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Preface

Welcometo the IDG professional series and to JDBC™: Java™ Database Connectivity! This book will help Java
devel opers optimize their efforts with an integrated approach to database access. Javais a powerful genera -purpose
programming language that combines the qualities of many other modern languages. Many devel opers consider Java an
invaluable programming tool because of its platform independence — probably the most important of Java' s many
interesting features. Java is more than a programming language, however. It hasits own environment — the Java
Environment — that makes this object-oriented language robust, secure, architecture-neutral and portable, and also
dynamic and threaded. Furthermore, Javais small and can be distributed on networks. Extensions such as portable
graphic libraries, portable networking, and I/O capabilities empower the language and make it unique.

Like many other languages, Javamay be used to develop components of client/server environments. The client/server
paradigm proved its suitability for various purposes and is still evolving today. Actually, the most-used client/server
architecture involves relational database servers and light (or not-so-light) clients running on desktops, so this book will
obviously focus on connectivity with databases. In fact, Sun engineers developed a set of standard Java classesto allow
database queries and updates to be issued from Java. This set of classes, called the Java Database Connectivity classes, is
better known under the name of the JIDBC Package. It is apart of Java Enterprise, aset of features that will mostly be
used in various enterprise-wide projects. Once you master devel oping platform-independent programs with Java, you
will then discover how to develop projects that access corporate or customers’ data mines in a DBM S-independent way.

In fact, many applications are now tightly linked to databases, especially in the business world. From employee records
to financial data, from library catalogs to student scores, a robust data management system must include:

 Access protection
Dataintegrity and consistency
» Concurrency management
Availability

Scalahility

All professional database management systems have such qualities. They even offer transaction management and
relational access to data, replication, mirroring, and live backup facilities. These databases are well suited for all kinds of
real-world data repositories, and they are often used in mission-critical environments such as process control, medical
record tracking, or financial data warehouses.

Whatever kind of datarelational databases store, there is one common language to query these: Structured Query
Language (SQL). Its main purpose is to allow the database user to store and retrieve his or her data seamlessly, whatever
the data source, while taking part of strong relations being set between data structures. It is aso independent of the host
language in which it is embedded. SQL has been standardized in 1986, 1989, and 1992. The most recent specification is
called SQL-92 and is still evolving. Sinceit is an industry standard, it will be the language used to query databases
through the JDBC. Be they applets, servlets, or applications, your next Java projects will be able to communicate to
Database Management Systems using a universal and widespread language. Y ou will, however, have to know the basics
of SQL to understand fully the book’ s examples. The book will focus on the mechanisms used to integrate Java projects
with DBMSs and not on SQL.
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Because Java and its environment are powerful enabling technologies, we believe an extra component such as JDBC will
be widely accepted and used by the developer community. It is robust, simple, perfectly designed, and enables all of
today’ s Java applets, servlets, or applications to interact with databases. On the Internet battlefield, JIDBC will push Java
alittle more because it is tremendously more powerful than the usual solutions to access databases from World Wide
Web pages.

Who Is ThisBook For?

The audience for this book covers database devel opers that need to port applications or create new applications for the
Internet or an intranet using World Wide Web and Java techniques. Obviously, this book is aso intended for
Webmasters, Web designers, and content devel opers who want to take advantage of the possibilities of Java. The third
category of readers covers al Java developers wanting to learn client/server programming with databasesin avery
simple, easy, yet very powerful way using the standard JDBC API.

What You Need Before You Begin

The reader should have a minimum knowledge of Java programming. If you are working with a specific DBM S such as
Oracle, Sybase, Informix, or DB2, you should understand the administration of such databases (to create new user
accounts, for example). Smaller databases for desktop computers will also work with JDBC, although the possibilities
will be far more limited. Knowledge of SQL is preferred, although it isintroduced and illustrated by many examplesin
the book.

What’sin This Book

This book is divided into four parts:

e Part I: Introduction to Java Database Programming — Part | introduces Java, database architectures and
standards, and explains the Java Database Connectivity Classes.

e Part I1: Exploring JDBC — Part Il teaches you JDBC step-by-step, with plenty of code listings throughout
the chapters. Part |1 also covers the three-tier approach, security issues, and Internet/intranet topics.

e Part I11: Working Examples— Part 111 includes comprehensive examples of JDBC, including the code
samples both in the book and on the CD-ROM.

¢ Quick Reference Guide, Appendixes, and CD-ROM — The Quick Reference Guide coversthe JDBC 1.2
API of JavaSoft, and the appendixes include answers to frequently asked questions and references for additional
information about SQL and DBM Ss and Objects and DBM Ss and JDBC products and drivers. The CD-ROM
contains the source code for all examples, JDBC products, Bongo 1.0 from Marimba, and the common Java
utilities such as the JavaSoft, Inc., JDK. See Appendix D, “What’'s on the CD-ROM,” for adetailed list of CD-
ROM contents.

We hope the theory and examples explained in this book will convince you thereis now areal aternative to World Wide
Web common gateway interfaces and that you can work successfully with Java without being a Java guru. We hope you
will be convinced of the tremendous benefits Java offers viaits robustness, security, object orientation and platform
independence, and universal database connectivity.

Table of Contents




JDBC: Java Database Connectivity
by Bernard Van Haecke

IDG Books, IDG Books Worldwide, Inc.
ISBN: 0764531441 Pub

Date: 10/01/97 |Buy It

Table of Contents

To Laura
About the Author

Bernard Van Haecke is a consultant at Sun Microsystems Professional Services. He specializes in systems and network
integration projects, most particularly DBMS, UNIX, and cutting-edge Java issues.

Acknowledgments

Among the many individuals who helped with this project, | first want to thank very sincerely those who played an
instrumental role both before and during the writing. Thank you to Laura Sanderson, Christophe Peerens, Wim De
Munck, many former UCL colleagues and more recent Sun Microsystems colleagues, and of course my family.

| also want to thank Peter Ham and Gionata Mettifogo of Connect, Inc., for providing one of the most interesting
examplesin this book; Klaas Wadlander of Marimba, Inc., for many informative discussions regarding the advanced
examples; and to all of the reviewers who contributed from the beginning.

Special thanks go to Laurence Vanhelsuwé, who played a key role in locating the right editor for this book and for
submitting a perfect proposal to him. Special thanks, too, go to John Read, Acquisitions Editor at IDG Books
Worldwide, and to all of the editors who turned the manuscript into aterrific published book. They deserve much credit
for their work. I am infinitely grateful to them.

Table of Contents



http://www.digitalguru.com/dgstore/product.asp?isbn=0764531441&ac%5Fid=28
http://www.digitalguru.com/dgstore/product.asp?isbn=0764531441&ac%5Fid=28

JDBC: Java Database Connectivity
by Bernard Van Haecke

IDG Books, IDG Books Worldwide, Inc.
ISBN: 0764531441 Pub

Date: 10/01/97 |Buy It

’Previous |Tab|e of Contents |Next |

Part |
Introduction to Java Database Programming

Chapter 1: About Java
Chapter 2: Database Fundamentals
Chapter 3: Database

Part | presents general background information about Java. You'll learn about typical applications related to Java and
JDBC and why Javais so hot for client/server application development. Y ou'll then review some database fundamentals,
including relational ones, the standards such as SQL, X/Open CLI, and ODBC, and client/server architectures involving
DBMSs.

Finally, you'll learn how to integrate today’ s databases using various approaches, as well as with the state-of-the-art Java
and JDBC.

Chapter 1
About Java

In This Chapter

Javais anew programming language especially well suited for the Internet. It offers many built-in featuresin its run
time environment. From TCP-IP (Transmission Control Protocol/Internet Protocol) socket networking to method
invocation on remote objects, from portable code and graphic toolkit to universal database connectivity, Java embraces
many of the the technologies ever invented in the open-systems computing industry. This chapter covers:

« Javad s philosophy
e Typical uses of Java
« Java s being more than a natural evolution

Java and its environment were introduced in 1995 by Sun Microsystems, Inc. Java was designed to meet the challenges
of development in incompatible but networked environments.

Most modern programming languages aready have some of the features present in Java, but none have al of the
features. A magjority of developers, analysts, designers, administrators, and executives agree that Javais the “enabler” of
the 1990s. Much of the early discussion on the need for a Java-like language happened in Usenet newsgroups on the
Internet. Now every major player endorses the technology and plans to deliver Java programs or javatized hardware. The
reason is simple — Java s features. Most of the features of Java and its environment are revealed in the next paragraphs;
however, Table 1-1 summarizes Java s feature set.
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Table1-1JAVA —THE BIG PICTURE

Java C++
Simple
Object-oriented
Robust

Secure

Interpreted
Dynamic

Portable

Neutral

Threads

Garbage collection
Exception

[ S i S A S SR G
rr—rr— X rrO— - r X 0O
N~ rrr— X rr r—rr— X

JFulfilled by the language
K Not built in the language, but feasible
L Not feasible in this language without third-party libraries

First and foremost, Java is definitely object-oriented. It is somewhat similar to C++, but its programming supplants
functional and procedural styles. Java programmers only manipulate objects, data members, accessors, and mutators.
Extrafeatures such as automatic garbage collection (a garbage collector keeps track of the object instances and frees
them when no longer used), object references replacing arithmetic address pointers, and native or nonnative
multithreading add to Java' s simplicity and power.

Javais atrue object-oriented programming language. It fully supports encapsulation, polymorphism, inheritance, and
dynamic bindings. The main benefit for the programmer isthat his or her programming model will be close to the rea
world objects, making them easier to implement. Software reuse also benefits from this orientation, asis the case, for
example, with many well-known C++ libraries.

Javais architecture-neutral, portable, and robust in that it can run on various platforms, anywhere on a network,
regardless of which graphic subsystemisin use. It istruly independent of hardware, operating systems, and GUIs. The
design of the Java Virtual Machine and Java' s Abstract Window Toolkit make it portable, much more portable than C or
C++, greatly simplifying deployment issues. Thisiswhy Java has such presence on the Internet. While Java applications
are stand-alone programs, “applets’ are pieces of software that can be downloaded from the Internet or intranet and run
inside aWorld Wide Web (WWW) browser like HotJava. “ Servlets’ are also pieces of software that run as extensions to
WWW servers while “aglets’ are software agents that live and persist in networks, moving from host to host to perform
dedicated tasks.

Javais an interpreted language whose bytecodes run within a secure virtual machine that transl ates the bytecodes to
native CPU instructions. In some cases, this bytecode is compiled “just in time” and cached, or even “flash-compiled” so
no additional interpretation is needed. It is also very dynamic. Java application classes may be downloaded across
networks automatically.

Before passing to the interpreter for execution, bytecodes are verified. Bytecode verification ensures that the code does
not point where it cannot point, that it does not violate access and network restrictions, and that it correctly accesses
objects. Security isavery important intranet and Internet issue, which iswhy it is addressed at many levels of the Java
environment.



Java provides an exception mechanism to create and catch user program errors and to catch system errors. This
mechanism is superior to the usual way of trapping errors — using and testing return codes everywhere in the programs.
It also adds to the code’ s simplicity and readability, which decreases the risk of introducing errorsinto programs.

Finally, Java features multithreading in a manner that is mostly independent of the underlying operating system from a
programmer’ s point-of-view. Threads allow client-server applications to perform multiple tasks, including animations,
concurrently.

Typical Uses

Many computer enthusiasts once said Java was well suited for animating World Wide Web pages. Actualy, its use
within WWW pages, mostly in the form of Java applets, is more a consequence of its design than its ultimate goa. Java
isavery complete language, and there are no limitations that make it unsuitable for corporate and enterprisewide
professional and business applications. On the other hand, both Sun and other parties are continuously enhancing the
Java environment. These enhancements always preserve investments so there is no reason to wait before developing
your next greatest corporate application in Java.
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Virtualy any application can be developed using Java, including those that need to issue calls to “system services’ such
as TCP/IP sockets. Many Integrated Development Environments (IDE) or Rapid Application Development tools (RAD
tools) are being announced and released. These tools are often called Java Development Environments (JDE). If you are
looking for such products, browse the Usenet newsgroup news://comp.lang.java. Many netizens will be happy to help
you locate the best products. Y ou aso will have the opportunity to read and post comments to the support people from
the companies that develop such programming environments. It has never been easier to get help to make choices before
purchasing a devel opment tool.

The Future

The possibilities Java offers are limitless. In the near future, many astonishing applications will appear. Y ou'll soon see,
for example, portable network management tools, interactive communication tools using multimedia techniques,
interactive education tools, and information booths. But Java already has impacted operating systems. Many leading
industry vendors aready endorse the Javatechnology and include it in their existing platforms. Java made an important
impact on the hardware industry, too. Java chips have been announced. They will be used in home appliances and
industrial equipment. Many companies have agreed on common network computer specifications. These network
computers will have operating systems and operating environments written in Java. Among the main benefits of all these
new devices, the most impressive are the low cost and the possibility of on-demand downloading from the network of
new versions of the operating elements, for both systems and applications.

Java Technology

Javatechnology evolves quickly. A Java Electronic Commerce Framework (JEFC), distributable Java components
(JavaBeans), and Java/COM (Microsoft’s Compound Object Model) integration are under development. The Java
Database Connectivity APl (Application Programming Interface), Java Object Serialization, and Java Remote Method
Invocation are aready available.

Concerning JDBC (Java Database Connectivity), JavaSoft (Sun Microsystems) and partners have plans for a Java Object-
Relational Mapping APl and for a Java Transaction Service API. The ODMG (Object Database Management Group) has
been working on a standard API for Java object databases. This standard will be finalized by the time you read this book.

Java Applications

Certain Java applications are worth mentioning. Both the Java-enabled Transaction Processing Monitor and the Java
CASE Tool are of interest for the database developer going the Java way.

Example: Transaction Processing M onitor

One of the most interesting available products is a Transaction Processing (TP) monitor that works with Java clients. A
client/server environment can include a TP monitor when the servers are Database M anagement System server. It solves
the problems that arise when hundreds, or even thousands, of clients send requests to a database server at the same time.
The product is Vortex Java Edition, from Trifox, Inc.
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Transaction processing monitors have existed for along time. They were available for every mainframe environment.
When the X/Open XTP Group's DTP model appeared, these monitors evolved to systems that guarantee their integration
with open environments and that guarantee their interfacing with various components of distributed systems. The TP
monitor is a specia kind of middleware that offers services related to the application level. These services are transaction
oriented.

The TP Monitor is a middleware between clients and servers as shown in Figure 1-1.

= =
= ~E5
= g %

Figure 1-1: A TP monitor.

The TP monitor’sroles are to:

Manage and synchronize transactions

» Guarantee a sufficient level of performance and security

Share the load of simultaneous transactions between different servers
Handle heterogeneous DBM Ss

The monitor’s primary roleis to dispatch transactions to one or multiple DBM S servers, allowing many clients to
operate seamlessly. Common DBM Ss are unable to handle thousands of simultaneous connections and process their
gueries. TP monitors solve the problem by reducing the number of active sessions necessary to process the client
requests. They are probably the most advanced element of traditional client-server architectures where relational
databases are involved. In the Internet scenario, the high number of clients that can potentially initiate a connection to a
server makes the TP monitor middleware an interesting element of the client-server architecture.

The availability of Java-enabled TP monitors shows that there are no limits to what is possible using the Java language,
the Java environment, and traditional elements of client-server systems.

Another Example: A Java CASE Tool

Another interesting product is Platinum Technology, Inc.’s Paradigm Plus code generator. It is a Computer Aided
Software Engineering tool (CASE tool) that supports object-oriented analysis, design, and modeling, as well as reverse
engineering from other languages. From conceptualization to deployment, it promotes component sharing and reuse
across projectsin the enterprise. The product supports all leading object-oriented methodol ogies and notations, and more
— it dlows devel opers to customize methods based on their specific requirements.

Among Paradigm Plus' s many characteristics, the most interesting are its:

» Generation of Java code

Highly graphical environment

 Object-oriented analysis and design
 Support for OMT, Booch, Y ourdon, and so on, methodol ogies and notation
» Reverse engineering from C, C++, and SQL

» Generation of DBMS and ODBMS schema definitions

 Provision of an object repository

Support for three-tier and n-tier architectures

Promotion of Java component reuse

One feature, the generation of DBM S and ODBM S schema definitions, may be of particular interest to JDBC users.
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Indeed, the physical database design for persistent data may be done within this environment, and the result can then be
applied within the DBMS.

JavaSoft’s (Sun Microsystems) JavaPlan is a similar software engineering tool. There is no doubt that such complete,
robust, and flexible products will help the analyst and devel oper during their Java projects. Thisis only the beginning of
anew eraand products like the CASE tool will soon emergein all-Java or Java-enabled versions.

Summary

Javais definitely well suited for networked computing, and is complete enough to build robust, enterprise-class
applications and applets.

The next chapter discusses fundamental database concepts such as SQL and database access interfaces.
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Chapter 2
Database Fundamentals

In This Chapter

This chapter discusses fundamental concepts such as relational databases, SQL, and database access programming
interfaces. This chapter includes:

* Relational databases
» Software architectures
» Standard database APIs such as ODBC

Almost 100 per cent of today’s enterprise applications use a database. These databases are often managed by a
Relational Database Management System (less often by an Object Database Management System). Whichever database
management system (DBMYS) is used, itsrole in the corporate information system is predominant. The DBMS offers a
lot of features other than a centralized view of what may be a distributed database architecture. DBM Ss ensure
availability, integrity, consistency, concurrency, security of the corporate data through access control, and alot more.
Such DBMS facilities lighten all client programs since they are not involved in these issues. Furthermore, alot of the
guery processing is done within the database management system itself, which makes optimized access plansto data
when parsing client queries. Client programs are not able to do that.

The Java Database Connectivity (JDBC) interface allows Java applets, servlets, and applications to access datain
popular database management systems. The standard for accessing datais SQL, which permits maximum
interoperability. Of course, SQL isthe language used with JDBC. JDBC is a software layer that allows devel opersto
write real client-server projectsin Java. JDBC does not concern itself with specific DBMS functions.

Relational Databases

Relational databases are the most common DBMS. A main characteristic of arelational database is the absolute
separation between physical and logical data. Data is accessed through the associated logical model to avoid supplying
physical storage locations and to reduce the limitations imposed by using physical information. Relational databases
allow the definition of relations and integrity rules between data sets. E.F. Codd developed this model at the IBM San
Jose Research Lab in the 1970s. A language to handle, define, and control datawas also developed at the IBM lab: SQL.
SQL stands for Structured Query Language. SQL is a query language that interacts with aDBMS. It allows data access
without supplying physical access plans, data retrieval as sets of records, and the performing of complex computations
on the data.

Software Architectures

Thefirst generation of client-server architecturesis called two-tiered. It contains two active components: the client,
which requests data, and the server, which delivers data. Basically, the application’s processing is done separately for
database queries and updates, and for user interface presentations. Usually the network binds the back end to the front
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end, although both tiers could be present on the same hardware. For example, hundreds or thousands of airline seat
reservation applications can connect to a central DBM S to request, insert, or modify data. While the clients process the
graphics and data entry validation, the DBMS does all the data processing. Actualy, it isinadvisable to overload the
database engine with data processing that isirrelevant to the server, thus some processing usually aso happens on the
clients. The typical client-server architecture is shown in Figure 2-1.

Figure2-1: Typical client-server architecture withaDBMS.

Load balancing is sometimes necessary. The network becomes a bottleneck when too much data transits from the server
to the clients. When this happens, it is necessary to limit the amount of data that comes back from the server. It is often
unnecessary to display millions of data records on aclient’s screen (dynamic queries may return alot of rows). If the
database engine is overloaded, DBMS replication may be a good solution.

What is more important is that the real business logic is often located in the client’s GUI logic and in the database at the
same time. This occursin many current applications and is a problem for code maintenance and code reusability. Indeed,
applications evolve with time, but the GUI part, the data part, and the business logic part may not evolve concurrently.
Figure 2-2 illustrates the two-tier architecture.
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Figure 2-2: Two-tier architecture.

Although the two-tiered architecture is common, another design is starting to appear more frequently. To avoid
embedding the application’slogic at both the database side and the client side, athird software tier may beinserted. In
three-tiered architectures, most of the businesslogic isfrozen in the middle tier. In this architecture, when the business
activity or business rules change, only the middleware must be modified. Figure 2-3 illustrates the three-tier architecture.

|_-_|:|_d

Figure 2-3: Three-tier architecture.

Database Standards

Database vendors are numerous, and, fortunately, industry standards exist. A group of companies or organizations often
define these standards by consensus. It takes along time before those creating the definitions agree on a common
specification of functions. Standards bodies make sure these specifications match industry requirements. In some cases,
though, devel opers do not wait for a standard to emerge. If they can invest in in-house—designed technology that will
boost their productivity, they will develop it and use it. However, issues such as standard database connectivity and
interoperability bring such benefits that the return on investment is worth waiting for.

SQL

SQL isnot a complete programming language usable to build complex applications. It is commonly used within a host
language that offers specific features for building complete applications. However, SQL is an industry standard to access
databases. It enables data definition, manipulation and management, access protection, and transaction control. Its roots
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arein relational databases, and SQL handles many relational database objects, including tables, indexes, keys, rows, and
columns. The American National Standards Institute (ANSI) standardized SQL in 1986 and defined it to be independent
of any programming language and database management system.

The ANSI 1989 standard defines three programmatic interfacesto SQL.:

¢ Modules; Separate compiled modules may define procedures and then call them from atraditional
programming language.

« Embedded SQL: The specification defines embedded statements for afew traditional programming
languages. It allows embedding static SQL statements within complete programs.

 Direct invocation: Access isimplementation-defined.
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While embedded SQL was the most popular choice afew years ago, it is not the best answer to the problem of querying
databases in client-server environments. It is static in all senses of the term, and this limitation makes it unsuitable for
newer software architectures.

SQL-92, the newer ANSI specification, addresses modern environment needs. It contains new features such as support
for dynamic SQL and for an advanced technique to access result sets called scrollable cursors. While dynamic SQL is
not as efficient as static SQL, it allows SQL statements to be prepared, to include parameters, and to be generated at run
time. In the case of prepared statements, performance may be increased. In fact, dynamic SQL allows the database to
prepare an access plan before the execution. This access plan is reused each time the statement is called.

SQL language is usable for avariety of purposes, including:

» Querying a database by entering SQL text directly
» Querying a database within a program

Defining data organization

« Administering data

» Accessing multiple data servers

« Managing transactions

The SQL language supports a set of verbs used to define, store, manipulate, and retrieve data. The following are the
basic SQL verbs used to build SQL clauses for such data manipulation:

To create atable:

CREATE TABLE tabl e
(colum type [ NOT NULL | PRI MARY KEY |

UNTQUE | ... ]
[, colum type [ NOT NULL | PRI MARY KEY |
UNNQUE | ... 11%)

For example, to create atable of employees:

CREATE TABLE enpl oyees

(id i nt PRI MARY KEY,
nane char (25) NOT NULL,
sal ary i nt)

Todrop atable:

DROP TABLE tabl e

For example:
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DROP TABLE enpl oyees

To supply new record values:

| NSERT | NTO t abl e [ (colum [, colum ]*)]
VALUES (expr [, expr ]*)

For example, to add Jones as employee number one, with a salary of $60,000/year:

| NSERT | NTO enpl oyees
VALUES (“1”, “JONES’, 60000)

To delete rows:

DELETE FROM t abl e
WHERE colum [ < | > | =] <=| >=| <> | LIKE] expr
[ AND| OR ... ]*]

For example, to delete all employees earning more than $150,000 a year:

DELETE FROM enpl oyees
WHERE sal ary > 150000

To retrieve data:

SELECT [ DISTINCT ] [table.]Jcolum [, [table.]colum ]*
FROMtable [= nane] [, table [=nane] ]*

[ WHERE [table.Jcolum [ < | > | =| <=]| >=| <> |
LI KE ] expr
[ AND| OR ... ]*]

[ ORDER BY [table.]Jcolum [ ASC | DESC ]
[, [table.]colum [ ASC | DESC ]]]
[ HAVING ... ]

For example, to retrieve al employees earning more than $50,000, sorted by salary (higher first) and name:

SELECT * FROM enpl oyees
WHERE sal ary > 50000
ORDER BY sal ary DESC, nane

To modify data:

UPDATE table SET colum = expr [, colum = expr ]*

WHERE [table.]Jcolum [ < | > | = | <= | >=| <> |
LIKE ] expr
[ AND| OR... |*

For example, to raise Jones' salary to $70,000 (Jones is employee number one):

UPDATE enpl oyees SET salary = 70000
WHERE id = 1



To create an index:

CREATE [ UNIQUE ] | NDEX i ndex
ON table (colum [, colum ]*)

For example, to create an index on the name field:

CREATE | NDEX i dx_enpl oyees
ON enpl oyees (hane)

To create a stored procedure:

CREATE PROCEDURE procedure

[[(] @arameter type [= default ] [ IN| OUT | I NOUT ]
[, @paraneter type [= default ]

[ IN| OQUT | INOQUT ]1* [D]1]1 [ WTH RECOWI LE ]

AS sgl st at enrent

For example, to create a stored procedure returning the highest salary via a parameter:

CREATE PROCEDURE mexsal ary (@ hemax int OUT)
AS SELECT @hermax = MAX(sal ary)
FROM enpl oyees

Book references are listed in the appendix for those who have not mastered SQL. DBMS reference books and online
manuals may help while providing more details about specific implementations of SQL.

SAG-X/Open CLI

The X/Open and SQL Access Group defined the Call Level Interface (CLI). CLI isalibrary of function calls that
support SQL statements. For example, Microsoft's ODBC (Open Database Connectivity) isa Call Level Interface. JDBC
isalso aCall Level Interface. Most database vendors have optimized CLI implementations for their database
management system products. ODBC and JDBC are less proprietary interfaces, though they intensively use these
specific CLIsto access databases. The most important benefit for programmer’ s using the ODBC CLI or the JDBC CLI
isinteroperability — all clients adhere to a standard programming interface. CLI requires neither host variables nor other
embedded SQL concepts that would make it less flexible from a programmer’ s perspective. It is still possible, however,
to maintain and use specific functions of a database management system when accessing the database through a CL1.

An Industry Standard: ODBC

ODBC is Microsoft’simplementation of aCL1. It allows the programmer to develop, compile, and deploy an application
without targeting a specific DBMS. Modules called drivers link the application to the database of their choice. For this
reason and because it is independent of the network layer protocols, ODBC permits maximum interoperability. The
availability of specific driversfor ailmost all relational database management systems has determined its success. The
JDBC mechanisms are very close to the ODBC, but are adapted for Java. In designing an appropriate interface for direct
use from Java, issues such as security, implementation, robustness, and portability were addressed. The following section
provides more details about ODBC.

The ODBC Interface

The ODBC interface defines alibrary of function calls that allow an application to connect to aDBMS, execute SQL



statements, and retrieve results. Its syntax is based on the X/Open and SQL Access Group SQL CAE specification
(1992), which defines a standard set of error codes, a standard way to initiate a connection, and a standard representation
for data types. In addition to the core functions based on the X/Open and SQL Access Group Call Level Specification, it
provides extended functions for handling scrollable cursors and asynchronous processing.

ODBC Components

The ODBC interface defines the possible interactions between the user application and the driver manager. Figure 2-4
shows the relationship between the four ODBC components.

e s

e =T B €

e Bl

Figure 2-4: The four ODBC components.
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Application

The user application calls ODBC functions to send SQL statements to the database and retrieve results. It performs these
tasks:

» Requests a connection with a data source

» Sends SQL statements to the data source

» Defines storage areas and data types for the result sets

* Requests results

» Processes errors

 Controls transactions; requests commit or rollback operations
* Closes the connection

Driver Manager
Driver manager’s primary purpose isto load specific drivers on behalf of the user application. It may also:

» Perform alookup in an ODBC configuration file or system registry to map the ODBC Data Source Name
(DSN) to a specific DBMS driver

* Process ODBC initialization cals

 Provide entry points to ODBC functions for each specific driver

» Perform parameter and sequence validation for ODBC calls

Driver

The driver processes ODBC function calls, sends SQL statements to a specific data source, and returns results back to
the application. When necessary, the driver translates and/or optimizes requests so that the request conforms to the
syntax supported by the specific DBMS. The driver:

» Establishes a connection to a data source

 Sends requests to the data source

 Performs trand ations when requested by the user application
 Returnsresults to the user application

» Formats errorsin standard ODBC error codes

» Manipulates cursors if necessary

* |nitiates transactions, if they are explicitly required

There are two types of ODBC drivers:

» Single-tier, which processes ODBC calls and SQL statements
» Multiple-tier, which processes ODBC calls and sends SQL statements to the data source
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Data Source

The data source consists of the data the user application wants to access and its associated parameters — that is, the type
of operating system, DBMS, and network layer (if any) used to access the DBMS.

Summary

This chapter discussed fundamental concepts such as relational databases, SQL, and database access programming
interfaces.

The next chapter discusses the Java Database Connectivity API’ s role, components, and possible alternativesto it.
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Chapter 3
Database Integration With JDBC

In This Chapter

This chapter discusses how to integrate databases with Java using Java Database Connectivity (JDBC) and other
techniques. This chapter includes:

* Therole of IDBC
» The components of JDBC and their characteristics
» JDBC dternatives

Java Database Connectivity classes are Java classes that allow an application to send SQL statements to a database
management system (DBMS) and retrieve the results. JDBC functions the same as Open Database Connectivity
(ODBC). One of JDBC's strengths is interoperability — a devel oper can create JDBC applications without targeting a
specific DBMS. Users can use specific JDBC driversto target a specific database. Interoperability on the client sideis
also provided when using al Java solutions. Figure 3-1 shows Java clients running on different platforms.

Figure 3-1: Javaclients running on different platforms.

The Role of IDBC

The JDBC interface provides the application with a set of methods that enable database connections, queries, and result
retrievals. It is the interface between specific database drivers and the Java user application, applet, or servlet.

The functions a user application can call are methods of connection, statements, or results object classes. Javaisan
object-oriented programming language, and the problems of impedance mismatch between Structured Query Language
(SQL) and object-oriented programming (OOP) language have been minimized.

JDBC Characteristics
JDBC's characteristics are:

« JDBCisa“cdl-level” SQL interface for Java. Thisinterface istotally independent of the available database
management systems. It is alow-level application programming interface (API) that allows a Java program to
issue SQL statements and retrieve their results. It also provides methods for error and warning messages
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management. As shown in Figure 3-2, JDBC is located at the client side.
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Figure 3-2: JDBC islocated on the client side.

» SQL conformance: JDBC does not restrict the type of queries passed to an underlying DBM S driver. An
application may use as much SQL functionality as desired. The underlying drivers are authorized to claim
JDBC compliance on the condition they fully support ANSI SQL-92 Entry Level. SQL-2 Entry Level
conformance is widely supported today and guarantees awide level of portability.

« JDBC may beimplemented on top of common SQL level APIs, in particular on top of ODBC.

« JDBC provides a Javainterface that stays consistent with the rest of the Java system. There are no conflicts
because of opposed philosophies expressed by the impedance mismatch between the object-oriented world
(Java) and the tabular world (SQL).

» The JDBC mechanisms are ssimple to understand and use. This simplicity does not mean that functionality
suffers.

« JDBC uses strong, static typing whenever possible. This approach alows for performing more error checking
at compile time. It should not be alimitation to JDBC’ s usage, however.

 One functionality, one method: This concept has been adopted, as opposed to many other DBMS SQL level
APIs, to keep it smple yet powerful for the beginner as well as the experienced developer.

JDBC Components
The following are JDBC components:

Application: The user application invokes JDBC methods to send SQL statements to the database and retrieve results. It
performs these tasks:

* Requests a connection with a data source

» Sends SQL statements to the data source

 Defines storage areas and data types for the result sets

* Requests results

* Processes errors

Controls transactions: reguests commit or rollback operations
Closes the connection

Driver Manager: Its primary purpose is to load specific drivers for the user application. It may also perform the
following:

 Locate adriver for a particular database

* Process JDBC initialization calls

Provide entry pointsto JDBC functions for each specific driver
 Perform parameter and sequence validation for JDBC calls

Driver: Thedriver processes JDBC methods invocations, sends SQL statements to a specific data source, and returns
results back to the application. When necessary, the driver translates and/or optimizes requests so the request conforms
to the syntax supported by the specific DBMS. It will:

Establish a connection to a data source

Send requests to the data source

Perform trand ations when requested by the user application
 Return results to the user application


javascript:displayWindow('images/03-02.jpg',500,228 )
javascript:displayWindow('images/03-02.jpg',500,228)

« Format errorsin standard JDBC error codes
« Manipulate cursors if necessary
« |Initiate transactions, if explicitly required

There are three types of JDBC drivers.

Proprietary Database Drivers. They process JDBC calls and send SQL statements to the data source. They may be
“native-API partly-Java’ or “native-protocol all-Java.” A native-API driver forwards the callsto alocally installed
library, usually developed in C and provided by the database vendor. It may be a Dynamic Link Library (DLL) or a.so
shared library. Figure 3-3 shows native-API partly-Java drivers.
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Figure 3-3: Native-API partly-Javadrivers.

A native-protocol all-Java driver implementsin Javaal the layers necessary to communicate with the database. They are
fully portable because they do not use local libraries or other native code. Figure 3-4 shows native-protocol all Java-
drivers.
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Figure 3-4: Native-protocol al Java-drivers.

Bridge Drivers: Thisdriver creates a bridge between JDBC and another Call Level Interface (CLI). For example, the
JDBC-ODBC Bridgeisabridge driver. It processes JDBC calls and, in turn, calls ODBC functions that will send SQL
statements to the ODBC data source. Figure 3-5 shows the JDBC-ODBC Bridge driver.
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Figure 3-5: The JDBC-ODBC bridge driver.

DBM S-independent all-Java Net drivers. These drivers use a DBM S-independent published network protocol. They
are very portable because they are 100 percent Java. Figure 3-6 shows the Net Driver.
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Figure 3-6: The Net driver.

Data Sour ce: The data source consists of the data the user application wants to access and its associated parameters —
that is, the type of DBM S and network layer (if any) used to access the DBMS.

The JDBC interface defines the possible interactions between the user application and the driver manager. Figure 3-7
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shows the rel ationship between the four JDBC components.

Figure 3-7: The complete JDBC architecture.
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Integration Issues

Many applications call the ODBC interface or the native database driversinterfaces. In much the same way, if these
applications were ported to Java, they would use the JDBC API to perform the same operations.

Consider these two questions when starting an integration project. First, will the future application, applet, or servlet be
used in atrusted environment or on the Internet? Second, isit worth embedding all the application’slogic into a separate
tier as a hedge against the business rules evolving as fast as technology? The discussion of these issuesin the following
sections will help you decide which is the best architecture for your application’s purpose.

Internet or Intranet?

If the application will be used within the intranet only, there is no need to worry about untrusted environments.
Normally, every user that has access to the application will run atrusted system. According to today’ s security rules, this
user can launch applications that connect to various hosts within various departments of the company to make a
connection to applications and servers. Provided that these users run the usua desktop computer and operating system,
they can uselocal file systems aswell.

In contrast, if the application is deployed across the Internet to thousands or millions of unregistered users, itis
mandatory to assume that these users run an untrusted environment. They are usually alowed to connect to your
company’s World Wide Web (WWW) server, browse pages, fill in forms, activate common gateway interfaces (CGls),
and download Java applets. These applets, while being real “applications’ running on the client side, are usually not able
to writeto, or read from, local files. Unless the user specified otherwise, the user will not be able to open transmission
control protocol (TCP) streams to arbitrary hosts on the Internet or within your company. In such a situation, it is not
possibleto rely on local resources such as parameters files, registry, or native libraries and drivers. On the contrary,
everything must come from the network. In the case of a database application, these restrictions may impact the design
of the application. For example, the location of the database server will not be looked up in alocal file. No native
database driver will be used. Chapter 4 discusses these issues. Also, the application usually connects to the host from
which it came. This host isusually aWWW server. Depending on the architecture, this host may be running both the
main WWW server and the DBM S server processes, or it may be running a smaller WWW server process that only
delivers applets while aso running the DBMS server. In this latter case, the main WWW server will present pages that
refer to applets located at the uniform resource locator (URL) of the second dedicated WWW server. It is possible,
however, not to locate the DBM S on the WWW server. By using athird tier, for example, the DBMS may run on a
dedicated machine with an enhanced input/output (1/0) subsystem. Again, it depends on the architecture, but from the
software viewpoint, this middleware could provide specific services to the whole system.

The “Business Logic” of an Application

The business logic of an application is the way it operates according to the business rules. But what are these business
rules? Are they standard colors? Standard screen layouts? Standard keyboard mappings? Generally, the business rules
for the corporate data include:

+ Standard formats
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* Integrity rules
« Consistency rules
 Access control

For the operations allowed on the corporate data, the rules include:

« Creation/modification/replication/del etion of entities
» Execution of standard procedures
* Access control

Usually the actions are performed within the SQL language augmented with specifics of the underlying DBMS. These
SQL statements are located on the client side and/or on the database side. For example, a SQL SELECT statement may
be linked to a“PROCEED” button of the client graphical user interface (GUI), while other statements may be stored in
the database as stored procedures. Whatever these statements will actually do, they will implicitly or explicitly use one
or more business rules. What happens if the business rules change? It may be possible to modify the client code and the
stored procedure that need modification according to the new rules. In the case of an application deployed to thousands
of users, making such modifications may be problematic. There are some companies that need to adapt themselvesto
very frequent and important changes. Fortunately, there are solutions for such companies. Changing the stored
procedures in one or more DBM Ssis probably alot easier than changing and deploying athousand client applications.
Because storing procedures in the DBM S offers a practical solution to well-known problems, the logic within stored
proceduresis usualy kept in the DBMS. That should not be true for the business logic inside client programs. Indeed, a
third tier, best defined using an object paradigm, should embed most of the application’slogic. In fact, applets solve the
deployment problem because they are downloaded automatically each time they are requested, providing that the
original versions are newer than those cached in the clients (if the clients support caching of applets).

Other Solutions

Many other solutions to the problem of modifying business rules have appeared since Java' s early days. The problem
concerned database application devel opers.

The CGI Approach

The CGI isusually implemented behind a World Wide Web server process on the same machine. While such CGls may
perform many tasks, such as sending e-mail or displaying the number of times a particular page was requested (hit
count), they may also interact with a Database Management System and format hypertext markup language (HTML)
pages “on the fly” for display in the user’s browser. Figure 3-8 shows the CGI behind the Web server.

Figure 3-8: The CGI behind the WWW server.

Listing 3-1 is an example of an HTML form containing query fields. Submission of the form launches a CGI application
on the Web server. This application opens a connection to a database and sends a SELECT query with the parameters
passed as arguments. When the results are retrieved from the database, they are formatted and an HTML pageis sent
back to the client browser.
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Listing 3-1: An HTML form.

<! DOCTYPE HTML PUBLIC “-//WBC// DTD HTM. 3. 2// EN'>
<HTM.>

<HEAD>

<TI TLE>The CA approach</TI TLE>

</ HEAD>

<BODY>

<H1>The CA approach</Hl>

<pP>

<B>

/cgi-bin/emp_locator is a CAd which perfornms | ookups in a database.
</ B>

</ P>

<pP>

<HR>

<FORM METHOD=" PCST” ACTI ON="/ cgi - bi n/ enp_| ocat or” >
<B>Enpl oyee Locat or </ B>

</ P>

<P> Search on (multiple)

<SELECT NAME=" LookFor” MJLTI PLE>

<OPTI ON SELECTED>Nane

<OPTION>Titl e

<OPTI ON>Depart ment

<OPTI ON>Locat i on

</ SELECT>

</ P>

<P>whi ch

<SELECT NAME=" How’ >

<OPTI ON SELECTED>starts with

<OPTI ON>cont ai ns

<OPTI ON>i s exactly

<OPTI ON>sounds i ke

</ SELECT>

</ P>

<P>t he foll ow ng:

<I NPUT TYPE="text” NAME="Match-pattern”>
</ P>

<pP>

<I NPUT TYPE="checkbox” NAME="Use- Case” VALUE="Yes” >Case-sensitive
</ P>

<pP>

<I NPUT TYPE="submit” VALUE="Submit”>

</ FORM>

<HR>

</ P>
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</ BODY>
</ HTM.>

ThisHTML document displays the form in the browser window shown in Figure 3-9.
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Figure 3-9: The CGI approach— HTML forms.

A Java applet that was downloaded from the network may perform some communication with the server from where it
originated. Two kinds of mechanisms may be used to give an applet data that residesin a database.

In the first mechanism the applet connects itself to the server viathe java.net. URL Connection class and asks the WWW
server to initiate acommon gateway interface that connects to the database, eventually sending it some parameters. This
CGl application then forwards data to the applet as shown in Figure 3-10.

Figure 3-10: An applet using a proprietary protocol.

In this case, a Java applet sends the data used as input to the CGI application. As soon as the CGlI retrieves the data from
the database, it sends it back to the applet. This process is more interactive than the smple HTML form. Figure 3-11
shows such an applet.
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Figure 3-11: The Java applet approach.

There are two ways to send parameters to a CGI application: HTML GET form submission and HTML POST form
submission. In the case studied here, the Java applet must mimic one of these ways. Here is an example of what must be
sent along with the URL to perform a GET submission:

http://torrenolinos/cgi-bin/enp_| ocator?LookFor=Nane
&How=cont ai ns&pat t er n=Ber nard

On the other hand, an HTML POST submission from Javawill look like this:
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PCST /cgi-bin/enp_|l ocator HITP/ 1.0

Content -type: application/x-wwformurl encoded
Content-length: 42

{your data goes here}

LookFor =Nanme&How=cont ai ns&pat t er n=Ber nar d

On behalf of datathat was previously entered viaHTML forms, the CGI application may build a custom HTML page
containing an <APPLET> tag to tell the browser that an applet has to be downloaded. It can add <PARAMETERS> tags
filled with data extracted from the database using the user’ s data that was previously entered through the HTML form, as
shown in Figure 3-12.
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Figure 3-12: An applet receiving data from its parameters.

Listing 3-2 isan HTML form that is sent back to the client browser. It contains the applet tag and information passed as
applet parameters. Such an HTML document is typically sent after a submission of values from an HTML form:

Listing 3-2: An HTML form.

<! DOCTYPE HTM. PUBLIC “-//WBC// DTD HTML 3. 2//EN'>
<HTM.>

<HEAD>

<TI TLE>The CA approach</TI TLE>

</ HEAD>

<BODY>

<H1>The CA approach</Hl>

<pP>

<B>

/cgi-bin/emp_locator is a CAd which perfornms | ookups in a database.
</ B>

</ P>

<pP>

<HR>

<B>Enpl oyee Locat or </ B>

</ P>

<APPLET CODE=myAppl et wi dt h=600 hei ght =500>
<PARAM NAME=nane VALUE=' Bernard Van Haecke’ >
<PARAM NAME=titl e VALUE=" Java evangelist’>
<PARAM NAME=| ocat i on VALUE=" BXL' >

</ APPLET> <HR>

</ P>

</ BODY>

</ HTML>

The first method to connect applets to a database is used when an interface is needed to build the query. The second
connection method may be used only to process the results after an HTML POST or HTML GET submission.

While these approaches work, they have some inherent limitations. Because CGI applications add overhead to the
WWW server, take care to avoid overloading the server.
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Java Wrapper Classes

Javawrapper classes usually do not use JDBC classes to perform a database connection and send/retrieve data to and
from the database. On the contrary, they often use native methods and libraries that are, by definition, not portable. They
also offer ahigher level of abstraction by mapping rows of datato Java objects data members, providing a solution to the
impedance mismatch between SQL and Java.

Using JDBC with an ODBMS

While JDBC and JDBC drivers must support at least ANSI SQL-92 Entry Level, there are no limitations on the kind of
statements that may be submitted to the Database Management System. An application query may be a specialized
derivative of SQL. Many Object Database Management Systems (ODBMS) vendors have endorsed the JDBC
specification. They will probably provide higher-level APIsto map directly stored objects to Java classes. The goal isto
offer apersistent service for Java classes, without worrying about specific DBMS-API access issues that make
programming more difficult and less efficient from a developer’ s point of view. Object databases are particularly well
suited to store multimediainformation. Among other kinds of data, they offer enhanced facilities to handle, store,
retrieve, and query HTML documents, images, free text, video, audio, multidimensional graphics, and even Java objects.
All these multimedia objects, if considered as persistent data members of an object-oriented programming language such
as C++, Smalltalk, or Java, may then be manipulated very easily within such languages.

Using an Object/Relational DBMS Bridge

An Object/Relational DBMS bridge is a software tier that presents relational datain an object-oriented way and provides
methods similar to those of ODBM Ss. Like ODBMSs, such a bridge provides persistency to objects, but also integrates
with awide variety of relational DBM Ss while exploiting their inherent specifications. An Object/Relational DBMS
bridge may be used in conjunction with existing devel opments, thus preserving investmentsin resources such as
relational DBMS engines, data they may contain, and physical resources associated with them. This software may be an
aternative to using an Relational DBM S directly from JDBC.

Summary

This chapter discussed the integration of databases with Java using JDBC and other techniques, including:

* Theroleof IDBC
* The components of JDBC and their characteristics
» JDBC dternatives

The next chapter discusses the mechanisms, interfaces, and typical uses of JDBC.
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Part Il
Exploring JDBC

Chapter 4: Getting Started

Chapter 5: Database Connectivity Step-by-Step
Chapter 6: Fine Tuning

Chapter 7: Advanced Techniques

Chapter 8: the three-tiered Approach

Chapter 9: Design Issues

Part Il presents JDBC in a comprehensive tutorial format — its architecture and components and all its features. You'll
learn how to maximize its features and use the most advanced techniques.

After an introduction, you will study database connectivity using JDBC — step-by-step. Y ou will then learn more
advanced approaches to interact with aDBMS. Finally, you will study three-tiered architectures and DBMS integration,
architecture, and design issues.

Chapter 4
Getting Started With JDBC

In This Chapter

This chapter discusses the mechanisms used by JavaDatabase Conncectivity (JDBC), its programming interfaces, and
some typical uses of JDBC.

JDBC isaset of programming interfaces. This chapter discusses which application programming interfaces (APIs) are of
interest to the database application devel oper.

The JDBC Mechanisms

The two major components of JDBC are the JIDBC API and the JDBC Driver API. As Figure 4-1 shows, the JIDBC
API isaprogramming interface for database applications devel opers, while the JDBC Driver APl isalower level
programming interface for developers of specific drivers. We focus on the JDBC API.
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Figure4-1: TheJDBC APIs.

To write a successful database application with the Java Language Environment and JDBC, certain steps must be taken.
These steps are very similar to those taken by C programmers using a Call Level Interface (CLI).

Thefirst step isto create a method for connecting to the database, equivalent of a connection context, associated with a
specific database driver. Eventually, parameters are provided to locate a specific database, to allow sign-on as a
recognized user giving identification and authentication, and to target a specific database managed by the database
management system (DBMS). Once a connection is established, various actions are alowed, including closing it,
sending queries, updates, and everything that is called a SQL statement, including requests to execute a precompiled
SQL statement and stored procedures. Of course, a mechanism to access the results setsis also provided. Figure 4-2
depicts the basic actions performed on the client and at the database side.

Figure 4-2: Actions performed on the client and at the DBM S sides.

A mechanism to handle errorsis also provided. Exception management addresses thisissue in Java by allowing the
developer to call specific procedures after an error occurs.

The next section describes JIDBC API interfacesin greater detail.
The JDBC Interfaces

The methods discussed in the prior section are expressed as Javainterfaces that are implemented by specific database
drivers. The JDBC interfaces that database application developers use are:

* java.sgl.DriverManager: A class that provides methods to load drivers and to support the creation of
database connections using methods expressed in the java.sgl.Driver interface.

* java.sgl.Connection: Represents a particular connection on which further actions will be allowed.

* java.sgl.Statement: Associated to a connection, it allows SQL statements to be sent to the database.

* java.sgl.CallableStatement: It has the same role as java.sgl.Statement, but in the context of database stored
procedures.

* java.sgl.PreparedStatement: It also has the same role as java.sgl.Statement, but in the context of
precompiled SQL.

* java.sgl.ResultSet: Allows access to the rows of a previously executed statement.
 java.sgl.ResultSetM etaData: Givesinformation like type and properties of the columnsin aresult set.
* java.sgl.DatabaseM etaData: Provides information about the database as a whole.

Figure 4-3isasimplified view of the relationship between the driver manager and the connection, statement, and result
set objects.

Figure4-3: The relationship between the main JDBC interfaces.
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Typical Use

Design choices between things that offer different qualities and drawbacks are made based on the targeted user
community. To help evaluate the pros and cons of each choice, the next two sections explore different scenarios and
show what is the best solution to address their problems.

Applications and Applets

Java's fame is mainly from its use of applets downloaded from the Internet. While the types of application are virtually
unrestricted, there are still afew matters to consider.

The differences between untrusted appl ets and traditional applications are:

» Anuntrusted applet cannot access local files nor open arbitrary network connections to remote hosts. An
application accesses the local file system according to the permissions granted the user.

« Anuntrusted applet cannot rely on specific facilities provided by the underlying operating system, such asa
local registry, to locate a database. Applications often rely on such facilities; for example, Open Database
Connectivity (ODBC) uses an .INI file or the registry, and most proprietary APIs use specific properties files.
» With an untrusted applet, response times may be arbitrary when traffic peaks arise on the Internet.
 Untrusted applets provide no way to estimate the maximum number of simultaneous users.

As Figure 4-4 shows, an applet is highly dependent on components that are not present in traditional scenarios —
networks and application servers.

- e | —

Figure 4-4: An applet communicating with a server.

These differences are not necessarily serious drawbacks. Indeed, it is neither necessary nor preferable for applets to look
in specific files to locate a database. Complicated connection information may be provided, using parameters passed to
the applet from within the HTML page, so the users will not have to remember long and cryptic URLs in order to open
the JDBC connection.

Because this applet is trusted, for reasons such asit was signed with a cryptographic key or the user decided to trust
applets from a specific host, does not mean that it will be allowed to behave in the same way as another application on
the user’s machine.

’Previous |Tab|e of Contents |Next |
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Another approach is the three-tier architecture, which is discussed in greater detail later. While some of its benefits were
already explained, this approach solves what might be the applet’ s biggest problem. Eventually, the applet makes a
connection to the third tier and requests or calls an action on a particular object. This request should trigger a
conversation between the third tier and the database management system. In this case, connection information like
database identification may be excluded from the applet’ s code. Figure 4-5 depicts such a three-tiered architecture.

