConnectionDriver(“postgresql.Driver”, 
            “jdbc:postgresql:ejbdemo”,”postgres”, “pass”);
  }
  public Connection getConnection() throws SQLException {
    return DriverManager.getConnection(“jdbc:jdc:jdcpool”);
  }
  public registration.RegistrationPK create(String theuser, String password, 
                 String emailaddress, String creditcard) 
                 throws registration.CreateException{
    double balance=0;
    Connection con = null;
    PreparedStatement ps = null;
    try {
      con=getConnection();
      ps=con.prepareStatement(“insert into registration(theuser, password, 
            emailaddress, creditcard, balance) values (?, ?, ?, ?, ?)”);
      ps.setString(1, theuser);
      ps.setString(2, password);
      ps.setString(3, emailaddress);
      ps.setString(4, creditcard);
      ps.setDouble(5, balance);
      if(ps.executeUpdate() != 1) { //JDBC did not create a row
        throw new CreateException ();
      }
      RegistrationPK primaryKey = new RegistrationPKImpl();
      primaryKey.theuser(theuser);
      return primaryKey;
    } catch (CreateException ce) {
      throw ce;
    } catch (SQLException sqe) {
      throw new CreateException ();
    } finally {
      try {
        ps.close();
        con.close();
      } catch (Exception ignore) {
    }
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  }
  public registration.Registration findByPrimaryKey( 
                     registration.RegistrationPK pk) 
                    throws registration.FinderException {
    //Primary key cannot be nul 
    if((pk == null) || (pk.getUser() == null)) {l
      throw new FinderException ();
    }
    return(refresh(pk));
  }
  private Registration refresh(RegistrationPK pk) throws FinderException {
    if(pk == null) {//Primary key cannot be null
      throw new FinderException ();
    }
    Connection con = null;
   PreparedStatement ps = null;
   try {
     con=getConnection();
     ps=con.prepareStatement(“select password, emailaddress, creditcard,  
            balance from registration where theuser = ?”);
     ps.setString(1, pk.getUser());
     ps.executeQuery();
     ResultSet rs = ps.getResultSet();
     if (rs.next()) {
         RegistrationImpl reg= new RegistrationImpl();
         reg.theuser = pk.getUser();
         reg.password = rs.getString(1);
         reg.emailaddress = rs.getString(2);
         reg.creditcard = rs.getString(3);
         reg.balance = rs.getDouble(4);
         return reg;
      } else {
        throw new FinderException ();
      }
    } catch (SQLException sqe) {
       throw new FinderException();
    } finally {
      try {
        ps.close();
        con.close();
      } catch (Exception ignore) {}
    }
    return null;
  }
  public static void main(String args[]) {
    String[] orbargs = { “-ORBInitialPort 1050”};
    ORB orb = ORB.init(orbargs, null) ;
    RegistrationServer rs= new RegistrationServer();
    try {
      org.omg.CORBA.Object nameServiceObj = 
                   orb.resolve_initial_references(“NameService”) ;
      NamingContext nctx= NamingContextHelper.narrow(nameServiceObj);
      NameComponent[] fullname = new NameComponent[2];
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      fullname[0] = new NameComponent(“auction”, ““);
      fullname[1] = new NameComponent(“RegistrationBean”, ““);
      NameComponent[] tempComponent = new NameComponent[1];
      for(int i=0; i < fullname.length-1; i++ ) {
         tempComponent[0]= fullname[i];
         try {
           nctx=nctx.bind_new_context(tempComponent);
         }catch (Exception e){}
      }
      tempComponent[0]=fullname[fullname.length-1];
      nctx.bind(tempComponent, rs);
      java.lang.Object sync= new java.lang.Object();
      synchronized(sync) {
        sync.wait();
      } catch (Exception e) {
        System.out.println(“Exception occured=”+e);
      }
    }
  }
class RegistrationImpl extends _RegistrationImplBase {
  public String theuser, password, creditcard, emailaddress;
  public double balance;
  public boolean verifyPassword(String password) {
    if(this.password.equals(password)) {
      return true;
    } else {
      return false;
    }
  }
  public String getEmailAddress() {
    return emailaddress;
  }
  public String getUser() {
    return theuser;
  }
  public int adjustAccount(double amount) {
    balance=balance+amount;
    return(0);
  }
  public double getBalance() {
    return balance;
  }
}

SellerBean (lookup)
package seller;

import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;
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import java.io.Serializable;
import javax.naming.*;
import auction.*;
import registration.*;
import org.omg.CosNaming.*;
import org.omg.CORBA.*;

public class SellerBean implements SessionBean {
  protected SessionContext ctx;
  javax.naming.Context ectx;
  Hashtable env = new Hashtable();
  ORB orb = null;
  NamingContext nctx= null;

  public int insertItem(String seller, String password, String description,  
                        int auctiondays, double startprice, String summary)  
                       throws RemoteException { 
    try {
      NameComponent[] fullname = new NameComponent[2];
      fullname[0] = new NameComponent(“auction”, ““);
      fullname[1] = new NameComponent(“RegistrationBean”, ““);
      RegistrationHome regRef = 
                      RegistrationHomeHelper.narrow(nctx.resolve(fullname));
      RegistrationPKImpl rpk= new RegistrationPKImpl();
      rpk.theuser(seller);
      Registration newseller =   
                      RegistrationHelper.narrow(regRef.findByPrimaryKey(rpk));
      if((newseller == null)|| (!newseller.verifyPassword(password))) {
          return(Auction.INVALID_USER);
      }
      AuctionItemHome home = (AuctionItemHome) ectx.lookup(“auctionitems”);
      AuctionItem ai= home.create(seller, description, auctiondays,  
                                 startprice, summary);
      if(ai == null) {
        return Auction.INVALID_ITEM;
      } else {
        return(ai.getId()); 
      }
    } catch(Exception e){ 
      System.out.println(“insert problem=”+e);
      return Auction.INVALID_ITEM;
    }
  }
  public void ejbCreate() throws javax.ejb.CreateException, RemoteException {
    env.put(javax.naming.Context.INITIAL_CONTEXT_FACTORY, 
           “weblogic.jndi.TengahInitialContextFactory”);
    try {
      ectx = new InitialContext(env);
    } catch (NamingException e) {
      System.out.println(“problem contacting EJB server”);
      throw new javax.ejb.CreateException();
    }
    try {
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      String[] args = { “-ORBInitialPort 1050”};
      orb = ORB.init(args, null) ;
      org.omg.CORBA.Object nameServiceObj = 
                          orb.resolve_initial_references(“NameService”) ;
      nctx= NamingContextHelper.narrow(nameServiceObj);
    } catch(org.omg.CORBA.SystemException e) {
      throw new javax.ejb.CreateException(“CORBA Error in SellerCreate “+e);
    } catch ( org.omg.CORBA.ORBPackage.InvalidName e) {
        throw new javax.ejb.CreateException(“CORBA NameError in SellerCreate “ + e);
    }
  }
  public void setSessionContext(SessionContext ctx) throws RemoteException {
    this.ctx = ctx;
  }
  public void unsetSessionContext() throws RemoteException {   
    ctx = null;  
  } 
  public void ejbRemove() {}
  public void ejbActivate() throws RemoteException {
    System.out.println(“activating seller bean”);
  }
  public void ejbPassivate() throws RemoteException { 
    System.out.println(“passivating seller bean”);
  }
}

RegistrationServer (RMI)
package registration;

import java.sql.*;
import java.rmi.*;
import java.rmi.server.*;
import java.util.Properties;
import java.util.*;

public class RegistrationServer extends UnicastRemoteObject  
             implements RegistrationHome {
  RegistrationServer() throws RemoteException {
    super();
  }
  public Connection getConnection() throws SQLException {
    return DriverManager.getConnection(“jdbc:jdc:jdcpool”);
  }
  public registration.RegistrationPK create(String theuser, String password, 
                                    String emailaddress, String creditcard) 
                                    throws registration.CreateException{
    double balance=0;
    Connection con = null;
    PreparedStatement ps = null;
    try {
      con = getConnection();
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      ps = con.prepareStatement(“insert into registration(theuser, password, 
               emailaddress,creditcard, balance) values (?, ?, ?, ?, ?)”);
      ps.setString(1, theuser);
      ps.setString(2, password);
      ps.setString(3, emailaddress);
      ps.setString(4, creditcard);
      ps.setDouble(5, balance);
      if(ps.executeUpdate() != 1) {
        throw new CreateException ();
      }
      RegistrationPK primaryKey = new RegistrationPK();
      primaryKey.setUser(theuser);
      return primaryKey;
    } catch (CreateException ce) {
      throw ce;
    } catch (SQLException sqe) {
      throw new CreateException ();
    } finally {
      try {
        ps.close();
        con.close();
      } catch (Exception ignore) {}
    }
  }
  public registration.Registration findByPrimaryKey(  
                                    registration.RegistrationPK pk) 
                                       throws registration.FinderException { 
    // Return a Registration object that is created from reading
    // values from the database by calling refresh()  
    if ((pk == null) || (pk.getUser() == null)) { 
        throw new FinderException ();
    } 
    return(refresh(pk)); 
  }
 
  private Registration refresh(RegistrationPK pk) throws FinderException { 
    // Read the appropriate registration fields from the database
    // based on the database item that the primary key (pk) contains
    if(pk == null) { 
      throw new FinderException (); 
    } 
    Connection con = null; 
    PreparedStatement ps = null; 
    try { 
      con=getConnection(); 
      ps=con.prepareStatement("select password, emailaddress, creditcard,  
                              balance from registration where theuser = ?"); 
      ps.setString(1, pk.getUser()); 
      ps.executeQuery(); 
      ResultSet rs = ps.getResultSet(); 
      if(rs.next()) { 
        RegistrationImpl reg=null; 
        try{ 
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          reg= new RegistrationImpl(); 
        }catch (RemoteException e) {} 
          reg.theuser = pk.getUser(); 
          reg.password = rs.getString(1); 
          reg.emailaddress = rs.getString(2); 
          reg.creditcard = rs.getString(3); 
          reg.balance = rs.getDouble(4); 
          return reg; 
      } else{ 
        throw new FinderException (); 
      } 
    } catch (SQLException sqe) { 
           throw new FinderException(); 
    } finally { 
      try { 
        ps.close(); 
        con.close(); 
      } catch (Exception ignore) {} 
      } 
  }
 
  public void findLowCreditAccounts( 
                final ReturnResults client) throws FinderException { 
    // This method finds accounts with less than 3 dollars in 
    // a US domain. It then creates a RegistrationImpl object and
    // calls a callback method called updateResults from the 
    // ReturnResults class. It runs as a thread so that the client
    // does not have to block to wait for the results to return
    Runnable bgthread = new Runnable() { 
      public void run() { 
        Connection con = null; 
        ResultSet rs = null; 
        PreparedStatement ps = null; 
        ArrayList ar = new ArrayList(); 
        try { 
          con=getConnection(); 
          ps=con.prepareStatement("select theuser,  
                   balance from registration where balance < ?"); 
          ps.setDouble(1, 3.00); 
          ps.executeQuery(); 
          rs = ps.getResultSet(); 
          RegistrationImpl reg=null; 
          while (rs.next()) { 
            try { 
              reg= new RegistrationImpl(); 
            } catch (RemoteException e) {} 
              reg.theuser = rs.getString(1); 
              reg.balance = rs.getDouble(2); 
              ar.add(reg); 
            } 
          rs.close(); 
          client.updateResults(ar); 
          } catch (Exception e) { 
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            System.out.println("findLowCreditAccounts: "+e); 
            return; 
          } 
          finally { 
            try { 
              if(rs != null) { 
                rs.close(); 
              } 
              if(ps != null) { 
                ps.close(); 
                       } 
              if(con != null) { 
                con.close(); 
              } 
            }catch (Exception ignore) {} 
        } 
      } //run 
    }; 
    Thread t = new Thread(bgthread); 
    t.start(); 
  }

  public static void main(String[] args){ 
    try { 
      new pool.JDCConnectionDriver("postgresql.Driver",  
                            "jdbc:postgresql:ejbdemo","postgres", "pass"); 
    } catch (Exception e){  
      System.out.println("error in loading JDBC driver"); 
      System.exit(1); 
    } 
    try { 
      Properties env=System.getProperties(); 
      env.put("java.rmi.server.codebase",  
                          "http://phoenix.sun.com/registration"); 
      RegistrationServer rs= new RegistrationServer();
     if(System.getSecurityManager() == null )  {
        System.setSecurityManager(new RMISecurityManager()); 
      }
      RMISocketFactory.setFailureHandler(new RMIFailureHandlerImpl());
      Naming.rebind("//phoenix.sun.com/registration2",rs); 
    } catch (Exception e) { 
      System.out.println("Exception thrown "+e); 
    } 
  } // End of Main
 
class RMIFailureHandlerImpl implements RMIFailureHandler { 
  public boolean failure(Exception ex ){ 
    System.out.println("exception "+ex+" caught"); 
    return true; 
  } 
}
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class RegistrationImpl extends UnicastRemoteObject implements Registration {
   public String theuser, password, creditcard, emailaddress;
   public double balance;

   RegistrationImpl() throws RemoteException {
     super();
   }
   public boolean verifyPassword(String password) {
     if(this.password.equals(password)) {
       return true;
      } else {
        return false;
      }
    }
    public String getEmailAddress() {
      return emailaddress;
    }
    public String getUser() {
      return theuser;
    }
    public int adjustAccount(double amount) {
      balance=balance+amount;
      return(0);
    }
    public double getBalance() {
      return balance;
    }
}

Registration (RMI)
package registration;

import java.rmi.*;
import java.util.*;

public interface Registration extends Remote {
   boolean verifyPassword(String password) throws RemoteException;
   String getEmailAddress() throws RemoteException;
   String getUser() throws RemoteException;
   int adjustAccount(double amount) throws RemoteException;
   double getBalance() throws RemoteException;
}

RegistrationHome (RMI)
package registration;

import java.rmi.*;
import java.util.*;
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public interface RegistrationHome extends Remote {
  RegistrationPK create(String theuser, String password, 
                        String emailaddress, String creditcard) 
                        throws CreateException, RemoteException;
   Registration findByPrimaryKey(RegistrationPK theuser) 
                        throws FinderException, RemoteException;
   public void findLowCreditAccounts(ReturnResults rr) 
                        throws FinderException, RemoteException;
}

RegistrationPK (RMI)
package registration;

public class RegistrationPK implements java.io.Serializable {
  public String theuser;
  public RegistrationPK() {}
  public String getUser() {
    return theuser;
  }
  public void setUser(String user) {
    theuser=user;
  }
}

SellerBean (RMI)
package seller;
 
import java.rmi.RemoteException; 
import java.rmi.*; 
import javax.ejb.*; 
import java.util.*; 
import java.text.NumberFormat; 
import java.io.Serializable; 
import javax.naming.*; 
import auction.*; 
import registration.*; 
import java.rmi.server.UnicastRemoteObject; 
import java.util.ArrayList; 
 
public class SellerBean implements SessionBean, ReturnResults { 
  protected SessionContext ctx; 
  javax.naming.Context ectx; 
  Hashtable env = new Hashtable(); 
  Boolean ready=new Boolean("false"); 
  ArrayList returned; 
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  public int insertItem(String seller, String password, String description,  
                        int auctiondays, double startprice, String summary)  
                        throws RemoteException {  
    // Insert an item into the Auction items for sale. First,
    // the seller details are verified with the Registration Database
    // before calling the AuctionItem Bean.
    try { 
      RegistrationHome regRef = (RegistrationHome)Naming.lookup( 
                                "//phoenix.sun.com/registration2"); 
      RegistrationPK rpk= new RegistrationPK(); 
      rpk.setUser(seller); 
      Registration newseller = ( 
      Registration)regRef.findByPrimaryKey(rpk); 
      if ((newseller == null) || (!newseller.verifyPassword(password))) { 
        return(Auction.INVALID_USER); 
      } 
      AuctionItemHome home = (AuctionItemHome) ectx.lookup("auctionitems"); 
      AuctionItem ai = home.create(seller, description, auctiondays,  
                                   startprice, summary); 
      if (ai == null) { 
         return Auction.INVALID_ITEM; 
       } else{ 
         return(ai.getId());  
       } 
      } catch(Exception e){  
        System.out.println("insert problem="+e); 
        return Auction.INVALID_ITEM; 
      } 
    } 
    public void updateResults(java.util.ArrayList ar) throws RemoteException { 
      // method called from remote rmi client as a callback
      returned=ar;  
      synchronized(ready) { 
        ready.notifyAll(); 
      } 
    }
 
    public ArrayList auditAccounts() { 
      // Call the findLowCreditAccounts method from the RegistrationServer
      // and wait for the results to be sent via the updateResults method
      try { 
        RegistrationHome regRef = (RegistrationHome)Naming.lookup( 
                             "//phoenix.eng.sun.com/registration2"); 
      regRef.findLowCreditAccounts(this); 
      synchronized(ready) { 
        try { 
          ready.wait(); 
        } catch (InterruptedException e){} 
      } 
      return (returned); 
    } catch (Exception e) { 
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      System.out.println("error in creditAudit "+e); 
    } 
    return null; 
  }
 
  public void ejbCreate() throws javax.ejb.CreateException,  
                                              RemoteException { 
      // Initialize the Bean by creating the RMI connection
      // and exporting this object to the rmi registry.
      env.put(javax.naming.Context.INITIAL_CONTEXT_FACTORY,  
              "weblogic.jndi.TengahInitialContextFactory"); 
      try { 
        ectx = new InitialContext(env); 
      } catch (NamingException e) { 
        System.out.println("problem contacting EJB server"); 
        throw new javax.ejb.CreateException(); 
      } 
      Properties env=System.getProperties(); 
      env.put("java.rmi.server.codebase",  
              "http://phoenix.sun.com/registration"); 
      env.put("java.security.policy","java.policy"); 
      UnicastRemoteObject.exportObject(this); 
   } 
   public void setSessionContext(SessionContext ctx) throws RemoteException { 
     this.ctx = ctx; 
   } 
   public void unsetSessionContext() throws RemoteException {    
     ctx = null;   
   }  
   public void ejbRemove() {} 
   public void ejbActivate() throws RemoteException {   
     System.out.println("activating seller bean"); 
   } 
   public void ejbPassivate() throws RemoteException {  
     System.out.println("passivating seller bean"); 
   }
}