Figure4-5: Three-tier design.

Java stand-al one applications are suitable within intranets and are deployable to specific users across the Internet,
provided those users have access to some kind of paralle file transfer program. These applications run trusted code, are
allowed to access the local file system, and open network connections to arbitrary hosts, just as normal applications do.
Figure 4-6 represents the parts of a stand-alone application.

il
2

Figure 4-6: The parts of a stand-alone Java application.

ODBC Versus Specific Drivers as Subprotocol

ODBC isavailable on awide variety of platforms, including Windows, Unix, and Macintosh environments. Thiswide
use is not enough to make a Java-based project totally portable, but it is sufficient in many cases.

Using an ODBC leads to the same problem of deploying a non-Java underlying layer. It is very difficult to use such
solutions on devices such as pure Network Terminals, but you may consider using an ODBC bridge or a native driver
during development tests or within an environment known to be stable or not meant to evolve.

The reasons such solutions are difficult to use are:

ODBC is a native component dependent on the platform

ODBC uses alocal registry or configuration file to look up data source names
ODBC uses native drivers that are dependent on the platform

ODBC is software that must be administered on each client platform separately

On the other hand, a full Java native-protocol driver, eventually using athird tier that does most of the job, offers these
benefits:
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* It isindependent of the platform it is running on
* |t uses a universal mechanism to name data sources— URLSs
* |t may be upgraded automatically

Summary
This chapter discussed the mechanisms used by JDBC, its programming interfaces, and some typical uses of JDBC.

The next chapter explains how to program with JDBC.
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Chapter 5
Database Connectivity, Step by Step

In This Chapter
This chapter discusses step-by-step programming with Java Database Connectivity (JDBC). This chapter includes:

* Initiating a database connection
« Sending simple SQL statements and retrieving results
* Error management

This chapter explains how to make a successful connection to a database, how to send SQL statements to this database,
and how to retrieve the results. The procedure is very straightforward; typically, every database application devel oped
using Javaand JDBC usesiit.

First Steps

JDBC is composed of a set of interfaces and classes that implement the functions needed to deal with a database
management system (DBMS). We use these interfaces and classesin this chapter:

* java.sgl.DriverManager
* java.sgl.Driver

* java.sgl.Connection
 java.ggl.Statement

* java.sgl.ResultSet

* javaggl.Date

* javasgl.Time

* java.sgl.Timestamp
 java.sgl.Types

* java.sgl.DataTruncation

First, make sure that the JDBC Application Programming Interface (API) classes and specific drivers implementations
are available on your system and reachable by following the CLASSPATH environment variable value. This
environment variable should normally point to one or more directories where your Java classes are located. |f necessary,
update it or move the JDBC and drivers subdirectories to an appropriate location on your hard disk. When done, the Java
class loader will be able to find these classes and will not try to download them from the network.

Typically, you should see a subtree resembling the following when scanning your CLASSPATH environment variable
(jdbc/odbc/... was used for Listing 5-1; you may choose not to install it).

Listing 5-1: A typical class subtree.
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cl asses/

+—j aval
+— ../
|
+—sql /
+— Cal | abl eSt at enent . cl ass

|

|

|

|

| Connecti on. cl ass

| Dat abaseMet aDat a. cl ass
| Dat aTr uncati on. cl ass

| Dat e. cl ass

| Driver.cl ass

| Driverlnfo.class

| Dri ver Manager . cl ass

| DriverPropertylnfo.class
| Pr epar edSt at enent . cl ass
| Resul t Set . cl ass

| Resul t Set Met aDat a. cl ass
| SQLException. cl ass

| SQ.War ni ng. cl ass

| St at enent . cl ass

| Ti me. cl ass

| Ti mest anp. cl ass

| Types. cl ass

+— jdbc/
+——odbc/
+— JdbcQdbe. cl ass

JdbcCQdbcBoundCol . cl ass
JdbcQdbcBoundPar am cl ass

To make the IDBC classes available to the current class using the abbreviated name, use the import statement in source
programs. The code will be more readable by not using the fully qualified names. So, the following line should be
included at the top of the Java program, applet, or servlet:

i mport java.sqgl.*;

This statement isreally useful for the programmer. Replace the star symbol with the relevant classesin the JDBC
package.

Use the usual command line to compile your JDBC project:

% j avac exanpl e. j ava

Y ou may use the classpath parameter to specify additional Java classes that are not reachable through the CLASSPATH
environment variable.

Database Connection

A connection must be initiated to access a database. The connection is a Java object containing Java methods to access
the database. The connection class also holds information on the state of connections.. Various connection parameters
are necessary, for example, to locate the database, to specify drivers and protocols, and to specify user account and
password in the DBMS. The format of these parameters and how to set them is discussed |ater.



Asshown in Figure 5-1, the first step is the establishment of a connection. The last step will, of course, be the
termination (“closing”) of the connection. Opening and closing the connection usually creates and releases user
resources within the database management system and driver.

o

[ Make o CofrssCrhon
[ Clase 3 Do i

Figure 5-1: Overview of the connection.

To create an instance of a connection, it is necessary to understand the JDBC naming scheme.
JDBC’s Database Naming

JDBC uses a particular syntax to name a database. The designers wanted to use a widely understood, appreciated, and
supported convention: the Uniform Resource Locator (URL) syntax. In this case, the URL has the following form:

j dbc: <subpr ot ocol >: <subnane>

In this form, jdbc means that the protocol is JIDBC, the subprotocol field is the name of the JDBC driver to be used, and
the subname is a parameter string that is dependent on the subprotocol. Figure 5-2 illustrates the JDBC URL naming
mechanism.

| =m
b

Figure 5-2: JDBC mechanism to name a data source.

These examples show some of the uses of database URLS:
j dbc: odbc: sanpl edb

A JDBC-Open Database Connectivity (ODBC) bridge will be used, and the ODBC DSN (data source name) is
sampledb.

j dbc: odbc: sanpl edb; Ul D=j avauser ; PWD=hot j ava
This URL isthe same as the previous one, but adds a user-ID and password. Other attributes may also be added.
j dbc: mydbdrv: // www. nydonai n. net: 8192/ mydb

In this case, the subprotocoal is called mydbdrv. The database engine is running on the www.mydomain.net host (the
subname field), the Transmission Control Protocol/Internet Protocol (TCP/IP) port that should be used is 8192, and
mydb is the name of the database to be accessed. The significance of these parameters is somewhat arbitrary. For
example, if the subprotocol (the driver) always uses the same port number, it is unnecessary to provideit in the URL. In
this example, mydb, called a sub-subname, refers to a specific database instance. Other types of JDBC drivers may
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interpret the sub-subname as something else, other than a specific database instance name.
j dbc: dcenam ng: enpl oyees

This URL suggests that alocal Distributed Computing Environment (DCE) naming service should be used to locate the
database named “employees.” This service will resolve “employees’ into a particular name more appropriate to locate
the database engine. Another type of network naming protocol could be used, for example, NI'S (Network Information

System).
Note that the ODBC subprotocol URL should always conform to:
j dbc: odbc: <dsn>[; <attri but e-nanme>=<attribute-val ue>]*

The JDBC URL syntax is flexible enough to allow specific driversto interpret their own syntax.
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JDBC Drivers

A specific database is usually reachable through one or more drivers. The Driver Manager and Driver objects provide
methods to load a driver and handle driver properties. JDBC must have some knowledge about the available drivers.
This knowledge comes from a jdbc.drivers system property. It can be set viathe Javainterpreter command line or viaa
property file.

Viathe command line (which may beincluded in a shell script or batch file for greater convenience when invoking stand-
alone programs):

% java -Djdbc.drivers=vendorl.driverl exanple
Viaafile, for example, when using the applet viewer or Sun’'s HotJava browser:

# On Unix, this file is ~/.hotjaval/properties
jdbc. drivers=vendorl.driverl

While the database URL specifies a specific database and protocol to be used, it is sometimes preferable to let the JDBC
choose between two or more drivers. In this case, it is possible to specify adriver list in the property called jdbc.drivers.
Thelist of driver class names should be colon separated, for example:

"vendor 1. dbdrv: vendor 2. sqgl . f oodri ver: vendor 3. db. connect drv’

JDBC will try to use each of the driverslisted in jdbc.drivers until it finds one that can successfully connect to the given
URL. Driversthat are untrusted code will be skipped. The driver will register itself with the driver manager to allow
connections to be made.

In case the JDBC.driver system property is unavailable, there is away to force a particular driver to be loaded. For
example, the following line will load a JIDBC-ODBC bridge driver:

Cl ass. for Nane(“sun. j dbc. odbc. JdbcOdbcDri ver”);

Another method is to use the following statements, but these statements will register the bridge driver class with the
driver manager:

Driver myDriver = new sun.jdbc. odbc. JdbcGdbcDri ver();
java.sql . DriverManager.registerDriver(nyDriver);

Internals

Methods are available to set or query driver and driver manager properties. They are used internally, and a programmer
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will usually not deal with them unless he or she wants to do some fine tuning. They are of interest for advanced
programmers who need to discover and set specific properties.

For the moment, we will only see those dealing with IDBC message logging. Indeed, the driver manager and all drivers
may issue logging and tracing information. A few methods are provided here to redirect these messages and to print
specific messages in the log stream.

Dri ver Manager

voi d setLogStrean(java.io.PrintStream out);
java.io.PrintStream get LogStream);
void println(String | ognessage);

Here isthe explanation:
voi d setLogStrean(java.io.PrintStream out);

The setLogStream() method sets the logging print stream that is used by the driver manager and by the drivers. It can
be set to null to disable thisfacility.

java.io.PrintStream getLogStream);

The getL ogStream() returns the print stream that is used for logging and tracing. It returns null when logging and
tracing is disabled.

void println(String | ognessage);
This method, shown in Listing 5-2, is used to send a message to the logging stream.
Listing 5-2: The log stream.

/'l setting the |og stream
i mport java.sqgl.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
try {
String url = “jdbc: odbc: nysource”;

d ass. for Name(“sun. j dbc. odbc. JdbcCGdbcDri ver”);

Dri ver Manager . set LogStr ean(j ava. | ang. System out) ;
DriverManager.println(“Driver registered with the DriverManager!”);
11

} catch (java.lang. Exception ex) {}

}
}

More advanced methods of driver manager are discussed in Chapter 6.
Creating a Connection

Before creating a connection, it is necessary to declareit. It is quite simple; just say that you need a connection object



and name it:

Connecti on nmyConnecti on;

In this example, the connection object is named: myConnection.

To connect to the data source, the connection object must be made. The method that provides this functionality is:
j ava. sql . Dri ver Manager . get Connecti on();

The following statement creates a connection object that will send statements to the database. The URL naming
convention is used with the getConnection() method and is the way to specify the data source that is targeted.

String url = “jdbc: odbc: nysource”;
Connection nmyConnection = DriverManager. get Connection(url, “javauser”,
“hotjava”);

This example shows how to pass the URL string to the driver manager plus specific arguments to the driver itself. In this
case:

The protocol used isJDBC
Thedriver isaJDBC-ODBC bridge
The ODBC DSN is“mysource’

» A usernameis provided: “javauser”
» A password is provided: “hotjava’

The driver manager will try to find aregistered JDBC driver that is allowed to reach the data source that is specified in
the URL.

There are other methods that allow the user to get a connection to the database. They have the same name, but different
parametersto differentiate these methods.

Dri ver Manager

Connection get Connection(String url);
Connection get Connection(String url, String user, String password);
Connection get Connection(String url, java.util.Properties info);

Connection get Connection(String url);

The getConnection(String url) method does not use specific parameters to provide the user name and password. If
necessary, and if allowed by the specific driver, these values may be passed within the URL string as shown in this
example:

String url = “jdbc: odbc: nysource; U D=j avauser ; PWD=hot j ava”;
Connection nmyConnection = DriverManager. get Connection(url);
Connection get Connection(String url, String user, String password);

The getConnection(String url, String user, String password) method sends the second and third parameters to the
driver and it usually interprets them as the user name and password to connect to the data source.

Connection get Connection(String url, java.util.Properties info);



In the case of the getConnection(String url, java.util.Properties info) method, the second parameter isalist of
arbitrary string pairs such as “user” and its value, and “ password” and its value. These two connection arguments should
beincluded inthelist. Thelist of such properties should be included in the driver’ s documentation. However, it is
preferable to pass as much information as possible within the database URL.
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What we learned so far allows us to begin our first Java stand-alone application. Listing 5-3 shows how to open a
connection.

Listing 5-3: How to open a connection.

/! opening a connection
i mport java.sqgl.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
try {
String url = “jdbc: odbc: nysource”;

O ass. for Narme(“sun. j dbc. odbc. JdbcCGdbcDri ver”);
Connecti on nmyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava”);
/1
} catch (java.lang. Exception ex) {}

Closing a Connection
Because we learned how to open a connection, it seems reasonable to learn how to close it before going further.

Connecti on
void close();
bool ean i sC osed();

voi d set Aut oCl ose(bool ean aut ocl ose) ;
bool ean get Aut oCl ose();

These methods all apply to a connection instance.
voi d close();

The close() method simply closes the current connection. Normally, a connection closes automatically when it is
garbage-collected or when certain fatal errors occur. It may, however, be desirable to immediately close a connection
under some circumstances.

bool ean i sd osed();
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The isClosed returnstrue if the connection is closed, and falseif it is open.
voi d set Aut oCl ose(bool ean aut ocl ose);

A connection is normally in autoclose mode by default. Because other objects may depend on specific connections (for
example, statements and result sets objects, which are discussed later), it may be necessary to keep a connection open
after atransaction has been committed or rolled back (canceled). The setAutoClose() allows you to disable auto closing.

bool ean get Aut oC ose();

This method returnstrue in case the connection isin autoclose state, and false in the opposite case. Listing 5-4 shows
how to close a connection.

Listing 5-4: Closing a connection.

/1 closing a connection
i nport java.sql.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
try {
...
String url = *jdbc: odbc: nysource”;
C ass. for Nane(“sun. j dbc. odbc. JdbcOQdbcDri ver”);
Connection nyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava’);
...
if (!myConnection.isd osed())
myConnect i on. cl ose();
Il
} catch (java.lang. Exception ex) {}
}
}

Adjusting Properties

It is possible to set and query connection properties that affect the general behavior of commands to be performed within
the connection.

Connection Behavior

The methods available to set and query the connection object are listed below.

Connecti on

voi d set ReadOnl y(bool ean readonly);
bool ean i sReadOnl y();

voi d setCatal og(String catal og);
String getCatal og();

voi d set ReadOnl y( bool ean readonly);



It may be necessary to put a connection in read-only mode. By default, it is not set as read-only. Setting it in read-only
mode may sometimes be practical and may enable database optimizations where the connection will not be used for
database updates.

bool ean i sReadOnl y();
Thereturnistrueif the connection has been set in read-only mode. Use isReadOnly to test the connection mode.
voi d setCatal og(String catal og);

A catalog is a database subspace containing the database objects affected by the operations performed within the
connection. Some DBM Ss manage multiple databases at the same time. It is possible to restrict the subspace to one or
another database using the setCatal og() method. Where the DBM S or the driver associated with the connection does not
support catalogs, this method will silently ignore al callstoit.

String getCatal og();

The getCatal og() method will give the catalog name that is currently in use or anull value. Listing 5-5 shows how to
adjust connection properties.

Listing 5-5: Adjusting connection properties.

/1 adj usting connection properties
i nport java.sql.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
try {
[o...
String url = *jdbc: odbc: nysource”;

C ass. for Nane(“sun. jdbc. odbc. JdbcQdbcDri ver”);

Connection nyConnection =

Dri ver Manager . get Connecti on(url,

“javauser”, “hotjava’);

if (myConnection.isReadOnly())

Systemout. println(“Connection is read only”);

myConnect i on. set ReadOnl y(true);

Systemout.println(“Default catal og: “ +

myConnect i on. get Cat al og());

/1 use the pubs2 database
myConnect i on. set Cat al og(“ pubs2”);

...

if (!myConnection.isC osed())

myConnect i on. cl ose() ;

Il

} catch (java.lang. Exception ex) {}

Putting It All Together

The essential stepsin every Java project that uses JDBC to obtain and terminate a connection to aDBMS are:



* Import java.sgl.* to avoid long member names

Build aJDBC URL

L oad one or more specific JDBC driver with class.forName()
* If necessary, set the JDBC log stream with setl ogStream()

* If necessary, adjust the connection properties

* Open a connection with getConnection()

Terminate the connection with close()

A Do-Nothing Client

The examplein Listing 5-6 does nothing but open a connection and close it. The JIDBC log stream is set to the standard
output to trace everything that happens.

Listing 5-6: A do-nothing client.

/! a do-nothing client
i mport java.sqgl.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
String url = “jdbc: odbc: nysource”;
try
{
Cl ass. for Nanme(“sun. j dbc. odbc. JdbcOdbcDri ver”);
Dri ver Manager . set LogSt r ean(
j ava. l ang. System out) ;
Connecti on myConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava”’);
myConnecti on. cl ose();
}
catch(j ava. |l ang. Excepti on ex)
{
ex. printStackTrace();
}
}
}
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Note that code to catch java.lang.Exception is explicitly included. We will see later what this means. For the moment,
just note that the compiler would complain if we do not catch it.

2 errors
conpi ling: ex.java
ex.java(1l3): Exception java.lang. d assNot FoundException nust be caught, or it
nmust be
declared in the throws clause of this method.
d ass. for Name(“sun. j dbc. odbc. JdbcCGdbcDri ver”);
N
ex.java(1l5): Exception java.sql.SQ.Exception nust be caught, or it mnust be
declared in the
throws clause of this method.
Dri ver Manager . get Connecti on(url,

N

What happens? The following lines are printed to the JDBC log stream shown in Listing 5-7 during the execution of this
small Java program:

Listing 5-7: JDBC log stream.

Dri ver Manager . get Connecti on(“j dbc: odbc: mysour ce”)
trying driver[classNane=sun. j dbc. odbc. JdbcCOdbcDri ver, cont ext =nul | , j dbc. odbc.
JdbcCdbcDri ver
@.393878]
*Driver.connect (jdbc:odbc: nysource)
JDBC to ODBC Bridge: Checking security
No SecurityManager present, assumng trusted application/appl et
JDBC to ODBC Bridge 1.0
Current Date/ Time: Wed Aug 07 19:42:19 1996
Loadi ng JdbcQdbc |ibrary
Al | ocating Environnment handl e (SQ.Al | ocEnv)
hEnv=5308508
Al | ocati ng Connection handl e (SQLAI | ocConnect)
hDbc=5310680
Connecting (SQ.DriverConnect), hDbc=5310680,
szConnSt r I n=DSN=nysour ce; Ul D=j avauser ; P\D=hot j ava
RETCODE = 1
get Connection returning driver[classNane=sun. j dbc. odbc. JdbcCdbcDri ver,
cont ext =nul | , sun. j dbc. odbc. JdbcOdbcDr i
ver @393878]
*Connecti on. cl ose
Di sconnecting (SQLDi sconnect), hDbc=5310680
C osing connection (SQ.FreeConnect), hDbc=5310680
C osing environment (SQLFreeEnv), hEnv=5308508
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The JDBC log is quite long, and we actually did nothing but open and close a connection. It isinteresting to see all the
silently performed actions.

Sending SQL Statements

The connection object will send SQL statements to the database engine. There are different methods to perform this,
depending on the kind of operation needed. In this chapter, we focus on sending normal SQL statements. Unlike
prepared statements or callsto stored procedures that are discussed later, normal SQL statements are usually constructed,
sent, and executed only once. Thisis, for example, the case within an interactive query tool where the user builds his or
her own queries. Normal statements include both statements to query data from the database and statements to update its
data.

Building Statements

The step that directly follows the creation of the connection is the creation of a SQL statement. This does not mean that
it isforbidden to build a SQL query string before opening the connection. Y ou are free to do this. The exact meaning is
that a JDBC statement is an object associated to a connection and it will be used later to request an execution of a SQL
string within this connection environment space in the DBMS.

Asshown in Figure 5-3, the step order is very simple.

o
| Hake £ connpetion

_i

| Bkl SOL ST0RrTAE

| Chose SQL conass Hon

W

| Clars connacktion

Figure 5-3: Overview: Building a SQL statement.

Closing the SQL statement releases all the data associated with the statement. Here is the method to build a statement
object.

Connecti on

Statenent createStatenent();
Statenent createStatenent();

The statement object is obtained by calling this method on the connection instance, as shown in Listing 5-8.

Listing 5-8: How to create a statement.

Connection nyConnection = DriverManager. get Connection(url,
“javauser”, “hotjava’);
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Statenent nyStatenment = nmyConnection. createStatenent();
myConnecti on. cl ose();

Sending Statements

The SQL statement is sent to the DBMS where it is parsed, optimized, and executed. But we have not yet built the
statement text. Indeed, the SQL string passes to the database when the call for execution of the statement isissued, as
shown in Figure 5-4.

| x|
Chrs | .
| =)

o =1

Figure 5-4: Sending a SQL statement.

The driver converts this SQL string into the DBMS native SQL grammar. It is possible to see the converted string
without sending it to the database. Usually, you will not use this facility, but sometimesit is necessary to know what the
native transation of a query isprior to sending it.

Connecti on

String nativeSQ.(String sql);

The method applies on the connection object because it is DBM S-dependent. Indeed, a connection is associated to one
and only one DBM S through its driver.

String nativeSQ(String sql);

The string passed as an argument is the “user” SQL statement; nativeSQL () returns the native form of this statement.
Listing 5-9 shows the language to obtain the native SQL translation.

Listing 5-9: Native SQL tranglation.

Connection nmyConnection = DriverManager. get Connection(url,
“javauser”, “hotjava’);

Statenent nyStatenment = nmyConnection. createStatenent();

String nmyQuery(“SELECT * FROM enpl oyees ORDER BY sal ary DESCENDI NG') ;

Systemout.println(“This query: “ + myQuery);

Systemout.printin(“is sent to the DBM5 as: “ +

myConnection. nati veSQL( nyQuery));
myConnecti on. cl ose();

All the previous steps, opening a connection and creating a statement, are necessary before executing a query. None of
them can be skipped. Figure 5-5, while still somewhat simple, shows the current action sequence.
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Figure5-5: Overview of sending a SQL statement.

The method chosen to send a SQL statement to the database depends on the type of statement and type of datait returns.

St at enent

Resul t Set executeQuery(String sql);
i nt executeUpdate(String sql);
bool ean execute(String sql);

Resul t Set executeQuery(String sql);

If the query returns normal rows of data, then the executeQuery() should be used. In this case, the query istypicaly a
static SQL SELECT statement. The SQL text is simply passed as a string argument. It does not have to be tranglated to
the native form with nativeSQL (). This method returns a result set object that is discussed in the next section of this
chapter.

i nt executeUpdate(String sql);

If the SQL statement returns nothing [returning nothing is different than returning zero (0) rows] or returns an integer
value, asisthe case with SQL INSERT, UPDATE, or DELETE clauses, executeUpdate should be used. The cal returns
the integer value or 0 (zero) for statements that return nothing.

bool ean execute(String sql);
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When a SQL statement returns more than one result, execute() has to be used to request execution of the statement. The
section on multiple result sets discusses thisissuein detail. Listing 5-10 shows how to execute a query.

Listing 5-10: How to execute a query.

/1l how to execute a query
i mport java.sqgl.*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
String url = “jdbc: odbc: nysource”;
try
{
Cl ass. for Nanme(“sun. j dbc. odbc. JdbcCGdbcDri ver”);
Dri ver Manager . set LogSt r ean
j ava. |l ang. System out) ;
Connecti on nmyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava’);
Statenment nyStatenent =
myConnecti on. creat eSt atenment () ;
ResultSet rs = nyStatenment. execut eQuery(
“SELECT name, id, salary FROM enpl oyees ORDER BY" +
“sal ary DESC’);
myConnecti on. cl ose();
}
catch(j ava. |l ang. Excepti on ex)
{
ex. printStackTrace();
}
}
}

The examplein Listing 5-11 illustrates the executeUpdate() method:
Listing 5-11: How to perform an update.

/! how to execute an update
i mport java.sql.*;
cl ass Si npl eExanpl e
{
public static void main(String args[])

{
String url = “jdbc: odbc: nmysource”;
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try
{
Cl ass. for Nanme(“sun. j dbc. odbc. JdbcOdbcDri ver”);

Dri ver Manager . set LogSt r ean(
java. |l ang. System out ) ;
Connecti on myConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava”’);
Statenment nyStatenent =
myConnecti on. creat eSt at enrent () ;
int res = nyStatenent. execut eUpdat e(“ UPDATE" +
enpl oyees SET salary = salary*1.1 WVHERE id = 1");
myConnecti on. cl ose();

}
catch(java. |l ang. Excepti on ex)
{

ex. printStackTrace();
}

Closing a Statement

It is often necessary to close explicitly a statement after the DBM S executes it. Indeed, database context and JDBC
statement resources stay open until the connection is closed or the statement is garbage-collected. It is not desirable to
consume resources when there is no reason to do so. Closing the statement also closes the returned result set.

St at enent
void close();

void close();
The close() method is simply called on a statement object and takes no arguments.
Sending BLOBs

It is sometimes necessary to send and retrieve pictures, sound, or other multimedia files to a database. Thiskind of object
is called aBinary Large Object (BLOB). While it has absolutely nothing to do with Java objects [nor C++ or other
object-oriented programming (OOP) language object], BLOB is not restricted to images, sound, and multimedia content.
For example, a multikilobyte or multimegabyte text is also a BLOB. BLOBs do not have to be ASCII or Unicode; they
may be pure binary.

Insertion, update, or retrieval of very large valuesis usually done by passing the valuesin small chunks of data. This
approach is often more convenient for programmers. JDBC, however, uses data streams. JDBC provides three kinds of
streams: ASCII streams, Unicode streams, and binary streams.

Because there is no way to send streams within a simple SQL statement, the streams pass as parameters. Refer to the
dynamic SQL section to learn how to send BLOBSs to the database.

Adjusting Properties

Properties that change the default behavior of JDBC or of the driver exist. They can be set before sending the SQL
statement to the database.



DATA TRUNCATION WHEN SENDING DATA

Data truncation happens when inserting or updating data in the database. This truncation is dependent on the DBM S and
driver that fixes the maximum size for datatypes. An error usually happens if the truncation occurs during a database
write. JDBC provides a method to limit the size of afield to amaximum value; if the limit is exceeded, JDBC raises a
SQL Exception.

St at enent

voi d set MaxFi el dSi ze(int max);
i nt get MaxFi el dSi ze();

voi d set MaxFi el dSi ze(int max);

The method setM axFieldSize() allows the programmer to set a maximum field size that will be valid on the current
statement. The parameter is the number of bytes allowed.

int get MaxFi el dSi ze();

The method getM axFieldSize() returns the maximum size allowed for the current statement. Listing 5-12 shows data
truncation on write.

Listing 5-12: Datatruncation on write.

/] data truncation on wite
i mport java.sqgl.*;
cl ass Si npl eExanpl e

{
public static void nmain(String args[])
{
String url = “jdbc: odbc: nysource”;
try
{

Connecti on nmyConnection =

Dri ver Manager . get Connection(url, “javauser”, “hotjava”);
Statenent nyStatenment = nyConnection. createStatenent();
nmySt at ement . set MaxFi el dSi ze(12);
int res = nyStatenent. execut eUpdat e( “ UPDATE

enpl oyees SET comment = 'The quick br...’” WHERE nanme='jones’”);
}
catch(java. |l ang. Excepti on ex)
{

ex. printStackTrace();

}

Time-outs



The execution of a statement may be delayed for one of several reasons. A mechanism called time-out exists so
programmers have away to handle such situations. The query time-out is the time the JDBC driver will wait for a
statement to execute. If the limit is exceeded, the driver raises an exception. This exception may be caught, and one or
more retries initiated.

St at enent

voi d set QueryTi neout (i nt seconds);
i nt getQueryTi meout();

voi d set QueryTi neout (i nt seconds);

This isthe method used to set alimit to the time-out mechanism. The parameter is the number of seconds it will wait
before raising the SQLEXxception. A zero value means no limit.

i nt getQueryTi meout();
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The method getQuery Timeout() returns the number of seconds corresponding to the time-out limit. A zero value also
means there is no limit and that the driver can wait forever if necessary. Listing 5-13 shows time-outs.

Listing 5-13: Time-outs.

[/ time-outs

Connecti on nmyConnection =
Dri ver Manager. get Connection(url, “javauser”, “hotjava’);
Statenent nyStatenment = nyConnection. createStatenent();
/1l we do not want to wait forever
nmySt at enent . set Quer yTi meout ( 10) ;
int res = nyStatenent. execut eUpdat e( “ UPDATE
enpl oyees SET sal ary = 1000000 WHERE nane='jones’"”);

Another property may prove useful when sending data to the database: the setting for the escape sequence.

St at enent

voi d set EscapeProcessi ng(bool ean enabl e);

This statement enables or disables escape substitution by the driver. Escape substitution is the default behavior and
occurs before sending the SQL statement to the database. When enabled, the driver translates escape syntax stringsto
native SQL (see Chapter 6 on SQL Escape Syntax).

What We Have Done So Far
This section reviews what has been covered thus far.

« Import java.sgl.* to avoid having to write long member names
» BuildaJDBC URL

« Load one or more specific JDBC driver with class.forName()
* If necessary, set the JDBC log stream with setL ogStream()

« If necessary, adjust the connection properties

« Open a connection with getConnection()

 Create a statement object

» Build aSQL statement

« Execute the SQL statement

* Close the statement

« Terminate the connection with close()
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Example

Here is an example for executing a statement. It sends a SQL query to a database with atime-out value of 180 seconds.
Listing 5-14 shows the code for executing a statement.

Listing 5-14: Executing a statement.

/] executing a statenent
i mport java.sqgl.*;

cl ass Si npl eExanpl e

{

public static void main(String args[])

{
String url = “jdbc:odbc: nysource”;
try
{
Cl ass. for Name(“sun. j dbc. odbc. JdbcCOdbcDri ver™);

Dri ver Manager . set LogSt r ean(
java. |l ang. System out);
Connection nyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava’);
Statenment nyStatenent =
myConnecti on. creat eSt at enmrent () ;
my St at enrent . set Quer yTi meout (180) ;
ResultSet rs = nyStatenent. execut eQuery(
“SELECT * FROM enpl oyees”);
my St at emrent . cl ose() ;
myConnecti on. cl ose();
}

catch(j ava. |l ang. Excepti on ex)

{
}

ex. printStackTrace();

Handling Results

A DBMS usually returns results after executing a statement. The results are of different types. The executeQuery()
method returns aresult set object, and the executeUpdate() returns an integer. Of course, because the result of the
executeQuery() method will always be used within the program, it would be useless to discard the result of a SQL
guery. In the case of an update, the result should also be used, at |east to verify that everything happened as expected and
to discover how many rows of data were affected by the update.

Fetchable Result Types
The SQL clauses listed in Table 5-1 return known result types: rows of data and/or integer value.

Table 5-1DIFFERENT STATEMENTS RETURN DIFFERENT RESULT TYPES

Type of SQL statement Typereturned



CREATE TABLE employees(...) nothing

SELECT * FROM employees rows and integer
SELECT MAX(salary) FROM employees rows and integer
UPDATE employees SET salary = 70000

WHERE name = “ Jones” integer

INSERT INTO employees VALUES (...) integer
DELETE FROM employees

WHERE salary > 150000 integer

In summary, there are two possible result set return types: an integer or aresult set composed of rows of table data. Of
course, there are different methods for handling such results, and there is even away to discover the result type of an
unknown SQL query.

Getting the Result Set

SQL statements that return an integer such as DELETE, UPDATE, and INSERT do not need additional processing. The
method to send them returns an integer and is usually interpreted as a counter. Other SQL statements do not return rows
of data or a counter.

Thisis not the case with queries that return normal rows of data. The result set will be composed of zero or more rows
coming from the database. The following step scans this result set, row by row, until all rows have been fetched. This
operation is done within aloop, as shown in Figure 5-6. We will see later how to analyze the data that compose rows.
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Figure 5-6: Overview of getting the result set.

The result set object is created when sending the statement to the DBMS. It is created by executing the statement object.
Closing the result set releases all data associated with the result set.

Retrieving Rows
Result sets are composed of rows. The ResultSet.next() method is used in the loop to access these rows.

Resul t Set
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bool ean next();

Figure 5-7 illustrates the mechanism used to scan the rows in the result set.

Figure5-7: The next() method is used to scan aresult set.

bool ean next();

It isimportant to position the cursor before the first row of the result set. The method next() needs to be called first to
access the first row. After the first call, the first row becomes the current row, and it is ready to be processed. Successive
calls to next() will make the next rows current, row by row, of course. Listing 5-15 shows how to scan aresult set.

Listing 5-15: How to scan aresult set.

Connection nyConnection = Driver Manager. get Connection(url,
“javauser”, “hotjava’);

Statenent nyStatenent = myConnection. createStatenent();

Result Set rs = nyStat enment. execut eQuery(sqgl Query);

while (rs.next())

{

/[l we got a row

}

mySt at enent . cl ose();
myConnecti on. cl ose();
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Getting the Number and Label of Columns

A row is usually composed of table data that may be organized in different columns of different types. It may be
important to discover the properties of the result set’s rows, the number of columns, and the type of datain each column.
We will see later how to get such information about result sets. Only the column number and column labels will be used
Now.

Resul t Set

int get MetaDat a() . get Col umCount () ;
String get MetaDat a() . get Col umLabel (int i);

The getMetaData() method returns a ResultSetM etaData object that is explained later because it is quite complex.
Calling getColumnCount() on this object returns the expected value.

i nt get MetaDat a() . get Col unmCount () ;
Thereturn typeisinteger and is the number of columnsin the rows composing this result set.
String get MetaData(). get Col utmLabel (int i);

The parameter is the column index where a value of 1 indicates the first column. The method obviously returns the label
for the column at thisindex.

It may be more efficient to store the ResultSetM etaData object once instead of calling the method to create it each time
it is necessary to access a property. The driver may provide caching, but it is often preferable not to abuse such features
when not really needed. Listing 5-16 shows how to call these methods.

Listing 5-16: Getting the number and label of columns.

Connection nyConnection = DriverManager. get Connection(url,
“javauser”, “hotjava”’);
St atenent nyStatenent = nmyConnection. createStatenment();
Result Set rs = nyStat enent . execut eQuery(sqgl Query);
i nt nmaxCol ums = rs. get Met aDat a() . get Col umCount () ;
for (int i =1; i <= maxCol umms; i ++)
{
if (i >1) Systemout.print(*, *);
Systemout. print(rs. get MetaDat a(). get Col utmLabel (i));

}
Syst em out . pr intl n( “ ::::::::::::::::::::::::::::::::::::”) :
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while (rs.next())
{

/!l we got a row

}

nmySt at enent . cl ose();
myConnect i on. cl ose();

Accessing Columns

Asshown in Figure 5-8, columns must be fetched one by one, in left-to-right order. Fetching may be done in aloop
using the column indexes or column names discovered by the ResultSetM etaData object.

Figure 5-8: Overview of accessing columns.

The row’s contents are accessible via“ getX X X ()" methods that allow the extraction of the various values of the
columns of rowsin the result set.

There are two ways of accessing columns: by column index or by column name. Accessing a column by nameis more
convenient, but less efficient because it internally needs many comparisons of strings before finding the column. Certain
SQL statements return tables without column names or with multiple identical column names. It is absolutely necessary
to use column numbers in these cases. Figure 5-9 illustrates the access to arow’ s columns.

Figure5-9: Accessing columns with getXXX().

All columns within arow must be read in left-to-right order, and each column must only be read once. This rule may not
be true with some DBMSs, but it is preferable to observe it to ensure maximum portability.

By Column Indexes

Below is the list of “get XXX()” nethods available to fetch colums in a row
Resul t Set

String getString(int columl ndex);
bool ean get Bool ean(i nt col uml ndex) ;
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byt e getByte(int col uml ndex);

short get Short (int col uml ndex);

int getlnt(int colummlndex);

| ong get Long(int col uml ndex);

fl oat getFloat (int columlndex);

doubl e get Doubl e(i nt col uml ndex) ;

j ava. mat h. Bi gDeci nal get Bi gDeci mal (i nt col utml ndex, int scale);
byte[] getBytes(int colummlndex);

java. sql . Date getDat e(i nt col uml ndex);

java.sql. Time getTine(int colummlndex);
java. sql . Ti mest anp get Ti mest anp(i nt col umml ndex) ;
java.io. |l nputStream getAscii Strean(int col uml ndex);
java.io. | nput Stream get Uni codeStrean(i nt col uml ndex) ;
java.io. |l nputStream getBi naryStrean(int col uml ndex);
bj ect get Obj ect (i nt col uml ndex) ;

return_type get XXX(int col uml ndex);
All these methods return the column value in the current row. Column indexes are integers.

This example shows how to execute a SQL statement and retrieve the results using column indexes. Note that the rows
are always read from left-to-right and that columns are only read once. Listing 5-17 shows the statement using column
indexes.

Listing 5-17. Using column indexes.

java.sql . Statenent nyStatenent = myConnection. createStatenent();
Result Set rs = nyStat enent. execut eQuery(“SELECT name, title, salary
FROM enpl oyees”) ;

while (rs.next()) {

/1 print the colums of the row that was retrieved

String enpNane = rs.getString(1l);

String enpTitle = rs.getString(2);

I ong enpSal ary = rs. getLong(3);

Systemout. println(“Enpl oyee “ + enpNanme + is + enpTitle +

and earns $” + enpSal ary);

“ “ “

By Column Names
Column names may be more convenient to use. Here are the “ getX X X ()" methods supporting column names:

Resul t Set

String getString(String col umNane);
bool ean get Bool ean(Stri ng col umNane) ;
byte getByte(String col umNane);

short get Short(String col unmNane);

int getlnt(String columNane);

| ong getLong(String col umNane);

fl oat getFloat(String col unmNane);
doubl e get Doubl e( String col utmNane) ;



j ava. mat h. Bi gDeci nal get Bi gDeci mal (String col umNane, int scale);
byte[] getBytes(String col umNane);

java.sql.Date getDate(String col utmNane);

java.sql . Tinme getTine(String col utmNane) ;

java. sql . Ti mestanp get Ti nestanp(String col utmNane) ;

java.io. |l nputStream getAscii Stream(String col umNane) ;

java.io. |l nput Stream get Uni codeStrean(String col utmNane) ;

java.io. |l nputStream getBi naryStrean(Stri ng col unmNane) ;

bj ect get Gbject(String col umNane) ;

return_type get XXX(String col umNane) ;
The parameter should match exactly with the row’ s column name that needs to be accessed.
The same exampl e using column names is shown in Listing 5-18.

Listing 5-18: Using column names.

java.sql. Statenment nyStatenent =
myConnecti on. creat eSt at enmrent () ;
Result Set rs = nyStat enent. execut eQuery(“SELECT name, title, salary FROM
enpl oyees”);
while (rs.next()) {
/1 print the colums of the row that was retrieved
String enpNane = rs.getString(“nane”);
String enpTitle = rs.getString(“title”);
| ong enpSal ary = rs.getlLong(“salary”);
System out. println(“Enpl oyee “ + enpName + “ is “ + enpTitle + “ and earns $" +
enpSal ary) ;
}
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Managing multiple result types

As discussed earlier, the methods that send SQL queries and SQL updates are different. SQL queries return result sets;
SQL updates return a count of the rows updated. SQL statements will normally execute using query and update methods.
However, under some circumstances, it may be difficult to estimate the type of result. An application may not know
whether a given SQL statement will return aresult set or a counter until the statement executes, as, for example, in the
case of an interactive query tool or when calling an unknown stored procedure.

A mechanism is provided to accommodate these needs. It allows an application to execute statements and then process
an arbitrary collection of sets of rows and single update counts. Figure 5-10 gives an idea of the steps performed in this
scenario.

Figure 5-10: Overview of managing multiple result types.

How isit possible to distinguish the difference between return types? The following methods give the answer.

St at enent :

bool ean execute(String sql);
Resul t Set get Resul t Set () ;

i nt get Updat eCount () ;

bool ean get MoreResul ts();

bool ean execute(String sql);

The SQL string passed as parameter to this method is a statement that may return multiple results or a statement whose
return type is unknown in advance, programmatically speaking. It gives an indication on the form of the result or of the
first result, in case multiple results are returned. It will return true if aresult set is available or falseif it isan integer such
as an update count.

Resul t Set get Resul t Set ();
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The method getResultSet() returns the current result as a ResultSet. 1t may only be called once per result. The result set
is then scanned by the usual method. This method may also be used to verify that the current result isaresult set, in
which case it does not return null. A null return means that there are no more results or the result is an update count, in
which case it should be fetched with the getUpdateCount() method.

i nt get Updat eCount () ;

The method getUpdateCount() returns the current result, which should be an integer value, or -1 if it isaresult set or if
there are no more results. It should be called only once per result.

bool ean get MoreResul ts();

This method moves to a statement’ s next result. In caseit isaresult set, it returnstrue. It returnsfalseif it isan integer or
there are no more results. This method implicitly closes a current result set obtained with getResultSet().

There are no more results when (!getMoreResults() & & (getUpdateCount() == -1)).
Listing 5-19 best illustrates the mechanism.

Listing 5-19: How to discover the result type.

Connection nyConnection = DriverManager. get Connection(url,
“javauser”, “hotjava’);
Statement nyStatement = nyConnecti on. createStatenent ();
Resul t Set rs;
if (nmyStatenent. execute(sqgl Statenent))
{
/!l we have a Result Set
rs = myStatenment. get ResultSet();
while (rs.next())

{

}
}
el se
{
/!l we have an update count
System out. printl n(nySt at enent . get Updat eCount () ) ;
}
my St at errent . cl ose();
myConnecti on. cl ose();

[l process the rows

The example in Listing 5-20 is adapted to process the results of a statement that returns multiple results — both result
sets and update countsin arbitrary order.

Listing 5-20: How to handle multiple result types.

Connection nyConnection = Driver Manager. get Connection(url,



“javauser”, “hotjava”’);
Statenent nyStatenment = nyConnection. createStatenent();
bool ean resul t Setl sAvai l abl e;
bool ean nor eResul t sAvai | abl e;
int i = 0;
int res=0;
resul t Setl sAvail abl e = nySt at ement . execut e(sql Text);
ResultSet rs = nul|;
for (noreResultsAvail able = true; noreResul tsAvail able; )

{

if (resultSetlsAvail able)

{
if ((rs = nyStatenent.getResultSet()) != null)
{
/1 we have a resultset
Resul t Set Met aData rsnd = rs. get MetabData();
int nunCols = rsnd. get Col utmCount () ;
/'l display colunm headers
for (i = 1; i <= nunCols; i++)
{
if (i > 1) Systemout.print(“, “);
System out. print(
rsnd. get Col umLabel (i));
}
Systemout.printin(“”);
/'l step through the rows
while (rs.next())
{
/'l process the colums
for (i =1; i <= nunCols; i++)
{
if (i >1)
System out. print(*“,
System out. print(
rs.getString(i));
}
Systemout.printin(“”);
}
}
}
el se
{
if ((res = curStm.getUpdateCount()) != -1)
{
/'l we have an updat ecount
Systemout.printin(res + “ row(s) affected.”);
}
/'l else no nore results
el se
{
nmor eResul t sAvai | abl e = fal se;
}
}
i f (noreResul tsAvail abl e)
{
resul t SetlsAvail abl e = nySt at ement . get MoreResul ts();
}

}

if (rs !'=null) rs.close();

‘),



mySt at enent . cl ose();

Canceling unwanted results

It may happen that a statement’ s result is no longer needed for one or another reason. In this case, closing the result set
will usually be sufficient (see the close() method). However, a cancel () method exists and may be called on the
statement object. It may be called from athread to cancel a statement being executed within another thread.

St at emrent :
voi d cancel ();

voi d cancel ();
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This method, shown in Listing 5-21, cancels a statement being executed.

Listing 5-21: Canceling unwanted results.

java. sql . Statenment nyStatenent =
myConnecti on. creat eSt atenment () ;
Result Set rs = nyStatenent. execut eQuery(“SELECT nane, title, salary FROM
enpl oyees”);
int i = 0;
while (rs.next()) {
/'l increment the counter
i ++;
/! print the colums of the row that was retrieved
String enpNane = rs.getString(“nane”);
String enpTitle = rs.getString(“title”);
|l ong enpSal ary = rs.getlLong(“salary”);
System out. println(“Enpl oyee “ + enpNane + is “ + enpTitle + “
and earns $” + enpSal ary);
/1 cancel all results if 100 rows of data were already
Il retrieved
if (i >= 100) nyStatenent.cancel ();

}

Closing the result

Asin the case with statements and connections, result sets must be closed when no longer needed.

Resul t Set :
void cl ose();

void cl ose();

This method closes the result set and releases database and JDBC resources associated with it. When a statement object
is closed, re-executed, or used to retrieve the next result of multiple result sets, its result set is automatically closed.

Type Conversion

Depending on the situation, it may be necessary to perform automatic conversions between SQL types used in a specific
result set column and Java types. For example, it is allowed to use getString() to access an element of SQL type DATE.
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The short examplein Listing 5-22 shows how to force a conversion of SQL type DATE to Java String.

Listing 5-22: Type conversion.

java.sql . Statenment nyStatenent = nyConnection.createStatenent();

Resul t Set rs = nyStatenent. execut eQuery(”SELECT nane, datehired, salary FROM

enpl oyees”) ;

while (rs.next()) {

[l print the values of the row that was retrieved

String enpNarme = rs.getString(“nane”);

String enpDateHired = rs.getString(“datehired”);

|l ong enpSal ary = rs.getlLong(“salary”);

Systemout. println(”“Enployee “ + enpNane + “ was hired on the “ +
enpDateHired + “ and earns $" + enpSal ary);

Table 5-2 shows the supported conversions via the getX X X () methods. Unsupported conversions will usually raise a
SQL Exception when attempted.

Table5-2JAVA TO SQL TYPES CONVERSIONS

TINYINT SMALLINT INTEGER BIGINT REAL FLOAT

getByte() J K K K K K

getShort() K J K K K K

getint() K K J K K K

getLong() K K K J K K

getFloat() K K K K J K

getDoubl&() K K K K K J

getBigDecimal () K K K K K K

getBoolean() K K K K K K

getString() K K K K K K

getBytes()

getDate()

getTime()

getTimestamp()

getAsciiStream()

getUnicodeStream()

getBinaryStream()

getObject() K K K K K K
DOUBLE DECIMAL NUMERIC BIT CHAR VARCHAR

getByte() K K K K K K

getShort() K K K K K K

getint() K K K K K K

getLong() K K K K K K



getFloat()
getDoubl&()
getBigDecimal()
getBoolean()
getString()
getBytes()
getDate()

getTime()
getTimestamp()
getAsciiStream()
getUnicodeStream()
getBinaryStream()
getObject() K K K K K K

A X X« X
A XN &« XX
A X &« XX
A &« XXX
-« X XX X
« X X X X

AN XX XX
A X XAN XX

LONGVARCHAR BINARY VARBINARY LONGVARBINARY
getByte()
getShort()
getint()
getl.ong()
getFloat()
getDoubl &)
getBigDecimal()
getBoolean()
getString()
getBytes() J J K
getDate()
getTime()
getTimestamp()
getAsciiStream()
getUnicodeStream()
getBinaryStream()
getObject() K

A AAXRXRANARXRAXNAXARAXNRA

o o X X X
A X XX
A X XX
A &« X X

DATE TIME TIME STAMP
getByte()
getShort()
getint()
getLong()
getFloat()
getDouble()
getBigDecimal()
getBoolean()
getString() K K K

getBytes()



getDate() J K

getTime() J K
getTimestamp() K J
getAsciiStream()

getUnicodeStream()

getBinaryStream()

getObject() K K K

A J means the corresponding method is recommended. A K means the corresponding get method can be used.
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Note that it may be convenient to convert all SQL types to string when retrieving data to display it in tabular format. The
getString() method accepts any type and will always do the implicit conversion to a Java string. Chapter 6 provides
more information on SQL data types and Javatypes.

Receiving BLOBs

Retrieving pictures, sounds, and movies from a database is an expected JDBC function. It makes sense in the context of
applets delivered via Web pages, but because Java has afair set of multimediafacilities, it makes sense in stand-alone
Java applications as well.

Asfor sending such binary large objects, Java streams are used to retrieve LONGVARBINARY or LONGVARCHAR
data. However, the possibility existsto retrieve the datain fixed-size chunks. The limits are imposed by the Statement.
getMaxFieldSize() value. Another limitation due to underlying implementation constraintsis that each stream must be
accessed immediately after the get method. Indeed, they will be closed on successive get calls on the result set.

Three separate methods support the retrieval of streams:

* getBinaryStream(), which does not perform any conversion
* getAsciiStream(), which returns a stream providing one-byte wide ASCI| characters
« getUnicodeStream(), which returns a stream providing two-byte wide Unicode characters

These methods were listed in the earlier section describing how to scan the row’ s columns of aresult set. Listing 5-23
shows how to retrieve binary large objects from a database. The fields containing aBLOB are emp_pict and
emp_welcome.

Listing 5-23: How to retrieve BLOBs.

java.sql . Statenent nyStatenent = myConnection. createStatenent();
Result Set rs = nyStat ement. execut eQuery(“SELECT nane, enp_pict, enp_wel come FROM
enpl oyees”);
/'l we retrieve in 4K chunks
byte[] buffer = new byte[4096];
int size;
while (rs.next()) {

/'l fetch enpl oyee’ s nane

String enpNane = rs.getString(“nanme”);

/1l fetch enployee’s picture

java.io.lnputStreamstrin =

rs.getBinaryStrean(“enp_pict”);
for (;;)
{

size = strin.read(buffer);
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if (size == 0)

br eak;
}
/'l Send the buffer to some output stream
output.wite(buffer, 0, size);
}
/1l fetch enployee’'s voicemail wel come nessage
java.io.lnputStreamstrin2 =
rs.getBi naryStrean(“enp_wel cone”);
for (;7)
{
size = strin2.read(buffer);
if (size == 0)
{

}

/1 Send the buffer to sonme output stream
output. wite(buffer, 0, size);

br eak;

Adjusting properties

Properties that affect result sets may be set or queried through various methods. Always verify that the settings are as
independent of the data source as possible.