ReturnResults (RMI)
package registration;

import java.rmi.*;
import java.util.*;

public interface ReturnResults extends Remote {
  public void updateResults(ArrayList results) 
    throws FinderException, RemoteException;
}
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AuctionServlet (RMI)
package auction;

import java.io.*;
import javax.servlet.*;
import javax.servlet.http.*;
import javax.naming.*;
import javax.ejb.*;
import java.rmi.RemoteException;
import java.util.*;
import java.text.NumberFormat;
import bidder.*;
import registration.*;
import seller.*;
import pool.*;
import search.*;

public class AuctionServlet extends HttpServlet {
  javax.naming.Context ctx=null;
  public void init(ServletConfig config) throws ServletException{ 
    super.init(config);
    try {
      ctx = getInitialContext();
    } catch (Exception e){
      System.err.println(“failed to contact EJB server”+e);
    }
      Properties env=System.getProperties();
      env.put(“java.rmi.server.codebase”, “file:/root/book/”);
      env.put(“java.security.policy”,”/root/book/policy”);
  }
  public void service(HttpServletRequest request, HttpServletResponse response) 
                     throws IOException {
    String cmd;
    response.setContentType(“text/html”);
    ServletOutputStream out = response.getOutputStream();
    if (ctx == null ) {
      try {
        ctx = getInitialContext();
      } catch (Exception e){
        System.err.println(“failed to contact EJB server”+e);
      }
    }
    cmd=request.getParameter(“action”); 
    if(cmd !=null)  {
      if(cmd.equals(“list”)) {
        listAllItems(out);
      } else if(cmd.equals(“newlist”)) {
        listAllNewItems(out);
      } else if(cmd.equals(“search”)) {
        searchItems(out, request);
      } else if(cmd.equals(“close”)) {
        listClosingItems(out);
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      } else if(cmd.equals(“insert”)) {
        insertItem(out, request);
      } else if (cmd.equals(“details”)) { 
        itemDetails(out, request );
      } else if (cmd.equals(“bid”)) {
        itemBid(out, request) ;
      } else if (cmd.equals(“auditAccounts”)) {
        auditAccounts(out, request);
      } else if (cmd.equals(“register”)) {
        registerUser(out, request);
      }
    } else {// no command set
      setTitle(out, “error”);
    }
    setFooter(out);
    out.flush();
  }
  static private void addLine(String message, ServletOutputStream out) 
                              throws IOException {
    if(message !=null) {
      out.println(“<BR>”+message);
    }
  }
  static public javax.naming.Context getInitialContext() throws Exception {
     Properties p = new Properties();
     p.put(javax.naming.Context.INITIAL_CONTEXT_FACTORY,
                    “weblogic.jndi.TengahInitialContextFactory”);
     return new InitialContext(p);
  }
  private void listAllItems(ServletOutputStream out) throws IOException{
    String text = “Click Item number for description and to place bid.”;
    setTitle(out, “Auction results”);
    try {
      addLine(“<BR>”+text, out);
      BidderHome bhome=(BidderHome) ctx.lookup(“bidder”);
      Bidder bid=bhome.create();
      Enumeration enum=(Enumeration)bid.getItemList();
      if(enum != null) {
        displayitems(enum, out);
        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet List All Items error”,out);
      System.out.println(“AuctionServlet <list>:”+e);
    }
    out.flush();
  }
  private void listAllNewItems(ServletOutputStream out) throws IOException {
    setTitle(out, “New Auction Items”);
    try {
      addLine(““, out);
      String text = “Click Item number for description and to place bid.”;
      addLine(text, out);
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      BidderHome bhome=(BidderHome) ctx.lookup(“bidder”);
      Bidder bid=bhome.create();
      Enumeration enum=(Enumeration)bid.getNewItemList();
      if(enum != null) {
        displayitems(enum, out);
        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet List New Items error”, out);
      System.out.println(“AuctionServlet <newlist>:”+e);
    }
    out.flush();
  }
  private void searchItems(ServletOutputStream out, 
                           HttpServletRequest request) throws IOException {
    String searchString=request.getParameter(“searchString”);
    String text = “Click Item number for description and to place bid.”;
    setTitle(out, “Search Results”);
    try {
      addLine(“<BR>”+text, out);
      AuctionItemHome ahome = (AuctionItemHome) ctx.lookup(“auctionitems”);
      SearchHome shome=(SearchHome) ctx.lookup(“search”);
      Search search=shome.create();
      Enumeration enum=(Enumeration)search.getMatchingItemsList(searchString);
      addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0><TR> 
               <TH>Item</TH><TH>Summary</TH> 
               <TH>Current High bid</TH><TH>Number of bids</TH> 
              <TH>Closing Date</TH></TR>”, out);
      while((enum != null) && (enum.hasMoreElements())) {
        while(enum.hasMoreElements()) {
            AuctionItem ai = ahome.findByPrimaryKey( 
                                         (AuctionItemPK)enum.nextElement());
           displayLineItem(ai, out);
        }
      }
      addLine(“</TABLE>”, out);
    } catch (Exception e) {
      addLine(“AuctionServlet Search Items error”, out);
      System.out.println(“AuctionServlet <searchItems>:”+e);
    }
    out.flush();
  }
  private void listClosingItems(ServletOutputStream out)  throws IOException{
    setTitle(out, “Items Due to Close Today”);
    String text = “Click Item number for description and to place bid.”;
    setTitle(out, “Items Due to Close Today”);
    try {
      addLine(“<BR>”+text, out);
      BidderHome bhome=(BidderHome) ctx.lookup(“bidder”);
      Bidder bid=bhome.create();
      Enumeration enum=(Enumeration)bid.getClosedItemList();
      if(enum != null) {
        displayitems(enum, out);
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        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet List Closed Items error”, out);
      System.out.println(“AuctionServlet <close>:”+e);
    }
    out.flush();
  }
  private void insertItem(ServletOutputStream out, HttpServletRequest request) 
                         throws IOException{
    setTitle(out, “Insert Auction Item”);
    String seller=request.getParameter(“seller”);
    String description=request.getParameter(“description”);
    String summary=request.getParameter(“summary”);
    String password=request.getParameter(“password”);
    String price=request.getParameter(“startprice”);
    double startprice=0.00;
    try {
      startprice=((Number)NumberFormat.getCurrencyInstance( 
      Locale.US).parse(“$”+price)).doubleValue();
    } catch(java.text.ParseException e) {
      System.out.println(“money problem”+e);
      return;
    } catch (NumberFormatException e) {
      System.out.println(“money problem”+e);
      return;
    }
    int auctiondays=7;
    try {
      auctiondays=Integer.parseInt(request.getParameter(“auctiondays”));
    } catch(NumberFormatException e){
      System.out.println(“problem parsing auction days”+e);
      return;
    }
    if(auctiondays<=0 || auctiondays>7) {
      auctiondays=7;
    }
    try {
      SellerHome home = (SellerHome) ctx.lookup(“seller”);
      Seller si= home.create();
      if(si != null) {
        int result= si.insertItem(seller, password, description, 
                                  auctiondays, startprice, summary);
        if(result >0) {
          addLine(“Inserted item “+summary, out);
            addLine(“Details available <A HREF=/AuctionServlet?action=details&item  
                  = ” + resul + ”>here</A>”, out);
        } else {
          addLine(“Error inserting item”, out);
          return;
        }
        addLine(““, out);
       }
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     } catch (Exception e) {
       addLine(“AuctionServlet Insert Item error”, out);
       System.out.println(“AuctionServlet <insert>:”+e);
     }
     out.flush();
  }
  private void itemDetails(ServletOutputStream out, HttpServletRequest request) 
                          throws IOException{
    setTitle(out, “Item Details”);
    String item=request.getParameter(“item”);
    int itemid=0;
    try {
      itemid=Integer.parseInt(item);
    } catch (NumberFormatException e) {
      System.out.println(“problem with item id “+itemid);
      return;
    }
    try {
      AuctionItemHome home = (AuctionItemHome) ctx.lookup(“auctionitems”);
      AuctionItemPK pk=new AuctionItemPK();
      pk.id=itemid;
      AuctionItem ai=home.findByPrimaryKey(pk);
      displayPageItem(ai, out);
      addLine(“<BR><HR><P>Do you want to bid on this item?”, out);
      addLine(“<FORM ACTION=\”/AuctionServlet\” METHOD=\”POST\”>”, out);
      addLine(“<TR>Enter your user id:<INPUT TYPE=\”TEXT\”  
              SIZE=20 NAME=\”buyer\”> “, out);
      addLine(“and password:<INPUT TYPE=\”PASSWORD\”  
              SIZE=20 NAME=\”password\”></TR>”, out);
      addLine(“<TR>Your bid amount:<INPUT TYPE=\”TEXT\”  
              SIZE=20 NAME=\”amount\”></TR>”, out);
      addLine(“<INPUT TYPE=\”HIDDEN\” NAME=\”action\” VALUE=\”bid\”>”, out);
        addLine(“<INPUT TYPE=\”HIDDEN\” NAME=\”item\” VALUE=\””+itemid+”\”>”, out);
        addLine(“<INPUT TYPE=\”SUBMIT\” VALUE=\”Place Bid\” NAME=\”Bid\”> 
                </FORM>”, out);
    } catch (Exception e) {
      addLine(“AuctionServlet List Item error”, out);
      System.out.println(“AuctionServlet <details>:”+e);
    }
    out.flush();
  }
private void itemBid(ServletOutputStream out, HttpServletRequest request)  
                    throws IOException{
  setTitle(out, “Item Bid”);
  String item=request.getParameter(“item”);
  String buyer=request.getParameter(“buyer”);
  String password=request.getParameter(“password”);
  String bid=request.getParameter(“amount”);
  int itemid=0;
  double bidamount=0;
  try {
    itemid=Integer.parseInt(item);
  } catch (NumberFormatException e) {
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    System.out.println(“problem with item id “ +itemid);
    return;
  }
  try {
    bidamount=Double.valueOf(bid).doubleValue();
  } catch (NumberFormatException e) {
    System.out.println(“problem with bid” +bid);
    return;
  }
  try {
    BidderHome bhome = (BidderHome) ctx.lookup(“bidder”);
    Bidder bidbean=bhome.create();
    int result=bidbean.placeBid(itemid, buyer, password, bidamount);
    switch(result) {
      case Auction.OUT_BID:
        addLine(“Your bid was not high enough”, out);
        break;
      case Auction.HIGH_BID:
        addLine(“You are the high bidder”, out);
        break;
      case Auction.AUCTION_OVER:
        addLine(“This auction has finished”, out);
        break;
      case Auction.INVALID_USER:
        addLine(“Invalid user or password”, out);
        break;
      default:  
        addLine(“Problem submitting bid”, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet Bid error”, out);
      System.out.println(“AuctionServlet <bid>:”+e);
    }
    out.flush();
  }
  private void registerUser(ServletOutputStream out, HttpServletRequest request) 
                           throws IOException{
    String user=request.getParameter(“user”);
    String password=request.getParameter(“password”);
    String creditcard=request.getParameter(“creditcard”);
    String emailaddress=request.getParameter(“emailaddress”);
    try {
      RegistrationHome regRef = (RegistrationHome)java.rmi.Naming.lookup( 
                                “//localhost/registration2”);
      RegistrationPK reguser = regRef.create(user, password,  
                                emailaddress, creditcard);
      if(reguser != null) {
        addLine(“Created user: “+reguser.getUser(),out);
        addLine(““, out);
      } else {
        addLine(“Error creating user id, possibly already exists “, out);
      }
    } catch(Exception e) {
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      addLine(“AuctionServlet registration error”, out);
      System.out.println(“AuctionServlet <register>:”+e.toString());
    }
    out.flush();
  }
  private void auditAccounts(ServletOutputStream out, HttpServletRequest request) 
                            throws IOException{
    String text = “Audit of users with low credit.”;
    String remoteaddr =request.getHeader(“REMOTE_ADDR”);
    setTitle(out, “Audit Accounts”);
    if(!remoteaddr.equals(“127.0.0.1”)) {
       addLine(“service not available”, out);
    }
    try {
      addLine(“<BR>”+text, out);
      addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0> 
             <TR><TH>User</TH><TH>Accounts Balance</TH></TR>”, out);
      SellerHome home = (SellerHome) ctx.lookup(“seller”);
      Seller si= home.create();
      if(si != null) {
        ArrayList ar=si.auditAccounts();
        for(Iterator i=ar.iterator(); i.hasNext();) {
           Registration user=(Registration)(i.next());
           addLine(“<TD>”+user.getUser()+”</TD> 
                   <TD>”+user.getBalance()+”</TD></TR>”, out); 
         }
         addLine(“</TABLE>”, out);
       }
     } catch (Exception e) {
       addLine(“AuctionServlet auditAccounts error”,out);
       System.out.println(“AuctionServlet <auditAccounts>:”+e);
     }
     out.flush();
  }
  static private void displayitems(Enumeration e, ServletOutputStream out)  
                                  throws Exception{
    addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0> 
            <TR><TH>Item</TH><TH>Summary</TH> 
            <TH>Current High bid</TH><TH>Number of bids</TH> 
           <TH>Closing Date</TH></TR>”, out);
    while((e !=null) && (e.hasMoreElements())) {
      while(e.hasMoreElements()) {
        displayLineItem((AuctionItem) e.nextElement(), out);
      }
    }
    addLine(“</TABLE>”, out);
  }
  static private void displayLineItem(AuctionItem auctionItem,  
                                     ServletOutputStream out)
                                     throws RemoteException, IOException {
    StringBuffer line= new StringBuffer();
    int bidcount=auctionItem.getBidCount();
    int key=(int)auctionItem.getId();
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    line.append(“<TR><TD><A HREF=/AuctionServlet?action=details&item=”+ 
                key+”>”+key+”</A></TD>”);
    line.append(“<TD>”+auctionItem.getSummary() +”</TD>”);
    if(bidcount >0) {
      line.append(“<TD>”+ 
               NumberFormat.getCurrencyInstance().format(auctionItem.getHighBid()) 
             +”</TD>”);
    } else {
      line.append(“<TD>-</TD>”);
    }
    line.append(“<TD>”+bidcount+”</TD>”);
    line.append(“<TD>”+auctionItem.getEndDate() +”</TD></TR>”);
    addLine(line.toString(), out);
  }
  static private void displayPageItem(AuctionItem auctionItem,  
                                     ServletOutputStream out)
                                     throws RemoteException, IOException {
    int bidcount=auctionItem.getBidCount();
    addLine(auctionItem.getSummary(), out);
    addLine(“Auction Item Number: “+auctionItem.getPrimaryKey(), out);
    if(bidcount >0) {
      addLine(“<P>Current price: “ + 
           NumberFormat.getCurrencyInstance().format(auctionItem.getHighBid()), 
           out);
      addLine(“Minimum increment: “+  
              NumberFormat.getCurrencyInstance().format( 
             auctionItem.getIncrement()), out);
    } else {
      addLine(“<P>Current price: “+ NumberFormat.getCurrencyInstance().format( 
              auctionItem.getStartPrice()), out);
    }
    addLine(“# of bids: “+bidcount, out);
    addLine(“<P>Auction Started: “+auctionItem.getStartDate(), out);
    addLine(“Auction Ends: “+auctionItem.getEndDate(), out);
    addLine(“<P>Seller: “+auctionItem.getSeller(), out);
    if(bidcount >0) {
      addLine(“High Bidder: “+auctionItem.getHighBidder(), out);
    } else {
      addLine(“High Bidder: “+”-”, out);
    }
    addLine(“<HR><P>”, out);
    addLine(“Description: “+auctionItem.getDescription(), out);
  }
  private String readFile (String file) throws IOException {
    if(file != null) {
      StringBuffer buffer = new StringBuffer();
      BufferedReader reader = new BufferedReader (new FileReader (file));
      String line;
      while( (line=reader.readLine()) != null ) {
        buffer.append (line+’\n’);
      }
      reader.close();
      return buffer.toString();



4: DISTRIBUTED COMPUTING 181

      } else {
      return null;
    }
  }
  private void setTitle(ServletOutputStream out, String title) {
    try { 
      out.println(“<HTML><HEAD><TITLE>”+title+”</TITLE></HEAD>”);
      out.println(“<BODY BGCOLOR=\”WHITE\”>”);
     } catch(IOException e) {
       System.out.println(“Unable to set title”+e);
     }
  }
  private void setFooter(ServletOutputStream out) {
    try {
      out.println(“<HR><CENTER> <A HREF=\”registration.html\”>Register</A>”);
      out.println(“<STRONG>|</STRONG>”);
        out.println(“<A HREF=\”/AuctionServlet?action=newlist\”>New Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
        out.println(“<A HREF=\”/AuctionServlet?action=close\”>Closing Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
      out.println(“<A HREF=\”/AuctionServlet?action=list\”>All Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
      out.println(“<A HREF=\”sell.html\”>Sell Items</A>”);
      out.println(“</CENTER>”);
    } catch (IOException e) {
      System.out.println(“Unable to set footer”+e);
    }
  }
}