Data truncation on reads. Data truncation may happen when reading data from a database. How it is handled depends
on the circumstances. Normally, data truncation results in awarning. However, if the maximum field sizeisset to a
certain value, and if the application attempts to read afield larger than the limit, the datawill be silently truncated to the
maximum limit. As areminder, the setMaxFieldSize() and getM axFieldSize() were explained in the section on
sending SQL statements. Listing 5-24 shows data truncation on reads.

St at enent :

voi d set MaxFi el dSi ze(int max);
i nt get MaxFi el dSi ze();

Listing 5-24: Datatruncation on reads.

java.sql. Statenent nyStatenment =
nmyConnecti on. createStatenment () ;

Result Set rs = nyStatenment. execut eQuery(“SELECT name, title, salary FROM
enpl oyees”);
nySt at ement . set MaxFi el dSi ze(128) ;
while (rs.next()) {

[/ print the colums of the row that was retrieved

String enpNane = rs.getString(“nane”);

String enpTitle = rs.getString(“title”);

| ong enpSal ary = rs.getLong(“salary”);

System out. println(*Enpl oyee “ + enpNane + “ is * +

enpTitle + “ and earns $” + enpSal ary);



Limiting the number of rows: Under some circumstances, it may not be useful or preferable to retrieve millions of
rows of data. One such circumstance is, for example, if the data destination is the user’s screen. While you should always
build and send queries that make sense to be able to exploit their result, it may happen that the number of returned rows
isunpredictable. In this case, it is possible to set alimit.

St at enent :

voi d set MaxRows(i nt nax);
i nt get MaxRows();

voi d set MaxRows(i nt nax);

This code sets the maximum limit to max. In other words, max is the maximum number of rows that a result set may
contain. If the limit is exceeded, the excess rows will be silently dropped from the result set.

i nt get MaxRows();

This code returns the current value of the limit. A value of zero means no limit at all. Listing 5-25 shows how to limit the
number of rows returned by a query.

Listing 5-25: Limiting the number of rows returned by a query.

java. sqgl . Statenment nyStatenent =
myConnecti on. creat eSt at enent () ;

Result Set rs = nyStatenent. execut eQuery(“SELECT nane, title, salary FROM
enpl oyees”);
/1l we do not want nore than 1000 rows of data retrieved
nmy St at enent . set MaxRows( 1000) ;
while (rs.next()) {

/! print the colums of the row that was retrieved

String enpNane = rs.getString(“nane”);

String enpTitle = rs.getString(“title”);

| ong enpSal ary = rs.getlLong(“salary”);

System out. println(“Enpl oyee “ + enpNanme + “ is “ +

enpTitle + “ and earns $” + enpSal ary);

Examining theresults: The next two methods are useful for examining and navigating through a resulting row of data.

Resul t Set :

bool ean wasNul | ();
int findColum(String col umNane);

bool ean wasNul | ();

In case a column has the value of SQL NULL, this method returnstrue. Note that it should be called after calling the



getX XX () method to access the column.

int findColum(String col umNane);
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This method attempts to find the index of the column name passed in a parameter. It returns the column index as an
integer. Listing 5-26 shows how to examine the columns of aresult set.

Listing 5-26: Examining the columns of aresult set.

java. sql . Statenment nyStatenent =
myConnecti on. creat eSt at enment () ;
Result Set rs = nyStatenent. execut eQuery(“SELECT nane, title, salary FROM
enpl oyees”);
while (rs.next()) {
/! print the colums of the row that was retrieved
String enpNane = rs.getString(“nane”);
if rs.wasNull () Systemout.println(“Qoops, colum “ +
rs.findColum(“name”) + “ is NULL!");
String enpTitle = rs.getString(“title”);
if rs.wasNull () Systemout.println(“Coops, colum “ +
rs.findColum(“title”) + “ is NULL!");
| ong enpSal ary = rs.getlLong(“salary”);
if rs.wasNull () Systemout.println(“Coops, colum “ +
rs.findColum(“salary”) + “ is NULL!");
System out. println(“Enpl oyee “ + enpNane + is “ +
enpTitle + and earns $” + enpSal ary);

SQL cursor

Cursors are often used when programming database applications. They offer a practical way of scanning the result sets
and perform positioned delete and updates.

Resul t Set:
String get CursorNane();

String get CursorNane();

When aresult table isretrieved, anamed cursor is created. This cursor is used when stepping through the result set rows
and may be used to update or delete data pointed to by the cursor. It is called positioned update/positioned delete. JIDBC
supports this feature by giving the name of the SQL cursor used by aresult set. Note that if positioned update/deleteis
not supported by the DBMS, a SQL Exception will be thrown.
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Putting It All Together Again

Figure 5-11 summarizes all the steps we studied in this chapter. They are the essential steps for communicating with a
database, sending queries and updates, and retrieving the results from Java. Listing 5-27 also summarizes this chapter.

Figure 5-11: Overview of al the steps for communicating with a database.

Listing 5-27: Retrieving results.

/] retrieving results

/[l the SQL statenent is taken fromthe standard input
i mport java.sqgl.?*;

i mport java.io.*;

cl ass Si npl eExanpl e

{
public static void main(String argv[])
{
String url = “jdbc: odbc: nysource”;
try
{

Cl ass. for Nane(“sun. j dbc. odbc. JdbcCGdbcDri ver”);

Dri ver Manager . set LogStrean(j ava. | ang. System out) ;

Connecti on nmyConnection =

Dri ver Manager . get Connection(url, “javauser”, “hotjava”);
St atenment nyStatenment = nmyConnection. createStatenent();
bool ean resul t Setl sAvai |l abl e;

bool ean nor eResul t sAvai | abl e;

int i = 0;

int res=0;

String sqgl Text = (new Datal nput Stream Systemin)).readLi ne();
resul tSetlsAvail abl e = nySt at enent . execut e(sql Text);
ResultSet rs = null;

for (noreResultsAvail able = true; noreResul tsAvail able; )

{

if (resultSetlsAvail able)

{
if ((rs = nyStatenment.getResultSet()) !'= null)

{
/1 we have a resultset
Resul t Set Met aData rsnd =
rs.get Met aDat a() ;
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int nunCols = rsnd. get Col umCount () ;
/1 display colum headers
for (i =1, i <= nunCols; i++)

{
if (i > 1) Systemout.print
",
‘)
System out. print(
rsnd. get Col unmLabel (i));
}
Systemout.printin(“”);
/1 step through the rows
while (rs.next())
{
/! process the colums
for (i =1, i <= nunCols; i+
+)
{
if (i > 1)
System out. print(“,
‘)
System out. print(
rs.getString(i));
}
Systemout.println(“”);
}
}
}
el se
{
if ((res = nyStatenent. get UpdateCount()) != -1)
{
/1 we have an updat ecount
Systemout.println(res +
rowms) affected.”);
}
/1 else no nore results
el se
{
nmor eResul t sAvai | abl e = fal se;
}
Hif
(rmor eResul t sAvai | abl e)
{
resul t SetlsAvail abl e =
my St at ement . get Mor eResul ts() ;
}
}
if (rs !'=null) rs.close();

nySt at enent . cl ose();
nyConnect i on. cl ose();

}
catch(java. |l ang. Excepti on ex)
{

ex. printStackTrace();
}

}



Error and Warning Management

JDBC uses the exception mechanism to pass error or warning information to programs. This mechanism signals an
abnormal condition that may be handled to prevent a program termination. The exception mechanism is used when a
recoverable error occurs and it must be caught to correct the situation.
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SQL Exception

When a database access error occurs, a SQL Exception is thrown that provides information on the error. Each
SQLException provides several kinds of information:

A description of the error, used as the Java Exception message

A SQL state string conforms to the XOPEN SQL state conventions
A vendor-specific error code, usually the actual DBMS error code
¢ A chainto anext exception, if any

The following methods may be used within a program on a SQL Exception object.

SQLExcepti on

String get Message();

String getSQState();

int get ErrorCode();

SQLExcepti on get Next Exception();

String get Message();

The message is used as the Java exception message, is available via this method, and is returned as string.
String getSQ.State();

The code getSQL state conforms to the XOPEN SQL state definition.

i nt getErrorCode();

This code returns the vendor specific exception code. Y ou should refer to the documentation for more information.
SQLException get Next Exception();

This method is used to get the SQL Exception chained to this one.

In all our examples, we were able to catch SQL Exceptions without doing anything special once we caught them. The
next example, Listing 5-28, shows how to use exception information. Because exceptions signal an abnormal condition,
you use the provided information to try to continue the program execution.

Listing 5-28: Catching SQLExceptions.
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/1 catching SQLExceptions
i mport java.sqgl.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
String url = “jdbc: odbc: nysource”;
try
{
Cl ass. for Nanme(“sun. j dbc. odbc. JdbcCOdbcDri ver”);
Dri ver Manager . set LogSt r ean(
j ava. |l ang. System out) ;
Connecti on myConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava”’);
Statenment nyStatenent =
myConnect i on. creat eSt at ement () ;
ResultSet rs = nyStatenment. execut eQuery(
“SELECT * FROM enpl oyees”);
/1
mySt at enent . ¢l ose() ;
myConnecti on. cl ose();
}
cat ch( SQLExcepti on ex)
{
/'l there may be multiple error objects
/'l chai ned together
Systemout. println(“\n*** SQLException caught ***\n”);
while (ex !'= null)
{
Systemout.println(“SQState: “ +
ex.getSQLState());
Systemout. println(“Mssage: “ +
ex. get Message());
System out. println(“Vendor Code: “ +
ex. get Error Code());
Systemout.printin(“”);
ex. get Next Exception();
}
}
catch(java. |l ang. Excepti on ex)
{
ex. printStackTrace();
}
}
}
SQLWarning

This class provides information on database access warnings. Such warnings are silently chained to the class instance
whose method caused it to be reported until they are fetched with the following method.

Connection, statement, or result set
SQLWar ni ng get War ni ngs() ;

SQLWar ni ng get War ni ngs() ;



This method returns a SQLWarning object or null if no warning occurred.
The SQLWarning class, that extends SQL Exception, provides:

SQLWar ni ng

String get Message();

String getSQState();

i nt getErrorCode();

SQLWAr ni ng get Next War ni ng() ;

String get Message();

The warning message is available via this method, returned as string.
String get SQLState();

The code getSQL state conforms to the XOPEN SQL state definition.

int getErrorCode();

This code returns the vendor-specific warning code. Refer to the vendor’ s documentation for more information.

SQLException get Next Warni ng() ;

This method is used to get the SQLWar ni ng chained to this one.

The following example, Listing 5-29, shows how to check for warnings. We explicitly call the getWarnings() method
on the Connection, statement, and result set objects. The code for checkWarnings() is a generic method to handle all

warnings that may occur during the program execution.

Listing 5-29: Checking SQLWarnings.

/'l checki ng SQ.War ni ngs
i mport java.sqgl.*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
String url = “jdbc: odbc: nysource”;
try
{

Cl ass. for Name(“sun. j dbc. odbc. JdbcOdbcDri ver”);

Dri ver Manager . set LogSt r ean
java. |l ang. System out);
Connection nyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava”’);
checkWar ni ngs(myConnect i on. get War ni ngs());
Statenment nyStatenent =

myConnecti on. creat eSt at enmrent () ;

checkWar ni ngs(nySt at ement . get Vr ni ngs() ) ;



ResultSet rs = nyStatenment. execut eQuery(
“SELECT * FROM enpl oyees”);
checkWar ni ngs(rs. get Warni ngs());
/1
mySt at ement . ¢l ose() ;
myConnecti on. cl ose();

}
cat ch( SQLExcepti on ex)
{
/1l there nay be nmultiple error objects
/1 chai ned together
Systemout. println(“\n*** SQLException caught ***\n”);
while (ex !'= null)
{
Systemout.println(“SQState: “ +
ex.getSQ.State());
System out. println(“Mssage: “ +
ex. get Message());
System out. println(“Vendor Code: “ +
ex. get Error Code());
Systemout.println(“”);
ex. get Next Exception();
}
}
catch(java. |l ang. Excepti on ex)
{
ex. printStackTrace();
}

}
private static void checkWarni ngs( SQLWAr ni ng war n)

throws SQLException

{
if (warn !'= null)
{
/1l there may be multipl e warnings chai ned
/1 together
Systemout. println(“\n*** SQ.WAr ni ng caught ***\n”);
while (warn !'= null)
{
Systemout.println(“SQState: “ +
war n. get SQLState());
Systemout. println(“Mssage: “ +
war n. get Message() ) ;
Systemout. println(“Vendor Code: “ +
war n. get Er r or Code() ) ;
Systemout.printin(“”);
war n. get Next War ni ng() ;
}
}
}
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Data Truncation

When JDBC unexpectedly truncates data on aread, a data truncation warning is reported. When it occurs on awrite, a
data truncation exception is thrown. In both cases, the SQL state is set to “01004.”

A set of methods is available to discover what happened.

Dat aTruncati on

i nt getDataSi ze();

int getTransferSize();
int getlndex();

bool ean get Paraneter();
bool ean get Read();

i nt getDataSi ze();

This method returns the number of bytes that should have been transferred. It returns -1 if the sizeisunknown. The size
may be an approximation if data conversions occurred.

int getTransferSize();
This method returns the number of bytes actually transferred. A -1 means that the size is unknown.
int getlndex();

This method gets the index of the column or parameter that was truncated. A -1 means that the index is unknown, in
which case the next two methods should be ignored.

bool ean get Paraneter();

Thisreturnstrue if the value truncated was passed through a statement’ s parameter. It returnsfalseif it was returned by a
column.

bool ean get Read();

Thisreturnstrue if the data truncation occurred on a database read. It returns false if the data was truncated on awrite.
Listing 5-30 shows how to catch a data truncation exception.

Listing 5-30: How to catch a data truncation exception.
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try
{
// initiate a connection
/] then execute a statenent
/1
}
catch(Dat aTruncati on ex)
{
Systemout. println(“\n*** DataTruncati onexcepti on caught ***\n”);
int idx = ex.getlndex();
Systemout. print(“lIndex: “ + idx);
if (idx !'=-1)
{
if (ex.getParaneter())
{
/! the truncation happened
/1 in a paraneter
Systemout.print(“ of the set
of paraneters”);
}
el se
{
/! the truncation happened
// on a resultset colum
Systemout.print(“ in the resultset”);
}
}
if (ex.getRead())
{
/1l the truncation happened
// on a read
Systemout.println(“ was truncated on a read”);
}
el se
{
/1l the truncation happened
/]l on a wite
Systemout.println(“ was truncated on a wite”);
}
Systemout.printin(“lt was: “ +
ex. getDat aSi ze() + “ bytes long”);
Systemout. println(“Actual size: “ +
ex. get TransferSi ze() +
bytes transferred”);
Systemout.printin(“”);
}
1. ..
}
Summary

In this chapter, you learned how to:



« Import java.sgl.* to avoid long member names

» BuildaJDBC URL

« Load one or more specific JDBC driver with class.forName()
* If necessary, set the IDBC log stream with set LogSt r ean()
* |If necessary, adjust the connection properties

» Open aconnection with get Connecti on()

* Create a statement object

» Build aSQL statement

» Execute the SQL statement

» Manage multiple result sets

« Fetch rows of datain cases of result set of rows

* Fetch columns of rows by column name or column index

* Fetch integer results

» Check for warnings

» Manage data truncation errors

* Closetheresult set

¢ Close the statement

» Terminate the connection with cl ose()

 Catch exceptions

The next chapter discusses data type conversions, how to use the SQL escape syntax, what a database transaction is,
some theory, and provides exercises on SQL cursors.
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Chapter 6
Fine Tuning JDBC Queries and Updates

In This Chapter

This chapter discusses the essential techniques for fine-tuning database queries and updates from JDBC, including:

Dealing with data type conversion
The SQL escape syntax
 Database transactions

Handling SQL cursors

Driver and DriverManager Internals

It is possible to obtain detailed information from the Driver and the DriverManager through a set of methods. They are
advanced functions, and a programmer usually will not use Driver or DriveManager unless the programmer wants to
discover or set specific JDBC behaviors. Only those functions that are of the most interest to an application developer
are listed below, the others being more useful for JDBC driver developers.

Dri ver Manager :

voi d set Logi nTi neout (i nt seconds);

i nt getLoginTi meout();

voi d setLogStream(java.io.PrintStream out);
java.io.PrintStream getlLogStream));

void println(String | ognessage);

voi d set Logi nTi neout (i nt seconds);

This method sets the maximum time allowed when attempting to log in to a database. All registered JDBC drivers use
the timeout value, expressed in seconds. It may be useful to modify this parameter in the case of the Internet scenario.
An exception occurs whenever the timer expires.

i nt getLogi nTi nmeout ();
The method getL oginTimeout() returns the current timeout val ue.
voi d setlLogStream(java.io. PrintStream out);

The JDBC logging facility was used in previous examples. It alows the tracing of all JDBC activity during program
execution by providing a PrintStream. Once the |og stream has been set, the tracing facility can be disabled by providing
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anull parameter to the same method.

java.io.PrintStream getLogStream);

The method getL ogStream() returns the current JDBC logging PrintStream, or null if logging is disabled.
void println(String | ognessage);

This method is used on the DriverManager object to print a message on the current JDBC log stream. The
DriverManager is very talkative, and this facility may be useful for inserting your own messages in the log stream, as,
for example, before all critical sections of a program to facilitate debugging.

Driver:

bool ean acceptsURL(String url);

int get Maj or Version();

int getM norVersion();

bool ean j dbcConpliant();

DriverPropertylnfo[] getPropertylnfo(String url, java.util.Properties info);

bool ean acceptsURL(String url);

In some cases, it may be of interest to know if a particular driver is able to connect to the given Uniform Resource
Locator (URL). This method will return trueif the driver is able to understand the subprotocol specified in the URL.

i nt get Maj orVersion();

This method returns the driver’s major version number.
i nt getM norVersion();

This method returns the driver’s minor version number.
bool ean j dbcConpliant();

In case the driver fully supports the JIDBC APl and SQL 92 Entry Level, this method returnstrue. It is a good way to
verify that adriver isJDBC compliant.

/1 getting driver info
i mport java.sqgl.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
try
{

Driver myDriver = new jdbc. foobar. MyDriver();
Dri ver Manager . regi sterDriver(nyDriver);
Dri ver Manager . set LogSt r ean(
java. |l ang. System out ) ;
Systemout. println(“Connection to” +
“jdbc: mydriver://javabank. com possible? “ +
myDriver.acceptsURL (“jdbc: nydriver://javabank.conl”));



Systemout. println(“Mjor Version: “ +
myDri ver. get Maj or Versi on());

Systemout.println(“Mnor Version: “ +
myDri ver. get M nor Version());

System out. println(“JDBC COVPLI ANT driver? “
+ myDriver.jdbcCompliant());

}
catch(java. |l ang. Excepti on ex)
{
ex. printStackTrace();
}
}
}
DriverPropertylnfo[] getPropertylnfo(String url, java.util.Properties info);

This method returns an array of DriverPropertylnfo objects describing the driver’s possible properties. It takes the URL
as an argument as well as a proposed list of property name/value pairs that will be sent to open the connection. An empty
array is returned when no properties are required.

The getPropertylnfo() method is used to discover what properties should be provided to make a connection to a
database. It could, for example, be used within a generic graphical user interface (GUI) tool that has no prior knowledge
about the properties it should prompt a user for to get the connection. The DriverPropertylnfo objects should be
analyzed to discover the possible properties, both those that are required and those that are optional. It may be necessary
to iterate through several calls to the getPropertylnfo() method because additional property values may become
necessary, as soon as the values are supplied.

The DriverPropertylnfo class is composed of these members:

Driver Propertyl nfo:

String DriverPropertyl nfo. nane;

String DriverPropertyl nfo.description;
bool ean DriverPropertylnfo.required,
String DriverPropertyl nfo.val ue;
String[] DriverPropertylnfo.choices;

String DriverPropertyl nfo. nane;

Thisis the name of the property.

String DriverPropertylnfo.description;
This gives adescription of the property. It may be null.
bool ean DriverPropertylnfo.required,

Thisresult is set to true if avalue must be supplied to the property during a Driver.connect(). False means that the
property is optional.

String DriverPropertyl nfo.val ue;

Thisfield isthe current value of the property, or null if no value is known.



String[] DriverPropertylnfo.choices;
If the property may be chosen from a set of values, this array contains the possible choices.
SQL Data Type Conversions

The Java data types are not exactly isomorphic to the SQL data types. However, mapping SQL data types into Java
allows usersto store and retrieve data without losing information.
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Mapping Data Types to Java

When types are known at compile time, the following mappings are used. Note that JDBC also provides a mechanism to
fully support dynamically typed data access when result and parameter types are not known at compile time (see the
Dynamic Database Access section).

Character Strings
There are three SQL data typesfor SQL strings:

« CHAR
* VARCHAR
* LONGVARCHAR

In Java, we have String and char[] typesto hold these SQL datatypes. String is used as the default mapping, knowing
that it is possible to convert a String to a char[] and a char[] to a String. Thus, reading and writing data may be
achieved without knowing the exact data type expected.

Space padding is automatically done whenever dealing with fixed length types such as SQL CHAR(n). Spaces are added
to the end of astring to set its length to “n” when a SQL CHAR(n) must be sent to the database. When a SQL CHAR(N)
field isretrieved, additional padding is done to get a string of length “n.”

Note that a LONGVARCHAR may overflow a string when retrieved using ResultSet.getString(). In thiscase, it is
advised to retrieve the LONGVARCHAR field in small chunks using a Javainput stream. This may occur when
retrieving BLOBs (Binary Long Objects) from the database.

Numbers

SQL integer typesalow for 1-(TINYINT), 2-(SMALLINT), 4-(INTEGER), and 8 byte-wide values (BIGINT). They
can, therefore, be mapped to Java types such as Java byte, short, int, and long respectively.

Fixed point numbers may be expressed as SQL DECIMAL and SQL NUMERIC, where absolute precision is preserved.
They can be mapped to java.math.BigDecimal without losing precision. Thistype may be used to perform addition,
subtraction, multiplication, and division. Note that these SQL types may also be accessed as Java strings, althoughit is
difficult to perform math on strings.

Floating point numbers are mapped as follows. SQL REAL, which requires 7 digits of mantissa precision, to Javafloat,
SQL FLOAT, and SQL DOUBLE, which require 15 digits of mantissa precision, to Java double.

Binary Types
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SQL types BINARY, VARBINARY, and LONGVARBINARY may be expressed as byte arraysin Java. Asfor
LONGVARCHAR fields, LONGVARBINARY fields may be retrieved using Java streams for multimegabyte data
values.

The SQL BIT data type may be mapped to the Java boolean type.
Time-Related Types

The SQL DATE, TIME, and TIMESTAMP data types are time-related types. They can be expressed as java.sgl.Date
(yyyy-mm-dd), java.sgl.Time (hh:mm:ss), and java.sgl. Timestamp (yyyy-mm-dd hh:mm:ss.nanosecond), respectively.

Note that java.sgl.Date, java.sgl. Time, and java.sgl. Timestamp are three subclasses of java.util.date. Depending on
which oneisin use, different java.util.date members are affected. These subclasses include:

« java.sgl.Date sets the java.util.date.hour, .minute, .second, and .milliseconds fields to zero
o javasgl.Time sets the java.util.date.year, .month, and .day fields according to 1970, January 1st
« java.sgl.Timestamp has a similar behavior but also sets a nanosecond field

Type Mapping Tables

Table 6-1 shows the standard mapping from SQL data typesto Java types. Although they are common SQL data types,
some databases may not support them.

Table 6-IMAPPING TABLE FROM SQL TYPESTO JAVA TYPES

SQL type Javatype
CHAR String
VARCHAR String
LONGVARCHAR String
NUMERIC java.math.BigDecimal
DECIMAL javamath.BigDecimal
SQL type Javatype
BIT boolean
TINYINT byte
SMALLINT short
INTEGER int

BIGINT long

REAL float

FLOAT double

SQL type Javatype
DOUBLE double
BINARY byte]]
VARBINARY byte]]
LONGVARBINARY bytd[]

DATE java.sgl.Date
TIME java.sgl.Time



TIMESTAMP java.sgl. Timestamp

Table 6-2 shows the default mapping from Java types to SQL datatypes. The mapping from String is normally
VARCHAR. Where the String length exceeds the drivers limit on VARCHAR values, it becomes LONGVARCHAR.

The same occurs with byte[] and VARBINARY and LONGVARBINARY.

Table 6-2MAPPING TABLE FROM JAVA TYPES TO SQL TYPES

Java type SQL type

String VARCHAR or LONGVARCHAR
javamath.BigDecimal NUMERIC

boolean BIT

byte TINYINT

short SMALLINT

int INTEGER

long BIGINT

float REAL

double DOUBLE

byte[] VARBINARY or LONGVARBINARY
javasgl.Date DATE

java.sgl.Time TIME

java.sgl. Timestamp TIMESTAMP

SQL Escape Syntax

To be IDBC-compliant, a database driver must support both SQL-2 entry level and semantics for some parts of the ANS
SQL-2 transitional level. Because the syntax used for this level is often different across DBMSs, JDBC provides an
escape syntax for these semantics. The JDBC drivers convert the escape syntax into a DBM S-specific syntax, alowing
portability of programs that require these features.

Escape Syntax

The escape syntax is the same as the escape syntax of Open Database Connectivity (ODBC). The escape syntax may not
be the same as the ANSI syntax. Itsformis:

{keyword par anet er s}
For Stored Procedures

The following escape syntax is adopted to call stored procedures. The “?=" may be dropped when the stored procedure
does not return aresult. The procedure parameters may be IN and/or OUT parameters or simple literals.

{[?=] call stored _procedure nane [paraml[, paran2 ...]]}



For example, a stored procedure that returns a val ue and takes two parameters would be called as shown here:

{?= call proc_purge_enpl oyees enpl oyees, enp_nessages}
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For Time/Date

JDBC supports | SO standard formats for date, time, and timestamp. They must be escaped as shown here to be
interpreted as expected:

{d "yyyy-mmdd’ } to specify a date

{t *hh:mmss’} to specify atine literal

{ts ‘yyyy-mmdd hh:mmss.f...’} or {ts ‘yyyy-mmdd hh: mm ss’} to specify a
ti mestanp

{fn function(args, ...)} for scalar functions

Scalar functions and their arguments must be escaped and preceded by the “fn” keyword. In JDBC, the following scalar
functions, if supported by the driver, are trandated into the DBMS' s specific syntax for these functions:

System Functi ons

{fn database()}
{fn user()}

Nunmeri ¢ Functi ons

{fn abs(nunber)}

{fn acos(float)}

{fn asin(float)}

{fn atan(float)}

{fn atan2(fl oatl, float2)}
{fn ceiling(nunber)}

{fn cos(float)}

{fn cot(float)}

{fn degrees(nunber)}

{fn exp(float)}

{fn floor(nunber)}

{fn log(float)}

{fn 10oglO(float)}

{fn nod(intl, int2)}

{fn pi()}

{fn power (nunber, power)}
{fn radi ans(nunber)}

{fn rand(int)}

{fn round(nunber, places)}
{fn sign(nunber)}

{fn sin(float)}

{fn sqrt(float)}

{fn tan(float)}

{fn trauncate(nunber, places)}


http://www.digitalguru.com/dgstore/product.asp?isbn=0764531441&ac%5Fid=28
http://www.digitalguru.com/dgstore/product.asp?isbn=0764531441&ac%5Fid=28

String Functions

{fn ascii(string)}

{fn char(code)}

{fn concat(strl, str2)}

{fn difference(strl, str2)}

{fn insert(strl, start, len, str2)}
{fn lcase(string)}

{fn left(string, count)}

{fn length(string)}

{fn locate(strl, str2, start)}

{fn ltrimstring)}

{fn repeat(string, count)}

{fn replace(strl, str2, str3)}

{fn right(string, count)}

{fn rtrimstring)}

{fn soundex(string)}

{fn space(count)}

{fn substring(string, start, len)}
{fn ucase(string)}

Dat e and Ti ne Functi ons

{fn curdate()}

{fn curtine()}

{fn daynane(date)}

{fn dayof nont h(date)}

{fn dayofweek(date)}

{fn dayofyear(date)}

{fn hour(tine)}

{fn mnute(tine)}

{fn nonth(date)}

{fn nont hnane(date)}

{fn now()}

{fn quarter(date)}

{fn second(tine)}

{fn tinmestanpadd(interval, count, tinestanp)}
{fn tinmestanpdiff(interval, tstpl, tstp2)}
{fn week(date)}

{fn year(date)}

O her Functi ons

{fn ifnull (expr, value)}
{fn convert(val ue, type)} type may be any SQL dat atype

For Characters That Have a Special M eaning

Special characters used for character matching, such as“%” and “_" in LIKE clauses, must be escaped with an escape
character to be interpreted literally. This escape character must be declared as:

{escape ‘escapechar’}

This declaration must be included at the end of any SQL text where these characters have to be interpreted literally. In
the example that follows, the qualification clause matches any value of field_n that begins with an underscore character:



SELECT * FROM table WHERE field n LIKE ‘\_% {escape ‘\'}

For Outer Joins

Grammar for outer joins is database-dependent. The JDBC escape syntax for outer joinsis:
{oj outerjoin}

where outerjoin respects:

tabl e LEFT QUTER JO N {table | outerjoin} ON searchcondition

For example, the next query may be used to list all employees and their pending messages (0 or more). Even employees
who do not have message entries will be returned by the query:

SELECT enpl oyees. nane, enp_nessages. nessage
FROM {oj empl oyees LEFT QUTER JO N enp_nessages
ON enpl oyees. enp_id = enp_nessages. enp_i d}

This SQL string would translate to this (using a Sybase System 11):

SELECT enpl oyees. nanme, enp_nessages. message
FROM enpl oyees, enp_nessages
WHERE enpl oyees. enp_id *= enp_nessages. enp_id

Other DBM Ss would trandlate the code into their specific dialect. Remember that the Connection.nativeSQL (String
anySqgl String) may be used to discover the translation of all escaped syntaxes for your own DBMS.

Transaction Management

JDBC supports database transaction management. Transactions provide a way to group SQL statements so they are
treated as awhole — either all statements in the group are executed or no statements are executed. All statements within
atransaction are treated as awork unit. Transactions are thus useful to guarantee, among other things, data consistency.

Completing atransaction is called committing the transaction, while aborting it is called rolling back the transaction. A
rollback undoes the whole transaction. A transaction’s boundaries are the beginning of its block and the commit or
rollback. Once a commit has been issued, the transaction cannot be rolled back. Note that some DBM Ss support nested
transactions as well as intermediate markers within a transaction to indicate a point to which it can be rolled back.

Transaction Modes

Two transaction modes are usually supported by commercial DBM Ss: the unchained mode and the ANSI-compatible
chained mode. Check your DBMS' s documentation to determine which is the default.

» The unchained mode requires explicit statements to identify the beginning of atransaction block and its end,
which will always be a commit or rollback statement. The transaction block may be composed of any SQL
Statements.

» The chained mode does not require explicit statements to delimit the transaction statements because it
implicitly begins a transaction before any SQL statement that retrieves or modifies data. The transaction must
still be explicitly ended with a transaction commit or rollback.



Be aware that stored procedures that use the unchained transaction mode may be incompatible with other chained mode
transactions.
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Transaction Isolation Levels

ANSI defines three standard levels of transaction isolation. Transaction isolation makes sense when concurrent
transactions execute simultaneously. The ANSI specification defines restrictions on the kinds of action permitted in
concurrent transactions so as to prevent dirty reads, nonrepeatable reads, and phantoms.

» Level 1: Nodirty reads. Dirty reads occur when a transaction updates a row, then a second transaction reads
that row before the first transaction commits. If the first transaction rolls back the change, the information read
by the second transaction becomesinvalid.

» Level 2: No nonrepeatabl e reads. Nonrepeatabl e reads occur when a transaction reads arow and then another
transaction updates the same row. If the second transaction commits, subsequent reads by the first transaction
get different values than the original read.

 Level 3: No phantoms. Phantoms occur when a transaction reads a set of rows that satisfy a search condition
and then another transaction updates, inserts, or deletes one or more rows that satisfy the first transaction’s
search condition. In this case, if the first transaction performs subsequent reads with the same search condition,
it reads a different set of rows.

The higher levelsinclude restrictions imposed by al the lower levels. In practice, compatibility with all the transaction
isolation levelsis achieved using locking techniques. Check your database documentation for information on these
techniques and see how they can affect performances in a multiuser environment. As ageneral rule, the higher the
transaction isolation level, the longer locks are held.

Managing Transactions with JDBC

JDBC always opens connections in autocommit mode. This opening mode means that each statement is executed as a
separate transaction without needing to supply commit or rollback commands. In this default mode, it is not possible to
perform rollbacks.

JDBC provides methods to turn off autocommit mode, to set the transaction isolation level, and to commit or rollback
transactions. JDBC transactions begin as soon as the autocommit mode is disabled. In this case, an implicit transaction is
associated with the connection, and it is completed or aborted with commit and rollback methods. The commit or
rollback starts a new implicit transaction. The commit and rollback make JDBC close al PreparedStatements,
CallableStatements, and ResultSets opened during the transaction. Simple statement objects stay open. This is the default
behavior and it may be disabled.

The JDBC methods to manage transactions are these:

Connecti on

voi d set Transactionlsolation(int isolationlevel);
i nt getTransactionlsol ation();

voi d set Aut oCommi t (bool ean aut ocommi t);

bool ean get Aut oConmi t () ;

void conmit();
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voi d roll back();
voi d set Aut oCl ose(bool ean aut od ose);
bool ean get Aut oCl ose();

voi d set Transactionlsol ation(int isolationlevel);
This method sets the transaction isolation level. The possible JDBC transaction isolation levels are the following:

TRANSACTION_READ_UNCOMMITTED:
Dirty reads are allowed.
TRANSACTION_READ_COMMITTED:
Reads on arow are blocked until the transaction is committed.
TRANSACTION_REPEATABLE_READ:
Repeated reads on arow will return the originally read data, regardless of any updates by other users prior to
commitment of the transaction.
TRANSACTION_SERIALIZABLE:
All reads are disallowed until the transaction is committed.
TRANSACTION_NONE:
Transactions are not supported. This method cannot be called while in the middle of atransaction.
int getTransactionl solation();
It returns the current transaction isolation levels. A value of zero means that transactions are not supported.
void setAutoCommit(boolean autocommit);
The method setAutoCommit(false) implicitly begins a new transaction. Either commit() or rollback() must be
used to terminate the transaction.
boolean getAutoCommit();
This method returns the current autocommit state. False means that user transactions are in use.
void commit();
This method compl etes the transaction. All changes made since the previous transaction termination
(committed or rolled back) are made permanent and all transaction locks are released.
void rollback();
All changes made since the previous transaction termination (committed or rolled back) are dropped. This
method undoes the current transaction statements and all transaction locks are released.
void setAutoClose(boolean autoClose);
When the connection isin autoclose mode, all its PreparedStatements, Callable Statement, and ResultSets are
closed when the transaction is committed or rolled back. Thisisthe default behavior, but it can be disabled by
passing false as parameter. Some databases allow these objects to remain open across commits, whereas other
databases close them.
boolean getAutoClose();
This method returns the current autoclose state for this connection.

Example

/] transactions
i mport java.sqgl.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
String url = “jdbc: odbc: nysource”;
try
{

Cl ass. for Nane(“sun. j dbc. odbc. JdbcOdbcDri ver”);
Connecti on nmyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava”’);
Statenent firstStnt =



myConnecti on. creat eSt at enmrent () ;
St at enent secondStnt =

myConnecti on. creat eSt at enmrent () ;
nmyConnecti on. set Transacti onl sol ati on(

Connect i on. TRANSACTI ON_SERI ALI ZABLE) ;
myConnecti on. set Aut oCommi t (f al se);
firstStnt.executeUpdat e(

“DELETE enp_nessages WHERE id IN

(SELECT id FROM enpl oyees WHERE nane
firstStnt.cl ose();
secondSt nt . execut eUpdat e(

“DELETE enpl oyees WHERE nanme = ‘Jones’”);
secondStnt . cl ose();

myConnection. commt();

nmyConnecti on. set Transacti onl sol ati on(

Connect i on. TRANSACTI ON_NONE) ;
myConnecti on. cl ose();

ava. | ang. Excepti on ex)

ex. printStackTrace();
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Cursors

Cursors are used to access a set of rows returned by a SQL SELECT statement. They are associated with query
statements and have a symbolic name that may be used to access individual rows of data. Associated with cursors are
cursor result sets and cursor positions. Note that some DBM Ss do not support cursors.

Thus, a cursor:

Is associated with a SELECT statement

* Hasaname

* Hasaposition

May affect ResultSets by positioned update/del ete statements using the cursor name

Figure 6-1 illustrates the cursor mechanism.

=

Figure 6-1: Cursor components.

Operation Theory

JDBC supports simple cursors that can be used in positioned update or positioned del ete statements. They remain valid
until the ResultSets or their parent Statements are closed.

St at enment

voi d Result Set. set Cursor Nanme(String nane);

String ResultSet. getCursorNane();

bool ean Dat abaseMet aDat a. support sPosi ti onedDel ete();
bool ean Dat abaseMet aDat a. support sPosi ti onedUpdat e() ;

voi d Result Set. set Cursor Nanme(String nane);

This method is used to give a statement a specific cursor name. Cursor names should be unique. A cursor nameis
automatically provided by default, which is often sufficient.

String Result Set.get CursorNane();

This method returns the current ResultSet’ s cursor name. This cursor name may be used later for positioned updates and
positioned deletes.
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bool ean Dat abaseMet aDat a. support sPosi ti onedDel et e();

This DatabaseM etaData method returns true when the database supports positioned deletes.

bool ean Dat abaseMet aDat a. support sPosi ti onedUpdat e() ;

This method returns true when the database supports positioned updates.

Practical Examples

The following examples are somewhat simplified. They illustrate the cursor mechanism for positioned updates and
positioned deletes. In areal-world application, the SELECT statement would have a WHERE clause to limit the cursor
scope. The condition that istested before doing the positioned delete or positioned update is usually more elaborate.

/! cursors: positioned delete
i mport java.sql.*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
String url = “jdbc: odbc: mysource”;
try
{

Cl ass. for Name(“sun. j dbc. odbc. JdbcOdbcDri ver™);
Connecti on nyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava’);
Statenment firstStnt =
nmyConnecti on. createStatenment () ;
St at enent secondStnt =
nmyConnecti on. createStatenment () ;
ResultSet rs = firstStnt.executeQuery(
“SELECT * FROM enpl oyees FOR UPDATE") ;
String csr = rs.getCursorNane();
int tenp;
/'l we scan the resultset, row by row
while (rs.next())
{
tenp = rs.getInt(“salary”);
/] activate positioned delete
if (tenmp >= 100000)

{
secondSt nt . execut eUpdat e(
“DELETE enpl oyees WHERE CURRENT OF “ + csr);

}
}
rs.close();
firstStnt.cl ose();

secondStnt . cl ose();
myConnecti on. cl ose();

catch(j ava. |l ang. Excepti on ex)

ex. print StackTrace();



The same remarks are valid for the positioned update example shown here:

[/l cursors:

posi ti oned update
i nport java.sql.?*;
cl ass Si npl eExanpl e

public static void main(String args[])

{

{

}
}
Summary

String url = “jdbc: odbc: nysource”;

try

{

Cl ass. for Nane(“sun. j dbc. odbc. JdbcOdbcDri ver”);

}

Connection nyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava’);
Statement firstStm =
myConnection. createSt atenent () ;
St at ement secondStnt =
myConnection. createStatenent () ;
ResultSet rs = firstStnt. execut eQuery(
“SELECT * FROM enpl oyees FOR UPDATE") ;
String csr = rs.get Cursor Nanme();
int tenp;
/[l we scan the resultset, row by row
while (rs.next())
{
tenp = rs.getlnt(“salary”);
/] activate positioned update
if (tenp >= 100000)
{
secondSt nt . execut eUpdat e(
“UPDATE enpl oyees SET sal ary=salary*1.1
VWHERE CURRENT OF “

}
}

rs.close();
firstStnt.close();
secondStnt . cl ose();
myConnect i on. cl ose();

catch(j ava. | ang. Excepti on ex)

{
}

ex. printStackTrace();

+ csr);

This chapter discussed some essential techniques for fine-tuning database queries and updates from JDBC:

 Dealing with data type conversion
» The SQL escape syntax



» Database transactions
« Handling SQL cursors

The next chapter discusses more advanced techniques such as callable statements, dynamic SQL, and the metadata
interfaces of JDBC.
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Chapter 7:
Advanced Techniques

In This Chapter

This chapter introduces and shows how to deal with advanced techniques of Structured Query Language (SQL) and Java
Database Connectivity (JDBC) that add a professional touch to applications:

Handling stored procedures from JDBC
» Dynamic SQL

Fetching database metadata

Dynamic data access

This chapter discusses advanced techniques supported by JDBC. These techniques may prove to be very powerful
when devel oping professional applications or applets. Some database management system (DBMS) and JDBC drivers
may not support all these techniques.

Callable Statements

Cdllable statements are SQL statements that invoke stored procedures, which are also called database Remote Procedure
Cdls (RPCs). The RPC is popular in the Unix system programming world. It is used here in the sense of invoking
remote code that is stored in the database — stored procedures. Such procedures, when supported by the DBMS, allow
storing of user statements containing SQL text in the database. These procedures are usually stored for reuse from user
session to user session. They are useful for embedding application logic at the database side. Figure 7-1 illustrates the
invocation mechanism for stored procedures.

Figure 7-1: Invoking a stored procedure.

Statements that invoke stored procedures should use the JDBC CallableStatement class. A dedicated method must be
called to prepare the callable statement. The usual methods are then used to execute the statement.

Connecti on

Cal | abl eSt at emrent prepareCall (String sql);

where the argument is of the form:
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“{? =call stored_procedure nanme ?, ?, ....}"

Cal | abl eSt atenrent prepareCall (String sql);

This method prepares a callable statement. It returns a CallableStatement object. Why something more elaborate than a
simple Statement object is needed is discussed later.

Stored procedures may return multiple result types because they may be composed of SQL statements that return diverse
result types: result sets and update counts. The usual methods are used to retrieve these results. However, when a
procedure returns both multiple results and OUT parameter values, the OUT parameters should be retrieved last. Stored
procedures may be called with parameters. They provide maximum flexibility by allowing values to be passed from and
to the user’ s application. There are two types of such parameters. IN and OUT. IN parameters pass data to the stored
procedure, and OUT parameters are values returned by the procedure code. Special JIDBC methods exist to set and
access these parameters. As Figure 7-2 shows, setting IN values and registering OUT parameters must be done before
the callable statement is executed. Figure 7-2 illustrates how to handle the parameters of callable statements.
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[ St P e G L i

[ Enpr wte vismeak

[ ol o peerprmniie -

Figure 7-2: Overview of dealing with parameters.

Once the statement has been executed, al its OUT parameters may be explored, one by one, in left-to-right order. Note
that Figure 7-2 illustrates the processing that must be done for a stored procedure that does not return ResultSets. If it
returns a ResultSet, we would simply add aloop to fetch the result set befor e accessing the OUT parameters.

Setting Parameters

IN and OUT parameters must be set or registered prior to executing a callable statement.
IN Parameters

IN parameters receive avalue from the user’ s application. They are set via setX X X () methods that take two arguments:
the parameter index, beginning at 1, and the value to set. The following methods are used to set values corresponding to
their parameter’ s specific type.

Cal | abl eSt at enent

void setNull (int parameterlndex, int sql Type);
voi d set Bool ean(i nt paraneterlndex, bool ean x);
voi d setByte(int paraneterlndex, byte x);

voi d set Short (i nt paraneterlndex, short x);
void setInt(int paraneterlndex, int Xx);
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voi d setLong(int paraneterlndex, |long Xx);

voi d setFloat(int parameterlndex, float x);

voi d set Doubl e(int paraneterl|ndex, double Xx);

voi d set BigDecimal (i nt paraneterlndex, java.nath. Bi gDeci mal x);

void setString(int paraneterlndex, String x);

voi d setBytes(int paraneterlndex, byte x[]);

voi d setDate(int paraneterlndex, java.sql.Date Xx);

void setTinme(int paraneterlndex, java.sql.Tinme X);

voi d set Ti mestanp(int paraneterlndex, java.sql.Tinestanp x);

voi d set Ascii Strean(int paraneterlndex, java.io.lnputStreamx, int |ength);
voi d set Uni codeStrean(int paraneterlndex, java.io.lnputStreamx, int |length);
voi d setBinaryStream(int paraneterlndex, java.io.lnputStreamx, int |ength);
voi d set Obj ect (i nt paraneterlndex, Qbject Xx);

voi d set Obj ect (int paraneterlndex, Object x, int targetSql Type);

voi d set Qbj ect (int paraneterlndex, Object x, int targetSqgl Type, int scale);
voi d cl ear Paraneters();

void setbject(...);

The setObj ect() methods belong to advanced JDBC features. They allow given Java objects to be stored in the
database. However, they are converted to the database target SQL data type before they are actually sent to the database.
Note that it is possible to pass database specific abstract data types by using a driver specific Javatype and using a
targetSql Type of java.sgl.types.OTHER with the setObject(int parameterlndex, Object x, int targetSgl Type) and
the setObject(int parameterindex, Object X, int targetSql Type, int scale) methods.

voi d cl earParaneters();

Normally, parameter values remain unaffected for repeated use of a statement. When invoked, this method immediately
releases the resources used by the current parameters, and their values are cleared.

OUT Parameters

OUT parameters must be registered prior to executing the callable statement. This registration is the way to specify their
type. The following methods are available to register OUT parameters:

Cal | abl eSt at enent

voi d regi sterQut Paraneter (int parameterlndex, int sql Type);
voi d regi sterQut Paraneter(int parameterlndex, int sqgl Type, int scale);

voi d regi sterQut Paraneter(int parameterlndex, int sql Type);
The first argument is the parameter index, beginning at 1. The type argument must be defined in java.sgl. Types.
voi d regi sterQut Paraneter(int paraneterlndex, int sql Type, int scale);

This method is used to register OUT parameters of type SQL numeric or decimal. The scale argument represents the
desired number of digitsto the right of the decimal point.
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Accessing Parameters

It is necessary to access parametersin left-to-right order and with the method that matches their type. These methods are
provided for this purpose:

Cal | abl eSt at enent

bool ean wasNul | ();

String getString(int paraneterlndex);

bool ean get Bool ean(i nt paraneterl ndex);

byt e getByte(int paraneterlndex);

short get Short (int paramneterlndex);

int getlnt(int paraneterlndex);

| ong getLong(int paraneterlndex);

fl oat getFloat (int paraneterlndex);

doubl e get Doubl e(i nt paranet erl ndex) ;

j ava. mat h. Bi gDeci nal get Bi gDeci mal (i nt paraneterlndex, int scale);
byte[] getBytes(int paraneterlndex);

java.sql . Date getDate(int paraneterlndex);
java.sql . Time getTine(int paraneterlndex);
java. sql . Ti mest anp get Ti mestanp(i nt paraneterl ndex);
bj ect get Obj ect (i nt paraneterl ndex);

bool ean wasNul | ();

When an OUT parameter has a null value, this method returns true. Note that you must call the corresponding getX XX
() method before calling wasNull ().

Example

Listing 7-1 illustrates how to prepare a callable statement, how to set IN parameters, how to register OUT parameters,
how to execute the statement, and how to access the OUT parameters. In this example, the first parameter isan IN
parameter used to pass a value to the stored procedure. The second oneisan OUT parameter used to retrieve avalue
after the execution of the stored procedure.

Listing 7-1: Dealing with stored procedure parameters.

Connection nyConnection = Driver Manager. get Connection(url,
“javauser”, “hotjava’);
Cal | abl eSt at ement nmyStnt = myConnecti on. prepareCal | (
“{call ny_stored_procedure ?, ?}");
nmyStnt.setString(l, “Hotjava’);
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nmyStnt.regi sterQut Paraneter (2, java.sgl.Types. VARCHAR) ;
int res = nyStm. execut eUpdate();

String outParam = nyStm.getString(2);

nmyStnt. cl ose();

myConnecti on. cl ose();

Dynamic SQL

A prepared statement isa SQL statement that is sent to the database prior to its execution. Unlike stored procedures,
prepared statements will not remain in the database after the resources associated with it are freed. They may be called a
number of times with different parameter values. Figures 7-3 and 7-4 illustrate some differences between the execution
of simple SQL statements and the execution of prepared statements.

e L

[F=-1
£

Figure 7-3: Sending a static statement.

=

e

Figure 7-4: Sending parameters to a prepared statement.

In Figure 7-3, the SQL text is sent to the database along with specific values and literals. This exampleillustrates an
INSERT.

When executing a prepared statement (Figure 7-4), the SQL statement is already at the database side. Only parameter
values are passed.

As Figure 7-5 shows, five steps must be followed to use prepared statements with JDBC:

Prepare the SQL statement

Set IN parameters

Execute the statement

Get the results, if any

If necessary, set new IN parameter values and reexecute the statement

grwbdpE
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Figure 7-5: Overview of prepared statements.

Thelast step is optional, but in many cases prepared statements are used for this facility.

Conn

ection

Pr epar edSt at enent prepareStatenent (String sql);

Pr epar edSt at enent prepareStatenent (String sql);

This method is used to get a PreparedStatement object for later execution. Parameters are symbolized by “?’ characters.

Passing IN Parameters

Asfor callable statements, prepared statement IN parameters must be set one by one. These methods are available for
this purpose:

Prep

voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d
voi d

ar edSt at ement

setNul | (i nt paraneterlndex, int sql Type);

set Bool ean(i nt paraneterlndex, bool ean x);

setByte(int paraneterlndex, byte X);

set Short (i nt paraneterlndex, short x);

setint(int paraneterlndex, int Xx);

setLong(i nt paraneterlndex, |long X);

set Fl oat (i nt paraneterlndex, float x);

set Doubl e(i nt paraneterlndex, double x);

set Bi gDeci mal (i nt paraneterlndex, java.math. Bi gDecimal x);
setString(int paraneterlndex, String x);

set Bytes(int paraneterlndex, byte x[]);

set Date(int paraneterlndex, java.sql.Date x);

set Ti me(i nt paraneterlndex, java.sql.Tine x);

set Ti mest anp(i nt parameterlndex, java.sql.Tinmestanmp X);

set Ascii Strean(int paraneterlndex, java.io.lnputStreamx, int |ength);
set Uni codeStrean(i nt paraneterlndex, java.io.lnputStreamx, int |length);
setBi naryStrean(int paraneterlndex, java.io.lnputStreamx, int |ength);
set Qbj ect (i nt paraneterlndex, Cbject x);

set Qbj ect (i nt paraneterlndex, Cbject x, int targetSql Type);

set Gbj ect (i nt paraneterlndex, Cbject x, int targetSqgl Type, int scale);
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voi d cl earParaneters();
Note that the setObject() and clearParameters() methods have the same meaning as for callable statements.
Executing the Query and Retrieving Results

Once all IN parameters are set, the execution of a prepared statement is performed as for normal statements. A prepared
statement may return a count value as well as a ResultSet. Listing 7-2 shows all these steps put together.

Listing 7-2: Dealing with prepared statement parameters.

Connection nyConnection = DriverManager. get Connection(url,

“javauser”, “hotjava”);

Prepar edSt at enent nmyStnt = nmyConnecti on. pr epar eSt at enent (
“UPDATE enpl oyees SET salary = ? WHERE departnment = ?7);

nmyStnt.setint(1, 100000);

nmyStnt.setString(2, “Systens and Networking”);

int res = nyStm. execut eUpdat e();

nmyStnt.setint(1l, 200000);

nyStnt.setString(2, “Engineering”);

res = nyStnt.executeUpdate();

nmyStnt.setint(1, 300000);

nmyStnt.setString(2, “Mnagenent”);

res = nyStnt.executeUpdate();

nmyStnt. cl ose();

myConnecti on. cl ose();

Dealing with BLOBs

There was no way to send Binary Large Objects (BLOBS) to a database using normal SQL statements. Thisfeatureis
simply not supported within normal SQL statements. Because prepared statements support the setAscii Stream(),
setUnicode-Stream(), and setBinaryStream() methods of setting IN parameters, it is possible to send multikilobyte
and multimegabyte values to the database.
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Sending BLOBs

Very large binary datawill be sent using input/output (1/0) streams and setBinaryStream(). It is unnecessary to send
the datain small chunks asisrequired for receiving BLOBSs because the JDBC driver will make repeated calls on the I/O
stream to read its content and send it to the database as the actual parameter data. Listing 7-3 illustrates an insertion of
BLOBs using input streams.

Listing 7-3: Sending very large parameters to the database.

Connection nyConnection = DriverManager. get Connection(url,
“javauser”, “hotjava’);
java.io.File pictFile = new java.io.File(“jones.jpeg”);
java.io.File audioFile = new java.io.File("“jones.au”);
int pictFileLen = (int) pictFile.length();
int audi oFileLen = (int) audioFile.length();
java.io.lnputStreamfPict =
new java.io. Fil el nput Strean(pictFile);
java.io. |l nputStream fAudio =
new java.io. Fi |l el nput St rean{audi oFi |l e);
Prepar edSt at enent nmyStnt = nmyConnecti on. pr epar eSt at enent (
“UPDATE enpl oyees SET enp_pict = ?, enp_wel cone = ?
WHERE id = ?27);
nmyStnt.setBinaryStrean(l, fPict, pictFilelLen);
nmyStnt.setBi naryStrean(2, fAudio, audioFilelLen);
nyStnt.setlnt(3, 1);
int res = nyStn.executeUpdate();
nmyStnt. cl ose();
myConnecti on. cl ose();

Metadata Interfaces

Metadata interfaces are useful to query a database or a ResultSet for meta information. A programmer normally will not
use the DatabaseM etaData interface; however, it provides many interesting methods for discovering database behaviors,
default values, supported functions, and so forth. The ResultSetM etaData interface will probably be used more often,
because it provides information on ResultSets that are, indeed, results of user queries.

Information on Database Objects

The scope of database metadatais very broad. One of its most interesting uses is to obtain information on the database
objects themselves.
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Connecti on
Dat abaseMet aDat a get Met aDat a() ;

Dat abaseMet aDat a get Met aDat a() ;

A database can provide information on its objects, such as tables, stored procedures, SQL grammar, and various
properties. All thisinformation is obtainable through methods that apply to a DatabaseM etaData object. The code
getMetaData() returns such an object.

The DatabaseMetaData Interface

The DatabaseM etaData interface provides a number of methods to access database metadata. The methods fit into
different categories, such as minor information on the database itself, information on what kind of featuresit supports,
on itslimitations, and on al database objects it contains. Most of them return string, boolean, or integer values, but a
number of them return ResultSets. How to deal with ResultSetsis discussed later.

Miscellaneous Database Information

The DatabaseMetaData interface is arich interface. It provides many methods useful to discover the specifics of the
database.

Dat abaseMet aDat a

bool ean al | Procedur esAreCal | abl e();

bool ean al | Tabl eAreSel ect abl e() ;

String get URL();

String getUser Nanme();

bool ean i sReadOnl y();

bool ean nul | sAreSortedH gh();

bool ean nul | sAreSortedLow);

bool ean nul | sAreSortedAt Start();

bool ean nul | sAreSort edAt End() ;

String get Dat abasePr oduct Nane() ;

String get Dat abasePr oduct Ver si on() ;

String getDriverNanme();

String getDriverVersion();

int getDriverMjorVersion();

int getDriverM norVersion();

bool ean usesLocal Fil es();

bool ean usesLocal Fi | ePer Tabl e() ;

bool ean supportsM xedCasel dentifiers();

bool ean st oresUpper Casel dentifiers();

bool ean storesLower Casel dentifiers();

bool ean storesM xedCasel dentifiers();

bool ean supportsM xedCaseQuot edl dentifiers();
bool ean st oresUpper CaseQuot edl dentifiers();
bool ean st oresLower CaseQuot edl dentifiers();
bool ean st oresM xedCaseQuot edl dentifiers();
String getldentifierQuoteString();

String get SQLKeywords();

String getNuneri cFunctions();

String getStringFunctions();

String get Systenfunctions();



String get Ti neDat eFuncti ons();
String getSearchStringExcape();
String get Ext raNanmeCharacters();

Listing 7-4 illustrates how to get various kinds of information using some of the DatabaseM etaData object methods.
Listing 7-4: DatabaseM etaData

/' dat abasenet adat a
i mport java.sql.*;
cl ass Si npl eExanpl e
{
public static void main(String args[])
{
String url = “jdbc:odbc: nysource”;
try
{
Cl ass. for Name(“sun. j dbc. odbc. JdbcOdbcDri ver™);

Connection nyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava’);
Dat abaseMet aData ntdt =
nmyConnecti on. get Met aDat a() ;

Systemout.printIn(“URL in use: “ +

nt dt. get URL());
Systemout. println(“User nanme: “ +

nt dt . get User Nane()) ;
System out. println(“DBMS nane: “ +

nt dt . get Dat abasePr oduct Nane() ) ;
Systemout. println(“DBMS version: “ +

nt dt . get Dat abasePr oduct Ver si on());
Systemout.println(“Driver name: “ +

nt dt. getDriverNanme());
Systemout.println(“Driver version: “ +

ntdt.getDriverVersion());
Systemout. println(“supp. SQ Keywords: “ +

nt dt . get SQLKeywor ds() ) ;
myConnecti on. cl ose();

}

catch(j ava. |l ang. Excepti on ex)

{
}

ex. print StackTrace();

}
}

The exampl€ s output may be similar to the following code, which is particular to Sybase System 11.

URL in use: jdbc:odbc: mysource

User nane: javauser

DBMS nanme: SQ. Server

DBMS version: SQ. Server/11.0/ P/ Sun_svr4/0S 5.4/ 1/ OPT/ Thu Dec 7 23:58:01 PST 1995
Driver nane: JDBC- ODBC Bridge (SYSYB95. DLL)

Driver version: 1.0101 (02.12.0000)

supp. SQ. Keywords: arith_overfl ow, break, browse, bul k, char_convert, checkpoi nt,

cl ust ered, conmi t, conput e, confirm control row, dat a_pgs, dat abase, dbcc, di sk, dunmy,



dunmp, endtran, errlvl,errorexit,exit,fillfactor, holdl ock,identity insert,if,kill,
lineno,load, mrror,nirrorexit, nohol dl ock, noncl ust ered, nuneri c_truncation, of f sets,
once, over, perm per manent, pl an, print, proc, processexit,raiserror, read, readt ext,
reconfigure, repl ace, reserved_pgs, return,rol e, rowcnt, rowcount, rul e, save, set user,
shar ed, shut down, sone, statistics,stripe,syb identity, syb restree,syb terninate,
tenp,textsize,tran,trigger,truncate,tsequal,used pgs, user_option,waitfor, while,
writetext
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Features Supported

The DatabaseM etaData interface is arich interface that provides many methods for discovering the features supported by
the database.

Dat abaseMet aDat a

bool ean supportsAlterTabl eWthAddCol um();

bool ean supportsAlterTabl eWthDropCol um();
bool ean support sCol umAl i asi ng();

bool ean nul | Pl usNonNul I I sNul I ();

bool ean supportsConvert();

bool ean supportsConvert(int fronType, int toType);
bool ean supportsTabl eCorrel ati onNanmes() ;

bool ean supportsDifferent Tabl eCorrel ati onNanes() ;
bool ean support sExpressi onsl nOrder By() ;

bool ean supportsOrderByUnrel ated();

bool ean supportsG oupBy();

bool ean support sG oupByUnrel at ed() ;

bool ean support sG oupByBeyondSel ect () ;

bool ean supportsLi keEscaped ause();

bool ean supportsMiltipl eResultSets();

bool ean supportsMiltipl eTransacti ons();

bool ean support sNonNul | abl eCol ums() ;

bool ean support sM ni mrunSQLG amar () ;

bool ean support sCoreSQ.G ammar () ;

bool ean support sExt endedSQLG ammar () ;

bool ean support sANSI 92EntryLevel SQL() ;

bool ean support sANSI 921 nt er nedi at eSQL() ;

bool ean support sANSI 92Ful | SQL() ;

bool ean supportslntegrityEnhancenment Facility();
bool ean supportsCQuterJoins();

bool ean supportsFul | QuterJoins();

bool ean supportsLi m tedQuterJoi ns();

String get SchenaTerm();

String getProcedureTerm();

String getCatal ogTerm();

bool ean i sCatal ogAtStart();

String getCatal ogSeparator();

bool ean support sSchenasl| nDat aMani pul ati on();
bool ean supportsSchemasl| nProcedureCal | s();

bool ean supportsSchenmasl| nTabl eDefinitions();
bool ean supportsSchemasl nl ndexDefinitions();
bool ean supportsSchemal nPrivil edDefinitions();
bool ean support sCat al ogsl nDat aMani pul ati on();
bool ean support sCat al ogsl nProcedureCal | s();
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bool ean support sCat al ogsl nTabl eDefiniti ons();
bool ean support sCat al ogsl nl ndexDefi nitions();
bool ean support sCatal ogsl nPrivil egeDefinitions();
bool ean support sPositionedDel ete();

bool ean support sPositi onedUpdat e() ;

bool ean support sSel ect For Updat e() ;

bool ean support sSt oredProcedures();

bool ean support sSubqueri esl nConpari sons();
bool ean support sSubqueri esl nExi sts();

bool ean support sSubqueri esl nlns();

bool ean supportsSubqueriesl nQuantifieds();
bool ean supportsCorrel at edSubqueri es();

bool ean supportsUni on();

bool ean supportsUni onAll ();

bool ean support sOpenCur sor AcrossCommit () ;

bool ean support sOQpenCur sor Acr ossRol | back();
bool ean support sOpenSt at enent AcrossComi t () ;
bool ean support sOpenSt at enent Acr ossRol | back() ;

Various Database Limitations
The DatabaseM etaData interface also provides many methods for discovering the database’ s limitations.

Dat abaseMet aDat a

int get MaxBi narylLiteral Length();
int get MaxChar Literal Length();
i nt get MaxCol ummNanmeLengt h() ;
i nt get MaxCol umsI nG oupBy() ;
i nt get MaxCol umsI nl ndex() ;
i nt get MaxCol umsI nOr der By() ;
i nt get MaxCol umsl nSel ect () ;
i nt get MaxCol umsl nTabl e();
i nt get MaxConnecti ons();

i nt get MaxCur sor NameLengt h() ;

i nt get Maxl ndexLengt h();

i nt get MaxSchemaNanmeLengt h() ;

i nt get MaxPr ocedur eNanmeLengt h() ;

i nt get MaxCat al ogNaneLengt h() ;

i nt get MaxRowSi ze() ;

bool ean doesMaxRowsSi zel ncl udeBl obs() ;

nt get MaxSt at enent Lengt h();

nt get MaxSt at enents();

nt get MaxTabl eNaneLengt h();

nt get MaxTabl esl nSel ect () ;

nt get MaxUser NameLengt h() ;

nt get Def aul t Transacti onl sol ati on();

bool ean supportsTransactions();

bool ean supportsTransacti onl sol ati onLevel (int |evel);

bool ean supportsbDat aDefi ni ti onAndDat aMani pul ati onTransacti ons();
bool ean supportsbDat aMani pul ati onTransacti onsOnl y();

bool ean dat aDefi ni ti onCausesTransacti onConmit();

bool ean dat aDefi ni tionl gnoredl nTransacti ons();

Listing 7-5 illustrates a metadata method for discovering the database’s ANSI compliance level.



Listing 7-5: Metadata method for discovering ANSI compliance level.

/1 discovering ANSI conpliance
i mport java.sqgl.?*;
cl ass Si npl eExanpl e
{
public static void main(String args[])
{
String url = “jdbc: odbc: nysource”;
try
{
Cl ass. for Nane(“sun. j dbc. odbc. JdbcCQdbcDri ver”);

Connecti on nmyConnection =
Dri ver Manager . get Connecti on(url,
“javauser”, “hotjava”);
Dat abaseMet aData ntdt =
myConnecti on. get Met abat a() ;
Systemout.println(“ANSI 92 Entry Level: *

nt dt . support sANSI 92Ent ryLevel SQL());

Systemout. println(“ANSI92 | nternedi at e:

nt dt . support sANSI 921 nt er nedi at eSQL() ) ;

Systemout.println(“ANSI 92 Full SQ.: “ +
nt dt . support sANSI 92Ful | SQL() ) ;
Systemout. println(“M ni mum SQ. G amar :
nt dt. support sM ni nunSQLG ammar () ) ;
Systemout.println(“Core SQL G ammar: “ +
nt dt . support sCor eSQLG anmar () ) ;
System out. println(“Extended SQL G amar: *“

+ mtdt. support sExt endedSQLG anmar () ) ;

myConnect i on. cl ose();

}

catch(java. |l ang. Excepti on ex)

{
}

ex. printStackTrace ();

I nformation on Database Objects

The DatabaseM etaData interface also provides many methods for discovering the database’ s contents.

Dat abaseMet aDat a

Resul t Set getProcedures(String catal og, String schemaPattern, String

procedur eNanmePat t ern) ;

Resul t Set get ProcedureCol ums(String catal og, String schemaPattern,

procedur eNanePattern, String col umNanmePattern);

Resul t Set get Tabl es(String catal og, String schenmaPattern,

t abl eNanePat t er n,
String types[]);
get schemas() ;
Resul t Set get Cat al ogs() ;
Resul t Set get Tabl eTypes();

Resul t Set get Col ums(String catal og, String schemaPattern,

t abl eNanePattern, String
col umNanePat t ern) ;

String

String

String



Resul t Set get Col umPrivileges(String catal og, String schema, String table, String

col umNanePat t ern) ;
Resul t Set get Tabl ePrivil eges(String catal og, String schemaPattern, String

t abl eNanePat t ern);
Resul t Set getBestRowli dentifier(String catalog, String schema, String table, int
scope,

bool ean nul | abl e);
Resul t Set get Versi onCol ums(String catal og, String schema, String table);
Resul t Set get Pri maryKeys(String catalog, String schema, String table);
Resul t Set getl nportedKeys(String catal og, String schema, String table);
Resul t Set get ExportedKeys(String catal og, String schema, String table);
Resul t Set get CrossReference(String primryCatal og, String

pri marySchema, String primaryTable, String foreignCatal og, String
foreignSchema, String foreignTable);
Resul t Set get Typel nfo();
Resul t Set getlndexlnfo(String catalog, String schema, String table, bool ean
uni que, bool ean

approxi mate) ;
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Most of these methods need arguments such as catalog name, schema name, procedure, table, and column name. All the
parameters named XxxPattern do not have to match a particular database object name. If necessary, they may be
composed of the “%” and “_” matching characters. The “ %" matches zero or more characters, while“_” matches any

one character.

All these methods return ResultSets. Indeed, they usually return multiple values, which means providing results through
ResultSets is very convenient. As Figure 7-6 shows, the usual method is used to scan those result sets.

Figure 7-6: Processing methods that return a ResultSet.

Listing 7-6 includes some database metadata calls that show how to query metadata information using these last

methods.

Listing 7-6: Metadata on database objects.

/[l retrieving results
i nport java.sql.?*;
cl ass Si npl eExanpl e

{
public static void main(String args[])
{
String url = “jdbc: odbc: nysource”;
try
{

C ass. for Nane(“sun. jdbc. odbc. JdbcCQdbcDri ver”);
Connection nyConnection =
Dri ver Manager . get Connecti on(url,

“j avauser”,

“hotjava”);

Dat abaseMet aData dntd = myConnecti on. get Met aDat a() ;

/1l list catal ogs nmanaged

by this dbns

scanRS(“Info on “ + dntd. getCatal ogTerm() + “(s):”,
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HO/IOI
)

11

/] to all

dnt d. get Cat al ogs());

list all

tabl es in current catal og, bel onging

schemas, of all types

scanRS(“Info on tables:”,
dnt d. get Tabl es(myConnecti on. get Catal og(), “%,

11

list all

“9, null));
procedures in current catal og,

/! belonging to all schenas
scanRS(“Info on “ + dntd. getProcedureTerm() + “(s):”,

%))

dnt d. get Procedur es( myConnecti on. get Cat al og(),

myConnect i on. cl ose();

catch(java. |l ang. Excepti on ex)

ex. printStackTrace();

private static void scanRS(String info, ResultSet rs)

}
{
}

}

{

}

el se
}

}

i nt

throws SQLException

System out . printl n(info);
Systemout. println();
if (rs !'=null)

/! we have a Resul t Set

Resul t Set Met aData rsnd = rs. get MetabData() ;

i nt nunCol s

= rsnd. get Col utmGCount () ;

/1 display colum headers

for

{

}

(i =1

i <= nunmCol s; i++)

if (i > 1) Systemout.print(“, “);
System out. print (rsnd. get Col umLabel (i));

Systemout.println(“”);
/1 step through the rows
while (rs.next())

{

/! process the colums
for (i =1, i <= nunCols; i++)
{
if (i >1) Systemout.print(“, “);
Systemout.print(rs.getString(i));
}

Systemout.printin(“”);

Systemout.println(“no data returned...”);

Systemout.printin ();

The Listing 7-6 example printsinformation similar to the following listing. The data returned here came from a Sybase



System 11 server. The user’s current catalog is the default sample database provided by Sybase.

I nfo on dat abase(s)

TABLE_QUALI FI ER
mast er

nodel

pubs?2
sybsecurity
sybsynt ax
sybsyst enprocs
t enpdb

t est

test db2

userdb

Info on tables

TABLE QUALI FI ER, TABLE OMNER, TABLE NAME, TABLE TYPE, REMARKS
pubs2, dbo, sysalternates, SYSTEM TABLE, nul
pubs2, dbo, syscolumms, SYSTEM TABLE, nul
pubs2, dbo, syscomments, SYSTEM TABLE, nul
pubs2, dbo, sysconstraints, SYSTEM TABLE, nul
pubs2, dbo, sysdepends, SYSTEM TABLE, nul
pubs2, dbo, sysindexes, SYSTEM TABLE, nul
pubs2, dbo, syskeys, SYSTEM TABLE, nul

pubs2, dbo, syslogs, SYSTEM TABLE, nul

pubs2, dbo, sysobjects, SYSTEM TABLE, nul
pubs2, dbo, sysprocedures, SYSTEM TABLE, nul
pubs2, dbo, sysprotects, SYSTEM TABLE, nul
pubs2, dbo, sysreferences, SYSTEM TABLE, nul
pubs2, dbo, syssegnents, SYSTEM TABLE, nul
pubs2, dbo, systypes, SYSTEM TABLE, nul
pubs2, dbo, sysusernessages, SYSTEM TABLE, nul
pubs2, dbo, sysusers, SYSTEM TABLE, nul
pubs2, dbo, au_pix, TABLE, nul

pubs2, dbo, authors, TABLE, nul

pubs2, dbo, blurbs, TABLE, nul

pubs2, dbo, discounts, TABLE, null

pubs2, dbo, publishers, TABLE, nul

pubs2, dbo, roysched, TABLE, nul

pubs2, dbo, sales, TABLE, nul

pubs2, dbo, sal esdetail, TABLE, nul

pubs2, dbo, stores, TABLE, null

pubs2, dbo, titleauthor, TABLE, nul

pubs2, dbo, titles, TABLE, null

Info on Stored Procedure(s)

PROCEDURE_QUALI FI ER, PROCEDURE _OWNER, PROCEDURE_NANE

NUM | NPUT_PARANMS, NUM OUTPUT PARAMS, NUM RESULT_ SETS, REMARKS
PROCEDURE_TYPE

pubs2, dbo, byroyalty, null, null, null, null, 1

pubs2, dbo, discount_proc, null, null, null, null, 1

pubs2, dbo, history proc, null, null, null, null, 1

pubs2, dbo, insert_sales proc, null, null, null, null, 1
pubs2, dbo, insert_salesdetail _proc, null, null, null, null, 1

pubs2, dbo, storeid proc, null, null, null, null, 1



pubs2, dbo, storenane_proc, null, null, null, null, 1

pubs2, dbo, title proc, null, null, null, null, 1
pubs2, dbo, titleid proc, null, null, null, null, 1
pubs2, guest, testproc, null, null, null, null, 1

The ResultSetMetaData Interface

Once a ResultSet has been returned by the database, it is possible to get all kinds of information concerning the
ResultSet, such as the columnsit contains and its type and label. The ResultSetM etaData interface offers the following
methods for finding out about aresult set’s metadata. These methods also work on ResultSets returned by some of the
DatabaseM etaData class because those ResultSets are just ResultSets.

Information on ResultSet Columns

The ResultSetM etaData interface is arich interface providing many methods for obtaining information about the
columns of aresult set.

Resul t Set Met aDat a

i nt get Col umCount () ;

i nt get Col umbDi spl aySi ze(i nt col unm);
String get Col umLabel (i nt col um);
String get Col uimName(i nt col umm);
String get SchemaName(int col umm);

int getPrecision(int colum);

int getScal e(int columm);

String get Tabl eNarme(i nt col um);
String get Catal ogNane(int colum);

i nt get Col umType(int colum);

String get Col umTypeNane(i nt col um);
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Column Properties

The ResultSetM etaData interface provides many methods for obtaining information about the properties of the columns
of aresult set.

Resul t Set Met aDat a

bool ean i sAutol ncrenent (i nt col um);

bool ean i sCaseSensitive(int colum);

bool ean i sSear chabl e(i nt col um);

bool ean i sCurrency(int colum);

int isNullable(int columm);

bool ean i sSi gned(int colum);

bool ean i sReadOnl y(int col um);

bool ean i sWitabl e(int colum);

bool ean isDefinitel yWitabl e(int colum);

Note that there is no way to get information on rows of data or their numbers. Such information is only available on
columns. The method in Listing 7-7 gets the number and label of each column.

Listing 7-7: ResultSetMetaData.

int i;
/] we have a Resul t Set

Resul t Set Met aData rsnd = rs. get Met aDat a() ;

int nunCols = rsnd. get Col umCount ();

/1 display colum headers

for (i =1; i <= nunCols; i++)

{
if (i >1) Systemout.print(“, “);
System out . print (rsnd. get Col ummLabel (i));

}

Systemout.println(“”);

Dynamic Data Access

While the DatabaseM etaData and ResultSetM etaData interfaces provide numerous methods to access a database without
knowing its schema, other methods exist to support generic data access. These methods allow data to be accessed
dynamically through generic Java objects. They are of the form getObject() and setObject() to retrieve and to set data,
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respectively, in atable or result set’s columns.

The usual methods to send and retrieve data allow you to map one or more SQL data types to specific Javatypes. The
methods explained here allow you to use Java objects, regardless of what type SQL datais accessed. Precise mapping
rules are used. Indeed, specific SQL data types must correspond to specific Javatypes, and specific Java types must
correspond to specific SQL types.

Dynamically Typed Data Retrieval

Dynamically typed dataretrieva is performed using ResultSet.getObject() to access columns, or CallableStatement.
getObject() to access OUT parameters of stored procedures. Table 7-1 shows the default mapping from SQL typesto
Javatypes that are subtypes of Object. No mapping to Java streams is provided.

Table 7-1DEFAULT MAPPING FROM SQL TYPESTO JAVA OBJECT TYPES

SQL type Java object type
CHAR String

VARCHAR String
LONGVARCHAR String

NUMERIC java.math.BigDecimal
DECIMAL javamath.BigDecimal
BIT Boolean

TINYINT Integer
SMALLINT I nteger

INTEGER I nteger

BIGINT Long

REAL Hoat

FLOAT Double

DOUBLE Double

BINARY byte] ]
VARBINARY byte[ ]
LONGVARBINARY byte[ ]

DATE javasgl.Date
TIME java.sgl.Time
TIMESTAMP java.sgl.Timestamp
Resul t Set

bj ect get Obj ect (i nt col uml ndex) ;
bj ect get Gbject(String col umNane) ;

The getObject() method is used like other getX XX () methods but returns a Java object whose type may be discovered
using Table 7-1. It corresponds to the SQL data type of the accessed result set column.

Cal | abl eSt at enent

voi d regi sterQutParaneter(int paraneterlndex, int sqgl Type);



voi d regi sterQut Paraneter(int paraneterlndex,

bj ect get Obj ect (i nt paraneterl ndex);

i nt sql Type,

int scale);

As seen earlier with callable statements, it is necessary to register OUT parameters before executing the call and

accessing them. A Java object type corresponding to the SQL datatype passed as parameter is returned.

Dynamically Typed Data Insertion/Update

Dynamically typed datainsertion or update may only be performed through IN parameters of stored procedures or

prepared statements. Specific SQL datatypes may be explicitly targeted in accordance with Table 7-2.

Table 7-2CONVERSIONS BETWEEN JAVA OBJECT TYPES AND TARGET SQL TYPES

TINYINT  SMALLINT INTEGER BIGINT REAL FLOAT
String J J J J J J
BigDecimal J J J J J J
Boolean J J J J J J
Integer J J J J J J
Long J J J J J J
Float J J J J J J
Double J J J J J J
bytef ]
java.sgl.Date
java.sgl.Time
java.sgl. Timestamp

DOUBLE DECIMAL NUMERIC BIT CHAR VARCHAR
String J J J J J J
BigDecimal J J J J J J
Boolean J J J J J J
Integer J J J J J J
Long J J J J J J
Float J J J J J J
Double J J J J J J
bytef ]
java.sgl.Date J J
javasgl.Time J J
java.sgl. Timestamp

LONGVARCHAR BINARY VARBINARY LONGVARBINARY
String J J J J
BigDecimal J
Boolean J
Integer J
Long J



Float

Double

byte] ]
java.sgl.Date
java.sgl.Time
java.sgl. Timestamp

DATE
String
BigDecimal
Boolean
Integer
Long
Float
Double
bytef ]
java.sgl.Date
javasgl.Time
java.sgl. Timestamp

TIME

TIMESTAMP
J

A J means the conversion can be done. No support for Java streams is provided.
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Cal | abl eSt at emrent or Prepar edSt at enent

voi d set Cbj ect (i nt paraneterlndex, bject Xx);

voi d set Obj ect (i nt paraneterlndex, Chject x, int targetSql Type);

voi d set Obj ect (int paraneterlndex, Qbject x, int targetSql Type, int scale);

When no target SQL type is specified to the setObject() method, the Java object is directly converted according to the
default mapping as shown in Table 7-3. If atarget SQL typeis provided, the Java object isfirst mapped to its default
corresponding type and then converted to the specified SQL type (see Table 7-2).

Table 7-3DEFAULT MAPPING FROM JAVA OBJECT TYPESTO SQL TYPES

Java object type SQL type

String VARCHAR or LONGVARCHAR
javamath.BigDecimal NUMERIC

Boolean BIT

I nteger INTEGER

Long BIGINT

Hoat REAL

Double DOUBLE

byte[ ] VARBINARY or LONGVARBINARY
javasgl.Date DATE

java.sgl.Time TIME

java.sgl.Timestamp TIMESTAMP

Multithreading

JDBC is multithread safe. Several threads can call the same java.sgl object simultaneously and perform operations
asynchronously. For example, multiple statements can be executed concurrently within the same connection. It does not
mean that all JDBC drivers are able to manage concurrent executions asynchronously, but even in this case, the
developer can assume fully concurrent executions. Indeed, fully JDBC-compliant drivers will serialize calls
automatically, even if they do not support asynchronous executions (i.e., where they are not multithread safe
themselves). Such behavior istotally transparent to the programmer, even if the driver provides some form of
synchronization. In this case, the application threads will run concurrently (areduced concurrency).

Multithread support is exploitable to execute multiple statements on the same connection and to allow more control over
arunning execution. Indeed, it is possible to cancel along running statement in one thread using the Statement.cancel()
method of another thread.
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Summary

This chapter discussed advanced techniques of SQL and JDBC that add a professional touch to applications, including:

Handling stored procedures from JDBC
» Dynamic SQL

Fetching database metadata

Dynamic data access

The next part of this book contains many working examples, from simple to complex, that cover most of the theory
discussed in previous chapters.
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Chapter 8
The Three-Tier Approach for Using Distributed Objects

In This Chapter

This chapter discusses an alternative to the two-tier model. The Java Remote Method Invocation allows distribution of
objects across software tiers while providing an ideal place for the application logic. The areas discussed in this chapter
include:

An introduction to software partitioning
» Object persistency

Java Remote Method Invocation
CORBA

Thefirst chapters of this book mentioned the next wave of client-server architectures. This wave presents a philosophy

with agreat impact on software design. Indeed, it changes the commonly accepted rules of implementing data access and
processing both at the client and the database sides. The following paragraphs discuss these issues, but try to keep things
simple while providing possible solutionsin Java.

Recall the basics of traditional client-server architecture involving arelational database. As Figure 8-1 shows, Java
Database Connectivity (JDBC) islocated on the client side. Most of the code that accesses and processes data uses JDBC
intensively and is also located on the client side. The code embeds the application logic— for example, Structured Query
Language (SQL) queries, information on data type conversions, and information on data structures. Thereis, however, a
part of the code located on the database side. Indeed, stored procedures also hold information on data or contain SQL
expressions to be executed by the database engine.

e —

Figure 8-1: Two-tier architecture with JDBC on the client side.

Itisvery difficult to modify the code on both sides as often as the rules change. All clients that connect to the database
must be modified to reflect the new rules. Programmers know that it is annoying to maintain different pieces of software
that basically access the same data. The code of one program may barely import into another program even when

devel oped with the same programming language and tools. Approaches such as standard in-house developed libraries
address the problem but too often, do not totally solveit.

Theidea of three-tier architecture involves moving most of the code that accesses and processes datainto athird tier.
Thistier basically holds al of the business logic necessary to run the clients, if not the business itself.

How doesit work? Let’ s begin with the easiest part: Almost nothing changes on the database side. It still maintains data
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and holds the most important stored procedures or those that consume the most CPU cycles. It keepsitsrole of providing
concurrent accesses, integrity, recovery, and ease of data administration.

Clients no longer hold any bytecode that accesses data using SQL. They will never see rows of data. They will never
map these rows of datato local variables or object data members. Because the clients are written in Java and there are
only objects in Java, the clients will keep manipulating data as Java objects and will eventually call the appropriate
methods on these objects.

The remaining part is the most sensitive one: the third tier. Thistier isaclient of the database and, in a sense, a server for
the client applications. Thistier holds the code to access data and SQL queries, using JDBC to perform its operations.
Thisiswhere rows of data are mapped into Java objects. For example, aquery returning alist of employees would return
a set of Java objects called employee, and a method called raiseSalary could be invoked on individual employee objects
or aset of objects.

The client application uses employee objects and knows the raiseSalary method but they are not implemented within its
code. Shared objects are called proxy objects on the client side. They are implemented in the middleware and whenever
aclient invokes the raiseSalary method, the raiseSalary method is triggered within the middleware, executing an SQL
update that will update the employee’'s salary in the database. The object implementation is called the nonvisible object
— theimplementation is not visible from the clients.

Figure 8-2 clearly illustrates the architecture. JDBC is located within the middieware.

Figure 8-2: The three-tier architecture with JDBC in the middleware.

Let’s discuss the software bus that ties proxy objects and nonvisible objects (NVOs) together. Actualy, abig part of the
real implementation of three-tier architectures is dependent on this software bus. There are numerous possibilities but the
most common in Javaare RMI and CORBA. RMI stands for Remote Method Invocation while CORBA stands for
Common Object Request Broker Architecture. These concepts are described later.

The rows of data must be mapped into Java object data members within the middleware. This hard work is necessary
because of the impedance mismatch between all object-oriented programming languages and SQL. By definition, the
datathat is stored in database tables is persistent. All first-generation client-server clients were used to access persistent
datain tabular format through SQL, but now we want them only to manipulate objects.

Object Persistency

Usual Java objects or class instances are transient, unless they are serialized to afile. This simply means that they do not
persist outside of the application that instantiated them. Values fill data members at run time, and these data members are
garbage-collected and cleared when no longer used. Exiting the program destroys the objects.

If you use a proper object-oriented programming language such as Java, you may think that there should be away to
avoid constructing essential objects each time you need them. Indeed, why should you need to perform the same
operations to build objects each time the program executes? There must be some way to avoid this rebuilding.

Object persistency isthe solution. It allows you to keep objects data members alive, even when the application is not
running. There are many ways to make objects persistent (to persistify objects), and database management systems seem
well suited for this purpose. They offer many data-oriented services, plus a common query language. While SQL is used
within the scope of relational databases, an object query language (OQL) queries objects stored within object database
management systems (DBMYS).
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The most common DBMS s relational, not object-oriented; but it does not matter. It is easy to write methods to perform
the most basic tasks related to persistency. Here are afew of them:

« Creation of anew object

» Deletion

» Update

Query that returns one object or a set of objects
Duplication of objects (object cloning)

Thereis no need to define a custom query language to perform lookups on persistified objects; a single querySQLWhere
() method whose arguments are vectors of data member names and valuesis a good start.
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A word about mapping Java objects to tabular datain tables is necessary. Java classes may or may not extend (inherit
from) another class. We can simply map the data members of a class to corresponding fields of atable if the classis not
extending another. In this case, each record of the table represents an instance of the class. We call them persistified
objects. A design choice which isleft to the devel oper is made when a class extends another class. Either an instance of
this classis mapped to arow in two different tables (one table per class) or it is mapped to only one table. In the latter
case, the table’ srows contain all the fields of the base class plus those of the inherited class. This second approach can
be more efficient because it does not require joining multiple tables when trying to access the persistified objects. Figure
8-3 shows how to map simple abjects to atable.

Figure 8-3: Mapping of Java object versus traditional DBMS object.

Figure 8-3 illustrates the parts of a persistified object:

« Theclient side only sees data members and methods of persistified objects

* The database only stores data membersin its tables

« The middleware provides basic methods to handle persistified objects; it does the mapping and provides
application-logic related methods

To summarize, persistification occursin the middleware and provides alonger lifetime to application-essential objects.
Now it istimeto discover afew ways to have transparent access to persitified Java objects.

Java Remote Method Invocation

Java RMI is a Java-to-Java remote object technology similar to remote procedure calls (RPC). It allows you to create
distributed applications in which the methods of Java objects may be invoked from programs running on other virtual
machines, at other locations of the network.

RMI may solve the issue of accessing middleware object instances from clients. It islight, reliable, and works over TCP/
IP (Transmission Control Protocol/Internet Protocol) and the Internet.

How can it be implemented in our three-tier architecture? Java clients must obtain areference to the remote object that
residesin the middleware. RMI provides a bootstrap naming service mechanism for that purpose, which is Uniform
Resource Locator (URL )-based. Clients obtain references to registered remote objects and then invoke methods on these
objects. Parameters pass as method arguments, asis usual with any method. Using Javasoft’ s object serialization
technique, the RMI protocol does the marshaling and unmarshaling to convert Java types to a stream of bytes and this
stream of bytes back to Javatypes. The RMI wire protocol transmits this stream of bytes on networks. Simple, isn't it?
An example of a Java application using RMI isfound in Chapter 10.
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Other Techniques

Other techniques are usable as a reliable software bus between clients and middleware. CORBA (Common Object
Request Broker Architecture), defined by the Object Management Group (OMG), is a complete architecture for
distributing objects. It is the most serious, consistent, and robust approach to distributed computing available.

Many vendors aready have CORBA-compliant products ranging from mainframe-class to PC-class. Products that
comply with the CORBA 2.0 standard are interoperable, which means that they may be used in mixed environments.
They can use alarge number of network transport protocols including TCP/IP, which is used on the Internet. (110P,
which stands for Internet Inter-ORB Protocoal, is an implementation of GIOP, the Generic Inter-ORB Protocol, and
works with TCP/IP.) State-of-the-art administration, integration, and development tools are usually bundlied with
CORBA software, asis the case with SunSoft Solaris NEO.

Joe

Joeis Sun’s solution to enable Java applications and applets to connect to CORBA environments such as Solaris NEO. It
includes a Java Object Request Broker (an ORB), which connects applets to remote NEO objects running on any
machine across the Internet. Networked objects may then be used from applets and applications.

OMG'’ s Interface Definition Language (IDL) can generate Java class stubs. IDL files are standard CORBA object
interface files and provide language independence. The distributed objects may be implemented in avariety of languages
such as C and C++, but Javais used because the database access is through JDBC on the middlettier.

Summary

This chapter discussed an alternative to the two-tier model. Using the Java Remote Method Invocation, it is possible to
distribute objects across software tiers while providing an ideal place for the application logic. The topics discussed
were:

An introduction to software partitioning
Object persistency

+ Java Remote Method Invocation
CORBA

The next chapter discusses design issues for the Internet and intranet, as well as possible implementation choices.
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Chapter 9
Design Issues

In This Chapter

This chapter discusses design issues for the Internet and intranet, as well as implementation and platform choices. The
issues discussed include:

* Intranet/Internet
* 100 percent Java or non-100 percent Java
» Choosing a database management system (DBMYS)

Although there are many issues that may be discussed regarding real-world applications for the Internet or the intranet,
this chapter focuses on those that are likely to be the most important ones for your current and future projects.

Intranet/Internet
There are many differences between the Internet and an intranet. The main differences are:

e Thelnternetis“wild.” There are millions of “netizens’ on the Internet, all with different interests. Millions of
users also means a heavy load on the Internet.

» Many different services are provided on the Internet, each using a dedicated protocol. In some cases, different
implementations of the same service are not fully interoperable.

 Content, location, and free access are subject to change on the Internet, especialy on the World Wide Web
(WWW).

» The number of users within an intranet is usually stable and known. This environment is a trusted
environment.

* Services provided on the intranet are clearly identified, documented, allowed or denied, and cached for
performance. The most reliable protocols are used and they never conflict.

 Data content, information sources, authors, access, and privileges are better defined on the intranet.

Asthe foregoing shows, the intranet is a secure environment. The Internet, the network of networks, is not a secure
environment. Thislack of security engenders a number of problems that may affect Internet services using Java Database
Connectivity (JDBC) to connect to corporate databases.

The Number of Simultaneous Users

While the number of simultaneous intranet usersis somewhat predictable, it is not possible to determine the number of
simultaneous users of a service on the Internet. Some sites record millions of hits a day on their Web pages and their hit-
rate changes day after day. Consider an order-entry application used exclusively within an intranet and an online stock
exchange information system on the Internet. It is very difficult to estimate the number of visitors interested in watching
stock quotes, whileit isvery easy to locate the employees who will need to access the order-entry system. Among other
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problems, the following problems may appear on a system not entirely designed for the Internet:

» With too many userslogged in at the same time, the database management system is unable to handle more
Sessions.

» With too many users simultaneously performing heavy queries, the response time is unacceptable.

» Userslog in on aper-user basis, are assigned a new nickname, and choose a personal password. Thereisone
database user-identifier per new user. The database may not be able to handle millions of log-in entriesin its
system tables.

There are solutions to these problems, but they may not be best suited for your purposes. One solution is to replicate the
databases.

Replication

Replication allows more usersto log in at the same time, while spreading the load on different servers. In such an
architecture, multiple sites replicate the data. A Java application can try to connect to one of these replication servers. If
it does not succeed, it can try to connect to the next one, continuing until it connects. From a programming viewpoint,
the Java application can be implemented using successive try-catch blocks, each passing a different JDBC Uniform
Resource Locator (URL) using the DriverManager getConnection() method. Consider these four URLSs:

j dbc: dbdrv: // ww. nydomai n. com 8192/ db1l

j dbc: dbdrv://ww2. nydomai n. com 8192/ db2
jdbc:dbdrv://relayl. nydomai n. sf. ca. us/ db3
jdbc:dbdrv://relay2. nydomai n. sf. ca. us/ db4

Assume your enterprise has a fast backbone linking the different sites and database replication occurs real-time. If the
successive try-catch blocks are used to try to connect to a data source, there is agreater chance the user will connect to a
database and the application will behave independently of the actual data source. It may not work with applets. Some
Web browsers do not allow an applet to connect to another server other than the server it came from.

Latency

The Internet is quite crowded today. Even upgrading a provider’ s lines every day will not increase its throughput
significantly until gigabit backbones become available. As aresult, the response time to obtain a connection to a server
may be long. The data transfer rate may also be very slow. Like many other Internet services, database servers suffer
from thisinherent and unpredictable latency. Indeed, the connection context consumes afair amount of database
resources, and the more waiting users on a system, the more load on the database server.

There is only one solution to this problem: keep the database transactions as short as possible. Do not keep an
unnecessary connection open. Many users function in a stateless manner, and most of them will probably interrupt their
connection by simply switching to another WWW site.

OneLogin Per Type of Application

Even for services that are customer-customized, it may not be a good idea to assign a different database user 1D for each
user. A better approach isto assign specific database 1Ds per group of users or, if possible, a unique database login for
the whole application. In other words, it may be feasible to handle as many different user profiles as possible using afew
or even asingle database login. In the latter case, the application would be responsible for storing in dedicated tables
everything that is user-dependent. In many situations a unique application login will suffice.

The reason is that managing thousands of users, changing every day, may be hell for a database administrator. Thisis not
so for a service administrator, so delegate al identification, authentication, and authorization issues to the service
administrator. Thisinformation will lay in atable along with connection information, and a billing application, for



example, could exploit it.

Security Issues

Security issues apply to stand-alone applications, JDBC and untrusted applets, and firewalls.
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Stand-alone Applications

Stand-alone Java applications are considered trustworthy. They have full access to the local file system as does any other
application. They are allowed to call native libraries and open network connections to any host.

There should be, however, one restriction. As with applets, if an untrusted sun.sqgl.Driver classis dynamically loaded
from aremote networked source, then use that driver only with code |oaded from that source.

JDBC and Untrusted Applets

JDBC follows the standard applet security model, which imposes fairly onerous restrictions for untrusted applets. In
particular, JDBC usestheserules:

« |t assumes that normal unsigned applets are untrustworthy.

« It does not allow appletsto access to local database data such as registry or configuration files.

« If adownloaded JDBC Driver registersitself with the JDBC DriverManager, then JDBC will only use that
driver to satisfy connection requests from code that has been |oaded from the same source as the driver.

« It does not allow an untrusted applet to open a database connection to a server that is not the server it was
downloaded from.

» JDBC does not make any automatic nor implicit use of local credentials when making connections to remote
database servers.

JDBC does not encrypt the data it sends over the Internet. Indeed, JDBC is not a network protocol nor a database
protocol. If connection encryption is necessary, choose a database that supports encryption in its protocol. In this case,
this specific database management system’s JDBC driver will encrypt/decrypt the data as necessary.

Firewalls

Firewalls protect intranets. They simply filter incoming and outgoing connections with regard to their 1P addresses and/
or TCP/IP ports. A simple example isthe firewall that only alows WWW, Usenet News, and e-mail to be used. It stops
all packets running on ports other than 80, 119, and 25, respectively.

Actually, all connection attempts make their requests to these well-known ports. Once the connection is established, it
shiftsto another free port. JDBC and JDBC drivers use TCP/IP ports to communicate with database servers. The only
thing to do when afirewall is present isto allow datato transit on the port used by your database protocol. The database
administrator has a good idea of which port(s) are used by the database management system. So, the operation simply
consists of opening an adequate door on the firewall machine.

One Hundred Percent Database Independent

In some cases, it is useful to write code that is 100 percent independent of the underlying database. Such arequirement is
mandatory for programmers who develop CASE tools, dataimport/export utilities, or DBM S administration toolsin
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Java

Fortunately, JDBC isinherently 100 percent database independent. All DBM S-specific features are provided through
JDBC drivers that have enough database knowledge to handle these features. The IDBC metadata interfaces are
sufficiently complete to build database-independent code in Java.

In the case of applets, the name of the JDBC driver and the database URL string are passed as parameters for maximum
flexibility. The only thing to change when switching from one DBM S to another isthe HTML file that contains these
applet parameter tags. Listing 9-1 is an example:

Listing 9-1: Passing parameters to an applet.

<appl et code=nyAppl et wi dt h=500 hei ght =600>

<par am nane=dri ver val ue=connect. sybase. SybaseDri ver>

<par am nanme=connecti on

val ue='j dbc: sybase: // dbns. nydomai n. com 8192/ denodb; user =guest ;
passwor d=guest ' >

The applet must parse its parameters to discover the driver to load and the database URL to use. The driver code (Java
classes) does not have to be present on the client; it can reside on the server side and downloads dynamically upon
execution of the applet. The code to fetch parameters from an applet, shown in Listing 9-2, is quite simple:

Listing 9-2: Getting parameters from an applet.

String driver;

String url;

Connecti on conn;

driver = getParaneter("driver");

if (driver !'= null)

O ass. forName(driver). newl nstance();

url = getParaneter("connection");

if (url !'=null)

conn = Driver Manager. get Connection(url);

One Hundred Percent Java or Non-100 Percent Java

One hundred percent Java-based applications or applets may run on all-Java network devices such as the Sun
Microsystems, Inc.’s JavaStation. Such devices are the first wave of a seismic shift in the computer industry.

JDBC is, fortunately, al-Java. Programs and appl ets devel oped with JDBC are portable, but some JDBC drivers are not
portable. Indeed, al those using local native libraries are not portable, although they may be available for avariety of
platforms. Furthermore, they have to be installed on a client machine before an application can use them. They cannot be
downloaded automatically from the network.

The problem is that there are only afew all-Java JDBC drivers available. Others will appear quickly, but what can we do
today, for example, to use JDBC within applets to connect to a poorly supported database?



The best solution isto use amiddle tier. Many JDBC endorsees now develop and sell three-tier bridges to place in front
of common enterprise class database management systems. Many devel opers offer evaluation copies, making it is easy to
experiment and determine which is the right solution for your project. Another solution is to code the middletier
yourself. It is doable using Java RMI. A simple working exampleis provided later.
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Choosing a DBMS

It isimportant to choose the right DBMS. While many intranet projects are based on existing architectures and
databases, projects related to the Internet open the door to change. The following is worth considering when choosing a
DBMS:

» Toolsto facilitate the importation of external datain various formats, including binary formats, should
accompany the DBMS. Such tools are available from both database vendors and third parties.

« The DBMS should be supported on avariety of platforms and operating systems in case the project grows
faster than expected and the platform’ s limits are reached too quickly.

« The DBMS should offer optimum and proven security.

« The DBMS must be able to handle hundreds of simultaneous connections during peaks.

 For greater convenience, the DBM S should be remotely administrable. For Internet service, the service must
be provided 24 hours a day.

 Other resource-hogging user or network applications running on the same platform should not be affect the
DBMS on a stahility point-of-view (thisis more related to the operating system than to the DBM S software).
* The DBMS must support online backup facilities as well as consistency checking and repair.

* Replication facility is an extra.

All relational DBMSs (RDBMYS) offer nearly equivalent facilities, security, and performance levels. ODBM Ss (Object
Database Management Systems) are superior to RDBM Ss as regards retrieval of multimedia content. A performance
improvement factor of 10 or more is sometimes observed, which isimportant to consider if the database will hold
hundreds or thousands of multikilobyte binary objects. ODBMSs are also very attractive to object-oriented developers.
Performance sometimes decreases when a large number of relations between entitiesis present.

Finally, the choice of the DBMS platform seems to be more important than the choice of the DBM S software itself.
While personal computer-based DBM Ss may be very convenient during the development phase, their cost/performance
factor is much higher than open systems-based DBM Ss when supporting arelatively high number of simultaneous
connections. Do not compare CPU (central processing unit) power because one architecture is not scalable while the
other is. Be aware that the I/O (input/output) subsystem is often the bottleneck. Unix is the best platform when thousands
of simultaneous TCP/IP network connections are involved because TCP/IP is part of the heart of the operating system.

In addition, you should consider purchasing a DBM S and hardware platform that are fully scalable without involving
replication of the data, the DBM S software, and the platform itself. Almost al serious DBM Ss may be dynamically
reconfigured each time new hardware is added to the platform as, for example, when adding CPU chips on the main
board.

Summary

This chapter discussed design issues for the Internet and intranet scenarios, as well as possible implementation choices
and platform choices.

Thisisthe end of Part I11. The next part is dedicated to complete, working examples using JDBC.
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Part Il
Working Examples

Chapter 10: Examples

Part I11 contains numerous working examples, from the simple to the complex, depicting particular aspects of database
integration with JDBC. Among other tasks, you will program applications and applets for: handling normal rows of data,
handling BLOBs to insert and retrieve multimedia content to and from database tables, respectively, exploring the
objects of aDBMS on-the-fly, and for simple database access in athree-tiered environment using distributed Java
objects with RMI.