RegistrationServer (CORBA)
//This file contains the RegistrationServer
//and RegistrationImpl implementations

package registration;

import java.sql.*;
import org.omg.CosNaming.*;
import org.omg.CORBA.*;
import java.util.ArrayList;

public class RegistrationServer extends _RegistrationHomeImplBase{
   ORB orb=null;
    static {
      try {
        new pool.JDCConnectionDriver(“COM.cloudscape.core.JDBCDriver”, 
                           “jdbc:cloudscape:ejbdemo”,”none”, “none”);
      }catch(Exception e){ System.out.println(“new pool error”+e);}
    }
    public Connection getConnection() throws SQLException {
        return DriverManager.getConnection(“jdbc:jdc:jdcpool”);
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    }
  public RegistrationServer(ORB orb)  {
    super();
    this.orb=orb;
  }
  public registration.RegistrationPK create(String theuser, String password,  
                                 String emailaddress, String creditcard) 
                                 throws registration.CreateException{
    double balance=0;
    Connection con = null;
    PreparedStatement ps = null;;
    try {
      con=getConnection();
      ps=con.prepareStatement(“insert into registration(theuser, password, 
                       emailaddress, creditcard, balance) values (?, ?, ?, ?, ?)”);
      ps.setString(1, theuser);
      ps.setString(2, password);
      ps.setString(3, emailaddress);
      ps.setString(4, creditcard);
      ps.setDouble(5, balance);
           
      if(ps.executeUpdate() != 1) {
         throw new CreateException ();
      }
      RegistrationPK primaryKey = new RegistrationPKImpl();
      primaryKey.theuser(theuser);
      return primaryKey;
    } catch (CreateException ce) {
      throw ce;
    } catch (SQLException sqe) {
      System.out.println(“sqe=”+sqe);
      throw new CreateException ();
    } finally {
      try {
        ps.close();
        con.close();
      } catch (Exception ignore) {
    }
  }
  public registration.Registration findByPrimaryKey( 
                                     registration.RegistrationPK pk) 
    if((pk == null) || (pk.theuser() == null)) {
      throw new FinderException ();
    }
    return(refresh(pk));
  }
  private Registration refresh(RegistrationPK pk) throws FinderException {
    if(pk == null) {
      throw new FinderException ();
    }
    Connection con = null;
    PreparedStatement ps = null;
    try {
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      con=getConnection();
      ps=con.prepareStatement(“select password, emailaddress, creditcard, 
                              balance from registration where theuser = ?”);
      ps.setString(1, pk.theuser());
      ps.executeQuery();
      ResultSet rs = ps.getResultSet();
      if(rs.next()) {
        RegistrationImpl reg= new RegistrationImpl();
        reg.theuser = pk.theuser();
        reg.password = rs.getString(1);
        reg.emailaddress = rs.getString(2);
        reg.creditcard = rs.getString(3);
        reg.balance = rs.getDouble(4);
        return reg;
      } else {
         throw new FinderException ();
      }
    } catch (SQLException sqe) {
      throw new FinderException ();
    } finally {
      try {
        ps.close();
        con.close();
       } catch (Exception ignore) {}
     }
  }
  public void findLowCreditAccounts(final ReturnResults client)  
                                    throws FinderException {
    Runnable bgthread = new Runnable() {
      public void run() {
        Connection con = null;
        ResultSet rs = null;
        PreparedStatement ps = null;
        ArrayList ar = new ArrayList();
        try {
          con=getConnection();
           ps=con.prepareStatement(“select theuser, 
                              balance from registration where balance < ?”);
           ps.setDouble(1, 3.00);
           ps.executeQuery();
           rs = ps.getResultSet();
           RegistrationImpl reg=null;
           while (rs.next()) {
             try {
               reg= new RegistrationImpl();
             } catch (Exception e) { 
               System.out.println(“creating reg”+e);
             }
             reg.theuser = rs.getString(1);
             reg.balance = rs.getDouble(2);
             ar.add(reg);
           }
           rs.close();
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           RegistrationImpl[] regarray = (RegistrationImpl [])
           ar.toArray( new RegistrationImpl[0]);
           client.updateResults(regarray);
         } catch (Exception e) {
           System.out.println(“findLowCreditAccounts: “+e);
           return;
         } finally {
           try {
             if(rs != null) {
               rs.close();
             }
             if(ps != null) {
               ps.close();
             }
             if(con != null) {
               con.close();
             }
           } catch (Exception ignore) {}
         }
       } //run
     };
     Thread t = new Thread(bgthread);
     t.start();
  }
  public Any customSearch(Any searchField, IntHolder count) {
    Any returnResults= orb.create_any();
    int tmpcount=count.value;
    if(searchField.type().kind().value() == TCKind._tk_double) {
      // return number of balances greater than supplied amount
      double findBalance=searchField.extract_double();
      Connection con = null;
      ResultSet rs = null;
      PreparedStatement ps = null;
      try {
        con = getConnection();
        ps =c on.prepareStatement(“select count(*) 
                               from registration where balance < ?”);
        ps.setDouble(1, findBalance);
        ps.executeQuery();
        rs = ps.getResultSet();
        if(rs.next()) {
          tmpcount = rs.getInt(1);
        }
        count.value=tmpcount;
        rs.close();
      } catch (Exception e) {
        System.out.println(“custom search: “+e);
        returnResults.insert_long(-1);
        return(returnResults);
      } finally {
        try {
          if(rs != null) {
             rs.close();
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           }
           if(ps != null) {
             ps.close();
           }
           if(con != null) {
              con.close();
           }
        } catch (Exception ignore) {}
      }
      returnResults.insert_long(tmpcount);
      return(returnResults);
    } else if(searchField.type().kind().value() == 
      TCKind._tk_string) {
      // return email addresses that match supplied address
      String findEmail=searchField.extract_string();
      Connection con = null;
      ResultSet rs = null;
      PreparedStatement ps = null;
      ArrayList ar = new ArrayList();
      RegistrationImpl reg=null;
      try {
        con = getConnection();
        ps = con.prepareStatement(“select theuser,  
                       emailaddress from registration where emailaddress like ?”);
        ps.setString(1, findEmail);
        ps.executeQuery();
        rs = ps.getResultSet();
        while(rs.next()) {
          reg= new RegistrationImpl();
          reg.theuser = rs.getString(1);
          reg.emailaddress = rs.getString(2);
          ar.add(reg);
        }
        rs.close();
        RegistrationImpl[] regarray = (RegistrationImpl 
                                   [])ar.toArray( new RegistrationImpl[0]);
        RegistrationHelper.insert(returnResults, regarray[0]);
        return(returnResults);
      } catch (Exception e) {
        System.out.println(“custom search: “+e);
        return(returnResults);
      } finally {
        try {
          if(rs != null) {
            rs.close();
          }
          if(ps != null) {
             ps.close();
          }
          if(con != null) {
            con.close();
          }
        } catch (Exception ignore) {}
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      }
    }
    return(returnResults);
  }
  public static void main(String args[]) {
    java.util.Properties props=System.getProperties();
    props.put(“org.omg.CORBA.ORBInitialPort”, “1050”);
    System.setProperties(props);
    ORB orb = ORB.init(args, props);
    RegistrationServer rs= new RegistrationServer(orb);
    try {
      orb.connect(rs);
      org.omg.CORBA.Object nameServiceObj = 
                    orb.resolve_initial_references(“NameService”) ;
      NamingContext nctx= NamingContextHelper.narrow(nameServiceObj);
      NameComponent[] fullname = new NameComponent[2];
      fullname[0] = new NameComponent(“auction”, ““);
      fullname[1] = new NameComponent(“RegistrationBean”, ““);
      NameComponent[] tempComponent = new NameComponent[1];
      for(int i=0; i < fullname.length-1; i++ ) {
         tempComponent[0]= fullname[i];
         try {
           nctx=nctx.bind_new_context(tempComponent);
         } catch (Exception e){ System.out.println(“bind new”+e);}
      }
      tempComponent[0]=fullname[fullname.length-1];
      try {
        nctx.rebind(tempComponent, rs);
      } catch (Exception e){ 
        nctx.unbind(tempComponent);
        nctx.rebind(tempComponent, rs);
        System.out.println(“rebind”+e);
      }
      java.lang.Object sync= new java.lang.Object();
      synchronized(sync) {
        sync.wait();
      }
    } catch (Exception e) {
      System.out.println(“e=”+e);
    }
  }
}
class RegistrationImpl extends _RegistrationImplBase {
  public String theuser, password, creditcard, emailaddress;
  public double balance;

  public boolean verifyPassword(String password) {
    if(this.password.equals(password)) {
      return true;
    } else {
      return false;
    }
  }
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  public String getEmailAddress() {
    return emailaddress;
  }
  public String getUser() {
    return theuser;
  }
  public int adjustAccount(double amount) {
    balance=balance+amount;
    return(0);
  }
  public double getBalance() {
    return balance;
  }
}

Registration.idl (CORBA)
module registration {

  interface Registration {
    boolean verifyPassword(in string password);
    string getEmailAddress();
    string getUser();
    long adjustAccount(in double amount);
    double getBalance();
   };

  interface RegistrationPK {
    attribute string theuser;
  };
  enum LoginError {INVALIDUSER, WRONGPASSWORD, TIMEOUT};
  exception CreateException {};
  exception FinderException {};
  typedef sequence<Registration> IDLArrayList;
  interface ReturnResults {
   void updateResults(in IDLArrayList results) raises (FinderException);
  };
  interface RegistrationHome {
    RegistrationPK create(in string theuser, in string password, 
                        in string emailaddress, in string creditcard) 
                        raises (CreateException);
    Registration findByPrimaryKey(in RegistrationPK theuser)  
                        raises (FinderException);
   void findLowCreditAccounts(in ReturnResults rr) raises (FinderException);
    any customSearch(in any searchfield, out long count);
  };
};

SellerBean (CORBA)
package seller;
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import java.rmi.RemoteException;
import javax.ejb.*;
import java.util.*;
import java.text.NumberFormat;
import java.io.Serializable;
import javax.naming.*;
import auction.*;
import registration.*;
import org.omg.CosNaming.*;
import org.omg.CORBA.*;

public class SellerBean extends _ReturnResultsImplBase implements SessionBean {
  protected SessionContext ctx;
  javax.naming.Context ectx;
  Hashtable env = new Hashtable();
  ORB orb = null;
  NamingContext nctx= null;
  Boolean ready=new Boolean(“false”);
  ArrayList returned =new ArrayList();
  public int insertItem(String seller, String password, String description,  
                       int auctiondays, double startprice, String summary) 
                       throws RemoteException { 
    try {
      NameComponent[] fullname = new NameComponent[2];
      fullname[0] = new NameComponent(“auction”, ““);
      fullname[1] = new NameComponent(“RegistrationBean”, ““);
      RegistrationHome regRef = RegistrationHomeHelper.narrow(
                                nctx.resolve(fullname));
      RegistrationPK rpk= new RegistrationPKImpl();
      rpk.theuser(seller);
      Registration newseller = RegistrationHelper.narrow(
      regRef.findByPrimaryKey(rpk));
      if((newseller == null)|| (!newseller.verifyPassword(password))) {
          return(Auction.INVALID_USER);
      }
      AuctionItemHome home = (AuctionItemHome) ectx.lookup(“auctionitems”);
      AuctionItem ai= home.create(seller, description,  auctiondays,  
                                 startprice, summary);
      if(ai == null) {
        return Auction.INVALID_ITEM;
       } else {
         return(ai.getId()); 
       }
     } catch(Exception e){ 
       System.out.println(“insert problem=”+e);
       return Auction.INVALID_ITEM;
     }
  }
  public void updateResults(Registration[] ar)  
                          throws registration.FinderException {
    if(ar == null) {
      throw new registration.FinderException();
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    }
    try {
      for(int i=0; i< ar.length; i++) {
        returned.add(ar[i]);
      }
    } catch (Exception e) {
      System.out.println(“updateResults=”+e);
      throw new registration.FinderException();
    }
    synchronized(ready) {
      ready.notifyAll();
    }
  }
  public ArrayList auditAccounts() {
    try {
      NameComponent[] fullname = new NameComponent[2];
      fullname[0] = new NameComponent(“auction”, ““);
      fullname[1] = new NameComponent(“RegistrationBean”, ““);
      RegistrationHome regRef = RegistrationHomeHelper.narrow( 
                               nctx.resolve(fullname));
      regRef.findLowCreditAccounts(this);
      synchronized(ready) {
      try {
        ready.wait();
      } catch (InterruptedException e){
      }
      return (returned);
    } catch (Exception e) {
      System.out.println(“error in auditAccounts “+e);
    }
      return null;
  }
  public String customFind(String searchField)  
               throws javax.ejb.FinderException, RemoteException{
    int total=-1;
    IntHolder count= new IntHolder();
    try {
      NameComponent[] fullname = new NameComponent[2];
      fullname[0] = new NameComponent(“auction”, ““);
      fullname[1] = new NameComponent(“RegistrationBean”, ““);
      RegistrationHome regRef = RegistrationHomeHelper.narrow( 
                                  nctx.resolve(fullname));
      if(regRef == null ) {
        System.out.println(“cannot contact RegistrationHome”);
        throw new javax.ejb.FinderException();
      }
      Any sfield=orb.create_any();
      Double balance;
      try {
        balance=Double.valueOf(searchField);
        try {
          sfield.insert_double(balance.doubleValue());
        } catch (Exception e) {
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          return(“Problem with search value”+balance);   
        } 
        sfield=regRef.customSearch(sfield,count);
        if(sfield != null ) {
          total=sfield.extract_long();
        }
        return(total+” accounts are below optimal level”);
      } catch (NumberFormatException e) {
        sfield.insert_string(searchField);
        Registration reg;
        if((reg = RegistrationHelper.extract( 
                 regRef.customSearch(sfield,count))) != null ) { 
          return(“Found user “+ reg.getUser() +  
                 “ who has email address “+reg.getEmailAddress());
        } else {
          return(“No users found who have email address “+searchField);
        } 
      }
      } catch(Exception e){
        System.out.println(“customFind problem=”+e);
        throw new javax.ejb.FinderException();
      }
  }
  public void ejbCreate() throws javax.ejb.CreateException, RemoteException {
    env.put(javax.naming.Context.INITIAL_CONTEXT_FACTORY, 
            “weblogic.jndi.TengahInitialContextFactory”);
    try {
      ectx = new InitialContext(env);
    } catch (NamingException e) {
      System.out.println(“problem contacting EJB server”);
      throw new javax.ejb.CreateException();
    }
    try {
      java.util.Properties props=System.getProperties();
      props.put(“org.omg.CORBA.ORBInitialPort”, “1050”);
      System.setProperties(props);
      String[] args={};
      orb = ORB.init(args, props);
      org.omg.CORBA.Object nameServiceObj = orb.resolve_initial_references( 
                                           “NameService”) ;
      nctx= NamingContextHelper.narrow(nameServiceObj);
    } catch(org.omg.CORBA.SystemException e) {
      throw new javax.ejb.CreateException(“CORBA Error in SellerCreate “+e);
    } catch ( org.omg.CORBA.ORBPackage.InvalidName e) {
        throw new javax.ejb.CreateException(“CORBA NameError in SellerCreate “+e);
    }
  }
  public void setSessionContext(SessionContext ctx) throws RemoteException {
    this.ctx = ctx;
  }
  public void unsetSessionContext() throws RemoteException {   
    ctx = null;  
  } 
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  public void ejbRemove() {}
  public void ejbActivate() throws RemoteException {
    System.out.println(“activating seller bean”);
  }
  public void ejbPassivate() throws RemoteException { 
    System.out.println(“passivating seller bean”);
  }
}

Seller (CORBA)
package seller;

import javax.ejb.*;
import java.rmi.*;
import java.util.*;

public interface Seller extends EJBObject {
  int insertItem(String user, String password, String description,  
                 int auctiondays,double startprice, String summary) 
                 throws RemoteException;
   ArrayList auditAccounts() throws FinderException, RemoteException;
    String customFind(String searchField) throws FinderException, RemoteException;
}

AuctionServlet (CORBA)
package auction;

import java.io.*;
import javax.servlet.*;
import javax.servlet.http.*;
import javax.naming.*;
import javax.ejb.*;
import java.rmi.RemoteException;
import java.util.*;
import java.text.NumberFormat;
import bidder.*;
import registration.*;
import seller.*;
import pool.*;
import search.*;
import org.omg.CosNaming.*;
import org.omg.CORBA.*;