Chapter 10
Examples

In This Chapter

This chapter provides many examples of Java applets or stand-alone applications. Each example covers a particular topic
discussed in this book. The source code for all the examplesisincluded on the accompanying CD-ROM. In this chapter,
we discuss:

A simple ISQL clientBullets

Handling BLOBS from the command line

A Java Automatic Teller Machine

Flying with JDBC Airlines

A graphical database surfer

An advanced example using Remote Method Invocation

Handling Normal Rows

Almost all database applications written in Javawill handle normal rows of data. SQL (Structured Query Language) only
provides ways of inserting and extracting datain tabular format, while permitting complex queriesto be issued.

Simple ISQL Client Application

This example shows how to handle normal rows of datain asimple way. ISQL stands for “Interactive SQL” client,
which meansthat it can be used to send queries to a database and then retrieve the results in a text-based interface. This
ISQL client is a stand-alone Java application.

Asshown in Figure 10-1, once launched, a number of questions appear on the screen. The questions prompt you for a
Java Database Connectivity (JDBC) Uniform Resource Locator (URL), a database log in, and a database password. SQL
gueries are then entered from the keyboard, and the resultsimmediately appear on the screen. It isreally a primitive
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ISQL client. It supports SQL updates and multiline queries, however.

n

Figure 10-1: The ISQL stand-alone application.

As Figure 10-1 shows, this simple ISQL stand-alone application runsin atermina window. Itsinput is taken from the
standard input, and its output is directed to the standard output. Default values are provided for connection parameters
just for ease of use.

Listing 10-1 gives you an example of an ISQL session. It uses a database with only three tables:. clients, accounts, and
transaction history. These tables are used in another example later in this chapter.

Listing 10-1: Simple JavalSQL.

Enter the url or [ENTER] for jdbc:odbc: netbank :
Enter the login or [ENTER] for dba :
Enter the passwd or [ENTER] for default
Type 'quit' on a blank line to exit, or
1> select * fromclients

2> go

owner no, name, address

, Bernard Van Haecke, Brussels, 1000

, John Doe, Imola Circuit, KMB3

, Jane Doe, Imola Circuit, KMB3

Santa Klaus, North Pole, 1

, Little Duke, Java Islandd, 1

, The Bank, Downtown LA

1> sel ect nane, acctno, bal ance

2> fromclients, accounts

3> where clients.ownerno = accounts. owner no
4> order by bal ance

5> go

nanme, acctno, bal ance

Little Duke, 5, -840

Jane Doe, 3, 320600

Bernard Van Haecke, 1, 991900

John Doe, 2, 1256050

Santa Kl aus, 4, 8892750

The Bank, 6, 999999995904

1> select distinct typetransaction

2> from history

3> go

typetransaction

Recei ved

Transfert

Wt hdr aw

1> sel ect sun{bal ance)

2> from accounts

3> go

sum( bal ance)

go' to execute the query.

ok~ wWNE
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1000011464704

1> update accounts

2> set bal ance = bal ance + (bal ance * 0.05)
3> go

6 rows) affected.

1> quit

Thereisonly one class for this example: the class ISQL handles everything. The class constructor initializes the database
connection and then calls a method that handles the user’ sinput in aloop to allow entry of multiple queries. Keywords
“go” and “quit” are caught to process a query or quit the application. The database connection is closed when a“quit” is
issued or afatal error occurs. Listing 10-2 shows the source code for this ISQL client.
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Listing 10-2: An Interactive SQL Client.

i mport
i mport
i mport
public
stati
stati
stati
stati
stati
stati
publ i

{

publ i

java.sql . *;
java.io.*;
java. util.*;
class isqgl {

¢ Datal nput Stream kbd = new Dat al nput Stream Systemin);

c String url = "jdbc: odbc: net bank";

c String driver = "sun.jdbc. odbc. JdbcOdbcDri ver";

c String login = "dba";

c String passwd = "javabank";

¢ Connection curConn = null;

c static void nain(String argv[]) throws | OException

String temp = "";

Systemout.println("Sinple Java Isql, by Bernard Van Haecke, 1996.\n");
Systemout.print("Enter the url or [ENTER for " + url + " : ");

System out . fl ush();

temp = kbd. readLi ne();

f ('tenp.equals("")) url = tenp;

Systemout.print("Enter the login or [ENTER] for " + login + " : ");
System out . fl ush();

temp = kbd. readLi ne();

if ('tenp.equals("")) login = tenp;

Systemout.print("Enter the passwd or [ENTER] for default : ");
System out . fl ush();

temp = kbd. readLi ne();

if ('tenp.equals("")) passwd = tenp;

i sql session = newisql();

c isgl() throws | CException

try {
Cl ass. for Name(dri ver);

cur Conn = Driver Manager. get Connection(url, |ogin, passwd);
checkFor War ni ngs(cur Conn. get Warni ngs ());
}

catch(j ava. |l ang. Exception ex) {
Systemout.println("url : " + url);
Systemout.println("login : " + login);
Systemout.println("passwd : " + passwd);
ex. printStackTrace();

return;

}

processQueri es();

finalize();
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protected void finalize()

{

}

try {
cur Conn. cl ose();

}

catch (SQ.Exception ex) { }

private void processQueries() throws | OException

{

}

i nt
Stri
Stri
Stri

i = 1;

ng temp = "";
ng query = "";
ng results = "";

Systemout.println("Type 'quit’' on a blank line to exit, or
execute the query.");

do {

Systemout.print(i + "> ");
System out . fl ush();
tenp = kbd. readLi ne();
if (tenp.equals("quit"))
br eak;
if (tenp.equals("go")) {
execut eThi sQuery(query);

= 1;
query =" *";
}
el se {
query = query + " " + tenp;
i ++;
}

} while (true);

private void executeThi sQuery(String sqgl Text)

{

bool ean resul t Set | sAvai | abl e;
bool ean noreResul t sAvai | abl e;
int i = 0;

int res=0;

try {

Statenent curStmt = curConn. createStatenent();
resul t SetlsAvail able = curStnt. execut e(sql Text);
ResultSet rs = null

for (noreResultsAvail able = true; noreResul tsAvail abl e;)

{
checkFor War ni ngs( cur Conn. get War ni ngs());

if (resultSetlsAvail able)

{
if ((rs = curStnt.getResultSet()) !'= null)

{

/1 we have a resultset
checkFor War ni ngs(cur St nt . get Warni ngs());

lgol

Resul t Set Met aData rsnd = rs. get MetabData();

int nunCols = rsnd. get Col utmCount () ;
/'l display colunm headers
for (i = 1; i <= nunCols; i++)
{
if (i >1) Systemout.print(", ");
System out . print(rsnd.
get Col umLabel (i));

to



}

Systemout.println("");
I/ step through the rows
while (rs.next())

{
/1 process the colums
for (i =1; i <= nunCols; i++)
{
if (i >1) Systemout.print(", ");
Systemout.print(rs.
getString(i));
}
Systemout.println("");
}
}
}
el se
{
if ((res = curStnt.getUpdateCount()) != -1)
{
/!l we have an updat ecount
Systemout.println(res + " rowms) affected.");
}
I/ else no nore results
el se
{
nor eResul t sAvai | abl e = fal se;
}
}
i f (noreResul tsAvail abl e)
{
resul t Set | sAvail abl e = curStnt. get MoreResul ts();
}
}
if (rs !'=null) rs.close();

curStnt.close();
}
catch (SQ.Exception ex) {
/1 Unexpected SQ. excepti on.
ex. printStackTrace ();
}
catch (java.lang. Exception ex) {
/| CGot sone other type of exception. Dunp it.
ex.printStackTrace ();
}
}
private static void checkForWarnings (SQ.\Warni ng war n)
throws SQLExcepti on

{
while (warn !'= null) {
System out . printl n(warn);
warn = war n. get Next War ni ng() ;
}
}

Simple ISQL Client Applet



Hereis another ISQL client. It is different from the previous example because it runs as an applet. Anyone with a Java-
enabled World Wide Web (WWW) browser can load the hypertext markup language (HTML ) file containing the applet
tag that callsthis applet. The logic to execute the SQL statementsis similar to the logic of the command-line I SQL
example.

A 100-percent Java JDBC driver must be supplied with such an applet. The JIDBC-ODBC Bridge, for example, would
not work because it calls native methods to talk to ODBC. “All-Java’ drivers are becoming available as more and more
developers implement the JIDBC Driver Application Programming Interface (API). Good examples are Sybase's
jConnect and Connect Software' s FastForward JDBC driver.
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It isremarkably simple to provide the 100-percent Java JDBC driver classes to the calling browser: the classes — the
JDBC driver package — must be available in the directory where the applet resides. As soon as the Java applet isloaded
in the virtual machine running in the WWW browser, the class |oader notices that it needs additional classes, and a call
tod ass. f or Nane() dynamically loads the appropriate driver class. The Hypertext Transport Protocol (HTTP)
server then sends the requested classes.

Snapshot of the Applet

Asshown in Figure 10-2, the applet lets you enter a SQL query in afloating window.

F

e
T L ri | bt Lo

Figure 10-2: The ISQL applet.

Clicking the“Go!” button sends the query to the database and retrieves the results. Figure 10-3 shows the resulting rows
of data displayed in another floating window.
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Figure 10-3: Executing SQL statements.

The graphical user interface (GUI) part of this applet was done using Marimba Bongo, which generates a 100 percent
portable .gui file containing the persistified GUI objects. Thisfile contains a persistent form of the widgets used in this
example. The .gui fileis editable using Marimba Bongo, a demo version of which is on the CD-ROM accompanying this
book. The unzipped Marimba classes must be in the CLASSPATH or available in the applet’ s home directory on the
WWW server to run this example.

TheHTML File


http://www.digitalguru.com/dgstore/product.asp?isbn=0764531441&ac%5Fid=28
http://www.digitalguru.com/dgstore/product.asp?isbn=0764531441&ac%5Fid=28
javascript:displayWindow('images/10-02.jpg',527,592 )
javascript:displayWindow('images/10-02.jpg',527,592)
javascript:displayWindow('images/10-03.jpg',527,592 )
javascript:displayWindow('images/10-03.jpg',527,592)

Thefollowing isthe HTML file that calls the applet. The connection parameters are passed as arguments to the applet
for greater convenience. These parameters specify which JDBC driver to load and which database URL to use.

<appl et
nane="j sql "
code="j sqgl . cl ass"
wi dt h="430"

hei ght =" 390"

al i gn="Top"

alt="If you had a java-enabl ed browser, you would see an applet here."
>

<param name="driver" val ue="com sybase. jdbc. SybDri ver">

<param name="url" val ue="j dbc: sybase: Tds: dat abase. eng: 8192" >

<par am name="1 ogi n" val ue="guest">

<par am name="password" val ue="j avabank" >

<par am name="cat al og" val ue="j avabank" >

<hr>If your browser recognized the applet tag,

you woul d see an appl et here. <hr>

</ appl et >

Source

Listing 10-3 contains the source code for the 1SQL applet example. Remember that the Marimba classes must bein the
CLASSPATH or in the applet’ s home directory on the WWW server to run.

Listing 10-3: An Interactive SQL Applet.

i nport java.awt.*;

i nport java.sql.?*;

i nport java.lang. *;

inport java.util.*;

i nport java.net.?*;

i nport marinba. gui . *;

public class jsqgl extends java. applet. Appl et {
Presentation presentation;

Pl ayer Panel pl ayer;
PlayerUtil util;

Connection conn = null;

Dat abaseMet aData ntdt = nul | ;
ResultSet rs = null

/**

* initialize the appl et

*/
public void init() {
try {
presentation = Presentation. getPresentation(new URL(get Docunent Base(),
"jsql.gui”));
}

catch (Ml f or mredURLExcepti on ex) {
ex. printStackTrace();
}
/1l create a player panel
set Layout ( new Bor der Layout ());
add("Center", player = new PlayerPanel ());
/] set the presentation
pl ayer. set Present ati on(presentation);



/1l create a player utility object

util = new PlayerUtil (player);

/1 1 oad appl et paraneters

((Choi ceWdget) util.getWdget("dataURL")).addChoi ce(getParaneter("url"));
((Choi ceW dget) util.getWdget ("dataDriver")).addChoi ce(get Par anet er

("driver"));
util.setText("datalLogin", getParanmeter("login"));
util.setText("dataPasswd", getParaneter("password"));
util.setText("dataCatal og", getParaneter("catal og"));
/! add sone jdbc connection choices
/! jdbc-odbc bridge
addDri ver | nfo("j dbc: odbc: dat a- sour ce- nane",
"sun. j dbc. odbc. JdbcQdbcDri ver");
/1 sybase's driver
addDri ver| nfo("j dbc: sybase: Tds: host . domai n. com 8192",
"com sybase. j dbc. SybDriver");
/1 connect software's sybase driver
addDri ver|I nfo("jdbc: sybase: // host. donmai n. com 8192",
"connect . sybase. SybaseDriver");
[ funny driver
addDri ver| nfo("foo: bar: dat abase", "foo.bar.Driver");
}
/**
* add a new entry in the url and driver |istboxes
*/
public void addDriverInfo(String url, String driver)
{

/! add entry for this driver provider

((Choi ceWdget) util.getWdget("dataURL")).addChoice(url);
((Choi ceWdget) util.getWdget("dataDriver")).addChoice(driver);
}

/**

* we handl e all gui events here

*/

publ i c bool ean handl eEvent (Event evt)

{

try {
if ((evt.id == Event.ACTI ON_EVENT) && (evt.target instanceof Wdget)) {

Wdget w = (Wdget)evt.target;

String nm= w. get Nanme() ;

if (nm!=null) Systemout.println("Event: " + nm;
/'l The user has | ogged in.

if (nmequal s("datalLogi nButton")) {

String url = util.getText("dataURL").trin();
String uid = util.getText("dataLogin").trin();
String pwd = util.getText("dataPasswd").trim);

String catalog = util.getText("dataCatal og").trin();
String driver = util.getText("dataDriver").trin();
try {
O ass. for Nanme(driver);
conn = Driver Manager. get Connection(url, uid, pwd);
if (conn !'= null) {
nm dt = conn. get Met aDat a() ;
conn. set Cat al og(cat al og) ;
}
}
catch (SQ.Exception ex) {
System out. println(ex);

}



catch (java.lang. Exception ex) {
System out. printl n(ex);
}
}

/'l The user has clicked | ogout
if (nmequal s("dataLogoutButton")) ({
if (conn !=null) {
conn. cl ose();
}
}

/| execute the sql query
if (nmequal s("isqgl GoButton")) {

String query = util.getText("isql QueryText");

if (true)

{
Tabl eW dget tbl = (Tabl eW dget)
util.getWdget("isqgl Resul t Tabl e");
t bl . renoveAl | Rows();
t bl . renoveAl | Col utms();
util.show("isqgl Resul t Wndow', true);
Resul t Set rs = get Si ngl eRS(query);
Vect or headers = get RSCol untmHeader sAsVector (rs);
int i;
for (i=0; i<headers.size(); i++)

I t bl . addCol uim( (St ring)
headers. el enent At (i), ((String) headers.elenmentAt(i)).length
());
t bl . addCol um( (String) headers.elenmentAt(i));
Vector rows = get RSRowsAsVector (rs);
for (i=0; i<rows.size(); i++)
t bl . addRow( (Vector) rows.elementAt(i));

rs.close();

}

}

/'l close the isqgl result w ndow

if (nmequal s("resultC oseButton")) {
util.show("isql Resul t Wndow', false);

}

}
}

catch(j ava. | ang. Excepti on ex) {
ex. printStackTrace();
}

return super. handl eEvent (evt);

}

/**

* return the resultset of a sinple query

*/
public ResultSet getSingleRS(String sql Text)
{

ResultSet rs = null

int res;

try {

Statenent st = conn.createStatenent();
if (st.execute(sql Text)) {
/1 okay it's not an update count
rs = st.getResultSet();



else if ((res = st.getUpdateCount()) !=-1) {
/1 it's an update count
/1 we could could display it

}
} catch (SQ.Exception ex) { ex.printStackTrace(); }
return rs;
}
/**

* return the colum headers of a resultset as vector

*/
public Vector get RSCol unmHeader sAsVector (ResultSet rs) {
int i;
Vector v = new Vector();
try {
Resul t Set MetaData rsnd = rs. get MetabData();
int nunCols = rsnd. get Col utmCount () ;
/'l fetch colunmm headers
for (i = 1; i <= nunCols; i++)
{
v. addEl enment (rsnd. get Col utmLabel (i));
}
}
catch (SQ.Exception ex)
{
}
return v;
}
/**

* return a resultset as vector
*/
public Vector get RSRowsAsVector(ResultSet rs) {
Pr ogressl ndi cat or Wdget bar = (Progresslndi cat or Wdget) util.get Wdget
("sqgl ProgressBar");
i nt barValue = 0;

Vector v = new Vector();
Vector r = null;

int i;

try {

Resul t Set Met aData rsnd = rs. get MetabData();
int nunCols = rsnd. get Col utmCount () ;
bar. set Val ue(0);
/'l step through the rows
while (rs.next())
{
/'l process the columms
r = new Vector();
for (i =1; i <= nunCols; i++)
{

}

v. addEl errent (r);
i f (barValue < 100) {
bar Val ue = barVal ue + 10;

r.addEl enent (rs.getString(i));

}
el se {

bar Val ue = 0;
}

bar. set Val ue( bar Val ue) ;
bar. repaint();



}

}
catch (SQ.Exception ex)
{
}
return v;
}
}
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Applet: JIDBC Airlines

Looking for online airline information? Choose JDBC Airlines! This applet illustrates remote access to a database
through a nice user interface. The example runs as an applet within World Wide Web browsers that support Java. It uses
JDBC to connect and retrieve flight schedules from a database. No middleware isinvolved. The JDBC driver used for
this example is a 100-percent Java driver that directly connects to the database server. Figure 10-4 shows the JIDBC
Airlines applet.

L
Figure 10-4: Connect Software’s JDBC Airlines applet.

Thisis an example from Connect Software, Inc. Thanks to its 100-percent Java drivers, this applet is able to run within
any Java-compatible WWW browser. Again, no specific classes must be preinstalled on the client machine. The JIDBC
driver downloads from the Web server along with the appl et classes.

TheHTML File

The HTML file contains the tag to load the applet as well as parameters that provide connection information to this
applet. Such connection information includes the driver to use to connect to the database and the database’ s URL.

<htm >

<head>

<title>

Airplet, the Airline Applet by Connect Software
</title>

</ head>

<body bgcol or =" #FFFFFF" >

<center >

<img src="inmges/ banner.gif">

<p>

<appl et code=airplet.Airplet w dth=500 hei ght =600>
<par am nane=dri ver val ue=connect. sybase. SybaseDri ver>
<par am nanme=connecti on val ue='j dbc: sybase://db. mydomai n. com 8192/ airli ne;
user =guest ; passwor d=guest ' >

</ center>

</ appl et >
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</htm >
Airplet.java

Airplet.javaisthe main applet class. Initialization establishes a connection with the database server. As soon as the
connection is established, various panels are prepared and displayed. These panels include a panel with name and preset
choices for departure and arrival airports, a panel with search and roundtrip buttons, and a panel with maps and routes
between airports.

User events are handled when selecting airport choices and clicking search or roundtrip buttons. A search for flights
from the origin to the destination is performed. A method is also provided to load map images from the server.

Listing 10-4 shows the source code for the main part of the applet, Airplet.java
Listing 10-4: Airplet.java.

I

/'l Airplet.java - Connect Software's Airline Applet, a.k.a. jdbc airlines
11

/1 Copyright (C) 1996 by Connect Software. Al rights reserved.
11

[l Witten by Gonata Mettifogo, Peter Ham

11

/'l Connect Software, Inc.

/1 81 Lansing Street, Suite #411

/1 San Franci sco, CA 94105

/1 (415) 710-1544 (phone) - (415) 543-6695 (fax)

11

/1 email: info@onnectsw. com- www http://ww. connect sw. com
package airplet; // airplet's package

import java.applet.*; // inmport a nunber of java libraries

i mport java.aw.*;

i mport java.io.*;

i mport java.net.*;

import java.util.*;

inmport jdbc.sqgl.*; // inport nodified jdbc libraries

public class Airplet extends java.applet.Applet // main applet class

{

private TextField nameTo = null; // nanes of departure and arrival airports
private TextField naneFrom = nul | ;
private AirportChoice choiceTo = null; // preset lists of departure and

arrival airports
private AirportChoice choiceFrom = null
private FlightsPanel panel Flights = null; // panel containing maps and
flights listings
[** Initialize the applet, opens the connection with the database and add user
interface
items in the applet. */
synchroni zed public void init()
{
airplet = this; // static reference to this airplet
set Background(Col or.white); // white background for this appl et
Layout Manager col ummLayout = new Col ummLayout (5,5); // all panels go in a
singl e colum
set Layout (col unmmLayout) ;
showSt at us( " Connecting..."); // let user know we're



connecting to the database

try
{

dri ver

connecti on

}

String driver = getParaneter("driver"); // use sql driver specified

"driver' paraneter
if(driver !'=null) dass.forName(driver).new nstance(); // register

with Driver Manager
String url = getParaneter("connection"); // get connection's url
connection = DriverManager. get Connection(url); // establish

with server

catch( Excepti on sql Ex)

{
}

System out. println("Connection fail ed because " + sgl Ex + "\n");

showSt at us("Preparing...");

try
{

Panel panel From = new Panel (); // create panel with name and preset
choi ces for departure's airport
| mmgeCanvas i nageFrom = new
| mmgeCanvas("i mages/airFromgif"); panel From add(i mageFrom
naneFrom = new Text Fi el d(25); panel From add( nameFron)
choi ceFrom = new Ai r port Choi ce(); panel From add(choi ceFrom
Panel panel To = new Panel (); // create panel with nanme and preset
choices for arrival's airport
| mmgeCanvas i nageTo = new | mageCanvas("i mages/airTo.gif");
panel To. add(i nageTo) ;
naneTo = new Text Fi el d(25); panel To. add(naneTo);
choi ceTo = new Ai rport Choi ce(); panel To.add(choi ceTo);

Panel panel Buttons = new Panel (); // panel with search and roundtrip
buttons
Button buttonl
Button button2

new Button("Search"); panel Buttons. add(buttonl);
new Button("Roundtrip"); panel Butt ons.

add( button2);

panel Fl i ghts = new FlightsPanel (); // panel with maps and routes
add(panel Fron); // add all panels to the appl et

add( panel To) ;

add( panel But t ons) ;

add( panel Fl i ghts);

showSt at us(" Connect Software, 1996."); // here we are!

}
cat ch( SQLException sql Ex) { showStatus("Sorry, could not initialize, e-
mai |
support @onnect sw. coni'); }
}
/** Responds to user selecting an airport in the choice nmenus or clicking
search or
roundtrip. */
public bool ean action(Event i Event, Cbject i Argunent)
{
i f(i Event.target == choiceFronm // user picked an origin fromthe choices
{

Airport air = choi ceFrom get Sel ect edAi rport();
naneFrom set Text (air.getName()); // copy origin's nanme to origin's



t ext

field
return true
}
i f(iEvent.target == choiceTo) // user picked a destination fromthe
choi ces
{

Airport air = choiceTo. get Sel ectedAi rport();
naneTo. set Text (air.getNanme()); // copy destination's nane to
destination's text

field
}
i f(iArgunent.equal s("Search") || iArgunent.equal s("Roundtrip")) // search
for
flights fromorigin to destination
{

String airFrom = nameFrom get Text () ;
if(airFromlength() < 1) airFrom = choi ceFrom get Sel ectedltem();
String airTo = nanmeTo. get Text () ;
if(airTo.length() < 1) airTo = choiceTo. get Sel ectedltem);
searchFl i ghts(airFromairTo, i Argunent. equal s("Roundtrip"));
return true

}

return super.action(i Event,iArgunent); // event was handl ed
}
private void searchFlights(String departingFrom String arrivingTo, bool ean
roundTri p)

{
try
{
/1 Systemout.println("Airplet.searchFlights - from" +

departi ngFrom + "
to + arrivingTo);
Airport airFrom= Airport.getAirport(departingFron); // find out nore
about departing airport
Airport airTo = Airport.getAirport(arrivingTo); // find out nore

about
arriving airport
if(airFrom!= null &% airTo !'= null) // if both airports where found
(and
they are different)
{
nanmeFrom set Text (ai r From get Nanme()); // show conpl ete nane
and code for departure airport
choi ceFrom sel ect (ai r From get Code() ) ;
naneTo. set Text (ai r To. get Name()); // show conpl ete nanme and
code for arrival airport
choi ceTo. sel ect (ai r To. get Code() ) ;
if(roundTrip) // if user requested return trip

{
panel Fl i ghts.setAirports(airTo,airFrom; // show
i nverse route
}
el se panel Flights.setAirports(airFrom airTo); // show
normal route
| ayout ();
}
}

cat ch( SQLException sql Ex) { panel Flights.setText(sql Ex.toString());



}

}
static Statenment createStatenment() throws SQ.Exception
{
return connection.createStatenent();
}
private static Connection connection = null; // connection to the airline
dat abase
/** Loads given imge fromthe network, or file system and returns it. */
static I mage | oadl nage(String i Nane)
{
if(imges == null) // if there's no hash table for inages yet
{
i mages = new Hashtable(); // create an enpty hash table
}
| mge i mage = (I mage) inmages.get(iNane); // try to get inmage fromthe
hash tabl e
(hash is inage's nane)
if(image == null) // if this image hasn't been | oaded yet
{
try // catch all |oading problens
{
URL url = new URL(airplet.getDocunentBase(), iNane); //
create url of image on web server or local file system
imge = airplet.getlmge(url); // try to load imge
ai rpl et. preparel mage(i mage, ai rpl et);
}
cat ch(Exception e) { }
if(image '=null) // if imge was | oaded
{
i mages. put (i Nane,image); // add it to the hash table so next
time we don't have to load it
}
}
return image; // return the inmage
}
static private Hashtable inmages = null; // an hash table of |oaded inmages
static private Airplet airplet = null; // a static reference to this applet

(there's only one
instance of it running at any tine)

}
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Airport.java

Airport.java holds the information regarding an airport. The constructor executes a query returning airport details such as
its code, its name, its description, and its geographical coordinates in terms of x and y positions on different maps.

A hash table of airportsis aso created in Listing 10-5, which shows the source code of Airport.java.
Listing 10-5: Airport.java.

11

/1l Airport.java - this objects holds information regarding an airport
11

/1 Copyright (C) 1996 by Connect Software. Al rights reserved.

11

/[l Witten by Gonata Mettifogo, Peter Ham

11

package airplet;

i mport connect.sql.*; // inport sgl server access classes

i mport java.awm.*; // java's wi ndowi ng tool kit and other ui classes
import java.util.*; // utility classes

/** Information regarding an airport. */

class Airport

{
public Airport(String i Airport) throws SQ.Exception
{
iAirport = iAirport.trim); // renove |leading and trailing spaces
ResultSet r = null; Statement s = Airplet.createStatenent(); // use normnal
st at ement
to query the Airports table
if(iAirport.length() ==3) // if thisis likely to be an airport code
{
r = s.executeQuery("select * fromairports where code ="'" + i Airport
+
)
if(r.next() == false) // nove over to the first (and only) rowin the
result
set
{
r =null; // there are no entries with given airport code
}
}
if(r == null) // search for airports whose nanme contain given airport string
(like
%string%

{
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set

r = s.executeQuery("select * fromairports where nane like '% + i Airport
+II%II);

characters in

ei t her

if(r.next() == false) // nmove to first (and probably only) rowin result
{
String nocase = ""; // case insensitive nane, eg.
[MM[il][IL][aAl[nN] instead of MIan
for(int i =0 ; i <iArport.length() ; i++) // scan al
the string
{
String single = i Airport.substring(i,i+1); // extract
character then convert to | owercase and uppercase
String | ower = single.toLowerCase(), upper =
si ngl e. t oUpper Case() ;
i f(lower.equal s(upper) == false) // if lowercase is
different fromuppercase (that is if this character is
al pha)
{
nocase += "[" + |lower + upper + "]"; [/
regul ar expression for both | ower or
uppercase, e.g. [aAl
}
el se nocase += single;
}
/1 Systemout.println("Airport - searching with case insensitive

string '" + nocase + "'");
r = s.executeQuery("select * fromairports where nanme like '% +
nocase + "% ");
if(r.next() == false) r = null; // if this one didn't work
there's no such airport
}
}
if(r !'=null)
{
code = r.getString("code"); // airport code, eg. 'SFO
nane = r.getString("nane"); // airport nanme, eg. 'San Francisco, CA
description = r.getString("description"); // description of this airport
StringTokeni zer sTokeni zer = new StringTokeni zer
(r.getString("maps"),";");
whi | e(sTokeni zer. hasMor eTokens()) // scan each token, maps entry | ooks
sonething like "california(45, 60); usa(123,3);worl d(56,78)"

{
Mapl nfo info = new Mapl nf o(sTokeni zer. next Token()); // create
an object containing informati on regarding this airport on a
single map
if(maps !'=null) // if there's other maps al ready
{
maps. append(info); // add this map to the linked |i st
of maps
}
else maps = info; // this is the first map in the |ist
/'l Systemout.println(code + " map " + info);
}
}
el se throw new SQLException("Can't find '" + iAirport + "' in the airports

dat abase. ") ;



private String code, nane, description; // airport code, nane and description
eg. 'SFO,
"San Francisco, CA', 'International Airport, ...'
private Maplnfo maps; // linked list of maps available for this airport (and
coordi nates on
each map) in preferred order (eg. 'california', 'usa', "world)
public String get Code()
{

return code; // return airport code

}
public String getNanme()

{

return nane;

}

public Maplnfo get Maps()

{
return maps;
}
/** Returns airport with the given nanme or code. */
static public Airport getAirport(String i Nanme)
{
try
{

if(airports = null) // if there's no hash table for
airports
{
airports = new Hashtable(); // create an
enpty hash table
}
Airport airport = (Airport) airports.get(iNanme); // try
getting
the airport fromthe hash table
if(airport = null) // if airport was not found
{
airport = new Airport(iName); // create a new airport
fromthat name (will query the database)
airports. put (airport.getName(),airport); // add airport
, to the hash table (by nane)
airports. put(airport.getCode(),airport); // add al so by
code

}

return airport; // return the airport
}
cat ch( SQLException sqgl Exception) { return null; } // airport
coul d not be
f ound
}
static private Hashtable airports = null; // hash table of airports
(used to mininze
dat abase access)
public String toString()
{

return "Airport[" + code + "," + name + "]"; // convert object to string
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AirportChoice. java

AirportChoice.java class queries the database to build alist of airport codes such as SFO, LAX, or JFK. Thelist is used
within the user interface to let the user choose the departure and arrival airports. Listing 10-6 shows the source code for
AirPortChoice.java

Listing 10-6: AirportChoice.java.

11

/1 AirportChoice.java - user interface w dget showing a choice of airports
11

/1 Copyright (C) 1996 by Connect Software. Al rights reserved.

11

/[l Witten by Gonata Mettifogo, Peter Ham

11
package airplet;
i mport connect.sql.*; // inmport jdbc and other sql libraries

import java.awt.*; // java wi ndow ng tool kit
[** A choice user interface widget showing a |ist of available airport codes. */
cl ass AirportChoi ce extends Choice

{

/**

* |nitialize the choice user interface widget with a list of airports

* available in the database. The nethod will query the airports table
* of the database, listing all available airports by code.

*/

public AirportChoice() throws SQLException

{

/1 use sql to select all airport codes fromthe airports table then add
themto the
wi dget
Statement s = Airplet.createStatenent(); // scan all the airports in the
tabl e
for(ResultSet r = s.executeQuery("select code fromairports order by
code") ; r.next()

;)
{
String name = r.getString(1l); // name of this airport
/1l Systemout.printin("AirportChoice - " + r.getString("code") + " is
o+
name + "'");
addltem(nane); // add airport to the choices
}

s.close(); // close statenent

}

/[** Returns the Airport corresponding to the entry with the given index. */
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public Airport getAirport(int index)
{
return Airport.getAirport(getlten(index)); // return Airport object
}
/** Returns the currently selected Airport. */
public Airport getSel ectedAirport()

{
return getAirport(getSel ectedl ndex());

ColumnLayout. java

ColumnLayout.java class arranges a set of components in a single column. The source code for thisclassisin Listing 10-
7.

Listing 10-7: ColumnLayout.java.

11

/! ColummLayout.java - layout that arranges all conponents in a colum
11

/1 Copyright (C 1996 by Connect Software. Al rights reserved.

/1

/[l Witten by Gonata Mettifogo.

/1

package airplet;

import java.awt.*; // inport java w ndow ng cl asses

/** A layout that arranges all conponents in a single colum. */
public class ColummLayout inplenments Layout Manager // just another |ayout nanager

{ publ i c Col umLayout ()
{ hgap = vgap = 0; // no gap between conponents
Lublic Col ummLayout (i nt hgap, i nt vgap)
i this. hgap = hgap; this.vgap = vgap; // use this spacing between conponents

private int hgap, vgap; // horizontal and vertical spacing between conponents
/** Arrange conponents contained in iParent in a single colum using their
preferred size.
*/
public void | ayout Cont ai ner (Cont ai ner i Parent)
{
Insets insets = iParent.insets(); // insets (borders around the container)
Di mensi on di mension = i Parent.size(); // size of parent container
dimension.width -= insets.left + insets.right; // net wi dth of container
for(int i =0, v =vgap ; i < iParent.countConponents() ; i++)
{
Conponent conponent = i Parent. get Conponent(i); // scan each
conmponent in the container
Di nensi on size = conponent.preferredSize(); // get conponent's
preferred size the reshape it
conmponent . reshape(insets.left,v,dinmension.width - insets.left -
i nsets.right, size. height);
conponent.repaint(); // redraw the conmponent
v += size.height + vgap; // update vertical origin for next conponent



}
}
/** Returns the mnimum | ayout size cal cul ated using each conponent's
preferred size. */
publ i c Di mensi on m ni munLayout Si ze( Cont ai ner i Parent)
{
Di nmensi on di nensi on = new Di nensi on(0, 0);
for(int i =0 ; i < iParent.countConponents() ; i++) // scan conmponents
{
Conponent conponent = i Parent. get Conmponent (i) ;
Di nensi on size = conponent.preferredSize(); // get i-th component's size
di mensi on. wi dth = Mat h. max(di mensi on. wi dt h, si ze. wi dt h) ;
di mensi on. hei ght += size. height + vgap; // update height including this
conmponent
}
Insets insets = iParent.insets(); // add insets (border)
dinmension.width += insets.left + insets.right + 2 * hgap;
di mensi on. hei ght += insets.top + insets.bottom + vgap;
return di nension;
}
/** Preferred size is just |ike mninmumsize but can be as wi de as the parent
component. */
publ i c Di mensi on preferredLayout Si ze( Cont ai ner i Parent)

{
Di mrensi on di nensi on = mi ni nunLayout Si ze(i Parent);
di mensi on.wi dth = Mat h. max(i Parent. si ze().w dth, di mension. w dth);
return di nension;

}

public void addLayout Conponent (String i Name, Conponent i Conponent)
{

}
public void renmovelLayout Conmponent ( Conponent i Conponent)
{
}
}
Flight.java

Flight.java contains a constructor that initializes the members of the flight information and passes them as a parameter. It
extracts the flight number, departure and arrival, flight frequency, and plane identification. Listing 10-8 shows the source
code for this class.

Listing 10-8: Flight.java.

11

/'l Flight.java - holds information regarding a flight

11

/1 Copyright (C) 1996 by Connect Software. Al rights reserved.

11

/[l Witten by Gonata Mettifogo, Peter Ham

11

package airplet;

i mport connect. sql . *; /! inport jdbc and other sqgl libraries
class Flight

{

/**

* Initialize flight fromthe informati on contained in the current



row of this result set. The result set is a subset of rows from
the flights table in the airline database. This nmethod will read
information on current row (it will not call next).

@aramiFlight is a result set whose current rowis a flight
/
public Flight(ResultSet iFlight) throws SQ.Exception

{

* Ok ok * ok *

code = iFlight.getString("code"); // get flight nunber

from=iFlight.getString("fromcity"); to = iFlight.getString("to _city");

departure = i Flight.getTime("departure”); arrival = iFlight.getTinme
("arrival");

frequency = iFlight.getString("frequency"); // flight frequency (eg. which
days this

flight operates)
plane = iFlight.getString("plane"); // airplane used

}
String code, from to; // the flight code/nunber and city of departure/

arrival, e.g.,
" TWAB00'
Ti me departure, arrival; // departure and arrival tine
String frequency; // days when the flight is available, e.g., 123 for Mon,
Tue, Wed
String plane; // airplane used, e.g., "Boeing 767"
public String toString()

{
return "Flight[" + code + "," + from+ " " + departure + "," +to + " " +
arrival + ", "
+ frequency + "," + plane + "]";
}

}
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FlightsPanel.java

FlightsPanel .java classis apanel containing a graphical map. Which map is displayed depends on the departure and
destination airport locations. This panel also displays the routes. Listing 10-9 contains the source code for this class.

Listing 10-9: FlightsPanel .java.

11
/! FlightsPanel.java - a panel showing flights information and routes.
11
/1 Copyright (C) 1996 by Connect Software. Al rights reserved.
11
/[l Witten by Gonata Mettifogo, Peter Ham
11
package airplet; // airplet package
i mport connect.sql.*; // inmport connect's jdbc libraries
import java.awt.*; // inport java windowing library
cl ass FlightsPanel extends Panel
{
public FlightsPanel ()
{
Layout Manager |ayout = new Col utmLayout (0, 10); // colum |ayout with 10
pi xel s between conponents
set Layout (I ayout); // use this layout for the panel
map = new MapCanvas(); add(map); // add a map to the panel
| abel = new MultilinelLabel (Label.CENTER); // |abel that can display
multiple Iines
of text (draw with subtle good | ooking shadow)
set Text ("Wel come to jdbc airlines!\n \nPlease pick an origin and a
destination\nthen click Search or RoundTrip.");
add(l abel); // add | abel to panel
}
/** Converts a tinme object into a string in the form hh: nmanm pm */
String time2string(Tinme tine)

{
int hour = time.getHours(); // get hours (0..23) and ninutes (0..59)
int mMnute =tinme.getMnutes(); // format the string as hh:nmthen append
am or
pm
return (hour %12 < 10 ? "0" : "") + Integer.toString(hour % 12) + ":" +
(mnute < 10
?"0" : "") + Integer.toString(mnute) + (hour <12 ? " AM : " PM);
}

void setAirports(Airport i FromAirport iTo) throws SQLException
{

String str = null;
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try

map. set Ai rports(i FromiTo); // show best map for these two airports
(and
a route between them
i f(iFrom getCode().equal s(i To.getCode()) = false) // if the two
airports are
not the sane

{
Fli ghtsVector flights = new FlightsVector(iFromiTo); // create a
vector containing all the flights between the two airports
int nunFlights = flights.size(); // nunmber of flights found
if(nunFlights > 0) // if there are flights
{
str = "Flights from" + i FromgetNane() + " to " +
i To.getName() + "\n \n";
for(int i =0 ; i <nunFlights ; i++) // scan flights
bet ween these two airports
{
Flight flight = (Flight) flights.elenentAt(i); //
retrieve i-th flight
str += flight.code + " |eaves at " +
time2string(flight.departure) + " arrives at
+ time2string(flight.arrival) + " (frequency "
+ flight.frequency + ").\n";
}
}
el se str = "There are no flights between " + i From getNane() + "
and " + i To.getNanme() + ".";
}
el se str = "Please pick two different airports, then retry."; [/ if

there are no
flights or airports are the sane show an error nessage

}
cat ch( SQLException sql Ex) // sone sql exception was raised, notify the user
{
str = "Sorry, your request didn't go through,\nthe server is probably
down or busy,\nplease try again later.\n \n" + sql Ex;
}

set Text(str); // showthe string with the flights or the warning
layout(); // we nmay need to redo this panel's |ayout (the |abel may have
changed its

si ze)
}
public void setText(String text)
{
| abel . set Text (text);
}
private MapCanvas map = null; // map and route canvas
private MultilineLabel label = null; // label with flights or error nessage

}

FlightsVector.java

FlightsVector.javais a vector containing all flights between the departure and arrival airports. A query is sent to the
database server to get information about flights with the given airport codes for departure and arrival. Listing 10-10
shows the source code for this class.



Listing 10-10: FlightsVector.java.

11

/'l FlightsVector.java - a vector containing a bunch of flights
11

/1 Copyright (C) 1996 by Connect Software. Al rights reserved.
11

/[l Witten by Gonata Mettifogo, Peter Ham

11
package airplet;
i mport connect.sql.*; // inmport jdbc and other sql libraries

import java.util.*; // java utility classes
class FlightsVector extends Vector // this is just a vector of Flight objects

{
/**
* |nitialize this vector with all flights between two given airports.
* The method will select all rows in the flights table having the given
ai rport
* codes in the fromcity and to_city fields. An entry in the vector will
t hen
be created for each flight and each entry will be added to the vector

@ar am i Connecti on connection to the database
@arami Fromthe airport we're |l eaving from
@aramiTo the airport we're arriving to
/
public FlightsVector(Airport i FromAirport iTo) throws SQLException

* 0% X X X X

/1 executes sonmething like: select * fromflights where fromcity
= '"SFO and to_city = "'JFK
String sql = "select * fromflights where fromcity ="'" + i From get Code()
+ "' and
to city ="'" + iTo.getCode() + "' order by departure"
Statenment s = Airplet.createStatenent(); // create normal sqgl statenent
for(ResultSet r = s.executeQuery(sql) ; r.next() ; ) // scan all flights
bet ween gi ven

airports
{
Flight flight = new Flight(r); // create a new flight fromcurrent row
/1l Systemout.println("FlightsVector - adding flight " + flight + " to
vector");
addEl ement (flight); // add this flight to the vector
}

s.close(); // we don't have to do this (but it could help jdbc optimze
access)

}
}
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ImageCanvas.java

ImageCanvas.java class is a canvas containing an image. An update method is provided to draw the image using double
buffering, if possible. Listing 10-11 shows the source code for this class.

Listing 10-11: ImageCanvas.java.

11

/! 1 mageCanvas.java - a canvas that shows an image

11

/1 Copyright (C) 1996 by Connect Software. Al rights reserved.
11

/[l Witten by Gonata Mettifogo, Peter Ham

11

package airplet;

i mport java. applet. *;

import java.aw.*; // java wi ndow ng cl asses

/** A canvas used to display an image. */

public class | mgeCanvas extends Canvas // shows a canvas containing an i mage
{

[** Initialize canvas showing the inmage with the given nane. */
public | mageCanvas(String nane)

{
if(name !'= null && name.length() > 0) // if a nanme was specified
{
setl mage(nane); // load inmage
}
}
protected Image inmage = null; // inmage shown by this canvas

/** Display inmage with given nane in the canvas. */
public void setlmge(String i Nane)

{
| mage newi mage = Airplet.| oadl nage(i Nane); // |oad new i mage
if(imge !'= newinage) // if image changed
{
i mage = newi nage; repaint(); // refresh the canvas
}
}

[** Update the canvas using double buffering (if enough nenory's available). */
synchroni zed public void updat e(G aphics i Gaphics)
{

D nension d = size();

if(dwidth <1 || d.height < 1) return; // don't update if enpty

| mge buf = null;

try // catch nenory full and ot her probl em

{
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buf = createlmage(d.width,d. height); // create tenporary buffer

}

catch(Exception e) { }

if(buf '=null) // if buffer was created

{
Graphics buf G = buf.getGaphics(); // get buffer's graPH C CONTEXT
buf G.clearRect(0,0,d.width,d. height); // erase content of buffer
pai nt (bufG&); // paint into the of fscreen buffer
i G aphi cs. draw mage(buf,0,0,this); // copy the offscreen buffer to the

panel

buf.flush(); // dispose buffer's resources

}

el se super.update(i Graphics); // if there's not enough nmenory for double
buf fering
| et the superclass update as usual
}

/** Draw the inmage centered in the canvas. */
public void paint (G aphics i Gaphics)

{
if(inmage '= null) // if there is an inmage
{
Di mension d = size(); // calculate imge's origin
d.width -= inmage.getWdth(this);
d. height -= image. getHeight(this); // then draw the inmage centered in
t he
canvas
i G aphi cs. draw mage(i nage, d. wi dt h, d. hei ght, this);
}

}

[** Preferred size for this canvas is the size of the image that it is
showi ng, if any. */
public Dinmension preferredSi ze()

{
if(image '= null) // if an inmage was sel ected return its size
{
return new Di nmensi on(i mage. get Wdt h(this),inmge. getHeight(this));
}
return new Dinmension(1,1); // otherwise 1 pixel will do (0 would be too
little,
' cause paint woul d never be call ed)
}
}
MapCanvas.java

MapCanvas.java contains the methods used to display the most appropriate map for the departure and arrival selections.
A route is drawn between the two airports. Listing 10-12 shows the source code for this class.

Listing 10-12: MapCanvas.java.

11

/! MapCanvas.java - a view that shows a map with airports and a route
11

/1 Copyright (C 1996 by Connect Software. Al rights reserved.

11

/!l Witten by Gonata Mettifogo, Peter Ham

11



package airplet;

import java.awt.*; // inport java w ndowi ng tool kit

import java.io.*; // 1/0O streans, exceptions, etc.

i mport java.applet.*; // applet class

/** A canvas that shows a nap and a flight's route. */

cl ass MapCanvas extends | nmageCanvas // map class extends canvas (drawabl e view)

{
public MapCanvas()

{
super ("images/world.gif"); // display world map until airports are sel ected
i conFrom = Airplet.|oadl mage("i mages/iconFromgif"); // load origin and
destination icons
iconTo = Airplet.|oadl mage("i mages/iconTo.gif");
}
private Airport airFrom= null; // arrival and departure airports
private Airport airTo = null
private Maplnfo mapFrom = null; // information regarding the airports on the
map
private Maplnfo mapTo = null;
private Image iconFrom= null; // icons for arrival and departure poi nts on
the map

private I mage i conTo = null
/** Draw a route going fromxl,yl to x2,y2 */
private void drawRoute(G aphics i Gaphics,int x1,int yl,int x2,int y2)
{
int xp = x1;
int yp =yl
double arc = Math. m n(Math. abs(x1 - x2) * .20 + Math.abs(yl - y2)
* .20, 30.0);
for(double p=.1; p<=1.0; p +=.1) // draw a slanted arc as 20
connected |ines
{
int xc = (int) (x1 + (double) (x2 - x1) * p); // calculate paranetric
position
in the line connecting origin with arrival
int yc = (int) (yl + (double) (y2 - yl1) * p);
doubl e pslanted = p; // (p < .75 ? (p* .50/ .75 : (.50 + (p
- .75 * .50/ .25);
yc -= (int) (Math.sin(Math.Pl * pslanted) * arc); // add variable y

val ue to
forman arc
i G aphi cs. drawLi ne(xp, yp, xc,yc); // draw current segnent
Xp = xc; /] current position becomes previous position
yp = ¥¢C;
}
}

/[** Draw the nap of the region containing both airports and a route. */
public void paint (G aphics i Gaphics)

{
super. paint(i Gaphics); // draws the nmap
i f(mapFrom!= null && mapTo !'= null)
{
Dinmension d = size(); // size of this canvas
int w=imge.getWdth(this), hofs = (d.width - w) / 2; // origin of
t he

map in the canvas
int h = imge.getHeight(this), vofs = (d.height - h) / 2;
i G aphi cs.setCol or(Color.lightGay);



dr awRout e(i Graphi cs, hofs + mapFrom x + 1,vofs + napFromy + 1, hofs +

mapTo. x + 1,vofs + mapTo.y + 1);
i G aphi cs. set Col or ( Col or. bl ack);

dr awRout e(i G- aphi cs, hof s + mapFrom x, vofs + mapFromy, hofs + mapTo. X,

vofs + mapTo.y);

/1l draw origin and

int xFrom = hofs + mapFrom x - iconFromgetWdth(this) / 2;
int yFrom = vofs + mapFromy - iconFrom getHeight(this) / 2;
int XxTo = hofs + mapTo.x - iconTo.getWdth(this) / 2;
origin
and destination icon's position
int yTo = vofs + mapTo.y - iconTo.getHeight(this) / 2;
i G aphi cs. draw mage(i conFrom xFrom yFrom this);
destination icons
i G aphi cs. draw mage(i conTo, xTo, yTo, this);
}
}

[** Sets departure and arrival airports, selecting and displaying the nost

appropriate nmap.
*/
void setAirports(Airport i FromAirport iTo)
{

String name = null;

airFrom= iFrom airTo = iTo; // set departure and arrival airports
if(airFrom!= null &% airTo !'= null) // if departure and arrival airports
wer e
specified
{
for(mapFrom = airFrom get Maps() ; name == null && mapFrom!= null ;
{
for(mapTo = airTo.getMaps() ; nane == null && mapTo != null ; )
{
i f (mapFrom name. equal s(nmapTo. nane))
{
nane = mapFrom nane;
}
el se mapTo = mapTo. next;
}
i f(name == null) mapFrom = napFrom next;
}
/'l Systemout. println("MpCanvas. set Ai rport +airFrom+ " " +
mapFrom+ " to " + airTo + " " + nmapTo);
}
nane = "inmages/" + (nanme != null ? name : "world") + ".gif"; // use

world's map if
there's no better one
set |l mage(nane); // display new i mge

}
public Dinmension preferredSi ze()
{
return new Di mensi on(500, 300); // size of the maps is fixed
}

}
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Maplnfo.java

Maplnfo.java class extracts the x,y coordinates from the flight’s string for a particular graphic map. Listing 10-13 shows
its source code.

Listing 10-13: Maplnfo.java.