public class AuctionServlet extends HttpServlet { 
  javax.naming.Context ctx=null;
  ORB orb = null;
  NamingContext nctx= null;
  public void init(ServletConfig config) throws ServletException{
    super.init(config);
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    try {
      ctx = getInitialContext();
    } catch (Exception e) {
      System.err.println(“failed to contact EJB server”+e);
    }
    try {
      String[] args = {};
      Properties props= System.getProperties();
      props.put(“org.omg.CORBA.ORBInitialPort”, “1050”);
      System.setProperties(props);
      orb = ORB.init(args, props) ;
      org.omg.CORBA.Object nameServiceObj = 
                            orb.resolve_initial_references(“NameService”) ;
      nctx= NamingContextHelper.narrow(nameServiceObj);
    } catch(org.omg.CORBA.SystemException e) {
        System.err.println(“CORBA Error in AuctionServlet <init>”+e);
    } catch(Exception e) {
        System.err.println(“Error in AuctionServlet <init>”+e);
    }
  }
  public void service(HttpServletRequest request, 
                      HttpServletResponse response) throws IOException {
    String cmd;
    response.setContentType(“text/html”);
    ServletOutputStream out = response.getOutputStream();
    if(ctx == null ) {
      try {
        ctx = getInitialContext();
      } catch (Exception e){
        System.err.println(“failed to contact EJB server”+e);
      }
    }
    cmd=request.getParameter(“action”);     
    if(cmd !=null)  {
      if(cmd.equals(“list”)) {    
        listAllItems(out);
      } else if(cmd.equals(“newlist”)) {   
        listAllNewItems(out);
      } else if(cmd.equals(“search”)) {   
        searchItems(out, request);
      } else if(cmd.equals(“close”)) {
        listClosingItems(out);
      } else if(cmd.equals(“insert”)) {
        insertItem(out, request);
      } else if (cmd.equals(“details”)) {
        itemDetails(out, request );
      } else if (cmd.equals(“bid”)) {
        itemBid(out, request) ;
      } else if (cmd.equals(“auditAccounts”)) {
        auditAccounts(out, request);
      } else if (cmd.equals(“register”)) {
        registerUser(out, request);
      } else if (cmd.equals(“customSearch”)) {
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        customSearch(out, request);
      } else {
        addLine(“unknown command “+cmd, out);
      }
    } else {
      // no command set
      setTitle(out, “error”);
    }
    setFooter(out);
    out.flush();
  }
  static private void addLine(String message, ServletOutputStream out) 
             throws IOException {
    if(message !=null) {
      out.println(“<BR>”+message);
    }
  }
  static public javax.naming.Context getInitialContext() throws Exception {
    Properties p = new Properties();
    p.put(javax.naming.Context.INITIAL_CONTEXT_FACTORY,
                          “weblogic.jndi.TengahInitialContextFactory”);
    return new InitialContext(p);
  }
  private void listAllItems(ServletOutputStream out) throws IOException{
    String text = “Click Item number for description and to place bid.”;
    setTitle(out, “Auction results”);
    try {
      addLine(“<BR>”+text, out);
      BidderHome bhome=(BidderHome) ctx.lookup(“bidder”);
      Bidder bid=bhome.create();
      Enumeration enum=(Enumeration)bid.getItemList();
      if(enum != null) {
        displayitems(enum, out);
        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet List All Items error”,out);
      System.out.println(“AuctionServlet <list>:”+e);
    }
    out.flush();
  }
  private void listAllNewItems(ServletOutputStream out) throws IOException {
        setTitle(out, “New Auction Items”);
        try {
            addLine(““, out);
            String text = “Click Item number for description and to place bid.”;
            addLine(text, out);
            BidderHome bhome = (BidderHome) ctx.lookup(“bidder”);
            Bidder bid = bhome.create();
            Enumeration enum = (Enumeration)bid.getNewItemList();
            if(enum != null) {
                displayitems(enum, out);
                addLine(““, out);
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            }
         } catch (Exception e) {
             addLine(“AuctionServlet List New Items error”, out);
             System.out.println(“AuctionServlet <newlist>:”+e);
         }
         out.flush();
    }
    private void searchItems(ServletOutputStream out, 
                 HttpServletRequest request) throws IOException {
      String searchString = request.getParameter(“searchString”);
      String text = “Click Item number for description and to place bid.”;
      setTitle(out, “Search Results”);
      try {
        addLine(“<BR>”+text, out);
        AuctionItemHome ahome = (AuctionItemHome) ctx.lookup(“auctionitems”);
        SearchHome shome = (SearchHome) ctx.lookup(“search”);
        Search search = shome.create();
        Enumeration enum = (Enumeration)
                              search.getMatchingItemsList(searchString);
        addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0> 
                <TR><TH>Item</TH><TH>Summary</TH>
                <TH>Current High bid</TH><TH>Number of bids</TH>
                <TH>Closing Date</TH></TR>”, out);
          while ((enum != null) && (enum.hasMoreElements())) {
            while(enum.hasMoreElements()) {
              AuctionItem ai = ahome.findByPrimaryKey((
                               AuctionItemPK)enum.nextElement());
              displayLineItem(ai, out);
            }
          }
          addLine(“</TABLE>”, out);
        } catch (Exception e) {
          addLine(“AuctionServlet Search Items error”, out);
          System.out.println(“AuctionServlet <searchItems>:”+e);
        }
        out.flush();
  } 
  private void listClosingItems(ServletOutputStream out)  throws IOException{
    setTitle(out, “Items Due to Close Today”);
    String text = “Click Item number for description and to place bid.”;
    setTitle(out, “Items Due to Close Today”);
    try {
      addLine(“<BR>”+text, out);
      BidderHome bhome=(BidderHome) ctx.lookup(“bidder”);
      Bidder bid=bhome.create();
      Enumeration enum=(Enumeration)bid.getClosedItemList();
      if(enum != null) {
        displayitems(enum, out);
        addLine(““, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet List Closed Items error”, out);
      System.out.println(“AuctionServlet <close>:”+e);
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    }
    out.flush();
  }
  private void insertItem(ServletOutputStream out, HttpServletRequest request) 
                         throws IOException{
    setTitle(out, “Insert Auction Item”);
    String seller=request.getParameter(“seller”);
    String description=request.getParameter(“description”);
    String summary=request.getParameter(“summary”);
    String password=request.getParameter(“password”);
    String price=request.getParameter(“startprice”);
    double startprice=0.00;
    try {
      startprice=((Number)NumberFormat.
      getCurrencyInstance(Locale.US).parse(“$”+price)).
      doubleValue();
    } catch(java.text.ParseException e){
      System.out.println(“money problem”+e);
      return;
    } catch (NumberFormatException e) {
      System.out.println(“money problem”+e);
      return;
    }
    int auctiondays=7;
    try {
       auctiondays=Integer.parseInt(request.getParameter(“auctiondays”));
    } catch(NumberFormatException e){
      System.out.println(“problem parsing auction days”+e);
      return;
    }
    if(auctiondays<=0 || auctiondays>7) {
      auctiondays=7;
    }
    try {
      SellerHome home = (SellerHome) ctx.lookup(“seller”);
      Seller si= home.create();
      if(si != null) {
        int result= si.insertItem(seller, password, description, 
                                  auctiondays, startprice, summary);
        if(result >0) {
          addLine(“Inserted item “+summary, out);
          addLine(“Details available 
                   <A HREF=/AuctionServlet?action=details&item=” 
                   + result + ”>here</A>”, out);
        } else {
          addLine(“Error inserting item”, out);
          return;
        }
        addLine(““, out);
      }
    } catch (Exception e) {
       addLine(“AuctionServlet Insert Item error”, out);
       System.out.println(“AuctionServlet <insert>:”+e);
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    }
    out.flush();
  }
  private void itemDetails(ServletOutputStream out, HttpServletRequest request) 
                          throws IOException{
    setTitle(out, “Item Details”);
    String item=request.getParameter(“item”);
    int itemid=0;
    try {
      itemid=Integer.parseInt(item);
    } catch (NumberFormatException e) {
      System.out.println(“problem with item id “+itemid);
      return;
    }
    try {
      AuctionItemHome home = (AuctionItemHome) ctx.lookup(“auctionitems”);
      AuctionItemPK pk=new AuctionItemPK();
      pk.id=itemid;
      AuctionItem ai=home.findByPrimaryKey(pk);
      displayPageItem(ai, out);
      addLine(“<BR><HR><P>Do you want to bid on this item?”, out);
      addLine(“<FORM ACTION=\”/AuctionServlet\” METHOD=\”POST\”>”, out);
      addLine(“<TR>Enter your user id:<INPUT TYPE=\”TEXT\”  
             SIZE=20 NAME=\”buyer\”> “, out);
      addLine(“and password:<INPUT TYPE=\”PASSWORD\”  
             SIZE=20 NAME=\”password\”></TR>”, out);
      addLine(“<TR>Your bid amount:<INPUT TYPE=\”TEXT\”  
              SIZE=20 NAME=\”amount\”></TR>”, out);
      addLine(“<INPUT TYPE=\”HIDDEN\” NAME=\”action\” VALUE=\”bid\”>”, out);
        addLine(“<INPUT TYPE=\”HIDDEN\” NAME=\”item\” VALUE=\””+itemid+”\”>”, out);
      addLine(“<INPUT TYPE=\”SUBMIT\” VALUE=\”Place Bid\” NAME=\”Bid\”> 
              </FORM>”, out);
    } catch (Exception e) {
      addLine(“AuctionServlet List Item error”, out);
      System.out.println(“AuctionServlet <details>:”+e);
    }
    out.flush();
  }
  private void itemBid(ServletOutputStream out, HttpServletRequest request) 
                       throws IOException{
    setTitle(out, “Item Bid”);
    String item=request.getParameter(“item”);
    String buyer=request.getParameter(“buyer”);
    String password=request.getParameter(“password”);
    String bid=request.getParameter(“amount”);
    int itemid=0;
    double bidamount=0;
    try {
      itemid=Integer.parseInt(item);
    } catch (NumberFormatException e) {
      System.out.println(“problem with item id “ +itemid);
      return;
    }
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    try {
      bidamount=Double.valueOf(bid).doubleValue();
    } catch (NumberFormatException e) {
      return;
    }
    try {
      BidderHome bhome = (BidderHome) ctx.lookup(“bidder”);
      Bidder bidbean=bhome.create();
      int result=bidbean.placeBid(itemid, buyer, password, bidamount);
      switch(result) {
        case Auction.OUT_BID:
          addLine(“Your bid was not high enough”, out);
          break;
        case Auction.HIGH_BID:
          addLine(“You are the high bidder”, out);
          break;
        case Auction.AUCTION_OVER:
          addLine(“This auction has finished”, out);
          break;
        case Auction.INVALID_USER:
          addLine(“Invalid user or password”, out);
          break;
       default:  
         addLine(“Problem submitting bid”, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet Bid error”, out);
      System.out.println(“AuctionServlet <bid>:”+e);
    }
    out.flush();
  }
  private void registerUser(ServletOutputStream out, 
                            HttpServletRequest request) throws IOException{
    String user=request.getParameter(“user”);
    String password=request.getParameter(“password”);
    String creditcard=request.getParameter(“creditcard”);
    String emailaddress=request.getParameter(“emailaddress”);
    try {
      NameComponent[] fullname = new NameComponent[2];
      fullname[0] = new NameComponent(“auction”, ““);
      fullname[1] = new NameComponent(“RegistrationBean”, ““);
      RegistrationHome regRef = RegistrationHomeHelper.narrow( 
                               nctx.resolve(fullname));
      RegistrationPK reguser = RegistrationPKHelper.narrow(regRef.create( 
                              user, password, emailaddress, creditcard));
      if(reguser != null) {
        addLine(“Created user: “+reguser.theuser(),out);
      } else {
        addLine(“Error creating user id, possibly already exists “, out);
      }
    } catch(org.omg.CORBA.SystemException e) {
      addLine(“AuctionServlet registration error”, out);
      System.out.println(“AuctionServlet CORBA <register>:”+e.toString());
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    } catch (Exception e) {
      System.out.println(“AuctionServlet <register>:”+e.toString());
    }
    out.flush();
  }
  private void auditAccounts(ServletOutputStream out,
               HttpServletRequest request) throws IOException {
    String text = “Audit of users with low credit.”;
    setTitle(out, “Audit Accounts”);
    try {
      addLine(“<BR>”+text, out);
      addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0><TR>
               <TH>User</TH><TH>Accounts Balance</TH></TR>”, out);
      SellerHome home = (SellerHome) ctx.lookup(“seller”);
      Seller si= home.create();
      if(si != null) {
        ArrayList ar=si.auditAccounts();
        for(Iterator i=ar.iterator(); i.hasNext();) {
          Registration user=(Registration)(i.next());
          addLine(“<TD>”+user.getUser()+”</TD>
                <TD>”+user.getBalance()+”</TD></TR>”, out);
        }
        addLine(“</TABLE>”, out);
      }
    } catch (Exception e) {
      addLine(“AuctionServlet auditAccounts error”,out);
      System.out.println(“AuctionServlet <auditAccounts>:”+e);
    }
    out.flush();
  }
  private void customSearch(ServletOutputStream out,
               HttpServletRequest request) throws IOException{
    String text = “Custom Search”;
    String searchField=request.getParameter(“searchfield”);
    setTitle(out, “Custom Search”);
    if(searchField == null ) {
      addLine(“Error: SearchField was empty”, out);
      out.flush();
      return;
    }
    try {
      addLine(“<BR>”+text, out);
      SellerHome home = (SellerHome) ctx.lookup(“seller”);
      Seller si= home.create();
      if(si != null) {
        String displayMessage=si.customFind(searchField);
        if(displayMessage != null ) {
          addLine(displayMessage+”<BR>”, out);
        }
      }
    } catch (Exception e) {
      addLine(“AuctionServlet customFind error”,out);
      System.out.println(“AuctionServlet <customFind>:”+e);
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    }
    out.flush();
  }
  static private void displayitems(Enumeration e, 
                      ServletOutputStream out) throws Exception{
     addLine(“<TABLE BORDER=1 CELLPADDING=1 CELLSPACING=0><TR>
             <TH>Item</TH><TH>Summary</TH><TH>Current High bid</TH>
             <TH>Number of bids</TH><TH>Closing Date</TH></TR>”, out);
     while((e !=null) && (e.hasMoreElements())) {
       while(e.hasMoreElements()) {
         displayLineItem((AuctionItem) e.nextElement(), out);
       }
     }
     addLine(“</TABLE>”, out);
  }
  static private void displayLineItem(AuctionItem auctionItem,  
                                     ServletOutputStream out)
                                     throws RemoteException, IOException {
    StringBuffer line= new StringBuffer();
    int bidcount=auctionItem.getBidCount();
    int key=(int)auctionItem.getId();
    line.append(“<TR><TD><A HREF=/AuctionServlet?action=details&item=” 
                + key + ”>” + key + ”</A></TD>”);
    line.append(“<TD>”+auctionItem.getSummary() +”</TD>”);
    if(bidcount >0) {
      line.append(“<TD>“ + NumberFormat.getCurrencyInstance().format( 
                  auctionItem.getHighBid()) +“</TD>”);
    } else {
      line.append(“<TD>-</TD>”);
    }
    line.append(“<TD>”+bidcount+”</TD>”);
    line.append(“<TD>”+auctionItem.getEndDate() +”</TD></TR>”);
    addLine(line.toString(), out);
  }
  static private void displayPageItem(AuctionItem auctionItem, 
                                      ServletOutputStream out)
                                      throws RemoteException, IOException {
    int bidcount=auctionItem.getBidCount();
    addLine(auctionItem.getSummary(), out);
    addLine(“Auction Item Number: “+auctionItem.getPrimaryKey(), out);
    if(bidcount >0) {
      addLine(“<P>Current price: “+  NumberFormat.getCurrencyInstance().format( 
                                    auctionItem.getHighBid()), out);
      addLine(“Minimum increment: “+ NumberFormat.getCurrencyInstance().format( 
                                    auctionItem.getIncrement()), out);
    } else {
      addLine(“<P>Current price:  “+ NumberFormat.getCurrencyInstance().format( 
                                    auctionItem.getStartPrice()), out);
    }
    addLine(“# of bids: “+bidcount, out);
    addLine(“<P>Auction Started: “+auctionItem.getStartDate(), out);
    addLine(“Auction Ends: “+auctionItem.getEndDate(), out);
    addLine(“<P>Seller: “+auctionItem.getSeller(), out);
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    if(bidcount >0) {
      addLine(“High Bidder: “+auctionItem.getHighBidder(), out);
    } else {
      addLine(“High Bidder: “+”-”, out);
   }
    addLine(“<HR><P>”, out);
    addLine(“Description: “+auctionItem.getDescription(), out);
  }
  private String readFile (String file) throws IOException {
    if(file != null) {
      StringBuffer buffer = new StringBuffer();
      BufferedReader reader = new BufferedReader (new FileReader (file));
      String line;
      while( (line=reader.readLine()) != null ) {
        buffer.append (line+’\n’);
      }
      reader.close();
      return buffer.toString();
    } else {
      return null;
    }
  }
  private void setTitle(ServletOutputStream out, String title) {
    try { 
      out.println(“<HTML><HEAD><TITLE>”+title+”</TITLE></HEAD>”);
      out.println(“<BODY BGCOLOR=\”WHITE\”>”);
    } catch(IOException e) {
      System.out.println(“Unable to set title”+e);
    }
  }
  private void setFooter(ServletOutputStream out) {
    try {
      out.println(“<HR><CENTER> <A HREF=\”registration.html\”>Register</A>”);
      out.println(“<STRONG>|</STRONG>”);
      out.println(“<A HREF=\”/AuctionServlet?action=newlist\”>New Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
       out.println(“<A HREF=\”/AuctionServlet?action=close\”>Closing Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
      out.println(“<A HREF=\”/AuctionServlet?action=list\”>All Items</A>”);
      out.println(“<STRONG>|</STRONG>”);
      out.println(“<A HREF=\”sell.html\”>Sell Items</A>”);
      out.println(“</CENTER>”);
    } catch (IOException e) {
      System.out.println(“Unable to set footer”+e);
    } 
  }
}

Login Servlet
package login;
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import java.io.*;
import java.util.*;
import java.sql.*;
import javax.servlet.*;
import javax.servlet.http.*;

public class LoginServlet extends HttpServlet {
  protected String site;
  protected String domain, restricted;
  protected SessionCache sessionCache;
  protected long flushTimeout=600000;
  protected long sessionTimeout=7200000;
  protected boolean protectedDir=false;
  protected String defaultPage=”/index.html”;
  weblogic.servlet.FileServlet fileServlet;
  static {
    try {
      new pool.JDCConnectionDriver(“postgresql.Driver”, 
                            “jdbc:postgresql:ejbdemo”,”postgres”, “pass”);
    } catch(Exception e){ 
      System.out.println(“new pool error”+e);
    }
  }
  public Connection getConnection() throws SQLException {
    return DriverManager.getConnection(“jdbc:jdc:jdcpool”);
  }
  public void init(ServletConfig config) throws ServletException  {
    super.init(config);
    domain = config.getInitParameter(“domain”);
    restricted = config.getInitParameter(“restricted”);
    if(restricted != null) {
      protectedDir=true;
    }
    sessionCache = new SessionCache (flushTimeout);
    if((fileServlet=(weblogic.servlet.FileServlet) 
      config.getServletContext().getServlet(“file”)) == null ) {
      throw new ServletException (“No FileServlet found installed “);
    }
  }
  public void service(HttpServletRequest request, 
                      HttpServletResponse response) throws IOException {
    Cookie thisCookie=null;
    boolean activeSession;
    String cmd;
    Session session = validateSession (request, response);
    if((cmd=request.getParameter (“action”)) != null ) {
      setNoCache (request, response);
      if(cmd.equals (“login”) && session == null ) {
        // create a new session
        session = startSession(request.getParameter(“theuser”), 
                               request.getParameter (“password”), response);
        if(protectedDir) {
          response.sendRedirect (restricted+”/index.html”);



202 4: DISTRIBUTED COMPUTING

        } else {
          response.sendRedirect (defaultPage);
        }
      } else if (cmd.equals (“displayDetails”))  { 
        if(session != null) {
          response.setContentType(“text/html”);
          ServletOutputStream out = response.getOutputStream();
          out.println(“User id is “+session.getUser());
          out.flush();
        } else {
          response.sendRedirect (“/login.html”);
        }
      } else if (cmd.equals (“logout”)) {
        if(session != null ) {
          endSession (session);
        }
        response.sendRedirect (defaultPage);
      } else {
        response.sendRedirect (defaultPage);
      }
    } else {
      if (session != null) { 
      // already logged in
      if( response.containsHeader (“Expires”) == false ) {
        response.setDateHeader (“Expires”, session.getExpires());
      }
      try {
        fileServlet.doGet (request, response);
      } catch (Exception e) {
        response.sendRedirect (“/login.html”);
      }
    } else {
      // no existing session
      if(protectedDir && 
        request.getRequestURI().indexOf(restricted)>=0) {
        // restricted directory. Dont go in there!
           response.sendRedirect (“/login.html”);
         } else {
        // this file looks ok to serve dispense 
           try {
             fileServlet.doGet (request, response);
           } catch (Exception e) {
             response.sendRedirect (“/login.html”);
             System.out.println(“error”+e);
           }
         }
       }
    }
  }
  protected boolean verifyPassword(String theuser, String password) {
    String originalPassword=null;
    try {
      Connection con=getConnection();
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      Statement stmt= con.createStatement();
      stmt.executeQuery(“select password from registration  
                                        where theuser=’”+theuser+”’”);
      ResultSet rs = stmt.getResultSet();
      if(rs.next()) {
         originalPassword=rs.getString(1);
      }
      stmt.close();
      if(originalPassword.equals(password)) {
        return true;
      } else {
        return false;
      }
    } catch (Exception e){
      System.out.println(“Exception: verifyPassword=”+e);
      return false;
    }
  }
  protected Session startSession (String theuser, String password, 
                                  HttpServletResponse response) {
    Session session = null;
    if( verifyPassword(theuser, password) ) {
      // Create a session
      session = new Session (theuser);
      session.setExpires (sessionTimeout+System.currentTimeMillis());
      sessionCache.put (session);
      // Create a client cookie
      Cookie c = new Cookie(“JDCAUCTION”, String.valueOf (session.getId()));
      c.setPath (“/”);
      c.setMaxAge (-1);
      c.setDomain (domain);
      response.addCookie (c);
    }
    return session;
  }
  private Session validateSession (HttpServletRequest request, 
                                       HttpServletResponse response) {
    Cookie c[] = request.getCookies();
    Session session = null;
    if(c != null ) {
       for(int i=0; i < c.length && session == null; i++ ) {
         if(c[i].getName().equals(“JDCAUCTION”)) {
           String key = String.valueOf (c[i].getValue());
           session=sessionCache.get (key);
         }
       }
     }
     return session;
  }
  protected void endSession (Session session) {
    synchronized (sessionCache) {
      SessionCache.remove (session);
    }
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  }
  private void setNoCache (HttpServletRequest request, 
                           HttpServletResponse response) {
    if(request.getProtocol().compareTo (“HTTP/1.0”) == 0) {
      response.setHeader (“Pragma”, “no-cache”);
    } else if (request.getProtocol().compareTo (“HTTP/1.1”) == 0) {
      response.setHeader (“Cache-Control”, “no-cache”);
    }
    response.setDateHeader (“Expires”, 0);
  }
}