11
/1 Maplnfo.java - informations regarding airport's position on a map
11
/1 Copyright (C) 1996 by Connect Software. Al rights reserved.
11
[l Witten by Gonata Mettifogo, Peter Ham
11
package airplet; // airplet's package
import java.util.*; // utility classes
/[** Information about an airport's position on a map. */
cl ass Mapl nfo
{
[** Initialize froma 'map(x,y)"' string. */
Mapl nfo(String map)
{
StringTokeni zer sTokeni zer = new StringTokeni zer(map,"(,)"); // name is
encoded
as nanme(x,y) so use ( and comma as separators
name = sTokeni zer.next Token().toLowerCase(); // name of this map (eg.

usa',
"europe', 'world")
X = I nteger. parsel nt(sTokeni zer. next Token()); // coordinate of the airport
inthis
map
y = Integer. parsel nt(sTokeni zer. next Token());
}

String nane; // nane of the map
int x,y; // coordinates of the airport on this nmap

Mapl nfo next = null; // next map (this is a linked |ist)

voi d append(Maplnfo item

{

if(next !'= null) next.append(iten); else next = item // appends item at
the end of
the linked I|ist

}

public String toString()

{

return "Maplnfo[" + name + "," + x + "," +y + "]"; /] returns Maplnfo
[ nane, X, y]
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MultilineL abel.java

MultilineL abel.javais simply alabel that can display multiple lines of text. It also provides text shadow for the drawn
string. Listing 10-14 shows the source code for this class.

Listing 10-14: MultilineLabel.java.

11

/1 MultilineLabel.java - a |label that can draw several |ines of text
/1

/1 Copyright (C 1996 by Connect Software. Al rights reserved.
/1

/!l Witten by Gonata Mettifogo, Peter Ham

/1

package airplet;

i mport java.aw.*;

i mport java.util.*;

public class MiltilineLabel extends java.awt.Canvas

{
public MiltilineLabel (int alignnent)
{
align = alignnent;
}

private String text; private int align; // text and alignnent (see constants
i n Label)
public void setText(String text)

{
}

/** Draw the nultiline label aligned as specified during object's
construction. */

public void paint (G aphics i Gaphics)

{

this.text = text;

FontMetrics fm= i Gaphics.getFontMetrics(); // get information on the
font's sizes

StringTokeni zer tokens = new StringTokeni zer(text,"\n"); // separate
different lines

int w=size().width, h = fmgetHeight(); // line height and |abel's width

for(int y = h ; tokens.hasMreTokens() ; y += h) // scan all lines in the
| abel
{
String line = tokens. next Token(); // retrieve line
int x = 0;
if(align == Label .CENTER || align == Label .RIGHT) // if line is
cent ered
or right aligned
{
X =w- fmstringWdth(line); if(align == Label.CENTER) x /=
2;
/1 calculate spacing on left side
}

shadowstring(i Graphics,line,x,y); // draw the |ine



public Di mension preferredSi ze()
{
Font Metrics fm = get Graphics().getFontMetrics(); // get information on the
font's
si zes
StringTokeni zer tokens = new StringTokeni zer(text,"\n"); // separate
different Iines
Di nensi on di nensi on = new Di nensi on( 0, fm get Hei ght () * tokens. count Tokens

() +
fm get MaxDescent () + 1);
whi | e(t okens. hasMoreTokens()) // scan lines
{
String line = tokens. next Token(); // retrieve line
di mension.width = Math. max(fm stringWdth(line),dinension.width); //
width is the length of the |ongest line
}
return di nension;
}
/**

* Draws the given string at the given position using a
* subtle 1 pixel gray shadow. Light conmes fromthe upper
* left corner (where the Apple used to be).
*/
public void shadowString(G aphics i Gaphics,String iString,int x,int y)
{

Col or color = i Gaphics.getColor();

i G aphics.setColor(Color.lightGay);

i Gaphics.drawsString(i String, x+1, y+1);

i G aphi cs. setCol or(color);

i Gaphics.drawsString(i String, X,y);

Handling Multimedia Content

SQL does not provide mechanisms that are powerful enough to handle binary large objects, known as BLOBs.
Fortunately, JDBC contains the necessary methods to insert and extract BLOBS.

Sending BLOBS

The next example is a simple command line tool used to insert binary large objectsin atable. Any kind of BLOB may be
used, including pictures, audio files, binary data, and texts. It is quite simple to use. The tool prompts you for a database
URL, alog in, a password, the name of the table to be updated, the BLOB column name, which is the column that holds
aBLOB, and the BLOB file name.

A row must exist in the table before trying to insert aBLOB. For example, atable of employees must contain arow for
Jones before a picture can be inserted for this employee. To locate this row, the program also prompts for a column name
and value, which represent a search criteria. In the case of employee Jones, simply use “name” as column name and
“Jones’ as column value.

All parameters but the database URL, log in, and password may be passed on the command line. In this case, the
program will use the default URL, log in, and password. This method is extremely convenient for inserting multiple
BLOBs at once from a shell script.

Batch Command



Consider this script.

java txblob -c enpl oyees
java txblob -c enpl oyees
java txblob -c enpl oyees
java txblob -c enpl oyees

pi ct
pi ct
pi ct
pi ct

name Jones /tnp/ pictures/jones.jpg
name Dupont /tnp/pictures/dupont.jpg
name Duke /tnp/pictures/duke.jpg
name Jack /tnp/pictures/jack.]jpg

It inserts the pictures of Jones, Dupont, Duke, and Jack in the table of employees.
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Sour ce

Listing 10-15 contains the source code for this example.

Listing 10-15: txblob.java.

i mport java.sqgl.*;

i mport java.io.*;

import java.util.*;
public class txblob {

static Datal nput Stream kbd = new Dat al nput St rean( System i n);
static String url = "jdbc: odbc: net bank";
static String driver = "sun.jdbc.odbc.JdbcQdbcDriver";
static String login = "dba";
static String passwd = "javabank";
static String filenane = "";
static String tablename = "";
static String bl obcol umnane = "";
static String sel ectcolumnanme = "";
static String sel ectcolumvalue = "";
static Connection curConn = null;
public static void main(String argv[]) throws | OException
{
String temp = "";

if (argv[0].equals("-c")) {
tabl enane = argv[1];
bl obcol umname = argv][2];
sel ect col umnane = argv| 3];
sel ect col umval ue = argv[4];
filename = argv[5];
} else {
Systemout.println("Sinple tool to insert BLOBS, by Bernard Van
Haecke,
1996.\n");
Systemout.print("Enter the url or [ENTER for " + url + " : ");
System out. fl ush();
tenmp = kbd. readLi ne();
if ('tenp.equals("")) url = tenp;
Systemout.print("Enter the login or [ENTER] for " + login + " : ");
System out. fl ush();
tenmp = kbd. readLi ne();
if ('tenp.equals("")) login = tenp;
Systemout.print("Enter the passwd or [ENTER] for " + passwd + "

System out. flush();
tenmp = kbd. readLi ne();
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if (!tenp.equals("")) passwd = tenp;

Systemout.print("\nEnter the table nane : ");

System out. flush();

t abl enane = kbd. readLi ne();

Systemout.print("Enter the blob colum nane : ");

System out. flush();

bl obcol unmnane = kbd. readLi ne();

Systemout.print("Enter the row selection criteria colum nanme : ");
System out. flush();

sel ect col umnane = kbd. readLi ne();

Systemout.print("Enter the row selection criteria value : ");
System out. flush();

sel ect col umval ue = kbd. readLi ne();

Systemout.print("Enter the file name : ");

System out. flush();

filename = kbd. readLi ne();

}
t xbl ob session = new txbl ob();
}
public txblob() throws | CException
{
try {
Cl ass. for Nanme(driver);
cur Conn = Driver Manager. get Connection(url, |ogin, passwd);
}
catch(java.l ang. Exception ex) {
Systemout.printin("url : " + url);
Systemout.printin("login : " + login);
Systemout.println("passwd : " + passwd);
ex. printStackTrace();
return;
}
processBl ob();
finalize();
}
protected void finalize()
{
try {
cur Conn. cl ose();
}
catch (SQ.Exception ex) { }
}
private void processBlob() throws | CException
{

try {
java.io.File blobFile = new java.io.File(fil enane);

int blobFileLen = (int) blobFile.length();
java.io.lnputStreamfblob = new java.io. Fil el nput Strean(bl obFil e);
PreparedSt at enent nyStnt = cur Conn. prepar eSt at enent (
"UPDATE " + tablenane + " SET " + bl obcol umname + " = ? WHERE "
+ sel ectcol umnanme + " = ?");
myStnt . setBi naryStrean(1l, fblob, blobFileLen);
myStnt.setString(2, selectcolumval ue);
int res = nyStnt.executeUpdate();
myStnt . cl ose();

}

catch (SQLException ex) {
/1 Unexpected SQ. exception.
System out. println(ex);



}

catch (java.lang. Exception ex) {
I/ CGot sonme other type of exception. Dunp it.
ex. printStackTrace ();

Retrieving BLOBS

This exampleis very similar to the previous one. It is a simple command line tool to retrieve binary large objects from a
table. It prompts for a database URL, alog in, a password, the name of the table to be updated, the BLOB column name,
which isthe column that holds a BLOB, and the BLOB file name where this BLOB must be stored.

If atable of employees contains arow for Jones and if apicture is available for this employee, it is possible to retrieveit.
To locate this row, the program prompts for a column name and value, which represent a search criteria. In the case of
employee Jones, we would simply use “name” as column name and “Jones” as column value.

All parameters but the database URL, log in, and password pass on the command line. In this case, the program uses the
default URL, log in, and password. Thisis extremely convenient for retrieving many BLOBs at once from a shell script.

Batch Command

Consider the script in Listing 10-16.

Listing 10-16: Batch command.

java rxbl ob -c enpl oyees pict name Jones /tnp/pictures/jones.jpg
java rxbl ob -c enpl oyees pict name Dupont /tnp/pictures/dupont.jpg
java rxbl ob -c enpl oyees pict name Duke /tnp/pictures/duke.|pg
java rxblob -c enpl oyees pict name Jack /tnp/pictures/jack.jpg

This batch command retrieves the pictures of Jones, Dupont, Duke, and Jack from the table of employees and stores
these picturesin different files. The file name and file type are not stored in the table. We could have stored the file type
in the table by simply adding afile type record. In case the client application is not aware of the BLOB format, it is
mandatory to store this type information somewhere. It is possible to do so, but, in this case, special fields must be added
to the table structure because it is considered extrainformation regarding BLOBSs. Indeed, BLOBs are nothing more than
untyped binary data.

It may be agood idea to hold the data type along with BLOBS, particularly when the information is to be extracted and
sent to a Web browser. In this case, it is appropriate to store the BLOB’s Multimedia Internet Mail Extension (MIME)
type in a specific field of the table so the browser knows how to interpret the data [e.g., should it display it asa JPEG
(Joint Photographic Experts Group) picture or MPEG (Mation Pictures Experts Group) moviefile, or play it asan .au
(common audio file on Unix machines) sound filg].
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Sour ce

Listing 10-17 contains the source code for this example.

Listing 10-17: rxblob.java.

i mport java.sqgl.*;

i mport java.io.*;
import java.util.*;
public class rxblob {

static Datal nput Stream kbd = new Dat al nput St rean( System i n);
static String url = "jdbc: odbc: net bank";
static String driver = "sun.jdbc.odbc.JdbcQdbcDriver™;
static String login = "dba";
static String passwd = "javabank";
static String filenane = "";
static String tablenane = "";
static String bl obcol umnane = "";
static String sel ectcolumnanme = "";
static String sel ectcolumvalue = "";
static Connection curConn = null;
public static void main(String argv[]) throws | OException
{
String temp = "";

if ((argv[0] !'= null) && (argv[O0].equals("-c")))

tabl enane = argv[1];
bl obcol umname = argv[2];
sel ect col umnane = argv|[ 3];
sel ect col umval ue = argv[4];
filename = argv[5];

} else {

Systemout.printin("Sinple tool to retrieve BLOBS, by Bernard Van

Haecke, 1996.\n");
Systemout.print("Enter the url or [ENTER] for " + url
System out. flush();
tenmp = kbd. readLi ne();
if ('tenp.equals("")) url = tenp;

Systemout.print("Enter the login or [ENTER] for " + login + "

System out. flush();
tenmp = kbd. readLi ne();

if ('tenp.equals("")) login = tenp;

Systemout.print("Enter the passwd or [ENTER] for " + passwd + "

System out. flush();
tenmp = kbd. readLi ne();
if ('tenp.equal s("")) passwd = tenp;

")

")
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Systemout.print("\nEnter the table nane : ");

System out. flush();

t abl enane = kbd. readLi ne();

Systemout.print("Enter the blob colum nane : ");

System out. flush();

bl obcol unmnane = kbd. readLi ne();

Systemout.print("Enter the row selection criteria colum nanme : ");
System out. flush();

sel ect col umnane = kbd. readLi ne();

Systemout.print("Enter the row selection criteria value : ");
System out. flush();

sel ect col umval ue = kbd. readLi ne();

Systemout.print("Enter the file name : ");

System out. flush();

filename = kbd. readLi ne();

}

rxbl ob session = new rxbl ob();

}
public rxblob() throws | OCException
{

try {
Cl ass. for Nanme(driver) ;

cur Conn = DriverManager. get Connection(url, |ogin, passwd);
}
catch(java.l ang. Exception ex) {
Systemout.printin("url : " + url);
Systemout.printin("login : " + login);
Systemout.println("passwd : " + passwd);
ex. printStackTrace();
return;
}
processBl ob();
finalize();
}
protected void finalize()
{

try {
cur Conn. cl ose();
}

catch (SQLException ex) { }
}

private void processBlob() throws | CException
{

try {
java.io.File blobFile = new java.io.File(fil enane);

java.io. QutputStream fbl ob = new java.io. Fil eQutput Stream
(bl obFil e);
java.sqgl . Statenent nyStatenent = curConn. createStatenent();
ResultSet rs = nyStatenent. execut eQuery("SELECT " +
bl obcol ummnam
e +" FROM" +
t abl enane + "
VHERE " +
sel ect col umna
me +" =" +
sel ect col umval
ue);
/1 we retrieve in 4K chunks
byte[] buffer = new byte[4096];



int size;
if (rs.next()) {
/'l fetch blob
java.io.lnputStreamstrin =
rs. get Bi narySt rean( bl obcol umnane) ;
for (;;)
{
size = strin.read(buffer);
if (size == 0)
{
br eak;
}
/1 Send the buffer to sone output stream
fbl ob.wite(buffer, 0, size);
}
}

el se Systemout.println("Row not found.");
my St at ement . cl ose();
rs.close();
}
catch (SQ.Exception ex) {
/'l Unexpected SQL exception.
System out. println(ex);
}
catch (java.l ang. Exception ex) {
/'l Got sone other type of exception. Dunp it.
ex. printStackTrace ();

Dealing with Database Transactions

As seen in the section dedicated to database transactions, transactions group the execution of a number of SQL
statements to maintain consistency in multiuser environments. In the following example, we group multiple SQL
INSERT statements to ensure consistent financial transactions by using database transactions.

The Bank of Java

This Java applet is similar to the software provided by banksto their customersto perform operations on their accounts
from their home computers with telephones and modems. It was simplified to illustrate database transactions with JDBC.

The main operations are these:

* Welcome aclient and prompt for the client’s ID and PIN code
Look up the client’s balance and transaction history in the database
* Perform money transfers to other accounts

* For fun, withdraw virtual $20 banknotes

The information about clients and their accountsis, of course, stored in a database. The data structure was kept simpleto
allow aquick understanding of the whole application and the transaction mechanism. Database transactions are
performed in the main thread, while a second thread serves as a clock. Each time an update is made to the database, the
SQL queriesthat perform the update are grouped in a single transaction unit. By doing so, no inconsi stent update can
bring the database to an incoherent state.



If the client-server link is broken in the middle of atransaction, the transaction will be canceled; otherwise, it is
committed. Canceling atransaction is called transaction rollback. This mechanism prevents unlogged transfers or
unlogged withdrawals. Indeed, transfers and withdrawals are SQL INSERTs in database tables such as accounts and
history log.
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The GUI part of this applet was written using Marimba Bongo, which generates a 100-percent portable .gui file. Thisfile
contains a persistent form of the widgets used in this example. The .gui file can be edited using Marimba Bongo, a demo
version of which is on the CD-ROM accompanying this book. The unzipped Marimba classes must be in the
CLASSPATH or present on the WWW server to run this example. The GUI part of the application uses the Marimba
Bongo classes that are persistified to a portable file, which is the main reason why almost no GUI code is present in the

source code. Each GUI control is a Marimba widget, which has a name and various properties that are also persistified in
the permanent GUI file.

Figure 10-5 shows the welcome screen. It prompts for an account number and a PIN code. There is a status bar below the
validate button. If the PIN code isincorrect, this status bar displays an error message.

Lﬁ‘_ TR
e I
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Figure 10-5: JavaBank applet login screen.

The names of the main controls are:

welcomeA ccountNo—a text field to get the account number

welcomePinCode—atext field to get the personal identification number

wel comeOkButton—a button to log into the database

wel comeEndButton—a button to close the database connection and quit the application
statusBar—a noneditable text field to display various messages

The values associated with these controls are checked and set within the program; the control names refer to them as
instances of the Marimba GUI widgets.

Once the client haslogged in, alookup is performed in the database, and the customer’ s account balance and transaction
history are displayed, as shown in Figure 10-6.
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Figure 10-6: JavaBank applet account balance.

These are the controls;

balanceHistory—a scrollable text list to display the transaction history for the current account
balanceBalance—a noneditabl e text field to display the balance of this account
balanceRefreshButton—a button to refresh the history log

balanceEndButton—a button to exit the session

« statusBar—a noneditable text field to display various messages

The client’ s account balance and transaction history display each time the refresh button is pressed.

The next screen panel allows transfers to other accounts. The name and address of the recipient islooked up in the
database and displayed in the status bar. Then the amount of money istransferred, as shown in Figure 10-7.

Figure 10-7: JavaBank applet transfer screen.

The control names include:

transferAccountNo—a text field for the recipient’ s account number
* transferAmount—atext field for the amount of money to transfer
transferY esButton—a button to commit the transfer
transferEndButton—a button to exit the session

* statusBar—a noneditable text field to display various messages

Thisisthe automatic teller machine (ATM) panel. After choosing an amount to withdraw and after pressing the
withdraw button, a Java banknote appears and scrolls on the screen. Figure 10-8 shows this panel.
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Figure 10-8: JavaBank applet cash withdrawal.

The controls include;

« withdrawXX, where XX is one of 20, 100, 200, 1,000—radio buttons used to select the amount of money to
withdraw

» withdrawlmage—a picture of a banknote that displays and scrolls when the withdrawal is committed

* withdrawWithdrawButton—a button to commit the withdrawal

* withdrawEndButton—a button to exit the session

* statusBar—a noneditable text field to display various messages

The applet contains two important classes: Account and NetBank. NetBank is the main class, which handles user input,
while Account has specific methods to perform usual bank operations on an account. The most essential part of this
example, the IDBC and SQL code, isin the Account class.

TheHTML File
Thisisthe HTML page that calls the applet.

<htm >

<title>JavaBank Applet</title>

<head>

<hl>Wel come to JavaBank! </ hl>

</ head>

<body>

<appl et code=Net Bank. cl ass w dt h=480 hei ght =380>
</ appl et >

</ body>

</htm >

Account.java
Listing 10-18 contains the source code for the Account.java class.
Listing 10-18: Account.java.

i nport java.sql.?*;
i nport java.io.*;
inport java.util.*;
i nport java.net.?*;
public class Account {
| ong acctNo = O;
Connecti on cur Conn;
public Account(String url, String uid, String pwd) {

try {
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Cl ass. for Nanme("sun. j dbc. odbc. JdbcOdbcDri ver");
cur Conn = DriverManager. get Connection(url, uid, pwd);

}

catch(java. |l ang. Exception ex) {
ex. printStackTrace();

}
}
protected void finalize()
{

try {

cur Conn. cl ose();

} catch (SQ.Exception ex) { }

}

publ i c bool ean verifyPi nCode(l ong checkAcct No, String checkPi nCode)
{
boolean rc = (0 == 1);
String acct Pi nCode = "";
String curQueryString = "SELECT pi ncode FROM accounts WHERE acctno = " +
checkAcct No;
try {
Statenment curSt = curConn. createStatenent();
cur St. set QueryTi neout (60) ;
Resul t Set curRs = cur St. execut eQuery(curQueryString);
while (curRs.next()) {
acct Pi nCode = curRs. getString("pincode");
}

curRs. cl ose();

curSt. cl ose();

rc = (checkPi nCode. conpareTo(acct Pi nCode) == 0);
} catch (SQ.Exception ex) { }
if (rc) {

acct No = checkAcct No;

}
return rc;
}
public float checkAcctBal ance()
{
fl oat acctBal ance = O;
String curQueryString = "SELECT bal ance FROM accounts WHERE acctno
" + acct No;
try {
Statenment curSt = curConn. createStatenent();
cur St. set QueryTi neout (60) ;
Resul t Set curRs = cur St. execut eQuery(curQueryString);
while (curRs.next()) {
acct Bal ance = curRs. get Fl oat (" bal ance");
}
curRs. cl ose();
curSt. cl ose();
} catch (SQ.Exception ex) { }
return (acctBal ance);
}
public Vector checkHi story()
{

Vect or acct TransactionHi story = new Vector();
String curQueryString = "SELECT tdate, typetransaction, otheracct, anpunt,
i paddress FROM hi story WHERE acctno = " + acct No;

try {
Statenment curSt = curConn. createStatenent();



cur St.

set Quer yTi meout ( 60) ;

Resul t Set curRs = cur St. executeQuery(curQeryString);
while (curRs.next()) {
acct Transacti onHi story. addEl ement (curRs. get String(1) + " "

+ curRs.getString(2) + " "

+ curRs.getString(3) + " "

+ curRs.getString(4) + " "

+ curRs.getString(5));

}

curRs. cl ose();

cur St.

cl ose();

} catch (SQLException ex) { }
return (acctTransactionHi story);

public Vector checkAcct Omer Nanme(l ong checkAcct No)

Vect or acct Omer = new Vector();
String curQueryString = "SELECT nane, address FROM clients WHERE ownerno

= ( SELECT
owner no FROM
account s WHERE
acctno = " +
checkAcct No +

")

Statenment cur St = curConn. createStatenent();

set Quer yTi meout ( 60) ;

Resul t Set curRs = cur St. executeQuery(curQueryString);
while (curRs.next()) {
acct Owner . addEl enent (cur Rs. get Stri ng(" nanme"));
acct Owner . addEl enent (curRs. get Stri ng("address"));

} catch (SQLException ex) { }

}
{
try {
curSt.
}
curRs. cl ose();
curSt. cl ose();
return (acct Omer);
}

public void makeTransfer(long toAcct No,

{

fl oat anount)

String curUpdateString = "UPDATE accounts SET bal ance = bal ance + ? WHERE
acctno = ?";

String loglnsertString

typetransacti on,

ot heracct, anount, ipaddress) VALUES (?,

try {

"I NSERT | NTO history (tdate, acctno

2,72, 2, 2, ";

cur Conn. set Transact i onl sol ati on( Connecti on. TRANSACTI ON_SERI ALI Z
ABLE) ;

cur Conn. set Aut oComrmi t (f al se);

PreparedSt at enent curSt =
(curUpdateString);
cur St. set QueryTi neout (60) ;

cur St.
cur St.
cur St.
cur St.
cur St.
cur St.

set Fl oat (1, -anount);
setLong(2, acctNo);
execut eUpdat e() ;
set Fl oat (1, anount);
set Long(2, toAcctNo);
execut eUpdat e() ;

cur Conn. pr epar eSt at enent

java.util.Date toDay = new java.util.Date();



String | ocal Host = :

try {
| ocal Host = I net Address. get Local Host ().toString();
}
catch (UnknownHost Exception ex) {
| ocal Host = "l ocal host/127.0.0.1";
}

PreparedSt at enent | ogSt = cur Conn. prepar eStatenment (|1 ogl nsertString);
| ogSt . set QueryTi neout (60) ;
|l ogSt.setString(l, toDay.toGWIString());
| ogSt. set Long(2, acctNo);
|l ogSt.setString(3, "Transfert");
| ogSt. set Long(4, toAcctNo);
| ogSt. set Fl oat (5, -anount);
| ogSt. set String(6, |ocal Host);
| ogSt . execut eUpdat e() ;
| ogSt.setString(l, toDay.toGWIString());
| ogSt. set Long(2, toAcctNo);
| ogSt.setString(3, "Received");
| ogSt. set Long(4, acctNo);
| ogSt. set Fl oat (5, anpunt);
| ogSt. setString(6, |ocal Host);
| ogSt . execut eUpdat e() ;
cur Conn. conmit();
cur Conn. set Transact i onl sol ati on( Connecti on. TRANSACTI ON_NONE) ;
curSt. close();
| ogSt. cl ose();
} catch (SQ.Exception ex) { }

}
public void cashWthdraw( fl oat ampunt)

{
String curUpdateString = "UPDATE accounts SET bal ance = bal ance + ? WHERE
acctno = ?";
String loglnsertString = "I NSERT | NTO history (tdate, acctno,
typetransacti on,
ot heracct, anpunt,

i paddress) VALUES
(2, 2,2, 2,2, 2",

try {
cur Conn. set Transact i onl sol ati on( Connecti on. TRANSACTI ON_SERI ALI Z
ABLE) ;
cur Conn. set AutoCommi t (f al se);
Prepar edSt at enent curSt = cur Conn. prepar eSt at enent

(curUpdateString);
cur St. set QueryTi neout (60) ;
curSt.setFloat(1, -anount);
cur St. setlLong(2, acctNo);
cur St . execut eUpdat e() ;
java.util.Date toDay = new java.util.Date();

String | ocal Host = :

try {
| ocal Host = I net Address. get Local Host ().toString();
}
catch (UnknownHost Exception ex) {
| ocal Host = "l ocal host/127.0.0.1";
}

PreparedSt at enent |1 ogSt = cur Conn. prepar eStatenment (|1 ogl nsertString);
| ogSt . set QueryTi neout (60) ;
|l ogSt.setString(l, toDay.toGWIString());



| ogSt. setLong(2, acctNo);
| ogSt.setString(3, "Wthdraw');
| ogSt. setLong(4, 0);
| ogSt . set Fl oat (5, -anount);
| ogSt. setString(6, |ocal Host);
| ogSt . execut eUpdat e() ;
cur Conn. commi t () ;
cur Conn. set Transact i onl sol ati on( Connecti on. TRANSACTI ON_NONE) ;
curSt.close();
| ogSt. cl ose();
} catch (SQLException ex) { }
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NetBank.java
Listing 10-19 contains the source code for NetBank.java.
Listing 10-19: NetBank.java.

i mport java.aw.*;

i mport java.sql.*;

i mport java.lang.*;

i mport java.util.*;

i mport java. net.*;

i mport mari nba. gui . *;

public class NetBank extends java. appl et. Appl et {
Presentation presentati on;

Pl ayer Panel pl ayer;
PlayerUtil util;

Account curAcct = null;
float curWthdrawAnount = O;
public void init()

{

try {
presentati on = Presentation. getPresentation(new

URL( get Docunent Base(), "netbank.gui"));
} catch (MalformedURLException ex) {
ex. printStackTrace();
}
/'l Create a Player Panel
set Layout (new Bor der Layout ());
add("Center", player = new Pl ayerPanel ());
/1 Set the presentation
pl ayer. set Present ati on(presentation);
/[l Create a Player utillity object
util = new PlayerUtil (player);
((Fol derWdget)util.get Wdget ("net bankFol der")) . set TabMode(0);

/! Initialize the clock thread

Ti meT t;
t = new TinmeT((Text BoxW dget)util.get Wdget("clockLabel"));
t.start();
}
public void | ogout Request ()
{
util.set Text ("wel coneAccount No", "");
util.set Text ("wel conePi nCode", "");
util.set Text ("bal anceBal ance", "");

util.setText("bal anceH story", "");
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}

util.setText("transferAccountNo", "");
util.setText("transferAnount", "");
util.setText("statusBar", "");
curAcct.finalize();

util.gotoPage("wel conePage");

public void displayBal ance()

{

}

String bal = (new Fl oat (curAcct. checkAcct Bal ance())).toString();

util.setText ("bal anceBal ance", bal);
Vector v = curAcct.checkHistory();
String s e
for (int i=0; i < v.size(); i++)
s =s + v.elementAt (i) + "\n";
util.setText("bal anceHi story", s);
util.setText("statusBar", "");

publ i c bool ean handl eEvent (Event evt)

{

if ((evt.id == Event.ACTI ON_EVENT) && (evt.target instanceof
Wdget)) {
Wdget w = (Wdget)evt.target;
String nm= w. get Nanme() ;
Systemout.println("Event: " + nm;
/1 The user has swi tched pages.
i f (nm equal s("net bankFol der")) {
util.setText("statusBar", "");
}

i f (nmequal s("I ogi nPanel Button")) {
util.gotoPage("wel conePage");

i f (nm equal s("bal ancePanel Button")) {
util.gotoPage("bal ancePage");

if (nmequal s("transferPanel Button")) {
util.gotoPage("transferPage");

f (nm equal s("cashPanel Button")) {
| . got oPage("wi t hdrawPage") ;

!/ The user has |ogged in.
f (nm equal s("wel comeCkButton")) {

Long acct = new Long(util.getText ("wel comeAccountNo").trim));

String pin = util.getText("wel comePi nCode").trim);
util.setText("statusBar", "Please wait...");
if ((acct.longValue() > 0) && (pin.length() > 0))

{

cur Acct = new Account ("j dbc: odbc: net bank", "dba", "javabank");
if (curAcct.verifyPinCode(acct.|ongValue(), pin))
{
Vector v = curAcct. checkAcct Omer Nanme(acct . | ongVal ue());
util.setText("statusBar", "Wl cone " + v.elenmentAt(0) + "
v.element At (1));
util.gotoPage("bal ancePage");
di spl ayBal ance();
}
el se



/1l wong info
util.setText("statusBar", "Account nunmber or PIN invalid!");
| ogout Request () ;

}

el se
util.setText("statusBar", "Please enter your account nunber first!");

I/ The user has clicked refresh
i f (nm equal s("bal anceRefreshButton")) {
util.setText("statusBar", "Please wait...");
di spl ayBal ance();

}
/'l The user has clicked OK to transfer noney
if (nmequal s("transferYesButton")) {

Long acct = new Long(util.getText("transferAccountNo").trin());

Fl oat ammt = new Fl oat (util.get Text("transferAmount").trin());

util.setText("statusBar", "Please wait...");
if ((acct.longValue() > 0) & (ammt.floatValue() > 0))
{
if (0 ==0) // should verify the transferAcctNo
{
cur Acct . makeTransfer (acct. | ongVal ue(), amt.fl oat Val ue());
Vector v = curAcct.checkAcct Omer Nane(acct . | ongVval ue());
util.setText("statusBar", "Transfered to " + v.elenmentAt(0)
+ v.elenmentAt(1));
util.setText("transferAccountNo", "");
util.setText("transferAnount", "");
}
el se
{
/1l acct does not exist in database
util.setText("statusBar", "INVALID ACCT NO OR PIN
CODE!'!I'T ") ;
}
}
el se
util.setText("statusBar", "Please enter the account nunmber first!");

}

/'l Check the selection for cash
if (nmequal s("w thdraw20")) {
cur Wt hdrawAnpunt = 20;
} else if (nmequal s("w thdrawl00")) ({
cur Wt hdrawAnpunt = 100;
} else if (nmequal s("w thdraw200")) ({
cur Wt hdrawAnpbunt = 200;
} else if (nmequal s("w thdrawl000")) {
cur Wt hdr awAnount = 1000;
}
I/ The user has clicked w thdraw
if (nmequal s("w thdraww t hdrawButton")) ({
util.setText("statusBar", "Please wait.");
cur Acct . cashW t hdr aw( cur Wt hdr awAnount ) ;
util.setText("statusBar", "Please wait...");
| mgeWdget inmg = (Il mageWdget) util.get Wdget("bankNote");
i mg. show();
for (int i =0; i < 3050; i++)



i ng. reshape(60, 120 - (i / 10), 100, 10 + (i
i mg. repaint();
}
/i mg. hide();

}

/1 The user has clicked EndPage to | og out

i f (nmequal s("wel coneEndButton")) {

| ogout Request () ;

System out. println("Ended");

return true;

}
}
return super. handl eEvent (evt);
}
}

TimeT java
Listing 10-20 contains the source code for TimeT .java.
Listing 10-20: TimeT java.

i mport java.io.*;
i mport java.l ang. *;
i mport java.util.*;
i mport mari nba. gui . *;
public class TineT extends Thread {
private Thread GetTi ne;
private bool ean bRun;
Text BoxW dget t bw;
public Ti meT(Text BoxXWdget t) {
tbw = t;
}

public void start() {
bRun = true;
Get Time = new Thread(this);
GetTinme.start();

}
public void run() {
whi | e( bRun)
{
try {GetTine. sl eep(1000);}
catch (InterruptedException e) { }
String today = (new Date()).toString();
t bw. set Text (t oday) ;
}
}
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The Data Definition Language for This Example

Some keywords are Transact-SQL. Y ou may want to modify the DDL (Data Definition Language) and DML (Data
Manipulation Language) for your DBMS. Listing 10-21 shows how to create tables.

Listing 10-21: DDL to create the tables for the Bank of Java applet.

"acct no" i nteger NULL,
" pi ncode" var char (50) NULL,
"owner no" i nt eger NULL,
"dat ecr eat ed" var char (50) NULL,
"bal ance" float NULL,

)

CREATE TABLE "clients"

(
"owner no" i nt eger NULL,
"nanme" var char (50) NULL,
"addr ess” var char (50) NULL,

)

CREATE TABLE "hi story"

(
"tdate" var char (50) NULL,
"acct no" i nteger NULL,
"typetransaction” var char (20) NULL,
"ot heracct"” i nteger NULL,
"anount " float NULL,
"i paddr ess” var char (50) NULL,

NSERT | NTO "accounts" ("acctno","pincode", "ownernao", "dat ecreated", "bal ance")
VALUES ('1',"'11211',"'1","'","'992800");

I NSERT | NTO "accounts" ("acctno","pincode", "ownerno", "dat ecreat ed", "bal ance")
VALUES ('2','2222','2","","'1257450");

I NSERT | NTO "accounts" ("acctno","pincode", "ownerno", "dat ecreat ed", "bal ance")
VALUES ('3','3333",'3","'","'320700");

I NSERT | NTO "accounts" ("acctno","pincode", "ownerno", "dat ecreat ed", "bal ance")
VALUES ('4','4444' ' 4" ,'"', '8900750");

I NSERT | NTO "accounts" ("acctno","pincode", "ownerno", "dat ecreat ed", "bal ance")

VALUES ('5','5555",'5","","'-840");
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I NSERT | NTO "accounts" ("acctno","pincode", "ownerno", "dat ecreat ed", "bal ance")

VALUES ('6','6666',"'6","'",'999999995904");

I NSERT | NTO "clients" ("ownerno", "nanme", "address")
VALUES ('1','Bernard Van Haecke','Brussels, 1000');

| NSERT I NTO "clients" ("ownerno", "nanme", "address")
VALUES ('2',"'John Doe','Imola Circuit, KMB3');

| NSERT I NTO "clients" ("ownerno", "nanme", "address")
VALUES ('3',"'Jane Doe','Imola Circuit, KMB3');

I NSERT I NTO "clients" ("ownerno", "nanme", "address")
VALUES ('4','Santa Caus','North Pole, 1');

| NSERT I NTO "clients" ("ownerno", "nanme", "address")
VALUES ('5','Little Duke','Java Island, 1');

| NSERT I NTO "clients" ("ownerno", "nanme", "address")

VALUES (' 6',' The Bank',' Downtown LA');

| NSERT | NTO "hi story"
("tdate","acctno", "typetransaction", "ot heracct", "amunt", "i paddress")
VALUES ('23 Cct 1996 20:30:15 Gur','1',"' Transfert',' 4", "' -

1000', 'l ocal host/127.0.0.1");

| NSERT | NTO "hi story"
("tdate","acctno", "typetransaction", "ot heracct", "amunt", "i paddress")
VALUES ('23 Cct 1996 20: 30: 15

GV ,'4',"' Received','1','1000', "'l ocal host/127.0.0.1");

| NSERT | NTO "hi story"
("tdate","acctno", "typetransaction", "ot heracct", "amunt", "i paddress")
VALUES ('24 COct 1996 21:18:43 GV’ ,'5' ,"Wthdraw ,'0'," -

20','local host/127.0.0.1");

At the time of thiswriting, only the JDBC-ODBC bridge and certain ODBC drivers support transaction isolation. Things
may change quickly, and by the time you read this chapter, more drivers will support this feature.

Dynamic Database Access
The next example illustrates how to use JIDBC’ s DatabaseM etaData and ResultSetM etaData methods.
A Java Database Explorer

The Java database explorer example runs as a stand-alone application. It can dynamically discover database content
thanks to avery intuitive graphical user interface. Numerous JDBC database metadata methods are exploited to enable
the exploration of virtually any relational database management system.

The main features of the program are these:

Displays DBMS information such as specifications, supported features, and inherent limitations of the engine
» Explores most database objects, including database catal ogs, tables, and stored procedures

Givesrelationa information — that is, primary, imported, and exported keys for all tables

* Provides an interactive SQL query and update tool

 Displays ResultSets content in raw rows or formatted tabular output

The GUI part of this example was written using Marimba Bongo, which generates a 100-percent portable .gui file. This
file contains a persistent form of the widgets used in this example. The .gui fileis editable using Marimba Bongo, a
demo version of which is on the CD-ROM accompanying this book. The unzipped Marimba classes must be in the
CLASSPATH or must be present on the WWW server to run this example. The GUI part of the application uses the
Marimba Bongo classes, which are persistified to a portable file. This use is the main reason why almost no GUI codeis
present in the source. Each GUI control is a Marimba widget that has a name and whose properties are also persistified
in the permanent GUI file.



The main database explorer window is divided into three areas:

 User login information and controls
* Main database navigation widget — the left-sided tree control
* The result window

Figure 10-9 depicts the main window of this example.

F.igurel-.lO—g: Java da;abase explorer main window.

The Screens

The following paragraphs explain how the user interacts with this stand-al one Java application.
Login the Database

Asshown in Figure 10-10, logging into the database engine requires a correct database URL, JDBC driver, user login,
and user password. The syntax of the URL is driver-dependant. The login and password are the identification and
authorization strings for a particular user in the database management system.

Press Login to log in to the DBMS. Use Logout to disconnect from the database engine without quitting the application.
Another JIDBC URL may be entered, and the Login button may be pressed again. Logout may be used as atemporary
logout or before logging in as another user. Exit logs the user off the database and closes the application.

The Navigation Graphical Control

The tree widget on the | eft side controls the whole application and navigates within the database. The Session, Engine,
and Objects nodes intensively use database metadata methods to get information from the database. Double-clicking on
these tree nodes performs all actions. The resulting data displays in the right window.

The main features of this application include:

* Session information

DBMS engine information
 Database object browsing
Interactive SQL query tool

The tree widget shown in Figure 10-11 controls the whole program.
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Figure 10-11: The main navigation control widget.
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Database Engine Specifications and Limitations

Four specification sheets are available. The categories are somewhat arbitrary, but it is more convenient to see them split
in four screens. Figure 10-12 illustrates one of the four sheets. It shows a small part of the features supported by the
database engine. Each topic hasits corresponding JDBC database metadata method, which, in general, returns true or
false.

FEECFRATER

i
1]

Figure 10-12: Database specs.

Browsing Database Catalogs and Their Content

The following items are the most interesting. The main navigation widget allows you to browse through many database
objects by expanding and collapsing its nodes. Each activation of a node issues database metadata methods to
dynamically discover the database objects. Figure 10-13 shows the database catal og nodes.
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Figure 10-13: Database catalog nodes.

Figure 10-14 shows the catalog subnodes.
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Figure 10-14: Catalog subnodes.

For example, when double-clicking on the Objects Catal ogs node, the program fetches information about database
objects such as system tables, user tables, and stored procedures. Catalogs are simply database subspaces. InaDBMS
managing multiple databases, a catalog is one database.

As shown in Figure 10-15, all table nodes give useful structure information such as the columns and typesit contains,
and the primary, imported, and exported keys.

Figure 10-15: Tables.

The procedure node lists all database-stored proceduresin the current catalog and displays the results of the
Dat abaseMet aDat a. get Procedur eCol utms() method. Thisis shown in Figure 10-16.
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Figure 10-16: Stored procedures.

The procedure node lists all database-stored proceduresin the current catalog and displays the results of the
Dat abaseMet aDat a. get Pr ocedur eCol uims () method.
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Extra Tools: An Interactive SQL Gadget

Figure 10-17 depicts the interactive SQL gadget.

Figure 10-17: Interactive SQL tool.

The tools node contains only one tool, ISQL. Thisisthe interactive ISQL query tool explained earlier. It supports SQL
queries and SQL updates that can be entered in the little query window. Figure 10-18 shows the window that accepts
SQL statements.
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Figure 10-18: SQL query window.

Asshown in Figure 10-19, the results finally appear in anice, formatted spreadsheet-like window. It is possible to sort
the data again with a mouse click on any column label.

Figure 10-19: SQL results window.

This stand-alone application is easily rewritten to run as an applet within a WWW browser such as Netscape Navigator
or Microsoft Internet Explorer. Adding BLOB import/export tools to allow the insertion and retrieval of multimedia
content such as picturesis an interesting exercise. See the specific examples on thistopic at the beginning of this chapter.

Sources
Listing 10-22 contains the source code for the Java database explorer.
Listing 10-22: Jexplorer.java.

i mport java.io.*;

i mport java.aw.*;

i mport java.sql.*;

i mport java.lang. *;

i mport java.util.*;

i mport mari nba. gui . *;

/**

* the main class

*/

public class Jexplorer extends PlayerFrane {
Connection conn = null;

Dat abaseMet aData nmtdt = nul | ;
ResultSet rs = null;
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String text = :
static final String welconme =

"\'n Wel come to ny universal database explorer.\n" +

" This is a 100% Java stand-al one application. It works with JDBC 1.21\n\n"

" (C 1996, 1997 by Bernard Van Haecke.\n" +

" Comments and questions to: bernard. vanhaecke@el gi um Sun. COM n\ n";

static final String extracoment = "\n\n\n\in\in\n" +

" Choose a JDBC driver to target the database of your choice, then log\n" +

" in and double click on any tree node to begin the exploration.
/**

* constructor

*/

public Jexplorer() {

}

/**

* we handl e all gui events here

*/

publ i ¢ bool ean handl eEvent (Event evt)

{
try {

Have fun!";

if ((evt.id == Event.ACTI ON_EVENT) && (evt.target instanceof Wdget)) {

Wdget w = (Wdget)evt.target;
String nm= w. get Nanme() ;
if (nm!=null) Systemout.println("Event: " + nm;
/1 The user has | ogged in.
if (nmequal s("datalLogi nButton")) {
String url util.getText("dataURL").trim);
String uid util.getText("dataLogin").trim);
String pwd = util.getText("dataPasswd").trim);
String driver = util.getText("dataDriver").trim);
text = wel cone;
try {
Cl ass. for Nanme(driver) ;
conn = DriverManager. get Connection(url, uid, pwd);
if (conn !'= null) {

text = text + "You are now |l ogged in. Enjoy...'

nt dt conn. get Met aDat a() ;

}
}

catch (SQ.Exception ex) {

text = text + "Could not log into the database. Verify the

par anet er s: \ nURL:
text = text + ex;
System out. println(ex);
}
catch (java.l ang. Exception ex) {
System out. println(ex);

}
util.setText ("dataW ndowControl", text);

}

/'l The user has clicked | ogout
if (nmequal s("dataLogoutButton")) {

Tr eeNodeW dget cat al ogRoot = (TreeNodeW dget) util.get W dget

(" cat al ogsNode");
cat al ogRoot . cl ear();
util.show("isqgl QueryW ndow', false);
util.show("isqgl Resul t Wndow', false);
if (conn !'= null) {
conn. cl ose();

+ url + "\nDriver: " + driver + "\n\n";

+



t ext wel conme + "You are now | ogged off. Bye bye...";

}
el se text = wel come + extracomment;
util.set Text ("dataW ndowControl", text);

/| The user has clicked exit

f (nmequal s("dataExi tButton")) {
Systemout. println("Normal termnation");
if (conn !'= null) conn.close();
System exit(0);
return true;

[ Database Node /[ //// /111111100000 0000000000 nniibiniirriirilng
f (nm equal s("dat abaseNode")) {

util.set Text ("dataW ndowLabel ", nm;

text = wel cone;

text = text + extracomment;

util.set Text ("datawW ndowControl", text);

I Session Node /[///[11 111000000 r bbb riirirrrd
f (nm equal s("sessi onNode")) {
util.set Text ("dataW ndowLabel ", nm;
text ="\nURL in use\t: " + ntdt.getURL() +
"\ nUsernane\t: " + ntdt.getUser Nane();
util.set Text ("dataW ndowControl", text);

[ Engine Node /[ /[ /[ 111100000000 n i i r bbb irirrrd
f (nm equal s("engi neNode")) {
util.set Text ("dataW ndowLabel ", nm;
text = "\nM scel | aneous dat abase engi ne informations.";
util.set Text ("dataW ndowControl", text);

/| give database informations
f (nm equal s("i nfoNode")) {
util.set Text ("dataW ndowLabel ", nm;

text = "\ nDatabase\t: " + ntdt.getDatabaseProduct Nane() +
"\nVersion\t: " + ntdt.getDatabaseProduct Version() +
"\m\nDriver\t: " + ntdt.getDriverNane() +
"\'nVersion\t: " + nmtdt.getDriverVersion();

util.setText ("dataW ndowControl", text);
}
/1 give database specs
if (nmequal s("specsNode")) {
util.set Text ("dataW ndowLabel ", nm;
text = "\nUses local files\t\t\t\t\t: " + ntdt.usesLocal Files() +
"\nUses local file per table\t\t\t: " + nt dt .
usesLocal Fi | ePer Tabl e() +
"\nNulls are sorted high\t\t\t: " + nt dt. nul | sAreSort edHi gh
() +
"\nNulls are sorted at end\t\t\t: " + ntdt.nullsAreSortedAt End() +
"\ nSupports nixed case identifiers\t: " +
nt dt . supportsM xedCasel dentifiers() +
"\nStores m xed case identifiers\t\t: " +
nt dt . st oresM xedCasel dentifiers() +
"\'nldentifier quote string\t\t\t: " +
ntdt.getldentifierQuoteString() +
"\ n\nSupported SQ. keywords\t: " + ntdt.get SQLKeywords() +
"\'n\nNuneric functions\t: " + ntdt.getNunmericFunctions() +



"\nm\nString functions\t: " + ntdt.getStringFunctions() +
"\n\nSystem functions\t: " + ntdt. getSystenfFunctions() +
"\n\nTine and date functions\t: " +
nmt dt . get Ti neDat eFuncti ons() ;
util.setText ("dataW ndowControl", text);
}
/1 give database features
if (nmequal s("featuresNode")) {
util.setText ("dataW ndowLabel ", nm;
text = "\nThe dat abase supports:\n" +
"\nM ni mun SQ. granmar\t\t: " +
nt dt . supportsM ni runSQLG ammar () +
"\nCore SQL grammar\t\t\t: " +
nm dt . supportsCoreSQLG ammar () +
"\ nExtended SQL grammar\t\t: " +
nt dt . support sExt endedSQLG anmar () +
"\ nANSI -92 Entry Level SQ\t: " +
nmt dt . support sANSI 92Ent ryLevel SQL() +
"\nANSI -92 Internediate SQ.\t: " +
nmt dt . support sANSI 921 nt er nedi at eSQL() +
"\ nANSI -92 Full SQ grammar\t: " +
mt dt . support sANSI 92Ful | SQL() +
"\nlntegrity enhancenent facility\t: " +
nmt dt . supportslntegrityEnhancenent Facility() +
"\nQuter joins\t\t\t\t: " + mdt.supportsQuterJoins() +
"\nFull outer joins\t\t\t\t: " +
m dt . supportskFul | Qut erJoi ns() +
"\nLimted outer joins\t\t\t: " +
m dt . supportsLimtedQuterJoins() +
"\n\nAlter table with add col um\t: " +
nmt dt . supportsAl terTabl eWt hAddCol um() +
"\nAlter table with drop colum\t: " +
nmt dt . supportsAl terTabl eWt hDropCol um() +
"\nColum aliasing\t\t\t: " +
nm dt . supportsCol umAl i asi ng() +
"\ nTabl e correl ati on names\t\t: " +
nt dt. support sTabl eCorrel ati onNanmes() +
"\ nExpressions in order by\t\t: " +
nmt dt . support sExpr essi onsl nOr der By()
+
"\nUnrel ated order by\t\t\t: " +
nm dt . supportsOrder ByUnrel ated() +
"\nGroup by\t\t\t\t\t: " + ntdt.supportsGoupBy() +
"\nUnrel ated group by\t\t\t: " +
nm dt . supportsGroupByUnrel ated() +
"\nGroup by beyond select\t\t: " +
nmt dt . support sG oupByBeyondSel ect () +
"\'nLi ke escape clause\t\t\t: " +
mt dt . supportsLi keEscaped ause() +
"\nMultiple result sets\t\t\t: " +
nm dt. supportsMil ti pl eResul t Sets() +
"\nMultiple transactions\t\t: " +
nmt dt. supportsMil ti pl eTransacti ons() +
"\'nNon nul |l abl e colums\t\t: " +
nmt dt . support sNonNul | abl eCol utms()
+
"\m\nTerm for schemas\t: " + ntdt.getSchemaTern() +
"\nTerm for procedures\t: " + mtdt.getProcedureTern() +
"\nTerm for catalogs\t: " + mdt.getCatal ogTern() +



"\m\n...";
util.set Text ("dataW ndowControl", text);
}
/! give database limtations
if (nmequal s("limtationsNode")) {
util.set Text ("dataW ndowLabel ", nm;

text = "\ nMaxi mums:\n" +
"\nBinary literal length\t\t: " +
nt dt . get MaxBi naryLi teral Length() +
"\'nCharacter literal length\t: " +
nt dt . get MaxChar Li teral Length() +
"\ nCol um nane length\t: " +

nt dt . get MaxCol utmNaneLengt h() +
"\nColums in group by\t\t: " +
nt dt . get MaxCol umms| nG oupBy() +