Session (Servlets)
package login;
import java.util.Random;
import java.net.*;

public class Session {
  private String theuser;
  private int id;
  private long expires;
  public Session (String theuser) {
    this.theuser = URLEncoder.encode (theuser);
    // Choose a quasi unique number for this session
    id = Math.abs(new Random (System.currentTimeMillis()).nextInt());
    expires = 0;
  }
  synchronized public void setExpires (long e) {
    expires = e;
  }
  public long getExpires() {
   return expires;
  }
  public String key() {
    return String.valueOf (id);
    }
    public String getEncodedUser() {
      return theuser;
    }
    public String getUser() {
      try {
        return URLDecoder.decode (theuser);
      } catch (Exception e) {
        return null;
      }
   }
   public int getId() {
      return id;
   }
}
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SessionCache (Servlets)
package login;
import java.util.Hashtable;
import java.util.Enumeration;

// This class keeps a copy in memory of everyone logged
// onto the system. It has a background threads that removes sessions
// whose timeout has expired. The timeout is in milliseconds
// since 1970

class SessionCache implements  Runnable {
  private Hashtable sessionCache;
  private long flush;
  private Thread reaper;
  SessionCache (long flush) {
    this.flush=flush;
    sessionCache=new Hashtable (100);
    reaper=new Thread (this);
    reaper.setPriority (Thread.MIN_PRIORITY);
    reaper.start();
  }
  public void run() {
    while(true) {
      try {
        Thread.sleep (flush);
        Enumeration sessions;
        Session s;
        long expire;
        expire=System.currentTimeMillis();
        sessions=sessionCache.elements();
        while(sessions.hasMoreElements() ) {
          s=(Session)sessions.nextElement();
          if(expire >= s.getExpires()) {
             sessionCache.remove (s.key());
           }
         }
       } catch (Exception e) {
         return;
       }
     }
    }
    Session put (Session s) {
      return (Session)sessionCache.put (s.key(), s);
    }
    Session get (String key) {
      return (Session)sessionCache.get (key);
    }
    Enumeration elements () {
      return sessionCache.elements();
    }
    Enumeration keys () {
      return sessionCache.keys();
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    }
    void remove (Session s) {
      sessionCache.remove (s.key());
    }
}
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5: JNI Technology

The Java� platform is relatively new, which means there could be times when you will need 
to integrate programs written in the Java programming language with existing non-Java lan-
guage services, API toolkits, and programs. The Java platform provides the Java Native 
Interface (JNI) to help ease this type of integration. 

The JNI defines a standard naming and calling convention so the Java virtual machine can 
locate and invoke native methods. In fact, JNI is built into the Java virtual machine so the 
Java virtual machine can invoke local system calls to perform input and output, graphics, 
networking, and threading operations on the host operating system. 

This chapter explains how to use JNI in programs written in the Java programming language 
to call any libraries on the local machine, call Java methods from inside native code, and 
explains how to create and run a Java virtual machine instance. To show how you can put 
JNI to use, the examples in this chapter include integrating JNI with the Xbase C++ database 
API, and how you can call a mathematical function. Xbase (http://www.start-
ech.keller.tx.us/xbase/xbase.html) has sources you can download. 

Covered in this Chapter
• JNI Example (page 207)

• Strings and Arrays (page 212)

• Other Programming Issues (page 220)

JNI Example
The ReadFile example program shows how you can use the Java Native Interface (JNI) to 
invoke a native method that makes C function calls to map a file into memory. 

About the Example
You can call code written in any programming language from a program written in the Java 
programming language by declaring a native Java method, loading the library that contains 
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the native code, and calling the native method. The ReadFile source code below does exactly 
that. 

However, successfully running the program requires a few additional steps beyond compil-
ing the Java programming language source file. After you compile, but before you run the 
example, you have to generate a header file. The native code implements the function defini-
tions contained in the generated header file and implements the business logic as well. The 
following sections walk through all the steps. 

import java.util.*; 
 
class ReadFile { 
//Native method declaration 
  native byte[] loadFile(String name); 
//Load the library 
  static { 
    System.loadLibrary("nativelib"); 
  } 
 
  public static void main(String args[]) { 
    byte buf[]; 
//Create class instance 
    ReadFile mappedFile=new ReadFile(); 
//Call native method to load ReadFile.java 
    buf=mappedFile.loadFile("ReadFile.java"); 
//Print contents of ReadFile.java 
    for(int i=0;i<buf.length;i++) { 
      System.out.print((char)buf[i]); 
    } 
  } 
}

Native Method Declaration
The native declaration provides the bridge to run the native function in the Java virtual 
machine. In this example, the loadFile function maps to a C function called 
Java_ReadFile_loadFile. The function implementation accepts a String that represents a file 
name and returns the contents of that file in the byte array. 

native byte[] loadFile(String name);

Load the Library
The library containing the native code implementation is loaded by a call to System.loadLi-
brary(). Placing this call in a static initializer ensures this library is only loaded once per 
class. The library can be loaded outside of the static block if your application requires it. 
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Note: You might need to configure your environment so the loadLibrary method can find your 
native code library. See Compile the Dynamic or Shared Object Library (page 211) for this 
information.

//API Ref :static void loadLibrary(String libraryname)
static { 
  System.loadLibrary("nativelib"); 
}

Compile the Program
To compile the program, run the javac compiler command as you normally would: 

javac ReadFile.java

Next, you need to generate a header file with the native method declaration and implement 
the native method to call the C functions for loading and reading a file.

Generate the Header File
To generate a header file, run the javah command on the ReadFile class. In this example, the 
generated header file is named ReadFile.h. It provides a method signature that you have to 
use when you implement the loadfile native function. 

javah -jni ReadFile

Method Signature
The ReadFile.h header file defines the interface to map the Java method to the native C func-
tion. It uses a method signature to map the arguments and return value of the Java mapped-
file.loadFile method to the loadFile native method in the nativelib library. Here is the 
loadFile native method mapping (method signature): 

  /* 
   * Class:     ReadFile 
   * Method:    loadFile 
   * Signature: (Ljava/lang/String;)[B 
   */ 
  JNIEXPORT jbyteArray JNICALL Java_ReadFile_loadFile 
    (JNIEnv *, jobject, jstring);

The method signature parameters function as follows: 
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• JNIEnv *: A pointer to the JNI environment. This pointer is a handle to the current 
thread in the Java virtual machine, and contains mapping and other housekeeping 
information.

• jobject: A reference to the object that called this native code. If the calling method is 
static, this parameter would be type jclass instead of jobject. 

• jstring: The parameter supplied to the native method. In this example, it is the name of 
the file to be read. 

Implement the Native Method
In this native C source file, the loadFile definition is a copy and paste of the C declaration 
contained in ReadFile.h. The definition is followed by the native method implementation. 
JNI provides a mapping for both C and C++ by default. 

/* file nativelib.c */
#include <jni.h> 
#include <sys/types.h> 
#include <sys/ipc.h> 
#include <sys/shm.h> 
#include <sys/mman.h> 
#include <sys/stat.h> 
#include <fcntl.h> 
#include <unistd.h> 
 
JNIEXPORT jbyteArray JNICALL Java_ReadFile_loadFile 
  (JNIEnv * env, jobject jobj, jstring name) { 
    caddr_t m; 
    jbyteArray jb; 
    jboolean iscopy; 
    struct stat finfo;

//API Ref :const char* GetStringUTFChars(JNIEnv *env, jstring string, jboolean 
*iscopy)

    const char *mfile = (*env)->GetStringUTFChars(env, name, &iscopy); 
    int fd = open(mfile, O_RDONLY); 
    if (fd == -1) { 
      printf("Could not open %s\n", mfile); 
    } 
    lstat(mfile, &finfo); 
    m = mmap((caddr_t) 0, finfo.st_size, 
                PROT_READ, MAP_PRIVATE, fd, 0); 
    if (m == (caddr_t)-1) { 
      printf("Could not mmap %s\n", mfile); 
      return(0); 
    }

//API Ref :jbyteArray NewByteArray(JNIEnv *env, jsize length)
    jb=(*env)->NewByteArray(env, finfo.st_size);

//API Ref :SetByteArrayRegion(JNIEnv *env, jbyteArray array, jsize startelement, 
jsize length, jbyte *buffer)
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   (*env)->SetByteArrayRegion(env, jb, 0, finfo.st_size, (jbyte *)m); 
    close(fd); 
    (*env)->ReleaseStringUTFChars(env, name, mfile); 
    return (jb); 
}

You can approach calling an existing C function instead of implementing one in one of two 
ways: 

1. Map the name generated by JNI to the existing C function name. The Other Program-
ming Issues (page 220) section shows how to map between Xbase database functions 
and Java programming language code 

2. Use the shared stubs code available from the JNI page (http://java.sun.com/prod-
ucts/jdk/faq/jnifaq.html) on the java.sun.com web site.

Compile the Dynamic or Shared Object Library
The library needs to be compiled as a dynamic or shared object library so it can be loaded at 
runtime. Static or archive libraries are compiled into an executable and cannot be loaded at 
runtime. The shared object or dynamic library for the loadFile example is compiled on vari-
ous platforms as follows: 

GNU C/Linux
gcc  -o libnativelib.so -shared -Wl,-soname,libnative.so  -I/export/home/jdk1.2/ 
include -I/export/home/jdk1.2/include/linux nativelib.c -static -lc

SunPro C/Solaris
cc -G -so libnativelib.so -I/export/home/jdk1.2/include -I/export/home/jdk1.2/
include/solaris nativelib.c

GNU C++/Linux with Xbase
g++ -o libdbmaplib.so -shared -Wl,-soname,libdbmap.so  -I/export/home/jdk1.2/
include -I/export/home/jdk1.2/include/linux dbmaplib.cc -static -lc -lxbase

Win32/WinNT/Win2000
cl -Ic:/jdk1.2/include -Ic:/jdk1.2/include/win32 -LD nativelib.c -
Felibnative.dll

Run the Example
To run the example, the Java virtual machine needs to find the native JNI library that was 
created. To do this, set the library path to the current directory as follows: 
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Unix or Linux:
LD_LIBRARY_PATH=.
export LD_LIBRARY_PATH

Windows NT/2000/95:

set PATH=%path%;.

With the library path properly specified for your platform, invoke the program as you nor-
mally would with the interpreter command: 

java ReadFile

Strings and Arrays
This section explains how to pass string and array data between a program written in the 
Java programming language and a program written in another languages. 

Passing Strings
The String object in the Java programming language, which is represented as jstring in Java 
Native Interface (JNI), is a 16 bit unicode string. In C a string is by default constructed from 
8 bit characters. So, to access a Java String object passed to a C or C++ function or return a 
C or C++ string to a Java method, you need to use JNI conversion functions in your native 
method implementation. 

The GetStringUTFChar function retrieves 8-bit characters from a 16-bit jstring using the 
Unicode Transformation Format (UTF). UTF represents Unicode as a string of 8 or 16 bit 
characters without losing any information. The third parameter GetStringUTFChar returns 
the result JNI_TRUE if it made a local copy of the jstring or JNI_FALSE otherwise. 

C Version:

(*env)->GetStringUTFChars(env, name, iscopy)

C++ Version:

env->GetStringUTFChars(name, iscopy)

The following C JNI function converts an array of C characters to a jstring: 

//API Ref :jstring NewStringUTF(JNIEnv *env, const char *bytes)
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(*env)->NewStringUTF(env, lastfile)

The example below converts the lastfile[80] C character array to a jstring, which is returned 
to the calling Java method: 

static char lastfile[80]; 
 
JNIEXPORT jstring JNICALL Java_ReadFile_lastFile 
  (JNIEnv *env, jobject jobj) {

//API Ref :jstring NewStringUTF(JNIEnv *env, const char *bytes)
   return((*env)->NewStringUTF(env, lastfile)); 
}

To let the Java virtual machine know you are finished with the UTF representation, call the 
ReleaseStringUTFChars conversion function as shown below. The second argument is the 
original jstring value used to construct the UTF representation, and the third argument is the 
reference to the local representation of that String. 

(*env)->ReleaseStringUTFChars(env, name, mfile);

If your native code can work with Unicode, without needing the intermediate UTF represen-
tation, call the GetStringChars function to retrieve the unicode string, and release the refer-
ence with a call to ReleaseStringChars: 

JNIEXPORT jbyteArray JNICALL Java_ReadFile_loadFile 
  (JNIEnv * env, jobject jobj, jstring name) { 
    caddr_t m; 
    jbyteArray jb; 
    struct stat finfo; 
    jboolean iscopy;

//API Ref :const jchar *GetStringChars(JNIEnv *env,  jstring string, jboolean 
*iscopy)

    const jchar *mfile = (*env)->GetStringChars(env, name, &iscopy); 
  //...

//API Ref :void ReleaseStringChars(JNIEnv *env, jstring string, const jchar *chars)
    (*env)->ReleaseStringChars(env, name, mfile);

Passing Arrays
In the example presented in the last section, the loadFile native method returns the contents 
of a file in a byte array, which is a primitive type in the Java programming language. You can 
retrieve and create primitive types in the Java programming language by calling the appro-
priate TypeArray function. 

For example, to create a new array of floats, call NewFloatArray, or to create a new array of 
bytes, call NewByteArray. This naming scheme extends to retrieving elements from, adding 
elements to, and changing elements in the array. To get elements from an array of bytes, call 
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GetByteArrayElements. To add elements to or change elements in the array, call 
Set<type>ArrayElements. 

The GetByteArrayElements function affects the entire array. To work on a portion of the 
array, call GetByteArrayRegion instead. There is only a Set<type>ArrayRegion function for 
changing array elements. However the region could be of size array.length, which is 
equivalent to the non-existent Sete<type>ArrayElements. 

Native Code 
Type Functions Used

jboolean NewBooleanArray
GetBooleanArrayElements 
GetBooleanArrayRegion/SetBooleanArrayRegion
ReleaseBooleanArrayRegion 

jbyte NewByteArray 
GetByteArrayElements
GetByteArrayRegion/SetByteArrayRegion
ReleaseByteArrayRegion 

jchar NewCharArray 
GetCharArrayElements
GetCharArrayRegion/SetCharArrayRegion
ReleaseCharArrayRegion 

jdouble NewDoubleArray 
GetDoubleArrayElements
GetDoubleArrayRegion/SetDoubleArrayRegion
ReleaseDoubleArrayRegion 

jfloat NewFloatArray 
GetFloatArrayElements
GetFloatArrayRegion/SetFloatArrayRegion
ReleaseFloatArrayRegion 

jint NewIntArray 
GetIntArrayElements
GetIntArrayRegion/SetIntArrayRegion
ReleaseIntArrayRegion 

jlong NewLongArray 
GetLongArrayElements
GetLongArrayRegion/SetLongArrayRegion
ReleaseLongArrayRegion 

jobject NewObjectArray 
GetObjectArrayElement/SetObjectArrayElement
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In the loadFile native method from the example in the previous section, the entire array is 
updated by specifying a region that is the size of the file being read in: 

jbyteArray jb;
//API Ref :jbyteArray NewByteArray(JNIEnv *env, jsize length)

jb=(*env)->NewByteArray(env, finfo.st_size);
//API Ref :SetByteArrayRegion(JNIEnv *env, jbyteArray array, jsize startelement, 

jsize length, jbyte *buffer)
(*env)->SetByteArrayRegion(env, jb, 0, finfo.st_size, (jbyte *)m); 
close(fd);

The array is returned to the calling Java programming language method, which in turn, gar-
bage collects the reference to the array when it is no longer used. The array can be explicitly 
freed with the following call. 

//API Ref :void ReleaseByteArrayElements(JNIEnv *env, jbyteArray array, jbyte 
*elems, jint mode)

(*env)-> ReleaseByteArrayElements(env, jb, (jbyte *)m, 0);

The last argument to the ReleaseByteArrayElements function above can have the following 
values: 

• 0: Updates to the array from within the C code are reflected in the Java programming 
language copy.

• JNI_COMMIT: The Java programming language copy is updated, but the local jbyte-
Array is not freed. 

• JNI_ABORT: Changes are not copied back, but the jbyteArray is freed. The value is 
used only if the array is obtained with a get mode of JNI_TRUE meaning the array is 
a copy.

See Memory Issues (page 227) for more information on memory management.

Pinning Array
When retrieving an array, you can specify if this is a copy (JNI_TRUE) or a reference to the 
array residing in your Java program (JNI_FALSE). If you use a reference to the array, you 
will want the array to stay where it is in the Java heap and not get moved by the garbage col-

jshort NewShortArray
GetShortArrayElements
GetShortArrayRegion/SetShortArrayRegion 
ReleaseShortArrayRegion

Native Code 
Type Functions Used
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lector when it compacts heap memory. To prevent the array references from being moved, 
the Java virtual machine pins the array into memory. Pinning the array ensures that when the 
array is released, the correct elements are updated in the Java virtual machine. 

In the loadfile native method example from the previous section, the array is not explicitly 
released. One way to ensure the array is garbage collected when it is no longer needed is to 
call a Java method, pass the byte array instead, and free the local array copy. This technique 
is shown in the section on MultiDimensional Arrays (page 217). 

Object Arrays
You can store any Java object in an array with the NewObjectArray and SetObjectArrayEle-
ment function calls. The main difference between an object array and an array of primitive 
types is that when constructing a jobjectArray, the Java class is used as a parameter. 

This next C++ example shows how to call NewObjectArray to create an array of String
objects. The size of the array is set to five, the class definition is returned from a call to Find-
Class, and the elements of the array are initialized with an empty string. The elements of the 
array are updated by calling SetObjectArrayElement with the position and value to put in the 
array. 

/*  ReturnArray.C  */ 
#include <jni.h> 
#include "ArrayHandler.h" 
 
  JNIEXPORT jobjectArray JNICALL Java_ArrayHandler_returnArray
                                    (JNIEnv *env, jobject jobj){ 
    jobjectArray ret; 
    int i; 
    char *message[5]= {"first", "second", "third", "fourth", "fifth"}; 
    ret = (jobjectArray)env->NewObjectArray(5,

//API Ref :jclass FindClass(JNIenv *env, const char *name)
         env->FindClass("java/lang/String"),

//API Ref :jstring NewStringUTF(JNIEnv *env, const char *bytes)
         env->NewStringUTF("")); 
    for(i=0;i<5;i++) {

//API Ref :void SetObjectArrayElement(JNIEnv *env, jobjectArray array, jsize index, 
jobject value)

        env->SetObjectArrayElement(ret,i,env->NewStringUTF(message[i])); 
    } 
    return(ret); 
  }

The Java class that calls this native method is as follows: 

// ArrayHandler.java 
public class ArrayHandler { 
    public native String[] returnArray(); 
    static{

//API Ref :static void loadLibrary(String libraryname)
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        System.loadLibrary("nativelib"); 
    } 
    public static void main(String args[]) { 
      String ar[]; 
      ArrayHandler ah= new ArrayHandler(); 
      ar = ah.returnArray(); 
      for(int i=0; i<5; i++) { 
         System.out.println("array element"+i+ "=" + ar[i]); 
      } 
    } 
  }

MultiDimensional Arrays
You might need to call existing numerical and mathematical libraries such as the linear alge-
bra library CLAPACK/LAPACK or other matrix crunching programs from your Java pro-
gram using native methods. Many of these libraries and programs use two-dimensional and 
higher order arrays. 

In the Java programming language, any array that has more than one dimension is treated as 
an array of arrays. For example, a two-dimensional integer array is handled as an array of 
integer arrays. The array is read horizontally, or in what is also termed as row order. 

Other languages such as FORTRAN use column ordering so extra care is needed if your pro-
gram hands a Java array to a FORTRAN function. Also, the array elements in an application 
written in the Java programming language are not guaranteed to be contiguous in memory. 
Some numerical libraries use the knowledge that the array elements are stored next to each 
other in memory to perform speed optimizations, so you might need to make an additional 
local copy of the array to pass to those functions. 

The next example passes a two-dimensional array to a native method which then extracts the 
elements, performs a calculation, and calls a Java method to return the results. The array is 
passed as an object array that contains an array of jints. The individual elements are 
extracted by first retrieving a jintArray instance from the object array by calling GetObjec-
tArrayElement, and then extracting the elements from the jintArray row. 

The example uses a fixed-size matrix. If you do not know the size of the array being used, 
the GetArrayLength(array) function returns the size of the outermost array. You will need to 
call the GetArrayLength(array) function on each dimension of the array to discover the total 
size of the array. The new array sent back to the program written in the Java language is built 
in reverse. First, a jintArray instance is created and that instance is set in the object array by 
calling SetObjectArrayElement. 
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public class ArrayManipulation { 
  private int arrayResults[][]; 
  Boolean lock=new Boolean(true); 
  int arraySize=-1; 
 
  public native void manipulateArray(int[][] multiplier, Boolean lock); 
  static{

//API Ref :static void loadLibrary(String libraryname)
    System.loadLibrary("nativelib"); 
  } 
  public void sendArrayResults(int results[][]) { 
    arraySize=results.length; 
    arrayResults=new int[results.length][]; 
    System.arraycopy(results,0,arrayResults, 0, arraySize); 
  } 
  public void displayArray() { 
    for (int i=0; i<arraySize; i++) { 
      for(int j=0; j <arrayResults[i].length;j++) { 
        System.out.println("array element "+i+","+j+ "= " + arrayResults[i][j]); 
      } 
    } 
  } 
  public static void main(String args[]) { 
    int[][] ar = new int[3][3]; 
    int count=3; 
    for(int i=0;i<3;i++) { 
      for(int j=0;j<3;j++) { 
        ar[i][j]=count; 
      } 
      count++; 
    } 
    ArrayManipulation am= new ArrayManipulation(); 
    am.manipulateArray(ar, am.lock); 
    am.displayArray(); 
  } 
} 
 
#include <jni.h> 
#include <iostream.h> 
#include "ArrayManipulation.h" 
 
JNIEXPORT void  
     JNICALL Java_ArrayManipulation_manipulateArray
            (JNIEnv *env, jobject jobj, jobjectArray elements, jobject lock){ 
  jobjectArray ret; 
  int i,j; 
  jint arraysize; 
  int asize; 
  jclass cls; 
  jmethodID mid; 
  jfieldID fid; 
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  long localArrayCopy[3][3]; 
  long localMatrix[3]={4,4,4}; 
 
  for(i=0; i<3; i++) {

//API Ref :jobject GetObjectArrayElement(JNIEnv *env, jobjectArray array, jsize 
index)

     jintArray oneDim= (jintArray)env->GetObjectArrayElement(elements, i);
//API Ref :jint* GetIntArrayElements(JNIEnv *env, jintArray array, jboolean *iscopy)

     jint *element=env->GetIntArrayElements(oneDim, 0); 
     for(j=0; j<3; j++) { 
        localArrayCopy[i][j]= element[j]; 
     } 
  } 
// With the C++ copy of the array,  
// process the array with LAPACK, BLAS, etc. 
 
  for (i=0;i<3;i++) { 
    for (j=0; j<3 ; j++) { 
      localArrayCopy[i][j]= 
        localArrayCopy[i][j]*localMatrix[i]; 
     } 
  } 
// Create array to send back

//API Ref :jintArray NewIntArray(JNIEnv *env, jsize length)
  jintArray row= (jintArray)env->NewIntArray(3);

//API Ref :jclass GetObjectClass(JNIEnv *env, jobject obj)
  ret=(jobjectArray)env->NewObjectArray(3, env->GetObjectClass(row), 0); 
 
  for(i=0;i<3;i++) { 
    row= (jintArray)env->NewIntArray(3);

//API Ref :SetIntArrayRegion(JNIEnv *env, jintArray array, jsize startelement, jsize 
length, jint *buffer)

    env->SetIntArrayRegion((jintArray)row,(jsize)0,3,(jint *)localArrayCopy[i]); 
    env->SetObjectArrayElement(ret,i,row); 
  } 
  cls=env->GetObjectClass(jobj);

//API Ref :jmethodID GetMethodId(JNIEnv *env, jclass class, const char *methodname, 
const char *methodsig)

  mid=env->GetMethodID(cls, "sendArrayResults",  
                            "([[I)V"); 
  if (mid == 0) { 
    cout <<"Can't find method sendArrayResults"; 
    return; 
  }

//API Ref :void ExceptionClear(JNIEnv *env)
  env->ExceptionClear();

//API Ref :jint MonitorEnter(JNIEnv *env, jobject object)
  env->MonitorEnter(lock);

//API Ref :CallVoidMethod(JNIEnv *env, jobject object, jmethodId methodid, object 
arg1)

  env->CallVoidMethod(jobj, mid, ret);
//API Ref :jint MonitorExit(JNIEnv *env, jobject object)

  env->MonitorExit(lock);



220 5: JNI TECHNOLOGY

//API Ref :jthrowable ExceptionOccurred(JNIEnv *env)
  if(env->ExceptionOccurred()) { 
    cout << "error occured copying array back" << endl;

//API Ref :void ExceptionDescribe(JNIEnv *env)
    env->ExceptionDescribe(); 
    env->ExceptionClear(); 
  }

//API Ref :jfieldID GetFieldID(JNIEnv *env, jclass class, const char *fieldname, 
const char *fieldsig)

  fid=env->GetFieldID(cls, "arraySize",  "I"); 
  if (fid == 0) { 
    cout <<"Can't find field arraySize"; 
    return; 
  } 
  asize=env->GetIntField(jobj,fid); 
  if(!env->ExceptionOccurred()) { 
    cout<< "Java array size=" << asize << endl; 
  } else { 
    env->ExceptionClear(); 
  } 
  return; 
}

Other Programming Issues
This section presents information on accessing classes, methods, and fields, and covers 
threading, memory, and Java virtual machine issues. 

Language issues
So far, the native method examples have covered calling standalone C and C++ functions 
that either return a result or modify parameters passed into the function. However, C++ like 
the Java programming language, uses instances of classes. If you create a class in one native 
method, the reference to this class does not have an equivalent class in the Java programming 
language. This makes it difficult to call functions on the C++ class that was first created. 

One way to handle this situation is to keep a record of the C++ class reference and pass that 
back to a proxy or to the calling program. To ensure the C++ class persists across native 
method calls, use the C++ new operator to create a reference to the C++ object on the heap. 

The following code provides a mapping between the Xbase database and Java code. The 
Xbase database has a C++ API and uses an initialization class to perform subsequent data-
base operations. When the class object is created, a pointer to this object is returned as a Java 
int value. You can use a long or larger value for machines with greater than 32 bits. 
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public class CallDB { 
  public native int initdb(); 
  public native short opendb(String name, int ptr); 
  public native short GetFieldNo(String fieldname, int ptr); 
 
  static {

//API Ref :static void loadLibrary(String libraryname)
    System.loadLibrary("dbmaplib"); 
  } 
  public static void main(String args[]) { 
    String prefix=null; 
    CallDB db=new CallDB(); 
    int res=db.initdb(); 
    if(args.length>=1) { 
      prefix=args[0]; 
    } 
    System.out.println(db.opendb("MYFILE.DBF", res)); 
    System.out.println(db.GetFieldNo("LASTNAME", res)); 
    System.out.println(db.GetFieldNo("FIRSTNAME", res)); 
   } 
}

The return result from the call to the initdb native method, the int value, is passed to subse-
quent native method calls. The native code included in the dbmaplib.cc library dereferences 
the Java object passed in as a parameter and retrieves the object pointer. The line xbDbf* 
Myfile=(xbDbf*)ptr; casts the int pointer value to be a pointer of Xbase type xbDbf. 

#include <jni.h> 
#include <xbase/xbase.h> 
#include "CallDB.h" 
 
JNIEXPORT jint JNICALL Java_CallDB_initdb(JNIEnv *env, jobject jobj) { 
  xbXBase* x; 
  x= new xbXBase(); 
  xbDbf* Myfile; 
  Myfile =new xbDbf(x); 
  return ((jint)Myfile); 
} 
JNIEXPORT jshort JNICALL Java_CallDB_opendb(JNIEnv *env, jobject jobj,  
                                            jstring dbname, jint ptr) { 
  xbDbf* Myfile=(xbDbf*)ptr; 
  return((*Myfile).OpenDatabase( "MYFILE.DBF")); 
} 
JNIEXPORT jshort JNICALL Java_CallDB_GetFieldNo(JNIEnv *env, jobject jobj,  
                                                jstring fieldname, jint ptr) { 
  xbDbf* Myfile=(xbDbf*)ptr; 
  return((*Myfile).GetFieldNo(env->GetStringUTFChars(fieldname,0))); 
}
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Calling Methods
The section on arrays highlighted some reasons for calling Java programming language 
methods from within native code; for example, when you need to free the result you intend 
to return. Other uses for calling Java native methods from within your native code are if you 
need to return more than one result or you just simply want to modify Java programming 
language values from within native code. Calling a Java programming language method 
from within native code involves the following three steps: 

1. Retrieve a class reference 

2. Retrieve a method identifier 

3. Call the Methods

Retrieve a Class Reference
The first step is to retrieve a reference to the class that contains the methods you want to 
access. To retrieve a reference, you can either use the FindClass method or access the jobject
or jclass argument to the native method. 

Use the FindClass method:

JNIEXPORT void JNICALL Java_ArrayHandler_returnArray(JNIEnv *env, jobject jobj){
  jclass cls = (*env)->FindClass(env, "ClassName");
}

Use the jobject argument:

JNIEXPORT void JNICALL Java_ArrayHandler_returnArray(JNIEnv *env, jobject jobj){
  jclass cls=(*env)->GetObjectClass(env, jobj);
}

or 
Use the jclass argument:

JNIEXPORT void JNICALL Java_ArrayHandler_returnArray(JNIEnv *env, jclass jcls){
  jclass cls=jcls;
}

Retrieve a Method Identifier
Once the class has been obtained, the second step is to call the GetMethodID function to 
retrieve an identifier for a method you select in the class. The identifier is needed when call-
ing the method of that class instance. Because the Java programming language supports 
method overloading, you also need to specify the method signature you want to call. To find 
out what signature your Java method uses, run the javap command as follows: 
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javap -s Class

The method signature used is displayed as a comment after each method declaration as 
shown here: 

bash# javap -s ArrayHandler 
Compiled from ArrayHandler.java 
public class ArrayHandler extends java.lang.Object { 
  java.lang.String arrayResults[]; 
   /*   [Ljava/lang/String;   */ 
  static {}; 
   /*   ()V   */ 
  public ArrayHandler(); 
   /*   ()V   */ 
  public void displayArray(); 
   /*   ()V   */ 
  public static void main(java.lang.String[]); 
   /*   ([Ljava/lang/String;)V   */ 
  public native void returnArray(); 
   /*   ()V   */ 
  public void sendArrayResults(java.lang.String[]); 
   /*   ([Ljava/lang/String;)V   */ 
}

Use the GetMethodID function to call instance methods in an object instance, or use the Get-
StaticMethodID function to call static method. Their argument lists are the same. 

Call the Methods
Third, the matching instance method is called using a Call<type>Method function. The type
value can be Void, Object, Boolean, Byte, Char, Short, Int, Long, Float, or Double. 

The parameters to the method can be passed as a comma-separated list, an array of values to 
the Call<type>MethodA function, or as a va_list. The va_list is a construct often used for 
variable argument lists in C. Call<type>MethodV is the function used to pass a va_list (). 

Static methods are called in a similar way except the method naming includes an additional 
Static identifier, CallStaticByteMethodA, and the jclass value is used instead of jobject. 

The next example returns the object array by calling the sendArrayResults method from the 
ArrayHandler class. 

// ArrayHandler.java 
public class ArrayHandler { 
  private String arrayResults[]; 
  int arraySize=-1; 
 
  public native void returnArray(); 
  static{

//API Ref :static void loadLibrary(String libraryname)
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    System.loadLibrary("nativelib"); 
  } 
  public void sendArrayResults(String results[]) { 
    arraySize=results.length; 
    arrayResults=new String[arraySize]; 
    System.arraycopy(results,0,arrayResults,0,arraySize); 
  } 
  public void displayArray() { 
    for (int i=0; i<arraySize; i++) { 
      System.out.println("array element "+i+ "= " + arrayResults[i]); 
    } 
  } 
  public static void main(String args[]) { 
    String ar[]; 
    ArrayHandler ah= new ArrayHandler(); 
    ah.returnArray(); 
    ah.displayArray(); 
  }
}

The native C++ code is defined as follows: 

// file: nativelib.cc
#include <jni.h> 
#include <iostream.h> 
#include "ArrayHandler.h" 
 
JNIEXPORT void JNICALL Java_ArrayHandler_returnArray(JNIEnv *env, jobject jobj){ 
  jobjectArray ret; 
  int i; 
  jclass cls; 
  jmethodID mid; 
  char *message[5]= {"first", "second", "third", "fourth", "fifth"};

//API Ref :jarray NewObjectArray(JNIEnv *env, jsize length, jclass elementClass, 
jobject initialElement)

  ret=(jobjectArray)env->NewObjectArray(5, 
      env->FindClass("java/lang/String"), 
      env->NewStringUTF("")); 
  for(i=0;i<5;i++) { 
    env->SetObjectArrayElement(ret,i,env->NewStringUTF(message[i])); 
  } 
  cls=env->GetObjectClass(jobj); 
  mid=env->GetMethodID(cls, "sendArrayResults", "([Ljava/lang/String;)V"); 
  if (mid == 0) { 
    cout <<“Can't find method sendArrayResults"; 
    return; 
  } 
  env->ExceptionClear(); 
  env->CallVoidMethod(jobj, mid, ret); 
  if(env->ExceptionOccurred()) { 
    cout << "error occured copying array back" <<endl; 
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    env->ExceptionDescribe(); 
    env->ExceptionClear(); 
  } 
  return;
}

To build this on Linux, run the following commands: 

javac ArrayHandler.java 
javah -jni ArrayHandler 
 
g++  -o libnativelib.so -shared -Wl,-soname,libnative.so -I/export/home/jdk1.2/
include -I/export/home/jdk1.2/include/linux nativelib.cc  -lc

If you want to specify a super class method to, for example, call the parent constructor, you 
can do so by calling the CallNonvirtual<type>Method functions. One important point when 
calling Java methods or fields from within native code is you need to catch any raised excep-
tions. The ExceptionClear function clears any pending exceptions while the ExceptionOc-
cured function checks to see if an exception has been raised in the current JNI session. 

Accessing Fields
Accessing Java fields from within native code is similar to calling Java methods. However, 
the set or field is retrieved with a field ID, instead of a method ID. 

The first thing you need to do is retrieve a field ID. You can use the GetFieldID function, but 
specify the field name and signature in place of the method name and signature. Once you 
have the field ID, call a Get<type>Field function to set the field value. The <type> is the 
same as the native type being returned except the j is dropped and the first letter is capital-
ized. For example, the <type> value is Int for native type jint, and Byte for native type jbyte. 

The Get<type>Field function result is returned as the native type. For example, to retrieve 
the arraySize field in the ArrayHandler class, call GetIntField as shown in the following 
example. 

The field can be set by calling the env->SetIntField(jobj, fid, arraysize) functions. Static 
fields can be set by calling SetStaticIntField(jclass, fid, arraysize) and retrieved by calling 
GetStaticIntField(jclass, fid). 

#include <jni.h> 
#include <iostream.h> 
#include "ArrayHandler.h" 
 
JNIEXPORT void JNICALL Java_ArrayHandler_returnArray(JNIEnv *env, jobject jobj){ 
    jobjectArray ret; 
    int i; 
    jint arraysize; 
    jclass cls; 
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    jmethodID mid; 
    jfieldID fid; 
    char *message[5]= {"first", "second", "third", "fourth", "fifth"}; 
 
    ret=(jobjectArray)env->NewObjectArray(5, 
        env->FindClass("java/lang/String"), 
        env->NewStringUTF("")); 
    for(i=0;i<5;i++) { 
      env->SetObjectArrayElement(ret,i,env->NewStringUTF(message[i])); 
    } 
    cls=env->GetObjectClass(jobj); 
    mid=env->GetMethodID(cls, "sendArrayResults", "([Ljava/lang/String;)V"); 
    if (mid == 0) { 
        cout <<“Can't find method sendArrayResults"; 
        return; 
    } 
    env->ExceptionClear(); 
    env->CallVoidMethod(jobj, mid, ret); 
    if(env->ExceptionOccurred()) { 
       cout << "error occured copying array back" << endl; 
       env->ExceptionDescribe(); 
       env->ExceptionClear(); 
    } 
    fid=env->GetFieldID(cls, "arraySize",  "I"); 
    if (fid == 0) { 
        cout <<“Can't find field arraySize"; 
        return; 
    } 
    arraysize=env->GetIntField(jobj, fid); 
    if(!env->ExceptionOccurred()) { 
       cout<< "size=" << arraysize << endl; 
    } else { 
       env->ExceptionClear(); 
    } 
    return; 
}

Threads and Synchronization
Although the native library is loaded once per class, individual threads in an application 
written in the Java programming language use their own interface pointer when calling the 
native method. If you need to restrict access to a Java object from within native code, you 
can either ensure that the Java methods you call have explicit synchronization or you can use 
the JNI MonitorEnter and MonitorExit functions. 