"\nColums in index\t\t: " + ntdt.get MaxCol utmsl nl ndex()
+
"\nColums in order by\t\t: " +
nt dt . get MaxCol uimsl| nOrder By() +
"\nColums in select\t\t: " +
nt dt . get MaxCol uimsli nSel ect () +
"\nColums in table\t\t: " + ntdt.get MaxCol utmsl nTabl e()
+
"\ nNunber of connections\t: " + ntdt.get MaxConnections()
+
II\ r]ll;

util.set Text ("dataW ndowControl", text);
}
Il Cbject Node [/ /[ 11111110 nr bbb iriiriri
if (nm equal s("objectsNode")) {
util.set Text ("dataW ndowLabel ", nm;
text = "\ nDatabase objects."
util.set Text ("dataW ndowControl", text);
}
/!l browse dat abase catal ogs
if (nmequal s("catal ogsNode")) {
util.set Text ("dataW ndowLabel ", nm;
text = get RS(ntdt.get Catal ogs());
util.set Text ("dataW ndowControl", text);
/! get a vector of catal ogs
Vector v = get RSCol utmmAsVect or (ntdt. get Catal ogs(), "TABLE_CAT");
/'l Vector v = get RSCol umAsVect or (ntdt.getCatal ogs(), "TABLE QUALIFIER");
bool ean useCatal og = true;
[/l create a default catalog if the database
/! does not support catal ogs
if (v.size() == 0) {
useCat al og = fal se;
v. addEl ement ("defaul t");
}
/! add nodes for each catal og
Tr eeNodeW dget cat al ogRoot = (Tr eeNodeW dget) util.get Wdget
(" cat al ogsNode");
i f (catal ogRoot. hasChildren()) catal ogRoot.clear();
for (int i=0; i < v.size(); i++) {
addCat al ogNode( cat al ogRoot, (String) v.elenmentAt(i));
}
}

/'l browse tables in this catal og



if (nmstartsWth("newTabl eCol utmsNode. ")) {
util.setText ("dataW ndowLabel ", nm;
int pl = nmindexOF(".");
int p2 = nmindexOr(".", pl + 1);
String catalog = nmsubstring(pl + 1, p2);
if (catalog.equals("null")) catalog = null;
String table = nmsubstring(p2 + 1);
text = get RS(ntdt.get Colums(catal og, null, table, "%));
util.setText ("dataW ndowControl", text);

}

/! browse prinmary keys for this table

if (nmstartsWth("newTabl ePri maryKeysNode. ")) {
util.setText ("dataW ndowLabel ", nm;
int pl = nmindexOF(".");
int p2 = nmindexOr(".", pl + 1);
String catalog = nmsubstring(pl + 1, p2);
if (catalog.equals("null")) catalog = null;
String table = nmsubstring(p2 + 1);
text = getRS(ntdt.getPrinmaryKeys(catal og, null, table));
util.set Text ("dataW ndowControl", text);

}

/1 browse inported keys for this table

if (nmstartsWth("newTabl el nport edKeysNode. ")) {
util.setText ("dataW ndowLabel ", nm;
int pl = nmindexOF(".");
int p2 = nmindexOr(".", pl + 1);
String catalog = nmsubstring(pl + 1, p2);
if (catalog.equals("null")) catalog = null;
String table = nmsubstring(p2 + 1);
text = get RS(ntdt. getl nportedKeys(catalog, null, table));
util.setText ("dataW ndowControl", text);

}

/'l browse exported keys for this table

if (nmstartsWth("newTabl eExport edKeysNode. ")) {
util.setText ("dataW ndowLabel ", nm;
int pl = nmindexOF(".");
int p2 = nmindexO(".", pl + 1);
String catalog = nmsubstring(pl + 1, p2);
if (catalog.equals("null")) catalog = null;
String table = nmsubstring(p2 + 1);
text = get RS(ntdt. get ExportedKeys(catalog, null, table));
util.setText("dataW ndowControl", text);

}

/'l browse procedures in this catal og

if (nmstartsWth("newProcedureNode.")) {
util.setText ("dataW ndowLabel ", nm;
int pl = nmindexOF(".");
int p2 = nmindexOr(".", pl + 1);
String catalog = nmsubstring(pl + 1, p2);
if (catalog.equals("null")) catalog = null;
String procedure = nmsubstring(p2 + 1);

text = get RS(ntdt. get ProcedureCol ums(catal og, null, procedure,

util.setText ("dataW ndowControl", text);
}
[l Tools Node [// /1111111100000 0000000 irriiiiiirrirrll
if (nmequal s("tool sNode")) {

util.setText ("dataW ndowLabel ", nm;

text = "";

util.setText ("dataW ndowControl", text);

"%));



}

/1 display the isqgql query w ndow

if (nmequal s("isqgl Node")) {
util.set Text ("dataW ndowLabel ", nm;
text = "\nType your queries in the floating query w ndow...";
util.set Text ("dataW ndowControl", text);
util.show("isqgl QueryW ndow', true);

}

/1 execute the sgl query

if (nmequal s("isqgl GoButton")) {
String query = util.getText("isql QueryText");

/[l test if we want a nicely formatted result

if (((CheckBoxW dget) util.getWdget ("isqgl For mat CheckBox")) .
get Bool eanVal ue())
{
Tabl eW dget tbl = (Tabl eWdget) util.get Wdget

("isqgl Resul t Tabl e");
tbl . removeAl | Rows();
t bl . renmoveAl | Col utms();
util.show("isqgl Resul t Wndow', true);
Resul t Set rs = get Si ngl eRS(query);
Vect or headers = get RSCol unmHeader sAsVect or (rs);
int i;
for (i=0; i<headers.size(); i++)
/1tbl.addCol um((String) headers.elementAt(i), ((String) headers.elementAt(i)).
l'ength());
t bl . addCol uim((String) headers.elenmentAt(i));
Vector rows = get RSRowsAsVector(rs);
for (i=0; i<rows.size(); i++)
t bl . addRow( (Vector) rows. el enmentAt(i));

}
el se
{
text = getMltipleRS(query);
util.appendText ("dataW ndowControl", "\n\n" + text);
}

/| close the isgl query w ndow

f (nmequal s("isqgl doseButton")) {
util.show("isqgl QueryW ndow', false);
util.show("isqgl Resul t Wndow', false);

/| close the isgl result w ndow
f (nmequal s("resultC oseButton")) {
util.show("isqgl Resul t Wndow', false);
}
}
}

catch(j ava. |l ang. Exception ex) {
/'l ex.printStackTrace();
}

return super. handl eEvent (evt);

}

/**

* create a new catal og node

*/

public void addCat al ogNode( Tr eeNodeW dget w, String | abel)
{



w. hi de();
String catal ogNane = | abel;
if (label.equals("default")) catal ogNane = null;
TreeNodeW dget newCat al ogNode = new TreeNodeW dget () ;
newCat al ogNode. set Nanme(" newCat al ogNode. " + cat al ogNane) ;
newCat al ogNode. set Text (| abel );
newCat al ogNode. set | nage("fol der.gi f");
w. addSor t ed( newCat al ogNode) ;
/1 add main node for tables
TreeNodeW dget newCat al ogTabl esNode = addNode( newCat al ogNode,
"newCat al ogTabl esNode." + cat al ogNane,

"Tabl es", "folder.gif");
/! add nodes for systemtables
TreeNodeW dget newTabl esSyst enNode = addNode( nhewCat al ogTabl esNode,

"newTabl esSyst emNode. " + cat al ogNane,

"Systent, "folder.gif");
String types[] = new String[1];
types[0] = "SYSTEM TABLE";
Vector v = null;
try {

v = get RSCol unmAsVect or ( nt dt . get Tabl es(cat al ogNane, null, "%, types),

"TABLE_NAME") ;

} catch (SQ.Exception ex) { ex.printStackTrace(); }
i f (newTabl esSyst emNode. hasChil dren()) newTabl esSyst enNode. cl ear () ;
for (int i=0; i < v.size(); i++) {

addTabl eNode( newTabl esSyst enlNode, cat al ogNane, (String) v.elenentAt(i));
}
/1 add nodes for systemtables
Tr eeNodeW dget newTabl esUser Node = addNode( hewCat al ogTabl esNode,

"newTabl esUser Node. " + cat al ogNane,
"User", "folder.gif");

types[0] = "TABLE";

v = null;
try {
v = get RSCol unmAsVect or ( nt dt . get Tabl es(cat al ogNane, null, "%, types),
"TABLE_NAME") ;

} catch (SQ.Exception ex) { ex.printStackTrace(); }
i f (newTabl esUser Node. hasChi |l dren()) newTabl esUser Node. cl ear () ;
for (int i=0; i < v.size(); i++) {
addTabl eNode( newTabl esUser Node, catal ogNane, (String) v.elementAt(i));

}
/1 add main node for stored procedures
TreeNodeW dget newCat al ogPr ocedur esNode = addNode( newCat al ogNode,

"newCat al ogPr ocedur esNode. " + cat al ogNane,

"Procedures", "folder.gif");
/! add nodes for procedures
v = null;
try {
v = get RSCol unmAsVect or ( nt dt. get Procedur es(cat al ogNanme, null, "9%),

" PROCEDURE_NAME") ;
} catch (SQ.Exception ex) { ex.printStackTrace(); }
i f (newCat al ogPr ocedur esNode. hasChi |l dren()) newCat al ogPr ocedur esNode. cl ear () ;
for (int i=0; i < v.size(); i++) {
addNode( newCat al ogPr ocedur esNode, "newProcedureNode." + catal ogNane + "
+ (String) v.elenentAt(i),
(String) v.elenentAt(i), "archivs.gif");

}
/'l collapse the catal og | eaves
w. col | apseAl | ();



w. show() ;
}

/**
* create a new node for a table
*/
public void addTabl eNode( TreeNodeW dget w, String catalog, String |abel)
{
Tr eeNodeW dget newTabl eNode = new TreeNodeW dget () ;
newTabl eNode. set Name( " newTabl eNode. " + catalog + "." + |abel);
newTabl eNode. set Text (| abel ) ;
newTabl eNode. set | mage("table.gi f");
w. addSor t ed( newTabl eNode) ;

addNode( newTabl eNode, "newTabl eCol uimsNode." + catalog + "." + | abel
"Col ums", "archivs.gif");

addNode( newTabl eNode, "newTabl ePri maryKeysNode." + catalog + "." + | abel
"Primary Keys", "archivs.gif");

addNode( newTabl eNode, "newTabl el nport edKeysNode." + catalog + "." + |abel
"I nported Keys", "archivs.gif");

addNode( newTabl eNode, "newTabl eExport edKeysNode." + catalog + "." + |abel

"Exported Keys", "archivs.gif");
w. col | apseAl | ();

}
/**
* add a node
*/
public TreeNodeW dget addNode(TreeNodeW dget w, String nane, String text, String
i mge) {
TreeNodeW dget child = new TreeNodeW dget () ;
chi | d. set Nane( nane) ;
child.set Text(text);
chil d. set | mage(i nage) ;
w. add(chi | d);
return child;

}

/**

* transformone colum of a resultset into a vector

*/

public Vector get RSCol umAsVector (ResultSet rs, String colum)
{

Vector v = new Vector();

try {
while (rs.next()) {

v. addEl ement (rs. get String(col um));

}

} catch (SQ.Exception ex) { ex.printStackTrace(); }
return v;
}
/**
* return the resultset of a sinple query
*/
public ResultSet getSingleRS(String sql Text)
{

ResultSet rs = null
try {
Statenent st = conn.createStatenent();
if (st.execute(sqgl Text)) {
/1 okay it's not an update count
rs = st.getResultSet();



}
} catch (SQ.Exception ex) { ex.printStackTrace(); }

return rs;

}
/**
* return the result of a statenment as text
* the statenent nay be an update, a query, or mX
*/
public String getMultipleRS(String sql Text) {
bool ean Resul t Set | sAvai |l abl e;
bool ean nor eResul t sAvai | abl e;

int i = 0;

int res=0;

String result = "";
try {

Statenent curStnt = conn.createStatenent();

Resul t Set 1 sAvai |l abl e = curStnt. execute(sql Text);
ResultSet rs = nul|;

for (noreResultsAvail able = true; noreResul tsAvail able; )

{
if (ResultSetlsAvail able)
{
if ((rs = curStnt.getResultSet()) !'= null)
{
/'l we have a resultset
result = getRS(rs);
}
}
el se
{
if ((res = curStm.getUpdateCount()) != -1)
{
/!l we have an updat ecount
result =res + " row(s) affected.”;
}
/'l else no nore results
el se
{
nor eResul t sAvai |l abl e = fal se;
}
}
i f (noreResul tsAvail abl e)
{
Resul t Set 1 sAvai |l abl e = curStnt. get MoreResul ts();
}
}
if (rs !'=null) rs.close();

curStm. close();

}

catch (SQ.Exception ex) {
/1 Unexpected SQ. excepti on.
/1l Qccurs often with weird jdbc driver inplenentations.
[l ex.printStackTrace ();

}

catch (java.l ang. Exception ex) {
/1 Got sone other type of exception. Dunp it.
[l ex.printStackTrace ();

}

return result;



}
/**
* return the result of a query as text
*/
public String get RS(ResultSet rs) {
String s = "\n";
int i,j;
Vect or headers = get RSCol untmHeader sAsVector (rs);
Vector rows = get RSRowsAsVector (rs);
for (i = 0; i < headers.size(); i++)
{
if (i >0) s +=", ";
s += headers.elenent At (i);

}
s += "\n\n";
for (i =0; i <rows.size(); i++)
{
for (j =0; j < ((Vector) rows.elenmentAt(i)).size(); j++)
{
|f (J > 0) S += u, n;
s += ((Vector) rows.elementAt(i)).elementAt(j);
}
S +: Il\nll;
}
return s;
}
/**

* return the colum headers of a resultset as vector
*/
public Vector get RSCol uimmHeader sAsVect or (ResultSet rs) {
int i;
Vector v = new Vector();
try {
Resul t Set Met aData rsnd = rs. get Met aDat a() ;
int nunCols = rsnd. get Col umCount ();
/'l fetch columm headers
for (i =1; i <= nunCols; i++)
{

}
}
catch (SQLException ex)
{
}

return v;

}

/**

* return a resultset as vector

*/

public Vector get RSRowsAsVector(ResultSet rs) {

v. addEl enment (rsnd. get Col ummLabel (i));

Vector v = new Vector();
Vector r = null;

int i;

try {

Resul t Set Met aData rsnd = rs. get Met aDat a() ;
int nunCols = rsnd. get Col umCount ();

/'l step through the rows

while (rs.next())



/'l process the colums
r = new Vector();
for (i = 1; i <= nunCols; i++)

{
r.addEl enent (rs.getString(i));
}
v. addEl enent (r);
}
rs.close();
}
catch (SQ.Exception ex)
{
}
return v;
}
/**

* add a new entry in the url and driver |istboxes
*/
public void addDriverlnfo(String url, String driver)
{
/! add entry for this driver provider
((Choi ceWdget) util.getWdget("dataURL")).addChoice(url);
((Choi ceWdget) util.getWdget("dataDriver")).addChoice(driver);
}
/**
* the mai n program
*/
public static void nmain(String argv[]) {
/'l Create the frane
Jexplorer frm = new Jexplorer();
frmutil.setPresentation("Jexplorer.gui");
frmutil.setText ("dataW ndowControl ", welcone + extraconmrent);
/1 allow niscellaneous drivers and urls to be preset
/! jdbc-odbc bridge
frmaddDriverlnfo("jdbc: odbc: dat a- sour ce- nane", "sun. j dbc. odbc.
JdbcCdbcDri ver") ;
/! sybase's driver

frmaddDriverlnfo("jdbc: sybase: Tds: host. dormai n. com 8192", "com sybase. j dbc.
SybDriver");

/1 connect software's sybase driver

frmaddDriverlnfo("jdbc: sybase://host. domai n. com 8192", "connect . sybase.

SybaseDriver");
[/ funny driver
frmaddDriverlnfo("foo: bar: dat abase", "foo.bar.Driver");
frmshow();

}

}
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Multitier Architectures

In Chapter 8, we discussed different approaches to software partitioning. The next example uses the Remote Method
Invocation (RMI) of Java1.1.

Remote Method Invocation and JDBC

Remote method invocation is now part of Java Development Kit 1.1. Aswe saw in the chapter discussing three-tiered
approaches, RMI allows Java objects to be distributed and shared accross computers and networks. This example uses
RMI between the client and the middleware, and JDBC between the middleware and the database server.

RMI combined with JDBC for database accessis a simple, but efficient, enabler for software partitioning. Indeed, asin
this example, the client performs presentation (GUI) tasks only, the middleware stores the application’ s logic, and the
database provides a persistent and coherent storage for the data.

This example deals with cars. In this example, al the cars are built in hypothetical car factories, and there is one factory
for each different car brand. Clients are allowed to invoke various methods on the cars and factories, although these
objects are not local client objects to them. They are remote objects. This means that all methods called on these objects
are executed where these objects reside — that is, on the RMI server. If parameters must be passed to such methods, they
are serialized by RMI and passed to the server object that will deserialize them.

The exampl e has these classes:

» Car.javaisan interface that extends java.rmi.remote

e Carlmpl.javaimplements Car

» CarFactory.javais an interface that extends java.rmi.remote

 CarFactorylmpl.javaimplements CarFactory

CarSupplierServer.javais aserver. It brings car factories to life and makes them reachable through the RMI
mechanism

» CarSalesjavaisaclient that deals with objects such as Car and CarFactories

The client only has access to the Car and CarFactory interfaces. All methods invoked on these objects are actually
implemented within the RMI server, which, in turn, performs the calls to the database through JDBC. Figure 10-20
illustrates the whole architecture for this example.

Figure 10-20: Three-tiered architecture of the car factory example.
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Instead of providing object persistency at the Car level, asimpler option was choosen: the CarFactory level provides
persistent storage. Practically, this meansinformation about the car factoriesis saved in a database table and loaded by
the CarFactorylmpl constructor. The database immediately reflects all updates of the car factories. Another optionisto
save the different instances of CarFactory in their f i nal i ze() method whenever the RMI server program terminates.

Database Side

The data structure is quite simple. Hereis the SQL to create the table used for this example. The primary key is
composed of two fields: serialno and brand.

CREATE TABLE cars
(serialno INT

NULL,

brand VARCHAR(12) NULL,
nodel VARCHAR(12) NULL,
col or VARCHAR(12) NULL,
price | NT NULL,

owner VARCHAR(12) NULL)
GO

| NSERT | NTO cars VALUES
(1000000, ' Vol kswagen', '"Golf &', 'black', NULL, '")
GO

The following SQL statement queries the content of the table after afew executions of the RMI client and RMI server:

1> SELECT * FROM cars

2> ORDER BY brand, serialno

3> &O

serial no brand nodel col or price owner
1000001 Audi A6 bl ack NULL

1000002 Audi A8 yell ow NULL

1000003 Audi A6 bl ack NULL

1000004 Audi A8 yell ow NULL

1000005 Audi A6 bl ack NULL

1000006 Audi A8 yell ow NULL

1000007 Audi A6 bl ack NULL

1000008 Audi A8 yel |l ow NULL

1000001 BMW 528i fjordgrau NULL

1000002 BMW 750Li articsilber NULL
1000003 BMW 528i fjordgrau NULL

1000004 BMW 750Li articsilber NULL
1000005 BMWN 528i fjordgrau NULL

1000006 BMW 750Li articsilber NULL
1000007 BMWN 528i fjordgrau NULL

1000008 BMW 750Li articsilber NULL
1000000 Vol kswagen Gol f GL bl ack NULL
1000001 Vol kswagen Gol f CL darkred NULL
1000002 Vol kswagen Gol f CL darkred NULL
1000003 Vol kswagen Gol f CL darkred NULL
1000004 Vol kswagen Gol f CL darkred NULL
(21 rows affected)

RMI Server Side



A script file starts the server and an RMI service called the RMI registry. As soon asit launches, the CarSupplierServer
object recreates car factories and cars from the data in the database. CarFactory objects are thus created and bound to a
name. Client lookups use this name to obtain references to these remote objects. Here is the output of the
CarSupplierServer when launched on Unix (Windows users: the RMI registry command must be executed in a separate
DOS shell).

csh: start

starting registy

[1] 7852

starting CarSupplierServer

press CTRL-C to interrupt server

type: java CarSales to start client

Creating Car Factories

Car Factory: Loaded new Car: Car: nodel =Audi nodel =A6 col or=bl ack serial =1
owner =

Car Factory: Loaded new Car: Car: nodel =Audi nodel =A8 col or=yel | ow seri al =2
owner =

Car Factory: Loaded new Car: Car: nodel =Audi nodel =A8 col or=yel | ow seri al =3
owner =

Car Factory: Loaded new Car: Car: nodel =Audi nodel =A8 col or =pi nk
seri al =4 owner =

Car Factory: Loaded new Car: Car: nodel =BMN nodel =528i col or=fjordgrau serial =1
owner =

Car Factory: Loaded new Car: Car: nodel =BMWN nodel =750Li col or=articsil ber serial =2
owner =

Car Factory: Loaded new Car: Car: nodel =BMN nodel =528i col or =appl egreen seri al =3

owner =

Car Factory: Loaded new Car: Car: nodel =BMN nodel =528i col or =sunbl ue seri al =5

owner =

Car Factory: Loaded new Car: Car: nodel =Vol kswagen nodel =Gol f TDI col or =bl ack
seri al =1000000 owner =

Car Factory: Loaded new Car: Car: nodel =Vol kswagen nodel =Gol f CL col or =dar kr ed
seri al =1000001 owner =

Car Factory: Loaded new Car: Car: nodel =Vol kswagen nodel =Gol f TDI col or =deep space

b
seri al =1000002 owner =

Regi string Car Factories

Client Side

The client programs are started by simply running CarSales as shown in the command line:

% j ava Car Sal es

CarSales calls alookup method to obtain references to remote objects. Once obtained, these references are used to
invoke various methods defined in CarFactory and implemented in CarFactorylmpl.

The window shown in Figure 10-21 appears on the screen, displaying atrace of the different actions the client performs.



Figure 10-21: The RMI client window.

As soon as the client launches, the RMI server logs all the actions it performs on behalf of the client.

CarFactory Audi: request for all cars. 4 returned.

CarFactory BMWN request for all cars. 4 returned.

Car Factory Vol kswagen: request for all cars. 3 returned.

CarFactory Audi: request for all cars. 4 returned.

CarFactory: Created new Car: Car: nodel =Audi nodel =A8 col or=orange seri al =5
owner =None

CarFactory Audi: request for all cars. 5 returned.

CarFactory: Deleted Car: Carlnpl _Stub[ RenoteStub [ref:

[ endpoi nt: [ guadal aj ara: 37065] (renote), obj I D: [14]]]]

CarFactory Audi: request for all cars. 4 returned.
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Car.java

Thisisthe interface for cars. It extends java.rmi.Remote and is implemented by the Carlmpl class. All methods invoked
on Car instances trigger respective methods implemented by Carlmpl instances. Listing 10-23 shows the source code for
Car.java

Listing 10-23: Car.java.

/11

/'l Car.java

/11

[l (C 1996 Wm De Munck mailto: w mdm@m nedi awar e. be
/11

/'l Interface describing stub Car functionality

/'l the actual inplementation will be the responibility of

[l Carlnpl; Car's will be created by a renpte factory object:
/! CarFactory and CarFactoryl npl enent ati on.
11
i mport java.rni.Renote;
i mport java.rmn . RenoteException;
public interface Car extends Renote {
public int getPrice () throws RenpteException;

public int get TopSpeed() throws RenpteException;

public long getSerial Nr() throws RenoteException;

public void sell To ( String owner ) throws RenpteException;
public String getOmer ( ) throws RenoteException;

public String getColor ( ) throws RenoteException;

public String getMdel ( ) throws RenopteException;

public String getObjectString ( ) throws RenoteException;

Carlmpl.java

Carlmpl.java class implements Car. It contains various methods to perform miscellaneous actions on Cars. Listing 10-24
is the source code for Carlmpl.java.

Listing 10-24: Carlmpl.java.

/11
/1 Carlnpl.java
/11
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/1 (C 1996 Wm De Munck mailto: w mdim@m nedi awar e. be
/1
i mport java.rm . Renot eExcepti on;
i mport java.rm.server. Uni cast Renot eQbj ect;
public class Carlnpl extends Uni cast Renot eCbject inplenments Car {
private int price;
private |long serial Nr;
private String brand;
private String nodel;
private String col or;
private String owner = null;
public Carlnmpl ( String brand, String nodel, String color, long serial N )
t hrows Renot eException {

this.brand = brand;
thi s. nodel = nodel;
this.color = col or;

this.serial Nr = serial Nr;
}
public Carlnmpl ( String brand, String nodel, String color, long serialNr,
String owner )
t hrows Renot eException {

this.brand = brand;
thi s. nodel = nodel;
this.color = col or;

this.serial Nr = serial Nr;
thi s. owner = owner;
}
public int getPrice () throws RenoteException {
return 0; // Catal og.getPrice( brand, nodel );
}

public int get TopSpeed() throws RenoteException {
return 0; // Catal og. get TopSpeed( brand, nodel );
}

public long getSerial Nr() throws RenpteException {
return serial Nr;
}

oid sell To ( String owner ) throws RenoteException {
thi s. owner = owner;

}

public String getOmer ( ) throws RenoteException {
return owner;

}

public String getColor ( ) throws RenoteException {
return col or;
}

public String getBrand ( ) throws RenoteException {
return brand;
}

public String getMdel ( ) throws RenoteException {
return nodel;

}
public String toString ( ) {
return "Car: nodel =" + brand + " nodel =" + nodel + " color=" + color +
" serial=" + serialN\r + " owner=" + ((owner == null)? "None" : owner);
}

public String getGbjectString ( ) throws RenoteException {
return this.toString();
}



CarFactory.java

The CarFactory classis an interface implemented by CarFactorylmpl. Like the Car interface, CarFactory inherits from
javarrmi.Remote. Listing 10-25 is the source code for CarFactory.java.

Listing 10-25: CarFactory.java.

/11

/! CarFactory.java

/11

/1 (C 1996 Wm De Munck mailto: w nmdm@m nedi awar e. be
/11

/'l interface describing stub CarFactory functionality

/'l the actual inplenmentation will be the responibility of
/| Car Factoryl npl.

11

i mport java.rmn . Renote;
i mport java.rmn . RenoteException;
i mport java.sqgl.?*;
public interface CarFactory extends Renote {
public Car createCar ( String nodel, String color )
t hrows Renot eException, SQ.Excepti on;
public Car getCar ( long serial Nr )
t hrows Renot eExcepti on;
public Car[] getAll () throws RenpteException;
public bool ean deleteCar ( Car car ) throws RenoteException, SQLExcepti on;
public String getObjectString () throws RenoteException;

CarFactorylmpl.java

CarFactorylmpl implements CarFactory and provides connectivity to the database through JDBC. It manipulates objects
whose lifetime is longer than the application’s lifetime. These objects are persistified, stored in a database table, and
loaded by the CarFactorylmpl constructor upon initialization.

The methods that perform updates of data call JDBC and execute SQL statements to synchronize the datain the
database. Listing 10-26 shows the source code for CarFactorylmpl.java.

Listing 10-26: CarFactorylmpl.java.

/1

/1 CarFactorylnpl.java

/1

/1 (C 1996 Wm De Munck mailto: w mdm@m nmedi awar e. be
/1

/1 interface describing stub CarFactory functionality

/! the actual inplenentation will be the responibility of
/1 CarFactoryl npl.

/1

i mport java.util.Hashtabl e;
i mport java.util.Enuneration;
i mport java.rm . RenoteExcepti on;



i mport java.rm.server. Uni cast Renot eQbj ect;
i mport java.sqgl.?*;

public class CarFactoryl npl extends Uni cast RenoteQbject inplenents CarFactory {

private String brand;

private long | astSerial Nk = 1000000;
private Hashtabl e cars = new Hashtabl e();
/1 local variables for connection state
private Connection conn;

private String uid = "guest";

private String pwd = "sybase";

private String table = "cars";

/1 url for sybase's driver

private String url = "jdbc: sybase: Tds: guadal aj ar a: 8192";

private String driver = "com sybase. jdbc. SybDriver";

public CarFactorylnpl ( String brand ) throws RenpteException, SQ.Exception,
Excepti on

{

G ass. for Name(dri ver);

conn = Driver Manager. get Connection(url, uid, pwd);
Statenent stnt = conn.createStatenent();

ResultSet rs = stnt.executeQuery("SELECT * FROM" + table
+ " WHERE brand = '" + brand + "'");

while (rs.next()) {
wakeupCar (rs. getlnt("serial no"),
rs.getString("brand"),
rs.getString("nodel"),
rs.getString("color"),
rs.getString("owner"));

}

rs = stm.executeQuery("SELECT MAX(serialno) FROM" + table
+ " WHERE brand = '" + brand + "'");

rs.next();

| astSerial Nr = rs.getLong(1);

rs.close();

stm.close();
this.brand = brand;

}

protected void finalize() throws SQ.Exception {
conn. cl ose();

}
public void wakeupCar ( int sn, String brand, String nodel, String color,
owner )

t hrows Renot eException {

Carlnpl car = new Carlnpl ( brand, nodel, color, sn, owner );

cars. put ("SN'+car.getSerial Nr(), car);

Systemout. println("CarFactory: Loaded new Car:" + car);

}

public Car createCar ( String nodel, String color )
t hrows Renot eException, SQLException {

String

Carlnpl car = new Carlnpl ( brand, nodel, color, ++ astSerial Nr );

Statenment stnt = conn.createStatenent();

int res = stnt.executeUpdate("I NSERT INTO" + table
+ "(serialno, brand, nodel, color, owner) VALUES ("
+ car.getSerialNr() +", '"" + brand + "', '" + nodel
+ "', """ 4+ color + ", ")");

stmt.close();

cars.put ( "SN' + car.getSerial Nr(), car );

Systemout.println("CarFactory: Created new Car:" + car);



return car;
}
public Car getCar ( long serial Nr ) throws RenoteException {
return (Car)cars.get("SN'+serial Nr);

}
/**
* get all cars wi thout worrying about synchronization
*/
public Car[] getAll () throws RenoteException {
Car [] allcars = new Car[cars.size()];
int i =0;
Enuneration e = cars. el enents();
whil e (e. hasMreEl ements()) {
allcars[i++] = (Car)e.nextEl ement();

}

Systemout.println("CarFactory " + brand + ": request for all cars. " + i

returned.");
return allcars;
}
public bool ean deleteCar ( Car car ) throws RenoteException, SQ.Exception {

long sn = car.getSerial Nr();

if ( cars.remove("SN'+ sn) !'=null ) {
Statenent stnt = conn.createStatenent();
int res = stnt.executeUpdate("DELETE " + table
+ " WHERE brand = '" + brand + "' AND serialno =" + sn + "");
stnt.close();
Systemout.println("CarFactory: Deleted Car:" + car);
return true;

}
el se {
return fal se;
}
}
public String toString () {
return "CarFactory: " + brand + " lastNr=" + lastSerial Nr;
}

public String getObjectString () throws RenoteException {
return this.toString();
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CarSalesjava

CarSdesjavaisthe client class. CarSalesis a stand-alone application that looks up CarFactories in the RMI server to get
references to these remote objects.

The application tries to obtain references to three remote CarFactories. Once it obtains the references, actions such as
selecting cars, ordering cars, selling cars, and destroying cars may be performed. This RMI client only refersto the
CarFactory and Car interfaces, not their actual implementation, which isthe main objective of this exercise. The
implementation class instances run elsewhere on the network and are seamlessly accessed through RMI. Listing 10-27
shows the source code for CarSales.java.

Listing 10-27: CarSales.java.

11

/| CarSal es.java

11

/1 (C 1996 Wm De Munck mailto: w mdm@m nmedi awar e. be
11

/1 This code is not to be distributed w thout
/1 explicit confirmation by the auhor.
11
i mport java.aw.*;
i mport java.rni.Nam ng;
i mport java. net. Mal f or mredURLExcepti on;
i mport java.rmn . Not BoundExcepti on;
i mport java. net. UnknownHost Excepti on;
/**
* Car Sal es-cl ass connecting to a Renote bject
* registry.
* The Carsales instance allows sinple order and selling
* of cars.
*/
public class CarSal es extends Franme {
Text Area ta = new Text Area("Application started");
Button quitB = new Button ( "Quit" ), orderB = new Button ( "Order Car" );
Button sell B = new Button ( "Sell" );
Button wreckB = new Button ( "Weck" );
Choi ce brandCH = new Choice (), allCarsCH = new Choice();
Text Fi el d nodel TF = new Text Fi el d(10), col orTF = new Text Fi el d(10);
Text Fi el d buyer TF = new Text Fi el d(10);
Car Factory carFactory[];
Car cars[] = null;
/**
* Construct the CarSal es GU
*/
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public CarSales ( ) {
super ("BEST CARS IN THE WORLD");
/1 Setup the User Interface
Panel northPan = new Panel ( );
nort hPan. set Layout ( new BorderLayout () );
nort hPan. add ( "North",
new Label ("Car Ordering: Select brand and nodel ", Label.LEFT) );
nort hPan. set Layout ( new BorderLayout () );
Panel orderPanel = new Panel ();
/] order Panel . set Layout ( new Fl owLayout ( FlowLayout.LEFT ) );
order Panel . set Layout ( new GridLayout ( 1,7) );
order Panel . add ( new Label ("Brand:", Label  RIGHT ) );
order Panel . add ( brandCH );
order Panel . add ( new Label ("Mdel:", Label RIGHT ) );
order Panel . add ( nodel TF );
order Panel . add ( new Label ("Color:", Label RIGHT ) );
order Panel . add ( col orTF );
order Panel . add ( orderB );
Panel sell Panel = new Panel ();
[/ sel | Panel . set Layout ( new Fl owLayout ( FlowLayout.LEFT ) );
sel | Panel . set Layout ( new GidLayout ( 1,7) );
sel | Panel . add ( new Label ("All Cars:", Label .RIGHT ) );

sel | Panel .add ( all CarsCH );

sel | Panel . add ( new Label ("Buyer:", Label .RIGHT ) );
sel | Panel . add ( buyerTF );

sel | Panel . add ( new Label ( "" ) );

sel | Panel . add ( new Label ( "Actions:", Label . RIGHT ) );
Panel buttonPan = new Panel ( );
but t onPan. set Layout ( new GridLayout ( 1, 2) );
buttonPan. add ( sellB);
but t onPan. add ( weckB );
sel | Panel . add ( buttonPan );
Panel northCenterPanel = new Panel ();
nort hCent er Panel . set Layout ( new GidLayout ( 2, 1) );
nort hCent er Panel . add ( orderPanel );
nort hCent er Panel . add ( sell Panel );
nort hPan. add ( "Center", northCenterPanel );
nort hPan. add ( "South", new Label ( "RM/SQ log:", Label.CENTER ) );
add("North", northPan );
add("Center", ta);
add(" Sout h", quitB );
/1 In areal application there would be a renote object
/1 giving us an array or enuneration with all brands.
/1 In this exanple we do it hard coded.
String carBrands[] = { "audi", "bmw', "vw' };
carFactory = new CarFactory [ carBrands.length ];
for (int ndx=0; ndx< carBrands.length; ndx ++ ) {
try {
brandCH. addl tem ( car Brands[ ndx] );
car Factory[ ndx] = (CarFactory)
(java.rm . Nam ng. |l ookup ( "rm://serverhost/CarFactory."
carBrands[ ndx] ) );
appendTA( carBrands[ndx] + ": " + carFactory[ndx]);}
catch ( java.rni.RenoteException ex) {
appendTA( "Constructor() RenoteException: " + ex.getMssage() );}
catch ( java.rmn . Not BoundException ex) {
appendTA( "Constructor() Not BoundException: " +
ex. get Message() );}
catch ( java.net. Ml f ormedURLExcepti on ex) {



appendTA ( "Constructor() Ml formedURLException: "+
ex. get Message() );
}

} /1 end for carBrands[ ndx]
try {
appendTA("");
appendTA("Creating Cars:");
updat eAl | CarsChoice ( ) ;
/'l Car nrl1 = audi Fact.createCar("A6", "black");}
catch ( Exception ex) {
appendTA( "Constructor() Exception: " + ex.getMessage() );
ex. printStackTrace();
}
pack() ;
setVisible ( true ); /1 JDK1.1 repl aced deprecated show()
}
private void updateAll CarsChoice ( ) {
i nt ndx = brandCH. get Sel ect edl ndex() ;
int count = O;
al | CarsCH. renmoveAl | ()

try {
cars = carFactory[ndx].getAll();
for (int i=0; i < cars.length; i++ ) {
all CarsCH. addltem ( "" + cars[i].getSerialN() + " " +
cars[i].getMdel () + "," + cars[i].getColor() );
count ++;
}
}

catch ( Exception ex ) {
appendTA ( "updat eAl | Car Choi ce() Exception: " + ex.getMessage() );
}

if ( count > 0 ) {
al | CarsCH. set Enabled ( true );
all CarsCH. select( 0 );
try {
buyer TF. set Text ( cars[0].getOmer() );
col or TF. set Text ( cars[0].getColor() );
nodel TF. set Text ( cars[ 0] . get Model () )
}
catch ( Exception ex ) {
appendTA ( "updat eAl | Car Choi ce() Exception: " + ex.getMessage()
}
}

el se {
al | CarsCH. set Enabl ed ( false );
all CarsCH. addltem ( "No Cars Avail able" );
}
appendTA ( "Added " + count + " cars to allCarsCH for " + brandCH.
get Sel ectedltem() );
}
private void appendTA ( String text ) {
ta.setText( ta.getText() + "\n" + text.toString() );

}
private void appendTA ( Car car ) {

try {
ta.setText( ta.getText() + "\n" + car.getObjectString() ); }
catch ( java.rm . RenoteException ex ) {
ta.set Text ( "RenoteException: " + ex.getMessage() );



ex. printStackTrace();
}
}
/1 JDK1.02 event - nodel
public bool ean action ( Event evt, Cbject arg ) {
try {
if ( evt.target == quitB ) {
setVisible ( false ); // JDKl1l.1's setVisible() replaced
depr ecat ed
hi de()
di spose();
System exit(0);
return true
}
else if ( evt.target == orderB ) {
int factlndex = brandCH. get Sel ect edl ndex();
carFactory[fact| ndex].createCar ( nodel TF. get Text (),
col or TF. get Text () );
updat eAl | Car sChoice ( )
}
else if ( evt.target == sellB ) {
int carlndex = all CarsCH. get Sel ect edl ndex() ;
cars[carlndex].sell To ( buyerTF.getText() );

appendTA ( "sold car: " + cars[carlndex].getSerial Nr() + "
to " +
buyer TF. get Text () );
}
else if ( evt.target == weckB ) {

int carlndex = all CarsCH. get Sel ect edl ndex() ;
int factlndex = brandCH. get Sel ect edl ndex();
appendTA ( "wrecked car: " + cars[carlndex].getSerial Nr() );
car Factory[factl ndex].del eteCar ( cars[carlndex] );
updat eAl | Car sChoice ( )
}

else if ( evt.target == brandCH ) {
colorTF. set Text ( "" );
nodel TF. set Text ( "" );
updat eAl | Car sChoice ( )
}

else if ( evt.target == allCarsCH ) {
int carlndex = all CarsCH. get Sel ect edl ndex
col or TF. set Text ( cars[carl ndex]. get Col or
nodel TF. set Text ( cars[carl ndex] . get Model
buyer TF. set Text ( cars[carl ndex]. get Oanner

}

0)
0 );
0 );
0O )

}

catch ( java.rn . Renot eException ex) {

appendTA ( "action() RenoteException: " + ex.getMessage() ); }
catch ( java.sql.SQException ex) {

appendTA ( "action() SQ.Exception: " + ex.getMssage() );

}

return true

}
publ i c bool ean handl eEvent ( Event evt ) { // deprecated by processEvent( )
if ( evt.id == Event.W NDOW DESTROY ) {
setVisible ( false); // JDKL.1's setVisible() replaced deprecated hide( )
di spose();
System exit(0);
return true



}

el se {
return super. handl eEvent ( evt );
}

}

public static void main ( String args[] ) {
/1l Create GU -object
Car Sal es ¢cs = new Car Sal es();

}
}
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Car Supplier Server .java

The CarSupplierServer classisthe RMI server class. It creates three instances of CarFactory and binds them to the RMI
registry. A simple string names the bindings to allow clients to perform lookups in the registry. Listing 10-28 shows the
source code for CarSupplierServezr.java.

Listing 10-28: CarSupplierServer.java.

11

[l Car SupplierServer.java

11

[l (C 1996 Wm De Munck mailto: w mdm@m nedi awar e. be
11

i mport java.rm . Nam ng;
cl ass Car Suppl i er Server {
public static void main ( String args[] ) {
/! Install a SecurityManager for this server
System set Securi tyManager ( new java.rm .RM SecurityManager() );
/! create and register all CarFactories
Systemout.println ( "Creating Car Factories" );
Car Factoryl npl audi, bmw, vw ;
try {
audi = new CarFactoryl npl ("Audi ");
brmw = new Car Factoryl nmpl ("BMWV ) ;
vw = new Car Factoryl npl (" Vol kswagen") ;
} catch ( Exception ex ) {
ex. printStackTrace();
return;

}
Systemout.println ( "Registring Car Factories" );

try {
Nanmi ng. bi nd(" Car Factory. audi ", audi);
Nam ng. bi nd(" Car Factory. brmw', brmw);
Nam ng. bi nd(" Car Factory. vw', vw);

} catch ( java.net. Ml fornmedURLException ex ) {
ex. printStackTrace();

} catch ( java.rm . Al readyBoundException ex ) {
ex. printStackTrace();

} catch ( java.rm . RenoteException ex) {
ex. printStackTrace();

}

RMI, as defined and implemented by JavaSoft, Inc., is HTTP-proxy aware. The networking layer of RMI provides
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server- and client-side transparent support for HTTP tunneling that allows applets to communicate with remote methods
and remote objects through WWW proxy servers. A final note for those who want to run RMI on a stand-alone machine:
A TCP/IP stack must be running on the machine to let RMI clients and servers communicate.

Summary

This chapter provided examples of JDBC in the form of Java applets or stand-alone applications. Each example covered
a specific topic discussed in earlier chapters. The source code of all the examplesis on the accompanying CD-ROM.

Examples discussed in this chapter include:

A simple ISQL client

Handling BLOBS from the command line

* A Java Automatic Teller Machine

Fly with JIDBC Airlines

A graphical database surfer

» An advanced example using Remote Method Invocation
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Part IV
Quick Reference and Appendixes

Quick Reference: JDBC API

Appendix A: JDBC Products and Drivers
Appendix B: Links for Additional Information
Appendix C: Frequently Asked Questions
Appendix D: What's on the CD

Part 1V includes the Quick Reference, which coversthe JDBC 1.2 API of JavaSoft, and valuable appendixes, which
include answers to frequently asked questions and references for additional information about SQL and DBMSs, Objects
and DBMSs, and JDBC products and drivers. The CD-ROM contains the source code for all examples, JDBC products,
and the common Java utilities such as the JavaSoft, Inc., JDK. See Appendix D, “What's on the CD-ROM,” for a
detailed list of CD-ROM contents.

Quick Reference

JDBC API: package java.sql

The definitions for interfaces, classes, and methods are based on the Javadoc-generated API specification of JavaSoft.
This section coversthe JDBC 1.2 API of JavaSoft.

Interface java.sql.CallableStatement
public interface CallableStatement
extends Object

extends PreparedStatement

CallableStatements are used to call SQL stored procedures in a standard way for all DBM Ss. Escape syntax is used for
procedures that return a result parameter and those that do not return a parameter. If the procedure returns a result, the
result parameter must be registered asan OUT parameter.

The set methods inherited from PreparedStatement are used to set IN parameter values. The type of all OUT parameters
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must be registered prior to executing the stored procedure. Their values are retrieved via the get methods provided here.

A Cadllable statement may return a ResultSet or multiple ResultSets. Multiple ResultSets are handled using methods
inherited from Statement. The OUT parameters must always be retrieved after processing ResultSets and update counts,
if any.

{?= cal | <PROCEDURE- NAVE>[ <ARGL>, <AR®> , ...]}
{cal | <PROCEDURE- NAVE>[ <ARGL>, <ARG2> , ...]}

See also: prepareCall, ResultSet

M ethods:

GETBIGDECIMAL
public abstract BigDecimal getBigDecimal(int parameterindex, int scale) throws SQL Exception

Get the value of an OUT parameter of type SQL NUMERIC as a java.math.BigDecimal object.

Parameters. parameterlndex — the parameter index begins at 1.

scale — a positive value representing the decimal precision.

Returns: the OUT parameter value; null if itsvalueis SQL NULL

GETBOOLEAN
public abstract boolean getBoolean(int parameterlndex) throws SQL Exception

Get the value of an OUT parameter of type SQL BIT as a Java boolean.

Parameters. parameterlndex — the parameter index begins at 1.

Returns: the OUT parameter value; falseif the valueis SQL NULL

GETBYTE
public abstract byte getByte(int parameterindex) throws SQL Exception

Get the value of an OUT parameter of type SQL TINYINT as a Java byte.

Par ameters. parameterlndex — the parameter index begins at 1.

Returns. the OUT parameter value; 0 if the value is SQL NULL

GETBYTES
public abstract byte[] getBytes(int parameterlndex) throws SQL Exception

Get the value of an OUT parameter of type SQL BINARY or VARBINARY as a Java byte][].

Parameters. parameterlndex — the parameter index begins at 1.



Returns: the OUT parameter value; null if the valueis SQL NULL

GETDATE
public abstract Date getDate(int parameterindex) throws SQL Exception

Get the value of an OUT parameter of type SQL DATE as ajava.sgl.Date object.

Parameters. parameterlndex — the parameter index begins at 1.

Returns: the OUT parameter value; null if the valueis SQL NULL

GETDOUBLE
public abstract double getDouble(int parameterindex) throws SQL Exception

Get the value of an OUT parameter of type SQL DOUBLE as a Java double.

Par ameters. parameterlndex — the parameter index begins at 1.

Returns. the OUT parameter value; O if the value is SQL NULL

GETFLOAT
public abstract float getFloat(int parameterlndex) throws SQL Exception

Get the value of an OUT parameter of type SQL FLOAT asaJavafloat.

Parameters. parameterlndex — the parameter index begins at 1.

Returns: the OUT parameter value; O if the valueis SQL NULL

GETINT
public abstract int getInt(int parameterindex) throws SQL Exception

Get the value of an OUT parameter of type SQL INTEGER as a Javaint.

Parameters. parameterlndex — the parameter index begins at 1.

Returns: the OUT parameter value; O if the valueis SQL NULL

GETLONG
public abstract long getL ong(int parameterindex) throws SQL Exception

Get the value of an OUT parameter of type SQL BIGINT as a Javalong.

Par ameters. parameterlndex — the parameter index begins at 1.

Returns. the OUT parameter value; O if the value is SQL NULL

GETOBJECT
public abstract Object getObject(int parameterindex) throws SQL Exception



Get the value of an OUT parameter as a Java object.

The object type corresponds to the SQL type that was registered for this parameter using registerOutParameter().
Parameters. parameterlndex — the parameter index begins at 1.

Returns: ajavalang.Object containing the OUT parameter value.

See also: Types

GETSHORT
public abstract short getShort(int parameterindex) throws SQL Exception

Get the value of an OUT parameter of type SQL SMALLINT as a Java short.
Par ameters. parameterlndex — the parameter index begins at 1.
Returns; the OUT parameter value; O if the value is SQL NULL

GETSTRING
public abstract String getString(int parameterindex) throws SQL Exception

Get the value of an OUT parameter of type SQL CHAR, VARCHAR, or LONGVARCHAR as a Java String.
Par ameters. parameterlndex — the parameter index begins at 1.
Returns. the OUT parameter value; null if the valueis SQL NULL

GETTIME
public abstract Time getTime(int parameterlndex) throws SQLEXxception

Get the value of an OUT parameter of type SQL TIME as ajava.sgl.Time object.
Parameters. parameterlndex — the parameter index begins at 1.
Returns: the OUT parameter value; null if the valueis SQL NULL

GETTIMESTAMP
public abstract Timestamp getTimestamp(int parameterindex) throws SQL Exception

Get the value of an OUT parameter of type SQL TIMESTAMP as ajava.sgl. Timestamp object.
Par ameters. parameterlndex — the parameter index begins at 1.
Returns; the OUT parameter value; null if the valueis SQL NULL

REGISTEROUTPARAMETER
public abstract void registerOutParameter(int parameterindex, int sgl Type) throws SQL Exception



The registerOutParameter() method must be called before executing a stored procedure to register the java.sgl. Type of
each OUT parameter. Thistypeis used to retrieve the OUT parameter value with the appropriate getX X X () method.

Parameters. parameterlndex — the parameter index begins at 1.
sl Type — the SQL type code defined by java.sgl. Types
See also: Type

REGISTEROUTPARAMETER
public abstract void registerOutParameter(int parameterindex, int sql Type, int scale) throws SQL Exception

This registerOutParameter() method is used for registering Numeric or Decimal OUT parameters.
Par ameters. parameterlndex — the parameter index begins at 1.

sqlType — java.sgl.Type. NUMERIC or java.sgl. Type. DECIMAL

scale — a positive value representing the desired number of decimal digits

See also: Numeric, Type

WASNUL L
public abstract boolean wasNull() throws SQL Exception

This method reports whether the last value read was a SQL NULL. A getXXX() must be invoked first.
Returns: trueif the last parameter read was SQL NULL

Interface java.sql.Connection

public interface Connection

extends Object

A Connection isasession in a specific database engine. SQL statements and their results are executed within the context
of such a Connection.

Information such as database tables, stored procedures, and other database objects may be obtained from a Connection
with the getM etaData methods.

All changes are committed after the execution of a statement. Thisis the default behavior. If autocommit has been
disabled, an explicit commit must be done or database changes will not be effective.

See also: getConnection, Statement, ResultSet, DatabaseM etaData

Variables:

TRANSACTION_NONE



public final staticint TRANSACTION_NONE

This constant value is used to specify that transactions are not supported.

TRANSACTION_READ_COMMITTED
public final staticint TRANSACTION_READ_COMMITTED

This constant value is used to specify that only reads on the current row are repeatable. Dirty reads are not allowed, but
nonrepeatable and phantom reads can occur.

TRANSACTION_READ_UNCOMMITTED
public final static int TRANSACTION_READ_UNCOMMITTED

This constant value is used to specify that dirty reads, nonrepeatabl e reads, and phantom reads can occur.

TRANSACTION_REPEATABLE_READ
public final static int TRANSACTION_REPEATABLE_READ

This constant value is used to specify that only phantom reads can occur.