In the Java programming language, code is protected by a monitor whenever you specify the 
synchronized keyword, and the monitor enter and exit routines are normally hidden from the 
application developer. In JNI, you need to explicitly delineate the entry and exit points of 
thread safe code. 
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The following example uses a Boolean object to restrict access to the CallVoidMethod func-
tion. 

env->ExceptionClear(); 
env->MonitorEnter(lock); 
env->CallVoidMethod(jobj, mid, ret); 
env->MonitorExit(lock); 
if(env->ExceptionOccurred()) { 
  cout << "error occured copying array back" << endl; 
  env->ExceptionDescribe(); 
  env->ExceptionClear(); 
}

You may find that in cases where you want access to a local system resource like an MFC 
window handle or message queue, it is better to use one Java.lang.Thread and access the 
local threaded native event queue or messaging system from within the native code. 

Memory Issues
By default, JNI uses local references when creating objects inside a native method. This 
means when the method returns, the references are eligible to be garbage collected. If you 
want an object to persist across native method calls, use a global reference instead. A global 
reference is created from a local reference by calling NewGlobalReference on the local ref-
erence. 

You can explicitly mark a reference for garbage collection by calling DeleteGlobalRef on 
the reference. You can also create a weak style Global reference that is accessible outside the 
method, but can be garbage collected. To create one of these references, call NewWeakGlo-
balRef and DeleteWeakGlobalRef to mark the reference for garbage collection. 

You can even explicitly mark a local reference for garbage collection by calling the  
env->DeleteLocalRef(localobject) method. This is useful if you are using a large amount of 
temporary data. 

static jobject stringarray=0; 
 
JNIEXPORT void JNICALL Java_ArrayHandler_returnArray(JNIEnv *env, jobject jobj){ 
    jobjectArray ret; 
    int i; 
    jint arraysize; 
    int asize; 
    jclass cls, tmpcls; 
    jmethodID mid; 
    jfieldID fid; 
    char *message[5]= {"first", "second", "third", "fourth", "fifth"}; 
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    ret=(jobjectArray)env->NewObjectArray(5, 
        env->FindClass("java/lang/String"), 
        env->NewStringUTF("")); 
  //Make the array available globally

//API Ref :jobject NewGlobalRef(JNIEnv *env, jobject object)
    stringarray=env->NewGlobalRef(ret); 
  //Process array 
  // ... 
  //clear local reference when finished..

//API Ref :void DeleteLocalRef(JNIEnv *env, jobject localref)
    env->DeleteLocalRef(ret); 
  }

Invocation
The section on calling methods showed you how to call a method or field in a Java program 
using the JNI interface and a class loaded using the FindClass function. With a little more 
code, you can create a standalone program that invokes a Java virtual machine and includes 
its own JNI interface pointer that can be used to create instances of Java classes. In the Java 
2 release, the runtime program named java is a small JNI application that does exactly that. 

You can create a Java virtual machine with a call to JNI_CreateJavaVM, and shut the created 
Java virtual machine down with a call to JNI_DestroyJavaVM. A Java virtual machine might 
also need some additional environment properties. These properties can be passed to the 
JNI_CreateJavaVM function in a JavaVMInitArgs structure. 

The JavaVMInitArgs structure contains a pointer to a JavaVMOption value used to store 
environment information such as the classpath and Java virtual machine version, or system 
properties that would normally be passed on the command line to the program. 

When the JNI_CreateJavaVM function returns, you can call methods and create instances of 
classes using the FindClass and NewObject functions the same way you would for embed-
ded native code. 

Note: The Java virtual machine invocation was only used for native thread Java virtual 
machines. Some older Java virtual machines have a green threads option that is stable for invo-
cation use. On a Unix platform, you may also need to explicitly link with -lthread or -lpthread. 

This next program invokes a Java virtual machine, loads the ArrayHandler class, and 
retrieves the arraySize field which should contain the value minus one. The Java virtual 
machine options include the current path in the classpath and turning the Just-In-Time (JIT) 
compiler off with the option -Djava.compiler=NONE. 
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#include <jni.h> 
 
void main(int argc, char *argv[], char **envp) { 
  JavaVMOption options[2]; 
  JavaVMInitArgs vm_args; 
  JavaVM *jvm; 
  JNIEnv *env; 
  long result; 
  jmethodID mid; 
  jfieldID fid; 
  jobject jobj; 
  jclass cls; 
  int i, asize; 
 
  options[0].optionString = "."; 
  options[1].optionString = "-Djava.compiler=NONE"; 
  vm_args.version = JNI_VERSION_1_2; 
  vm_args.options = options; 
  vm_args.nOptions = 2; 
  vm_args.ignoreUnrecognized = JNI_FALSE;

//API Ref :jint JNI_CreateJavaVM(JavaVM **pvm, void **penv, void *args)
  result = JNI_CreateJavaVM(&jvm,(void **)&env, &vm_args); 
  if(result == JNI_ERR ) { 
    printf("Error invoking the JVM"); 
    exit (-1); 
  } 
  cls = (*env)->FindClass(env,"ArrayHandler"); 
  if( cls == NULL ) { 
    printf("can't find class ArrayHandler\n"); 
    exit (-1); 
  } 
  (*env)->ExceptionClear(env); 
  mid=(*env)->GetMethodID(env, cls, "<init>", "()V"); 
  jobj=(*env)->NewObject(env, cls, mid); 
  fid=(*env)->GetFieldID(env, cls, "arraySize", "I"); 
  asize=(*env)->GetIntField(env, jobj, fid); 
  printf("size of array is %d",asize); 
  (*jvm)->DestroyJavaVM(jvm); 
}

Attaching Threads
After the Java virtual machine is invoked, there is one local thread running the Java virtual 
machine. You can create more threads in the local operating system and attach the Java vir-
tual machine to those new threads. You might want to do this if your native application is 
multithreaded. 

Attach the local thread to the Java virtual machine with a call to AttachCurrentThread. You 
need to supply pointers to the Java virtual machine instance and JNI environment. In the Java 
2 platform, you can also specify in the third parameter the thread name and/or group you 
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want this new thread to live under. It is important to detach any thread that has been previ-
ously attached; otherwise, the program will not exit when you call DestroyJavaVM. 

#include <jni.h> 
#include <pthread.h> 
 
JavaVM *jvm; 
 
void *native_thread(void *arg) { 
  JNIEnv *env; 
  jclass cls; 
  jmethodID mid; 
  jfieldID fid; 
  jint result; 
  jobject jobj; 
  JavaVMAttachArgs args; 
  jint asize; 
   
  args.version= JNI_VERSION_1_2; 
  args.name="user"; 
  args.group=NULL; 
  result=(*jvm)->AttachCurrentThread(jvm, (void **)&env, &args); 
  cls = (*env)->FindClass(env,"ArrayHandler"); 
  if( cls == NULL ) { 
    printf("can't find class ArrayHandler\n"); 
    exit (-1); 
  } 
  (*env)->ExceptionClear(env); 
  mid=(*env)->GetMethodID(env, cls, "<init>", "()V"); 
  jobj=(*env)->NewObject(env, cls, mid); 
  fid=(*env)->GetFieldID(env, cls, "arraySize", "I"); 
  asize=(*env)->GetIntField(env, jobj, fid); 
  printf("size of array is %d\n",asize); 
  (*jvm)->DetachCurrentThread(jvm); 
} 
void main(int argc, char *argv[], char **envp) { 
  JavaVMOption *options; 
  JavaVMInitArgs vm_args; 
  JNIEnv *env; 
  jint result; 
  pthread_t tid; 
  int thr_id; 
  int i; 
  options = (void *)malloc(3 * sizeof(JavaVMOption)); 
  options[0].optionString = "-Djava.class.path=."; 
  options[1].optionString = "-Djava.compiler=NONE"; 
  vm_args.version = JNI_VERSION_1_2; 
  vm_args.options = options; 
  vm_args.nOptions = 2; 
  vm_args.ignoreUnrecognized = JNI_FALSE; 
  result = JNI_CreateJavaVM(&jvm,(void **)&env, &vm_args); 
  if(result == JNI_ERR ) { 
    printf("Error invoking the JVM"); 
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    exit (-1); 
  } 
  thr_id=pthread_create(&tid, NULL, native_thread, NULL); 
// If you don't have join, sleep instead 
// sleep(1000); 
  pthread_join(tid, NULL); 
  (*jvm)->DestroyJavaVM(jvm); 
  exit(0); 
}
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6: Project Swing: 
Building a User Interface

The Java� Foundation Classes (JFC) Project Swing and Enterprise JavaBeans� architec-
tures share one key design element: the separation of data from the display or manipulation 
of that data. In Enterprise JavaBeans applications, the entity bean provides a view of the 
data. The underlying data storage mechanism can be swapped out and replaced without 
changing the entity bean view or recompiling any code that uses the view. 

Project Swing separates the view and control of a visual component from its contents, or 
data model. However, although Project Swing does have the components that make up a 
Model-View-Controller (MVC) architecture, it is more accurately described as a model-del-
egate architecture. This is because the controller part of the Project Swing interface, often 
the mouse and keyboard events the component responds to, is combined with the physical 
view in one User Interface delegate (UI delegate) object. 

Each component, for example a JButton or a JScrollBar, has a separate UI delegate class that 
inherits from the ComponentUI class and is under the control of a separate UI manager. 
While each component has a basic UI delegate, it is no longer tied to the underlying data so 
a new set of delegates -- a set of metal-styled components, for example -- can be swapped in 
while the application is still running. The ability to change the look and behavior reflects the 
pluggable look and feel (PLAF) feature available in Project Swing. 

This chapter describes Project Swing user interface components in terms of the AuctionCli-
ent example application. 

Covered in this Chapter
• Components and Data Models (page 234)

• Printing API (page 256)

• Advanced Printing (page 263)

• Code for this Chapter (page 270)
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nents mentioned above (JFrame, JApplet, and others) are implemented as heavyweight com-
ponents -- they need to be mapped to a component in the local window toolkit. 

A JButton is a very simple shape to draw. For more complex components like JList or 
JTable, the elements or cells of the list or table are drawn by a CellRenderer object. A Cell-
Renderer object provides flexibility because it makes it possible for any type of object to be 
displayed in any row or column. 

For example, a JTable can use a different CellRenderer for each column. This code segment 
sets the second column, which is referenced as index 1, to use a CustomRenderer object to 
create the cells for that column. 

JTable scrollTable=new JTable(rm); 
TableColumnModel scrollColumnModel = scrollTable.getColumnModel(); 
CustomRenderer custom = new CustomRenderer();

//API Ref :TableColumn getColumn(int index)
scrollColumnModel.getColumn(1).setCellRenderer(custom);

Ordering Components
Each Project Swing applet or application needs at least one heavyweight container compo-
nent (a JFrame, JWindow, JApplet, or JDialog). Each of these containers with JFrame's light-
weight multiple document interface (MDI) counterpart, JInternalFrame, contains a 
component called a root pane. The JRootPane manages the additional layers used in the con-
tainer such as the JLayeredPane, JContentPane, GlassPane and the optional JMenuBar. It 
also lets all emulated (lightweight) components interact with the AWT event queue to send 
and receive events. Interacting with the event queue gives emulated components indirect 
interaction with the local window manager. 

JLayeredPane
The JLayeredPane sits on top of the JRootPane, and as its name implies, controls the layers 
of the components contained within the boundary of the heavyweight container. The compo-
nents are not added to the JLayeredPane, but to the JContentPane instead. The JLayeredPane
determines the Z-ordering of the components in the JRootPane. The Z-order can be thought 
of as the order of overlay among the various components. If you drag-and-drop a component 
or request a dialog to pop up, you want that component to appear in front of the others in the 
application window. The JLayeredPane lets you layer components. 

The JLayeredPane divides the depth of the container into different bands that can be used to 
assign a component to a type-appropriate level. The DRAG_LAYER band, value 400, 
appears above all other defined component layers. The lowermost level of JLayeredpane, the 
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GlassPane
The GlassPane is usually completely transparent and just acts as a sheet of glass in front of 
the components. You can implement your own GlassPane by using a component like JPanel
and installing it as the GlassPane by calling the setGlassPane method. The RootPane is con-
figured with a GlassPane that can be retrieved by calling getGlassPane. 

One way to use a GlassPane is to implement a component that invisibly handles all mouse 
and keyboard events, effectively blocking user input until an event completes. The Glass-
Pane can block the events, but currently the cursor will not return to its default state if you 
have set the cursor to be a busy cursor in the GlassPane. An additional mouse event is 
required for the refresh. 

MyGlassPane  glassPane = new MyGlassPane(); 
setGlassPane(glassPane);        
glassPane.setVisible(true); //before worker thread 
  .. 
glassPane.setVisible(false); //after worker thread 
 
private class MyGlassPane extends JPanel { 
 
  public MyGlassPane() { 
    addKeyListener(new KeyAdapter() { }); 
    addMouseListener(new MouseAdapter() { }); 
    super.setCursor(Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR)); 
  } 
}

Data Models
Numerous model layers are combined to form the tables of the AuctionClient GUI. At a 
foundational level, the TableModel interface and its two implementations AbstractTableM-
odel and DefaultTableModel provide the most basic means for storage, retrieval and modifi-
cation of the underlying data. 

The TableModel defines and categorizes the data by its class. It also determines if the data 
can be edited and how the data is grouped into columns and rows. It is important to note, 
however, that while the TableModel interface is used most often in the construction of a 
JTable, it is not fundamentally tied to their display. Implementations could just as easily 
form the basis of a spreadsheet component, or even a non-GUI class that calls for the organi-
zation of data in tabular format. 

The ResultsModel class is at the heart of the AuctionClient tables. It defines a dynamic data 
set, dictates whether class users can edit the data through its ResultsModel.isCellEditable
method, and provides the update method to keep the data current. The model underlies the 
scrolling and fixed tables, and lets modifications be reflected in each view. 
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At a higher level and representing an intermediate layer between data and its graphical repre-
sentation, is the TableColumnModel. At this level the data is grouped by column in anticipa-
tion of its ultimate display in the table. The visibility and size of these columns, their 
headers, and the component types of their cell renderers and editors are all managed by the 
TableColumnModel class. 

For example, freezing the left-most columns in the AuctionClient GUI is possible because 
column data is easily exchanged among multiple TableColumnModel and JTable objects. 
This translates to the fixedTable and scrollTable objects of the AuctionClient program. 

Higher still lie the various renderers, editors, and header components whose combination 
define the look and organization of the JTable component. This level is where the fundamen-
tal layout and display decisions of the JTable are made. 

The creation of the inner classes CustomRenderer and CustomButtonRenderer within the 
AuctionClient application allows users of those classes to redefine the components upon 
which the appearance of table cells are based. Likewise, the CustomButtonEditor class takes 
the place of the table's default editor. In true object-oriented style, the default editors and 
renderers are easily replaced, affecting neither the data they represent nor the function of the 
component in which they reside. 

Finally, the various component user interfaces are responsible for the ultimate appearance of 
the JTable. It is here the look-and-feel-specific representation of the AuctionClient tables 
and their data are rendered in final form to the user. The end result is that adding a Project 
Swing front-end to existing services requires little additional code. In fact, coding the model 
is one of the easier tasks in building a Project Swing application. 

Table Model
The JTable class has an associated DefaultTableModel class that internally uses a Vector of 
vectors to store data. The data for each row is stored in a single Vector object while another 
Vector object stores each of those rows as its constituent elements. The DefaultTableModel
object can be initialized with data in several different ways. This code shows the DefaultTa-
bleModel created with a two-dimensional array and a second array representing column 
headings. The DefaultTableModel in turn converts the Object arrays into the appropriate 
Vector objects: 

  Object[][] data = new Object[][]{{"row 1 col1", "row 1 col2" },
                                   {"row 2 col 1", "row 2 col 2"}}; 
  Object[] headers = new Object[] {"first header","second header"}; 
  DefaultTableModel model = new DefaultTableModel(data, headers); 
  table = new JTable(model);

//API Ref :void setAutoResizeMode(int mode)
  table.setAutoResizeMode(JTable.AUTO_RESIZE_OFF); 
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Creating a custom table model is nearly as easy as using DefaultTableModel, and requires 
little additional coding. You can implement a table model by implementing a method to 
return the number of entries in the model, and a method to retrieve an element at a specific 
position in that model. For example, the JTable model can be implemented from 
javax.swing.table.AbstractTableModel by implementing the methods getColumnCount, 
getRowCount and getValueAt as shown here: 

final Object[][] data = new Object[][]{ {"row 1 col1","row 1 col2" },
                                        {"row 2 col 1","row 2 col 2"} }; 
final Object[] headers = new Object[] {"first header","second header"}; 
TableModel model = new AbstractTableModel(){ 
  public int getColumnCount() { 
    return data[0].length;  
  } 
  public int getRowCount() { 
    return data.length; 
  } 
  public String getColumnName(int col) { 
    return (String)headers[col]; 
  } 
  public Object getValueAt(int row,int col) { 
     return data[row][col]; 
  } 
}; 
table = new JTable(model); 
table.setAutoResizeMode(JTable.AUTO_RESIZE_OFF);                       

This table is read-only and its data values are already known. In fact, the data is even 
declared final so it can be retrieved by the inner TableModel class. This is not normally the 
situation when working with live data. 

You can create an editable table by adding the isCellEditable verification method, which is 
used by the default cell editor and the AbstractTableModel class for setting a value at a posi-
tion. Up until this change, the AbstractTableModel has been handling the repainting and 
resizing of the table by firing different table changed events. Because the AbtractTableModel
does not know that something has occurred to the table data, you need to inform it by calling 
the fireTableCellUpdated method. The following lines are added to the AbstractTableModel
inner class to allow editing of the data: 

  public void setValueAt (Object value, int row, int col) { 
    data[row][col] = value; 
    fireTableCellUpdated (row, col); 
  }

//API Ref :boolean isCellEditable(int row, int column)
  public boolean isCellEditable(int row, int col) { 
    return true; 
  }
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More Table Models
A common requirement for the display of tabular data is the inclusion of a non-scrolling col-
umn. This column provides a set of anchor data that remains stationary and visible while its 
neighboring columns are scrolled horizontally (and often out of view). This is particularly 
important in cases where row data can be identified by a unique value in the fixed column, 
such as a name or identification number. The next code example uses a fixed table column to 
display a list of the auction items. 

The base table model in this example implements the AbstractTableModel class. Its update
method dynamically populates the table data from a call to the database. It sends an event 
that the table has been updated by calling the fireTableStructureChanged method to indicate 
the number of rows or columns in the table have changed. 

package auction; 
 
import javax.swing.table.AbstractTableModel; 
import javax.swing.event.TableModelEvent; 
import java.text.NumberFormat;  
import java.util.*; 
import java.awt.*; 
 
public class ResultsModel extends AbstractTableModel{ 
  String[]  columnNames={}; 
  Vector rows = new Vector(); 
 
  public String getColumnName(int column) { 
    if(columnNames[column] != null) { 
      return columnNames[column]; 
    } else { 
      return ""; 
    } 
  } 
  public boolean isCellEditable(int row, int column){ 
    return false; 
  } 
  public int getColumnCount() { 
    return columnNames.length; 
  } 
  public int getRowCount() { 
    return rows.size(); 
  } 
  public Object getValueAt(int row, int column){ 
    Vector tmprow = (Vector)rows.elementAt(row); 
    return tmprow.elementAt(column);           
  } 
  public  void update(Enumeration enum) { 
    try { 
      // Create the column headers which are later accessed through  
      // the getColumnName method  
      columnNames = new String[5];      
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      columnNames[0]=new String("Auction Id #"); 
      columnNames[1]=new String("Description"); 
      columnNames[2]=new String("High Bid"); 
      columnNames[3]=new String("# of bids"); 
      columnNames[4]=new String("End Date");
      // Create each vector row from the AuctionItem data 
      while((enum !=null) && (enum.hasMoreElements())) { 
          AuctionItem auctionItem=(AuctionItem)enum.nextElement(); 
          Vector items=new Vector();  
          items.addElement(new Integer(auctionItem.getId()));        
          items.addElement(auctionItem.getSummary());  
          int bidcount= auctionItem.getBidCount();                  
          if(bidcount >0) { 
            items.addElement(NumberFormat.getCurrencyInstance().format( 
                             auctionItem.getHighBid())); 
          } else { 
            items.addElement("-"); 
          } 
          items.addElement(new Integer(bidcount));                  
          items.addElement(auctionItem.getEndDate()); 
          rows.addElement(items); 
      }

//API Ref :void fireTableStructureChanged()
      fireTableStructureChanged(); 
    } catch (Exception e) { 
      System.out.println("Exception e"+e); 
    } 
  }
}

The table is created from the ResultsModel model. Then, the first table column is removed 
from that table and added to a new table. Because there are now two tables, the only way the 
selections can be kept in sync is to use a ListSelectionModel object to set the selection on the 
table row in the other tables that were not selected by calling the setRowSelectionInterval
method. The full example can be found in the AuctionClient (page 270) source file: 

  private void listAllItems() throws IOException{ 
    ResultsModel rm=new ResultsModel(); 
     try { 
        BidderHome bhome=(BidderHome)ctx.lookup("bidder"); 
        Bidder bid=bhome.create(); 
        Enumeration enum=(Enumeration)bid.getItemList(); 
        if (enum != null) { 
          rm.update(enum); 
        } 
     } catch (Exception e) { 
         System.out.println("AuctionServlet <list>:"+e); 
     } 
    // Create a new table using the ResultsModel object as the table model
    scrollTable=new JTable(rm);
    // Force the End Date and Description columns to have 
    // a set width
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    adjustColumnWidth(scrollTable.getColumn("End Date"), 150); 
    adjustColumnWidth(scrollTable.getColumn("Description"), 120);
    // The scroll column model is initially mapped to  
    // display all the table data. The fixed column model 
    // is initially empty  
    scrollColumnModel = scrollTable.getColumnModel(); 
    fixedColumnModel = new DefaultTableColumnModel();
     
    // Get the first column, remove it from the scroll column, and 
    // add it to the fixed table 
    TableColumn col = scrollColumnModel.getColumn(0); 
    scrollColumnModel.removeColumn(col); 
    fixedColumnModel.addColumn(col); 
 
    // Create a new table based on the fixed column model (1 column) 
    fixedTable = new JTable(rm,fixedColumnModel); 
 
    // Keep the heights of the fixed and scroll tables the same 
    fixedTable.setRowHeight(scrollTable.getRowHeight()); 
     
    headers = new JViewport(); 
    // Get the selection model used in this table and override it 
    // so we can also update the scroll table if the fixed table 
    // is selected and vice-versa  
    ListSelectionModel fixedSelection = fixedTable.getSelectionModel(); 
    fixedSelection.addListSelectionListener( 
        new ListSelectionListener() { 
            public void valueChanged(ListSelectionEvent e) { 
              ListSelectionModel lsm = (ListSelectionModel)e.getSource(); 
              if (!lsm.isSelectionEmpty())  { 
                 setScrollableRow(); 
              } 
            } 
     });

//API Ref :ListSelectionMode getSelectionModel()
     ListSelectionModel scrollSelection = scrollTable.getSelectionModel(); 
     scrollSelection.addListSelectionListener(new ListSelectionListener() { 
       public void valueChanged(ListSelectionEvent e) { 
         ListSelectionModel lsm = (ListSelectionModel)e.getSource(); 
         if (!lsm.isSelectionEmpty())  { 
           setFixedRow(); 
         } 
       } 
     }); 
     // Create a custom renderer and use it on column 2 
     CustomRenderer custom = new CustomRenderer(); 
     custom.setHorizontalAlignment(JLabel.CENTER);

//API Ref :void setCellRenderer(TableCellRenderer renderer)
     scrollColumnModel.getColumn(2).setCellRenderer(custom);    
     // Use the custom button renderer on column 3      
     scrollColumnModel.getColumn(3).setCellRenderer(new CustomButtonRenderer()); 
     // Add the custom button editor to column 3  
     CustomButtonEditor customEdit=new CustomButtonEditor(frame); 
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     scrollColumnModel.getColumn(3).setCellEditor(customEdit); 
 
     // Add the scrolling column headers to the header viewport 
     // the headers viewport is later added to the headerPanel with 
     // an associated scroll bar

//API Ref :JTableHeader getTableHeader()
     headers.add(scrollTable.getTableHeader()); 
      
     // Create a panel for the top left of the display that contains 
     // the headers for the column that does not move 
     JPanel topPanel = new JPanel(); 
     topPanel.setLayout(new BoxLayout(topPanel, BoxLayout.X_AXIS)); 
     adjustColumnWidth(fixedColumnModel.getColumn(0), 100); 
     JTableHeader fixedHeader=fixedTable.getTableHeader(); 
     fixedHeader.setAlignmentY(Component.TOP_ALIGNMENT); 
     topPanel.add(fixedHeader);

//API Ref :Component createRigidArea(Dimension d)
     topPanel.add(Box.createRigidArea(new Dimension(2, 0)));
     topPanel.setPreferredSize(new Dimension(400, 40)); 
      
     // Create a panel to contain the scroll headers that will 
     // be displayed at the top right 
     JPanel headerPanel = new JPanel(); 
     headerPanel.setAlignmentY(Component.TOP_ALIGNMENT);
     headerPanel.setLayout(new BorderLayout());
     JScrollPane scrollpane = new JScrollPane();

//API Ref :JScrollBar getHorizontalScrollBar()
     scrollBar = scrollpane.getHorizontalScrollBar(); 
     headerPanel.add(headers, "North"); 
     headerPanel.add(scrollBar, "South"); 
     topPanel.add(headerPanel); 
     // Set the scrollable part of both the table views 
     scrollTable.setPreferredScrollableViewportSize(new Dimension(300,180)); 
     fixedTable.setPreferredScrollableViewportSize( new Dimension(100,180)); 
     fixedTable.setPreferredSize(new Dimension(100,180)); 
     innerPort = new JViewport(); 
 
     // If the user moves the scrollbar at the top 
     // of the scrollable data update the header and table 
     // data positions so they are viewable 

//API Ref :void setView(Component view)
     innerPort.setView(scrollTable); 
     scrollpane.setViewport(innerPort); 
      scrollBar.getModel().addChangeListener(new ChangeListener()  { 
       public void stateChanged(ChangeEvent e) {

//API Ref :Point getViewPosition()
         Point q = headers.getViewPosition(); 
         Point p = innerPort.getViewPosition(); 
         int val = scrollBar.getModel().getValue(); 
         p.x = val; 
         q.x = val; 

//API Ref :void setView(Component view)
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         headers.setViewPosition(p); 
         headers.repaint(headers.getViewRect()); 
         innerPort.setViewPosition(p); 
         innerPort.repaint(innerPort.getViewRect()); 
       } 
     }); 
 
     // Disable continuous update of the scroll table. Needed to  
     // improve performance of a scrolling table in SDK 1.2 
     scrollTable.getTableHeader().setUpdateTableInRealTime(false); 
      
     // The bottom panel is where both tables data is positioned 
     JPanel bottomPanel = new JPanel(); 
     bottomPanel.setLayout(new BoxLayout(bottomPanel, BoxLayout.X_AXIS)); 
     fixedTable.setAlignmentY(Component.TOP_ALIGNMENT); 
     bottomPanel.add(fixedTable); 
     bottomPanel.add(Box.createRigidArea(new Dimension(2, 0))); 
     innerPort.setAlignmentY(Component.TOP_ALIGNMENT); 
     bottomPanel.add(innerPort); 
     bottomPanel.add(Box.createRigidArea(new Dimension(2, 0))); 
 
     // Only allow vertical scrollbars as we are managing the  
     // horizontal scroll ourselves 
     scrollPane = new JScrollPane(bottomPanel, 
                      JScrollPane.VERTICAL_SCROLLBAR_ALWAYS,           
                      JScrollPane.HORIZONTAL_SCROLLBAR_NEVER); 
     JViewport outerPort = new JViewport(); 
     outerPort.add(bottomPanel); 
     // Workaround to affix the headers to the top of the scrollpane 
     // uses setColumnHeaderView

//API Ref :void setColumnHeaderView(Component view)
      scrollPane.setColumnHeaderView(topPanel);

//API Ref :void setViewport(JViewport viewport)
     scrollPane.setViewport(outerPort); 
     scrollTable.setAutoResizeMode(JTable.AUTO_RESIZE_OFF); 
     frame.getContentPane().add(scrollPane); 
     scrollTable.validate(); 
     frame.setSize(450,200); 
  } 
  void setFixedRow() { 
    int index=scrollTable.getSelectedRow(); 
    fixedTable.setRowSelectionInterval(index, index); 
  } 
  void setScrollableRow() { 
    // Highlight the row by calling setRowSelectionInterval with a  
    // range of 1 
    int index=fixedTable.getSelectedRow(); 
    scrollTable.setRowSelectionInterval(index, index); 
  } 
  void adjustColumnWidth(TableColumn c, int size) { 
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    c.setPreferredWidth(size); 
    c.setMaxWidth(size); 
    c.setMinWidth(size); 
  }                                          

JList Model
The JList component displays a vertical list of data elements and uses a ListModel to hold 
and manipulate the data. It also uses a ListSelectionModel object to enable selection and 
subsequent retrieval of elements in the list. 

Default implementations of the AbstractListModel and AbstractListSelectionModel classes 
are provided in the Project Swing API in the form of the DefaultListModel and DefaultList-
SelectionModel classes. If you use these two default models and the default cell renderer, 
you get a list that displays model elements by calling the toString method on each object. 
The list uses the MULTIPLE_INTERVAL_SELECTION list selection model to select each 
element from the list. 

Three selection modes are available to DefaultListSelectionModel: SINGLE_SELECTION, 
where only one item is selected at a time; SINGLE_INTERVAL_SELECTION in which a 
range of sequential items can be selected; and MULTIPLE_INTERVAL_SELECTION, 
which allows any or all elements to be selected. The selection mode can be changed by call-
ing the setSelectionMode method in the JList class. 

public SimpleList() { 
  JList list; 
  DefaultListModel deflist; 
 
  deflist= new DefaultListModel(); 
  deflist.addElement("element 1"); 
  deflist.addElement("element 2"); 
  list = new JList(deflist); 
  JScrollPane scroll = new JScrollPane(list); 
  getContentPane().add(scroll, BorderLayout.CENTER); 
 } 
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because there is no AbstractTreeModel in the JTree package. However, if you use custom 
objects, you must implement TreeModel. This code example creates a JTree using the 
DefaultTreeModel so the adminstrator can search and browse the auction numbers and 
details for reporting.

import java.awt.*; 
import java.awt.event.*; 
import javax.swing.*; 
import javax.swing.tree.*; 
 
public class SimpleTree extends JFrame { 
  public SimpleTree() { 
    String[] treelabels =   {"All Auctions", "Closed Auction", "Open Auctions"}; 
    Integer[] closedItems = {new Integer(500144), new Integer(500146), 
                             new Integer(500147)}; 
    Integer[] openItems = { new Integer(500148), new Integer(500149)};
    // Create an array of nodes based on the size of the labels and
    // open and closed items 
    DefaultMutableTreeNode[] nodes = new  
                             DefaultMutableTreeNode[treelabels.length]; 
    DefaultMutableTreeNode[] closednodes = new 
                             DefaultMutableTreeNode[closedItems.length]; 
    DefaultMutableTreeNode[] opennodes = new 
                             DefaultMutableTreeNode[openItems.length];
    // Populate the labels with the data label elements 
    for (int i=0; i < treelabels.length; i++) { 
      nodes[i] = new DefaultMutableTreeNode(treelabels[i]);  
    }

    // Arrange the tree so that from the top level All Auctions 
    // closed and open auctions are children from that top level 
    nodes[0].add(nodes[1]); 
    nodes[0].add(nodes[2]);
    
   for (int i=0; i < closedItems.length; i++) {
       // Populate the closed items nodes with the closed item data 
       // ie auction ids 
       closednodes[i] = new DefaultMutableTreeNode(closedItems[i]); 
       // Add the closed items under the Closed Auction parent node 
       nodes[1].add(closednodes[i]); 
    }
 
    for (int i=0; i < openItems.length; i++) {
       // Populate the open items nodes with the open item data 
       // ie auction ids 
       opennodes[i] = new DefaultMutableTreeNode(openItems[i]); 
       // Add the open items under the Open Auction parent node 
       nodes[2].add(opennodes[i]); 
    }
    // Finally create the tree model from the nodes created above
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    // and then create the tree 
    DefaultTreeModel model=new DefaultTreeModel(nodes[0]); 
    JTree tree = new JTree(model); 
    JScrollPane scroll = new JScrollPane(tree); 
    getContentPane().add(scroll, BorderLayout.CENTER); 
  } 
                                                               
  public static void main(String[] args) { 
    SimpleTree frame = new SimpleTree(); 
    frame.addWindowListener( new WindowAdapter() { 
      public void windowClosing( WindowEvent e ) { 
        System.exit(0); 
      } 
    }); 
    frame.setVisible(true); 
    frame.pack(); 
    frame.setSize(150,150); 
  }
}

The toString method is used to retrieve the value for the Integer objects in the tree. And 
although the DefaultTreeModel is used to maintain the data in the tree and to add or remove 
nodes, the DefaultMutableTreeNode class defines the methods used to traverse through the 
nodes in the tree. 

A primitive search of the nodes in a JTree is accomplished with the depthFirstEnumeration
method, which is the same as the postorderEnumeration method and works its way from the 
end points of the tree first. You can also call the preorderEnumeration method, the reverse of 
the postorderEnumeration method, which starts from the root and descends each tree in turn. 
Or you can call the breadthFirstEnumeration method, which starts from the root and visits 
all the child nodes in one level before visiting the child nodes at a lower depth. 

The following code expands the parent node if it contains a child node that matches the 
search field entered. It uses a call to Enumeration e = nodes[0].depthFirstEnumeration(); to 
return a list of all the nodes in the tree. Once it has found a match, it builds the TreePath from 
the root node to the node that matched the search to pass to the makeVisible method in the 
JTree class that ensures the node is expanded in the tree. 

import java.awt.*; 
import java.util.*; 
import java.awt.event.*; 
import javax.swing.*; 
import javax.swing.tree.*; 
 
public class SimpleSearchTree extends JFrame { 
  JPanel findPanel; 
  JTextField findField; 
  JTree tree; 
  JButton findButton; 
  DefaultMutableTreeNode[] nodes; 
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  public SimpleSearchTree() { 
    String[] treelabels =  { "All Auctions", "Closed Auction", "Open Auctions"}; 
    Integer[] closedItems = { new Integer(500144), new Integer(500146),  
                              new Integer(500147) }; 
    Integer[] openItems ={ new Integer(500148), new Integer(500149)}; 
    // Create an array of nodes based on the size of the labels and
    // open and closed items 

    nodes = new DefaultMutableTreeNode[treelabels.length];
//API Ref :DefaultMutableTreeNode(Object node)

    DefaultMutableTreeNode[] closednodes = new 
                              DefaultMutableTreeNode[closedItems.length]; 
    DefaultMutableTreeNode[] opennodes = new  
                              DefaultMutableTreeNode[openItems.length];
 
    // Populate the labels with the data label elements 
    for (int i=0; i < treelabels.length; i++) { 
       nodes[i] = new DefaultMutableTreeNode(treelabels[i]);  
    }
 
    // Arrange the tree so that from the top level, all 
    // closed and open auctions are children from that top level 
    nodes[0].add(nodes[1]); 
    nodes[0].add(nodes[2]);
    for (int i=0; i < closedItems.length; i++) {
       // Populate the closed items nodes with the closed item data,
       // i.e., auction ids 
       closednodes[i] = new DefaultMutableTreeNode(closedItems[i]); 
       // Add the closed items under the Closed Auction parent node 
       nodes[1].add(closednodes[i]); 
    }
 
    for (int i=0; i < openItems.length; i++) {
       // Populate the open item nodes with the open item data,
       // i.e., auction ids 
       opennodes[i] = new DefaultMutableTreeNode(openItems[i]); 
       // Add the open items under the Open Auction parent node 
       nodes[2].add(opennodes[i]); 
    }
    // Finally, create the tree model from the nodes created above
    // and then create the tree 
 
    DefaultTreeModel model=new DefaultTreeModel(nodes[0]); 
    tree = new JTree(model); 
    JScrollPane scroll = new JScrollPane(tree); 
    getContentPane().add(scroll, BorderLayout.CENTER); 
    findPanel= new JPanel(); 
    findField= new JTextField(10); 
    findButton= new JButton("find");

//API Ref :void addActionListener(ActionListener l)
    findButton.addActionListener (new ActionListener() {

//API Ref :void actionPerformed(ActionEvent e)