TRANSACTION_SERIALIZABLE
public final staticint TRANSACTION_SERIALIZABLE

This constant value is used to specify that dirty reads, nonrepeatable reads, and phantom reads cannot occur.

M ethods:

CLEARWARNINGS
public abstract void clearWarnings() throws SQL Exception

Clears the chained warnings of a Connection. getWarnings() returns null until a new warning is reported.

CLOSE
public abstract void close() throws SQL Exception

The close method provides an immediate release for a Connection. All its resources are released upon invocation,
including resources maintained by the DBM S and the JDBC driver. Note that a Connection is automatically closed when
it is garbage collected.

COMMIT
public abstract void commit() throws SQL Exception

This method is used to commit transactions. All changes made since the previous commit() or rollback() are made
permanent, and any database locks currently held by the Connection are released. Note that all PreparedStatements,
CdllableStatements, and ResultSets are implicitly closed when a Connection is committed.

See also: setAutoClose, setAutoCommit

CREATESTATEMENT
public abstract Statement createStatement() throws SQL Exception



This method creates a Statement object used to execute SQL statements without parameters. Unlike PreparedStatement,
this method is used for Statements that are executed only once.

Returns: anew Statement object

GETAUTOCLOSE
public abstract boolean getAutoClose() throws SQLEXxception

Checks whether the Connection’ s state is autocl ose.
Returns; Current state of autoclose mode
See also: setAutoClose

GETAUTOCOMMIT
public abstract boolean getAutoCommit() throws SQL Exception

Checks whether the Connection’ s state is autocommit.
Returns; Current state of autocommit mode
See also: setAutoCommit

GETCATALOG
public abstract String getCatalog() throws SQL Exception

If catalogs are supported, this method returns the Connection’s current catalog name.
Returns: the current catalog name or null

GETMETADATA
public abstract DatabaseM etaData getM etaData() throws SQL Exception

The DatabaseM etaData object returned by this method may be used to get information from the database engine. Such
information includes a description of tables, stored procedures, keys and indexes, the supported SQL grammar, and so
forth. Refer to the DatabaseM etaData interface for more detail.

Returns; a DatabaseM etaData object

GETTRANSACTIONISOLATION
public abstract int getTransactionl solation() throws SQL Exception

Return the current transaction isolation mode. The different values are those listed as TRANSACTION_XXX static
variables.

Returns; the current transaction mode value

GETWARNINGS
public abstract SQLWarning getWarnings() throws SQL Exception



Warnings issued by calls on a Connection are chained together. This method returns the first warning that is reported as
a SQLWarning.

Returns: the first SQLWarning or null

ISCLOSED
public abstract boolean isClosed() throws SQL Exception

Checks whether a connection has been closed.
Returns: trueif the connection is closed; falseif it’s still open

ISREADONLY
public abstract boolean isReadOnly() throws SQL Exception

Checks whether the Connection is in read-only mode.
Returns: true if Connection is read-only

NATIVESQL
public abstract String nativeSQL (String sql) throws SQL Exception

Under some circumstances specific JDBC drivers may trandate the SQL statements into a database’ s native SQL
grammar prior to sending them. This method is useful to obtain the native form of the statement that the driver would
have sent.

Parameters. sgl — a SQL statement. Note that it may contain *? parameter placeholders.
Returns: the native form of the statement

PREPARECALL
public abstract CallableStatement prepareCall(String sql) throws SQL Exception

CdllableStatements are used for stored procedure call statements. This method creates such an object that can be used
later with appropriate methods to provide IN and OUT parameters to the stored procedure.

Parameters. sgl — a SQL statement. Note that it may contain ‘? parameter placeholders.
Returns. anew CallableStatement object containing the precompiled SQL statement

PREPARESTATEMENT
public abstract PreparedStatement prepareStatement(String sqgl) throws SQL Exception

This method returns a PreparedStatement object. Such objects are useful when a SQL statement must be executed
multiple times. The SQL statement is precompiled before it actually receives parameters and is executed. If supported by
the driver and by the DBMS, parsing and optimizations are only done once during precompilation.

Parameters. sgl — a SQL statement. Note that it is normally used with *? IN parameter placehol ders.



Returns. anew PreparedStatement object containing the precompiled statement

ROLLBACK
public abstract void rollback() throws SQLException

Unlike commit(), rollback() cancels all changes made since the previous commit() or rollback() invocation and releases
any database locks currently held by the Connection. This method is used to abort transactions. Note that a Connection’s
PreparedStatements, CallableStatements, and ResultSets are implicitly closed when it is rollbacked.

See also: setAutoClose, setAutoCommit

SETAUTOCLOSE
public abstract void setAutoClose(boolean autoClose) throws SQL Exception

When autoclose is disabled, JDBC attempts to keep all Statements and ResultSets open across commits and rollbacks.

Parameters: autoClose — true enables autoclose, false disables autocl ose.

See also: supportsOpenCursorsAcrossCommit, supportsOpenCursorsAcrossRollback,
supportsOpenStatementsA crossCommit, supportsOpenStatementsA crossRollback

SETAUTOCOMMIT
public abstract void setAutoCommit(bool ean autoCommit) throws SQL Exception

SQL statements are executed and committed as individual transactionsif a Connection isin autocommit mode. If not in
autocommit mode, the SQL statements are grouped into transactions that are terminated by either commit() or rollback().
By default, new connections are in autocommit mode. In autocommit mode, a commit always occurs after all results and
output parameter values for a specific statement have been retrieved.

Parameters. autoCommit — true enables autocommit; false disables it.

SETCATALOG
public abstract void setCatal og(String catalog) throws SQL Exception

If the database supports catalogs, this method sel ects a specific catalog. The method has no effect if catalogs are not
supported.

SETREADONLY
public abstract void setReadOnly(boolean readOnly) throws SQL Exception

Connections may be set in read-only mode. In this case no database updates are allowed and performance is often
improved. Note that this method cannot be called while in the middle of a transaction.

Parameters. readOnly — true enables read-only mode; false disables read-only mode.

SETTRANSACTIONISOLATION
public abstract void setTransactionl solation(int level) throws SQL Exception

This method is used to change the transaction isolation level using the TRANSACTION_XXX static variables defined in
the beginning of this section. Note that it cannot be called while in the middle of a transaction.



Parameters. level —aTRANSACTION_XXX isolation value with the exception of TRANSACTION_NONE

See also: supportsTransactionlsolationL evel

Interface java.sql.DatabaseMetaData

public interface DatabaseM etaData

extends Object

The DatabaseM etaData class provides methods that return information about the database.

A part of its methods return ResultSets. Normal ResultSet methods such as getString() and getint() must be used to
retrieve the data from these ResultSets. A SQLEXxception isthrown if agiven form of metadatais not available.

The methods that take String pattern arguments return information using these patterns. Within a pattern String, “ %"
means match any substring of O or more characters, and “_" means match any one character. The various methods that
use pattern only return metadata entries matching the search pattern. A search criterion is suppressed if its pattern is set
to null.

If adriver does not support a metadata method, an exception is thrown. If such a method normally returns a ResultSet, a
ResultSet (which may be empty) is returned or a SQL Exception is thrown.

Variables:

BESTROWNOTPSEUDO
public final static int bestRowNotPseudo

BEST ROW PSEUDO_COLUMN: It isNOT a pseudocolumn.

BESTROWPSEUDO
public final static int bestRowPseudo

BEST ROW PSEUDO_COLUMN: It is a pseudocolumn.

BESTROWSESSION
public final static int bestRowSession

BEST ROW SCOPE: It isvalid for the remainder of the current session.

BESTROWTEMPORARY
public final static int bestRowTemporary

BEST ROW SCOPE: Very temporary, while using row

BESTROWTRANSACTION
public final static int bestRowTransaction

BEST ROW SCORPE: Itisvalid for the remainder of current transaction.



BESTROWUNKNOWN
public final static int bestRowUnknown

BEST ROW PSEUDO_COLUMN: It may or may not be a pseudocolumn.

COLUMNNONULLS
public final static int columnNoNulls

COLUMN NULLABLE: It might not allow NULL values.

COLUMNNULLABLE
public final static int columnNullable

COLUMN NULLABLE: It definitely allows NULL values.

COLUMNNULLABLEUNKNOWN
public final static int columnNullableUnknown

COLUMN NULLABLE: Its nullability is unknown.

IMPORTEDKEYCASCADE
public final static int importedK eyCascade

IMPORT KEY UPDATE _RULE and DELETE_RULE: For update, change imported key to agree with primary key
update. For delete, delete rows that import a deleted key.

IMPORTEDKEYINITIALLYDEFERRED
public final static int importedKeyInitiallyDeferred

IMPORT KEY DEFERRABILITY: See SQL92 for more information.

IMPORTEDKEYINITIALLYIMMEDIATE
public final static int importedKeylInitiallylmmediate

IMPORT KEY DEFERRABILITY: See SQL92 for more information.

IMPORTEDKEYNOACTION
public final static int importedK eyNoAction

IMPORT KEY UPDATE RULE and DELETE_RULE: Do not allow update or delete of primary key if it has been
imported.

IMPORTEDKEYNOTDEFERRABLE
public final static int importedK eyNotDeferrable

IMPORT KEY DEFERRABILITY: See SQL92 for more information.

IMPORTEDKEYRESTRICT
public final static int importedK eyRestrict



IMPORT KEY UPDATE_RULE and DELETE_RULE: Do not allow update or delete of primary key if it has been
imported.

IMPORTEDKEYSETDEFAULT
public final static int importedK eySetDefault

IMPORT KEY UPDATE RULE and DELETE_RULE: Change imported key to default valuesiif its primary key has
been updated or deleted.

IMPORTEDKEYSETNULL
public final static int importedK ey SetNull

IMPORT KEY UPDATE_RULE and DELETE_RULE: Change imported key to NULL if its primary key has been
updated or deleted.

PROCEDURECOLUMNUNKNOWN
public final static int procedureColumnUnknown

COLUMN_TYPE: Unknown type for a procedure’' s parameter.

PROCEDURECOLUMNIN
public final static int procedureColumnin

COLUMN_TYPE: Itisan IN parameter.

PROCEDURECOLUMNINOUT
public final static int procedureColumninOut

COLUMN_TYPE: Itisan INOUT parameter.

PROCEDURECOLUMNOUT
public final static int procedureColumnOut

COLUMN_TYPE: Itisan OUT parameter.

PROCEDURECOLUMNRETURN
public final static int procedureColumnReturn

COLUMN_TYPE: The procedure returns avalue.

PROCEDURECOLUMNRESULT
public final static int procedureColumnResult

COLUMN_TYPE: Result column is a ResultSet.

PROCEDURENORESULT
public final static int procedureNoResult

PROCEDURE_TY PE: Procedure does not return aresult.



PROCEDURENONULLS
public final static int procedureNoNulls

TYPE NULLABLE: The procedure does not allow NULL values.

PROCEDURENULLABLE
public final static int procedureNullable

TYPE NULLABLE: It alows NULL values.

PROCEDURENULLABLEUNKNOWN
public final static int procedureNullableUnknown

TYPE NULLABLE: Its nullability is unknown.

PROCEDURERESULTUNKNOWN
public final static int procedureResultUnknown

PROCEDURE_TYPE: It may return aresult.

PROCEDURERETURNSRESULT
public final static int procedureReturnsResult

PROCEDURE_TYPE: It returns aresult.

TABLEINDEXCLUSTERED
public final static short tablelndexClustered

INDEX INFO TY PE: Thisidentifies a clustered index.

TABLEINDEXHASHED
public final static short tablelndexHashed

INDEX INFO TY PE: Thisidentifies a hashed index.

TABLEINDEXOTHER
public final static short tablelndexOther

INDEX INFO TY PE: Thisidentifies some other form of index

TABLEINDEXSTATISTIC
public final static short tablelndexStatistic

INDEX INFO TYPE: Thisidentifies table statistics that are returned in conjunction with atable’sindex descriptions.

TYPENONULLS
public final static int typeNoNulls

TYPE NULLABLE: It does not allow NULL values.



TYPENULLABLE
public final static int typeNullable

TYPE NULLABLE: It alows NULL values.

TYPENULLABLEUNKNOWN
public final static int typeNullableUnknown

TYPE NULLABLE: Its nullability is unknown.

TYPEPREDBASIC
public final static int typePredBasic

TYPE INFO SEARCHABLE: Supported except for WHERE . . . LIKE

TYPEPREDCHAR
public final static int typePredChar

TYPE INFO SEARCHABLE: Only supported with WHERE . . . LIKE

TYPEPREDNONE
public final static int typePredNone

TYPE INFO SEARCHABLE: No support

TYPESEARCHABLE
public final static int typeSearchable

TYPE INFO SEARCHABLE: Supported for all WHERE

VERSIONCOLUMNNOTPSEUDO
public final static int versionColumnNotPseudo

VERSION COLUMNS PSEUDO_COLUMN: It isNOT a pseudocolumn

VERSIONCOLUMNPSEUDO
public final static int versionColumnPseudo

VERSION COLUMNS PSEUDO_COLUMN: It is a pseudocolumn

VERSIONCOLUMNUNKNOWN
public final static int versionColumnUnknown

VERSION COLUMNS PSEUDO_COLUMN: It may or may not be a pseudocolumn

M ethods:

ALLPROCEDURESARECALLABLE
public abstract boolean alProceduresAreCallable() throws SQL Exception



Checks whether the current user may call al the procedures returned by getProcedures.
Returns: trueif so

ALLTABLESARESELECTABLE
public abstract boolean all TablesAreSel ectable() throws SQL Exception

Checks whether all the tables returned by getTable may be SELECTed by the current user.
Returns: trueif so

DATADEFINITIONCAUSESTRANSACTIONCOMMIT
public abstract boolean dataDefinitionCausesT ransactionCommit() throws SQL Exception

Checks whether a data definition statement within a transaction forces the transaction to commit.
Returns: trueif so

DATADEFINITIONIGNOREDINTRANSACTIONS
public abstract boolean dataDefinitionlgnoredinTransactions() throws SQL Exception

Checks whether a data definition statement within a transaction will be ignored.
Returns: trueif so

DOESMAXROWSIZEINCLUDEBLOBS
public abstract boolean doesM axRowSizel ncludeBlobs() throws SQL Exception

Checks whether getMaxRowSize() includes LONGVARCHAR and LONGVARBINARY blobs.
Returns: trueif so

GETBESTROWIDENTIFIER
public abstract ResultSet getBestRowldentifier(String catalog, String schema, String table, int scope, boolean
nullable) throws SQL Exception

Returns a set of column descriptions that uniquely identifies arow of atable. They are ordered by SCOPE.
The resultset has the following columns:

SCOPE short [rarr] actual scope of result is one of the following:
* bestRowTemporary — very temporary, while using row
* bestRowTransaction — valid for remainder of current transaction
* bestRowSession — valid for remainder of current session
COLUMN_NAME String [rarr] column name
DATA_TYPE short [rarr] SQL data type from java.sgl. Types
TYPE_NAME String [rarr] Data source dependent type name
COLUMN_SIZE int [rarr] precision
BUFFER_LENGTH int [rarr] not used
DECIMAL_DIGITS short [rarr] scale
PSEUDO_COLUMN short [rarr] a pseudocolumn that can have one of these values:



* bestRowUnknown — may or may not be pseudocolumn
* bestRowNotPseudo — is NOT a pseudocolumn
* bestRowPseudo — is a pseudocolumn

Parameters. catalog — acatalog name; “” retrieves those without a catalog; null means do not use catal ogs for the
selection criteria.

schema— a schema name; “” retrieves those without a schema
table — atable name

scope — the scope of interest; values are the same as SCOPE.
nullable — include columns that are nullable

Returns; a ResultSet; each row is a column description.

GETCATALOGS
public abstract ResultSet getCatalogs() throws SQL Exception

Get atable of catalog names available in this database. The results are ordered by catalog name. The catalog column is:
TABLE_CAT String [rarr] catalog name
Returns: a ResultSet containing one row per catalog name

GETCATALOGSEPARATOR
public abstract String getCatal ogSeparator() throws SQL Exception

Get the separator between catal og and table name.
Returns: the catalog separator string

GETCATALOGTERM
public abstract String getCatalogTerm() throws SQLException

Get the term used for catalogs.
Returns: the vendor term for catalog

GETCOLUMNS
public abstract ResultSet getColumns(String catalog, String schemaPattern, String tableNamePattern, String
columnNamePattern) throws SQL Exception

Return a ResultSet containing a description of table columns matching the criteria available in a catalog. The ResultSet
isordered TABLE_SCHEM, TABLE_NAME, and ORDINAL_POSITION.

The ResultSet has the following columns:

TABLE_CAT String [rarr] table catalog (may be null)



TABLE_SCHEM String [rarr] table schema (may be null)
TABLE_NAME String [rarr] table name
COLUMN_NAME String [rarr] column name
DATA_TYPE short [rarr] SQL type from java.sgl. Types
TYPE_NAME String [rarr] Data source dependent-type name
COLUMN_SIZE int [rarr] column size; (maximum number of charactersfor CHAR or DATE type or
precision for NUMERIC or DECIMAL types)
BUFFER_LENGTH isnot used.
DECIMAL_DIGITS int [rarr] the number of fractional digits
NUM_PREC_RADIX int [rarr] radix (typically either 10 or 2)
NULLABLE int [rarr] has one of these values:
columnNoNulls — might not allow NULL values
columnNullable — definitely allows NULL values
columnNullableUnknown — nullability unknown
REMARKS String [rarr] comment describing column (may be null)
COLUMN_DEF String [rarr] default value (may be null)
SQL_DATA_TYPE int [rarr] unused
SQL_DATETIME_SUB int [rarr] unused
CHAR_OCTET_LENGTH int [rarr] the length of the column in bytes
ORDINAL_POSITION int [rarr] index of column in table (starting at 1)
IS NULLABLE String [rarr] “NO” if NULL values are not allowed; “YES’ if the column might allow NULL
values; or an empty string if this attribute is unknown

Parameters. catalog — acatalog name; “” retrieves those without a catalog; null means do not use catal ogs for the
selection criteria.

schemaPattern — a schema name pattern; “” retrieves those without a schema.
tableNamePattern — a table name pattern

columnNamePattern — a column name pattern

Returns; a ResultSet; each row is a column description.

See also: getSearchStringEscape

GETCOLUMNPRIVILEGES
public abstract ResultSet getColumnPrivileges(String catalog, String schema, String table, String
columnNamePattern) throws SQL Exception

Return a description of the access rights for the columns of atable. COLUMN_NAME and PRIVILEGE order the
privileges.

TABLE_CAT String [rarr] table catalog (may be null)

TABLE_SCHEM String [rarr] table schema (may be null)

TABLE_NAME String [rarr] table name

COLUMN_NAME String [rarr] column name

GRANTOR [rarr] grantor of access (may be null)

GRANTEE String [rarr] grantee of access

PRIVILEGE String [rarr] name of access (SELECT, INSERT, UPDATE, REFRENCES, . . .)

IS GRANTABLE String [rarr] if grantee is permitted to grant to others, the column contains“YES’; “NO” if
it is not permitted, or null if unknown

Parameters. catalog — acatalog name; “” retrieves those without a catalog; null means do not use catal ogs for the



selection criteria.

schema — a schema name; “” retrieves those without a schema.

table — atable name

columnNamePattern — a column name pattern

Returns: a ResultSet; each row is a description of acolumn privilege.
See also: getSearchStringEscape

GETCROSSREFERENCE
public abstract ResultSet getCrossReference(String primaryCatal og, String primarySchema, String
primaryTable, String foreignCatalog, String foreignSchema, String foreignTable) throws SQL Exception

Describe the foreign keys of atable and the primary keys of another table they refer to. They are ordered by
FKTABLE_CAT, FKTABLE_SCHEM, FKTABLE_NAME, and KEY _SEQ.

The ResultSet contains foreign key column descriptions. It contains the following columns:

PKTABLE_CAT String [rarr] primary key table catalog (may be null)
PKTABLE_SCHEM String [rarr] primary key table schema (may be null)
PKTABLE_NAME String [rarr] primary key table name
PKCOLUMN_NAME String [rarr] primary key column hame
FKTABLE_CAT String [rarr] foreign key table catalog (may be null) being exported (may be null)
FKTABLE_SCHEM String [rarr] foreign key table schema (may be null) being exported (may be null)
FKTABLE_NAME String [rarr] foreign key table name being exported
FKCOLUMN_NAME String [rarr] foreign key column name being exported
KEY_SEQ short [rarr] sequence number within foreign key
UPDATE_RULE short [rarr] What happensto foreign key when primary is updated:
importedK eyNoA ction — do not allow update of primary key if it has been imported
importedK eyCascade — change imported key to agree with primary key update
importedK eyRestrict — do not allow update of primary key if it has been imported
importedK eySetDefault — change imported key to default valuesif its primary key has been updated
importedK eySetNull — change imported key to NULL if its primary key has been updated
DELETE_RULE short [rarr] What happens to the foreign key when primary is deleted.
importedK eyNoA ction — do not allow delete of primary key if it has been imported
importedK eyCascade — delete rows that import a deleted key
importedK eyRestrict — do not allow delete of primary key if it has been imported
importedK eySetDefault — change imported key to default if its primary key has been deleted
importedK eySetNull — change imported key to NULL if its primary key has been deleted
FK_NAME String [rarr] foreign key identifier (may be null)
PK_NAME String [rarr] primary key identifier (may be null)
DEFERRABILITY short [rarr] can the evaluation of foreign key constraints be deferred until commit
importedK eylnitiallyDeferred — see SQL 92 for definition
importedK eylnitiallylmmediate — see SQL92 for definition
importedK eyNotDeferrable — see SQL92 for definition

Parameters: primaryCatalog — a catalog name; “” retrieves those without a catal og; the catalog name criteriais
suppressed if null.

primarySchema — a schema name pattern; “” retrieves those without a schema.



primaryTable — the table name that exports the key

foreignCatalog — a catalog name; “” retrieves those without a catalog; the catalog name criteriais suppressed if null.
foreignSchema— a schema name pattern; “” retrieves those without a schema.

foreignTable — the table name that imports the key

Returns. a ResultSet; each row is aforeign key column description.

See also: getimportedK eys

GETDATABASEPRODUCTNAME
public abstract String getDatabaseProductName() throws SQL Exception

Get the name of the database product in use.
Returns. database product name

GETDATABASEPRODUCTVERSION
public abstract String getDatabaseProductVersion() throws SQL Exception

Get the version of the database product in use.
Returns. database version

GETDEFAULTTRANSACTIONISOLATION
public abstract int getDefaultTransactionlsolation() throws SQL Exception

Get the database’ s default transaction isolation level. See the possible valuesin java.sgl.Connection.
Returns: the default isolation level
See also: Connection

GETDRIVERNAME
public abstract String getDriverName() throws SQLException

Get the name of the JDBC driver in use.
Returns; JDBC driver name

GETDRIVERMAJORVERSION
public abstract int getDriverMajorVersion()

Get the JIDBC driver’s mgjor version number.

Returns: JDBC driver mgjor version



GETDRIVERMINORVERSION
public abstract int getDriverMinorVersion()

Get the IDBC driver’ s minor version number.

Returns; JDBC driver minor version number

GETDRIVERVERSION
public abstract String getDriverVersion() throws SQL Exception

Get the version of the JDBC driver in use.

Returns; JDBC driver version

GETEXPORTEDKEYS
public abstract ResultSet getExportedK eys(String catalog, String schema, String table) throws SQL Exception

Get adescription of foreign key columns that reference atable’s primary key columns (the foreign keys exported by a
table). They are ordered by FKTABLE_CAT, FKTABLE_SCHEM, FKTABLE_NAME, and KEY_SEQ.

PKTABLE_CAT String [rarr] primary key table catalog (may be null)
PKTABLE_SCHEM String [rarr] primary key table schema (may be null)
PKTABLE_NAME String [rarr] primary key table name
PKCOLUMN_NAME String [rarr] primary key column name
FKTABLE_CAT String [rarr] foreign key table catalog (may be null) being exported (may be null)
FKTABLE_SCHEM String [rarr] foreign key table schema (may be null) being exported (may be null)
FKTABLE_NAME String [rarr] foreign key table name being exported
FKCOLUMN_NAME String [rarr] foreign key column name being exported
KEY_SEQ short [rarr] sequence number within foreign key
UPDATE_RULE short [rarr] what happensto foreign key when primary is updated:
importedK eyNoAction — do not allow update of primary key if it has been imported
importedK eyCascade — change imported key to agree with primary key update
importedK eyRestrict — do not allow update of primary key if it has been imported
importedK eySetDefault — change imported key to default valuesif its primary key has been updated
importedK eySetNull — change imported key to NULL if its primary key has been updated
DELETE_RULE short [rarr] what happens to the foreign key when primary is del eted:
importedK eyNoAction — do not allow delete of primary key if it has been imported
importedK eyCascade — delete rows that import a deleted key
importedK eyRestrict — do not allow delete of primary key if it has been imported
importedK eySetDefault — change imported key to default if its primary key has been deleted
importedK eySetNull — change imported key to NULL if its primary key has been deleted
FK_NAME String [rarr] foreign key identifier (may be null)
PK_NAME String [rarr] primary key identifier (may be null)
DEFERRABILITY short [rarr] can the evaluation of foreign key constraints be deferred until commit
importedKeylInitiallyDeferred — see SQL 92 for definition
importedK eyInitiallylmmediate — see SQL 92 for definition
importedK eyNotDeferrable — see SQL92 for definition

Parameters. catalog — acatalog name; “” retrieves those without a catalog; a null means that the catalog name must be
suppressed from the selection criteria.

schema— a schema name pattern; “” retrieves those without a schema.



table — atable name
Returns. a ResultSet; each row isaforeign key column description.
See also: getimportedK eys

GETEXTRANAMECHARACTERS
public abstract String getExtraNameCharacters() throws SQL Exception

The database may allow specia characters to be used in unquoted identifiers. This method returns a String containing
such characters.

Returns: the string containing the extra characters

GETIDENTIFIERQUOTESTRING
public abstract String getl dentifierQuoteString() throws SQL Exception

Get the string used to quote SQL identifiers.
Returns: the quoting string or a space character if the database does not support identifier quoting

GETIMPORTEDKEYS
public abstract ResultSet getl mportedK eys(String catalog, String schema, String table) throws SQL Exception

Get adescription of the primary key columns referenced by atable’ sforeign key columns. They are ordered by
PKTABLE_CAT, PKTABLE_SCHEM, PKTABLE_NAME, and KEY_SEQ.

PKTABLE_CAT String [rarr] primary key table catalog being imported (may be null)
PKTABLE_SCHEM String [rarr] primary key table schema being imported (may be null)
PKTABLE_NAME String [rarr] primary key table name being imported
PKCOLUMN_NAME String [rarr] primary key column name being imported
FKTABLE_CAT String [rarr] foreign key table catalog (may be null)
FKTABLE_SCHEM String [rarr] foreign key table schema (may be null)
FKTABLE_NAME String [rarr] foreign key table name
FKCOLUMN_NAME String [rarr] foreign key column name
KEY_SEQ short [rarr] sequence number within foreign key
UPDATE_RULE short [rarr] What happensto foreign key when primary is updated:
importedK eyNoAction — do not allow update of primary key if it has been imported
importedK eyCascade — change imported key to agree with primary key update
importedK eyRestrict — do not allow update of primary key if it has been imported
importedK eySetDefault — change imported key to default valuesif its primary key has been updated
importedK eySetNull — change imported key to NULL if its primary key has been updated
DELETE_RULE short [rarr] What happens to the foreign key when primary is deleted
importedK eyNoAction — do not allow delete of primary key if it has been imported
importedK eyCascade — delete rows that import a deleted key
importedK eyRestrict — do not allow delete of primary key if it has been imported
importedK eySetDefault — change imported key to default if its primary key has been deleted
importedK eySetNull — change imported key to NULL if its primary key has been deleted
FK_NAME String [rarr] foreign key name (may be null)
PK_NAME String [rarr] primary key name (may be null)
DEFERRABILITY short [rarr] can the evaluation of foreign key constraints be deferred until commit:
importedK eyl nitiallyDeferred — see SQL 92 for definition
importedK eyl nitiallylmmediate — see SQL 92 for definition
importedK eyNotDeferrable — see SQL 92 for definition



Parameters. catalog — acatalog name; “” retrieves those without a catal og; a null means that the catalog name must be
suppressed from the selection criteria.

schema— a schema name pattern; “” retrieves those without a schema.
table — atable name

Returns; a ResultSet; each row is a primary key column description.
See also: getExportedK eys

GETINDEXINFO
public abstract ResultSet getlndexInfo(String catal og, String schema, String table, boolean unique, boolean
approximate) throws SQL Exception

Get adescription of atable’ sindices and statistics. They are ordered by NON_UNIQUE, TYPE, INDEX_NAME, and
ORDINAL_POSITION.The ResultSet contains index column descriptions. It has the following columns:

TABLE_CAT String [rarr] table catalog (may be null)
TABLE_SCHEM String [rarr] table schema (may be null)
TABLE_NAME String [rarr] table name
NON_UNIQUE boolean [rarr] can index values be nonunique?; false when TY PE is tablelndexStatistic
INDEX_QUALIFIER String [rarr] index catalog (may be null); null when TY PE is tablelndexStatistic
INDEX_NAME String [rarr] index name; null when TY PE is tablelndexStatistic
TYPE short [rarr] index type; the possible values are;
tablelndexStatistic — this identifies table statistics that are returned in conjunction with atable’s index
descriptions.
tablelndexClustered — thisis a clustered index.
tablelndexHashed — thisis a hashed index.
tablelndexOther — this is another type of index.
ORDINAL_POSITION short [rarr] column sequence number within index; zero if TYPE is
tablelndexStatistic
COLUMN_NAME String [rarr] column name; null if TY PE is tablelndexStatistic
ASC_OR_DESC String [rarr] column sort sequence — “A” [rarr] ascending, “D” [rarr] descending; may be
null if sort sequenceis not supported; null if TY PE istablelndexStatistic
CARDINALITY int [rarr] if TYPE istablelndexStatisic then thisis the number of rowsin the table; otherwise,
it isthe number of unique valuesin the index.
PAGES nt [rarr] if TYPE istablelndexStatisic then this is the number of pages used for the table; otherwise, it
isthe number of pages used for the current index.
FILTER_CONDITION String [rarr] filter condition, if any (may be null)

Parameters: catalog — a catalog name; “” retrieves those without a catalog; a null means that the catalog name must be
suppressed from the selection criteria.

schema— a schema name pattern; “” retrieves those without a schema.

table — atable name

unique — if true, returns only indices for unique values; if false, returns al indices

approximate — if true, result is allowed to reflect approximate or out of data values; if false, results must be
accurate.

Returns; a ResultSet; each row is an index column description.

GETMAXBINARYLITERALLENGTH
public abstract int getMaxBinaryL iteral Length() throws SQL Exception



Get the maximum number of hex characters allowed in an inline binary literal.

Returns. max literal length

GETMAXCHARLITERALLENGTH
public abstract int getMaxCharLiteral Length() throws SQL Exception

Get the maximum length for a character literal.

Returns; max literal length

GETMAXCOLUMNNAMELENGTH
public abstract int getMaxColumnNameL ength() throws SQL Exception

Get the maximum length allowed for a column name.

Returns: max literal length

GETMAXCOLUMNSINGROUPBY
public abstract int getM axColumnslnGroupBYy() throws SQL Exception

Get the maximum number of columns allowed in a“GROUP BY” clause.

Returns; max number of columns

GETMAXCOLUMNSININDEX
public abstract int getMaxColumnslnindex() throws SQL Exception

Get the maximum number of columns allowed in an index.

Returns; max columns

GETMAXCOLUMNSINORDERBY
public abstract int getM axColumnslnOrderBy() throws SQL Exception

Get the maximum number of columns allowed in an “ORDER BY” clause.

Returns; max columns

GETMAXCOLUMNSINSELECT
public abstract int getMaxColumnslinSelect() throws SQL Exception

Get the maximum number of columns allowed in a“SELECT” list.

Returns; max columns

GETMAXCOLUMNSINTABLE
public abstract int getMaxColumnsinTable() throws SQL Exception



Get the maximum number of columns allowed in atable.

Returns; max columns

GETMAXCONNECTIONS
public abstract int getMaxConnections() throws SQL Exception

Get the maximum number of simultaneous active connections for this database.

Returns; max connections

GETMAXCURSORNAMELENGTH
public abstract int getMaxCursorNameL ength() throws SQL Exception

Get the maximum cursor name length.

Returns: max cursor name length in bytes

GETMAXINDEXLENGTH
public abstract int getM axIndexLength() throws SQL Exception

Get the maximum length of an index.

Returns; max index length in bytes

GETMAXPROCEDURENAMELENGTH
public abstract int getM axProcedureNamel ength() throws SQL Exception

Get the maximum length of a procedure name.

Returns: max name length in bytes

GETMAXCATALOGNAMELENGTH
public abstract int getM axCatal ogNamelL ength() throws SQL Exception

Get the maximum length of a catalog name.

Returns: max name length in bytes

GETMAXROWSIZE
public abstract int getMaxRowSize() throws SQL Exception

Get the maximum length of asingle row.

Returns. max row size in bytes

GETMAXSCHEMANAMELENGTH
public abstract int getM axSchemaNameL ength() throws SQL Exception



Get the maximum length of a schema name.
Returns: max name length in bytes

GETMAXSTATEMENTLENGTH
public abstract int getM axStatementL ength() throws SQL Exception

Get the maximum length of a SQL statement.
Returns: max length in bytes

GETMAXSTATEMENTS
public abstract int getM axStatements() throws SQL Exception

Get the maximum number of simultaneous active statements for this database.
Returns; the maximum

GETMAXTABLENAMELENGTH
public abstract int getM axTableNameL ength() throws SQL Exception

Get the maximum length of atable name.
Returns: max name length in bytes

GETMAXTABLESINSELECT
public abstract int getMaxT ableslnSelect() throws SQL Exception

Get the maximum number of tablesin a SELECT clause.
Returns; the maximum

GETMAXUSERNAMELENGTH
public abstract int getMaxUserNameL ength() throws SQL Exception

Get the maximum length of a user name.
Returns: max name length in bytes

GETNUMERICFUNCTIONS
public abstract String getNumericFunctions() throws SQL Exception

Get alist of supported math functions.
Returns: thelist; separator isa comma.

GETPRIMARYKEYS
public abstract ResultSet getPrimaryK eys(String catalog, String schema, String table) throws SQL Exception



Get adescription of atable’s primary key columns. They are ordered by COLUMN_NAME.

The ResultSet contains column descriptions. It has these columns:

TABLE_CAT String [rarr] table catalog (may be null)
TABLE_SCHEM String [rarr] table schema (may be null)
TABLE_NAME String [rarr] table name

COLUMN_NAME String [rarr] column name

KEY_SEQ short [rarr] sequence number within primary key
PK_NAME String [rarr] primary key name (may be null)

Parameters. catalog — acatalog name; “” retrieves those without a catal og; a null means that the catalog name must be
suppressed from the selection criteria.

schema — a schema name pattern; “” retrieves those without a schema.

table — atable name

Returns; a ResultSet; each row is a primary key column description.

GETPROCEDURES
public abstract ResultSet getProcedures(String catalog, String schemaPattern, String procedureNamePattern)
throws SQL Exception

Get adescription of stored procedures. They are ordered by PROCEDURE_SCHEM, and PROCEDURE_NAME.

The ResultSet contains procedure descriptions. It has these columns:

PROCEDURE_CAT String [rarr] procedure catalog (may be null)

PROCEDURE_SCHEM String [rarr] procedure schema (may be null)

PROCEDURE_NAME String [rarr] procedure name

RESERVED

RESERVED

RESERVED

REMARKS String [rarr] explanatory comment on the procedure

PROCEDURE_TY PE short [rarr] kind of procedure:
procedureResultUnknown — May return aresult
procedureNoResult — Does not return aresult
procedureReturnsResult — Returns aresult

Parameters. catalog — acatalog name; “” retrieves those without a catalog; a null means that the catalog name must be
suppressed from the selection criteria.

schemaPattern — a schema name pattern; “” retrieves those without a schema.
procedureNamePattern — a procedure name pattern
Returns. a ResultSet; each row is a procedure description.

See also: getSearchStringEscape

GETPROCEDURECOLUMNS



public abstract ResultSet getProcedureColumns(String catalog, String schemaPattern, String
procedureNamePattern, String columnNamePattern) throws SQL Exception

Get adescription of a catalog’ s stored procedure parameters and result columns.

They are ordered by PROCEDURE_SCHEM and PROCEDURE_NAME.

If the procedure has areturn value, its description is given first. The remaining descriptions refer to the procedure’s
parameters.

Each row in the ResultSet is a parameter description or column description with the following fields:

PROCEDURE_CAT String [rarr] procedure catalog (may be null)

PROCEDURE_SCHEM String [rarr] procedure schema (may be null)

PROCEDURE_NAME String [rarr] procedure name

COLUMN_NAME String [rarr] column/parameter name

COLUMN_TYPE Short [rarr] kind of column/parameter:
procedureColumnUnknown — nobody knows
procedureColumnin — IN parameter
procedureColumninOut — INOUT parameter
procedureColumnOut — OUT parameter
procedureColumnReturn — procedure return value
procedureColumnResult — result column in ResultSet

DATA_TYPE short [rarr] SQL type from java.sgl.Types

TYPE_NAME String [rarr] SQL type name

PRECISION int [rarr] precision

LENGTH int [rarr] length in bytes of data

SCALE short [rarr] scae

RADIX short [rarr] radix

NULLABLE short [rarr] can it contain NULL?
procedureNoNulls — does not allow NULL values
procedureNullable — allows NULL values
procedureNullableUnknown — nullability unknown

REMARKS String [rarr] comment describing parameter/column

Parameters. catalog — a catalog name;
suppressed from the selection criteria.

retrieves those without a catalog; a null means that the catalog name must be

wn

schemaPattern — a schema name pattern; “” retrieves those without a schema.
procedureNamePattern — a procedure name pattern

columnNamePattern — a column name pattern

Returns: a ResultSet; each row is a stored procedure parameter or column description.

See also: getSearchStringEscape

GETPROCEDURETERM
public abstract String getProcedureTerm() throws SQLException

Get the database vendor’ s preferred term for “ procedure.”



Returns; the vendor term

GETSCHEMAS
public abstract ResultSet getSchemas() throws SQL Exception

Get the schema names available in the database in use. The results are ordered by TABLE_SCHEM. The ResultSet
contains one column, whichis:

TABLE_SCHEM String [rarr] schema name
Returns: a ResultSet; each row has asingle String column that is a schema name.

GETSCHEMATERM
public abstract String getSchemaTerm() throws SQL Exception

Get the database vendor’ s preferred term for “schema.”
Returns: the vendor term

GETSEARCHSTRINGESCAPE
public abstract String getSearchStringEscape() throws SQL Exception

Get the string that can be used to escape wildcard characterssuch as®_” or “%” in the string pattern style catalog search
parameters.

The*®_" character represents any single character.
The " %" character represents any sequence of zero or more characters.
Returns:. the string used to escape wildcard characters

GETSTRINGFUNCTIONS
public abstract String getStringFunctions() throws SQLException

Get the list of string functions supported by the database in use.
Returns; the list, which is comma separated

GETSQLKEYWORDS
public abstract String getSQL Keywords() throws SQL Exception

Get alist of all SQL keywords that are not also SQL 92 keywords supported by the database in use.
Returns: the list, comma separated

GETSYSTEMFUNCTIONS
public abstract String getSystemFunctions() throws SQL Exception

Get the list of system functions supported by the database in use.



Returns: the list, comma separated

GETTABLES
public abstract ResultSet getTables(String catalog, String schemaPattern, String tableNamePattern, String types
[1) throws SQL Exception

Return alist of user or system tables or views available in a catalog. The search criteria are catalog, schema, table name,
and table type. The results are ordered by TABLE _TYPE, TABLE_SCHEM, and TABLE _NAME.

The ResultSet has these columns:

TABLE_CAT String [rarr] table catalog (may be null)

TABLE_SCHEM String [rarr] table schema (may be null)

TABLE_NAME String [rarr] table name

TABLE_TYPE String [rarr] table type; possible typesare “TABLE,” “VIEW,” “SYSTEM TABLE,”
“GLOBAL TEMPORARY,” “LOCAL TEMPORARY,” “ALIAS,” “SYNONYM".

REMARKS String [rarr] explanatory comment on the table

Parameters. catalog — acatalog name; “” retrieves those without a catalog; a null means that the catalog name must be
suppressed from the selection criteria.

schemaPattern — a schema name pattern; “” retrieves those without a schema.
tableNamePattern — atable name pattern

types — alist of table typesto include or null to return all types

Returns; a ResultSet; each row is atable description

See also: getSearchStringEscape, getTableTypes

GETTABLETYPES
public abstract ResultSet getTableTypes() throws SQL Exception

Get all the table types available in the current database. The results are ordered by table type. The table typeis:

TABLE_TYPE String [rarr] table type; possible typesare“TABLE,” “VIEW,” “SYSTEM TABLE,”
“GLOBAL TEMPORARY,” “LOCAL TEMPORARY,” “ALIAS,” “SYNONYM”"

Returns. a ResultSet; each row contains a table type.

GETTABLEPRIVILEGES
public abstract ResultSet getTablePrivileges(String catal og, String schemaPattern, String tableNamePattern)
throws SQL Exception

Return a description of table privileges. Remark: Privileges may not apply to al columns of the table. They are ordered
by TABLE_SCHEM, TABLE_NAME, and PRIVILEGE.

The ResultSet has these columns:



TABLE_CAT String [rarr] table catalog (may be null)

TABLE_SCHEM String [rarr] table schema (may be null)

TABLE_NAME String [rarr] table name

GRANTOR [rarr] grantor of access (may be null)

GRANTEE String [rarr] grantee of access

PRIVILEGE String [rarr] name of access (SELECT, INSERT, UPDATE, REFRENCES, . . .)

IS GRANTABLE String [rarr] “YES,” grantee is permitted to grant to others; “NO,” no grant allowed; null,
unknown

Parameters. catalog — a catalog name;
suppressed from the selection criteria.

retrieves those without a catalog; a null means that the catalog name must be

wn

schemaPattern — a schema name pattern; “” retrieves those without a schema.

tableNamePattern — a table name pattern
Returns: a ResultSet; each row is a description of atable privilege.
See also: getSearchStringEscape

GETTIMEDATEFUNCTIONS
public abstract String getTimeDateFunctions() throws SQL Exception

Get alist of time and date functions.
Returns. acomma-separated list of time and date functions

GETTYPEINFO
public abstract ResultSet getTypelnfo() throws SQL Exception

Get information about al the standard SQL types supported by this database. The results are ordered by DATA_TYPE.
Type definitions that are closer to their corresponding java.sgl.Types are listed first. The ResultSet contains these
columns:

TYPE_NAME String [rarr] type name
DATA_TYPE short [rarr] SQL datatype from java.sql.Types
PRECISION int [rarr] maximum precision
LITERAL_PREFIX String [rarr] prefix used to quote aliteral (may be null)
LITERAL_SUFFIX String [rarr] suffix used to quote aliteral (may be null)
CREATE_PARAMS String [rarr] parameters used to create the type (may be null)
NULLABLE short [rarr] one of these values:

typeNoNulls — does not allow NULL values

typeNullable — allows NULL values

typeNullableUnknown — nullability unknown
CASE_SENSITIVE boolean [rarr] saysif typeis case sensitive
SEARCHABLE short [rarr] support in WHERE clause:

typePredNone — No support

typePredChar — Only supported with WHERE . . LIKE

typePredBasic — Supported except for WHERE . . LIKE

typeSearchable — Supported for al WHERE . .
UNSIGNED_ATTRIBUTE boolean [rarr] trueif unsigned
FIXED_PREC_SCALE boolean [rarr] trueif the precision isfixed
AUTO_INCREMENT boolean [rarr] trueif it can be used for an autoincrement value
LOCAL_TYPE_NAME String [rarr] localized version of type name (may be null)



MINIMUM _SCALE short [rarr] minimum scal e supported
MAXIMUM _SCALE short [rarrf] maximum scale supported
SQL_DATA_TYPE int [rarr] unused
SQL_DATETIME_SUB int [rarr] unused
NUM_PREC_RADIX int [rarr] radix — usually 2 or 10

Returns. a ResultSet; each row is adescription of a SQL type supported by this database.

GETURL
public abstract String getURL () throws SQL Exception

Get the url for the current database.

Returns: the url or null if it isnot possible to find it

GETUSERNAME
public abstract String getUserName() throws SQL Exception

Get the database user name for the current session.

Returns; the current session’ s user name

GETVERSIONCOLUMNS
public abstract ResultSet getV ersionColumns(String catalog, String schema, String table) throws
SQL Exception

Return information about the columns of atable that are automatically updated when any field in arow is updated.

The ResultSet contains these columns;

SCOPE short [rarr] unused

COLUMN_NAME String [rarr] column name

DATA_TYPE short [rarr] SQL datatype from java.sql.Types

TYPE_NAME String [rarr] database type name

COLUMN_SIZE int [rarr] precision

BUFFER_LENGTH int [rarr] length of column value in bytes

DECIMAL_DIGITS short [rarr] scale

PSEUDO_COLUMN short [rarr] the state of a column:
versionColumnUnknown — may or may not be pseudocolumn
versionColumnNotPseudo — is not a pseudocolumn
versionColumnPseudo — is a pseudocolumn

Parameters. catalog — acatalog name; “” retrieves those without a catalog; a null means that the catalog name must be
suppressed from the selection criteria.

schema— a schema name; “” retrieves those without a schema.
table — atable name

Returns; a ResultSet; each row is a column description.

ISCATALOGATSTART



public abstract boolean isCatalogAtStart() throws SQL Exception
Checks whether a catalog appears at the start of a qualified table name or at the end of a qualified table name.
Returns; trueif it appears at the start

ISREADONLY
public abstract boolean isReadOnly() throws SQL Exception

Checks whetehr the database is in read-only mode.
Returns: trueif so

NULL SARESORTEDATSTART
public abstract boolean nullsAreSortedAtStart() throws SQLException

Checks whether NULL values sorted at the start regardless of sort order.
Returns: trueif so

NULL SARESORTEDATEND
public abstract boolean nullsAreSortedAtEnd() throws SQL Exception

Checks whether NULL values sorted at the end regardless of sort order.
Returns: trueif so

NULL SARESORTEDHIGH
public abstract boolean nullsAreSortedHigh() throws SQL Exception

Checks whether NULL values sorted high.
Returns: trueif so

NULL SARESORTEDLOW
public abstract boolean nullsAreSortedL ow() throws SQL Exception

Checks whether NULL values sorted low.
Returns:; trueif so

NULLPLUSNONNULLISNULL
public abstract boolean nullPlusNonNulllsNull() throws SQL Exception

Checks whether a concatenation of NULL valuesisaNULL vaue.
Returns: trueif so

STORESUPPERCASEIDENTIFIERS



public abstract boolean storesUpperCasel dentifiers() throws SQLException
Checks whether the database automatically converts unquoted SQL identifiers to uppercase.
Returns: true if so

STORESLOWERCASEIDENTIFIERS
public abstract boolean storesL owerCasel dentifiers() throws SQLException

Checks whether the database automatically converts unquoted SQL identifiersto lowercase.
Returns: trueif so

STORESLOWERCASEQUOTEDIDENTIFIERS
public abstract boolean storesL owerCaseQuotedl dentifiers() throws SQL Exception

Checks whether the database automatically converts quoted SQL identifiersto lower case.
Returns: true if so

STORESMIXEDCASEIDENTIFIERS
public abstract boolean storesMixedCasel dentifiers() throws SQL Exception

Checks whether the database stores mixed case unquoted identifers.
Returns: trueif so

STORESMIXEDCASEQUOTEDIDENTIFIERS
public abstract boolean storesMixedCaseQuotedl dentifiers() throws SQL Exception

Checks whether the database stores mixed-case quoted identifiers.
Returns: true if so

STORESUPPERCASEQUOTEDIDENTIFIERS
public abstract boolean storesUpperCaseQuotedl dentifiers() throws SQL Exception

Checks whether the database automatically converts quoted SQL identifiersto uppercase.
Returns: trueif so

SUPPORTSALTERTABLEWITHADDCOLUMN
public abstract boolean supportsAlter TableWithAddColumn() throws SQL Exception

Checks whether an “ALTER TABLE" clause may be used to add a column.
Returns: true if so

SUPPORTSALTERTABLEWITHDROPCOLUMN



public abstract boolean supportsAlterTableWithDropColumn() throws SQL Exception
Checks whether “ALTER TABLE" clause may be used to drop a column.
Returns: true if so

SUPPORTSANSI92ENTRYLEVEL SQL
public abstract boolean supportsANSI92EntryL evel SQL () throws SQL Exception

Checks whether the ANSI92 entry level SQL grammar is supported. Must be true for all JDBC-compliant drivers.
Returns: trueif so

SUPPORTSANSI92INTERMEDIATESQL
public abstract boolean supportsANSI 921 ntermediateSQL () throws SQL Exception

Checks whether the ANSI92 intermediate SQL grammar is supported.
Returns: true if so

SUPPORTSANSI92FUL L SQL
public abstract boolean supportsANSI92Full SQL () throws SQL Exception

Checks whether the ANSI92 full SQL grammar is supported.
Returns: trueif so

SUPPORTSCATALOGSINDATAMANIPULATION
public abstract boolean supportsCatal ogslnDataM anipulation() throws SQL Exception

Checks whether a catalog name can be used in aDML statement.
Returns: true if so

SUPPORTSCATALOGSINPROCEDURECALLS
public abstract boolean supportsCatal ogsl nProcedureCalls() throws SQL Exception

Checks whether a catalog hame can be used in a procedure call statement.
Returns: trueif so

SUPPORTSCATALOGSINTABLEDEFINITIONS
public abstract boolean supportsCatal ogsl nTableDefinitions() throws SQL Exception

Checks whether a catalog name can be used in atable definition (DDL) statement.
Returns: true if so

SUPPORTSCATALOGSININDEXDEFINITIONS



public abstract boolean supportsCatal ogsl nlndexDefinitions() throws SQL Exception

Checks whether a catalog name can be used in an index definition (DDL) statement.

Returns: trueif so

SUPPORTSCATALOGSINPRIVILEGEDEFINITIONS
public abstract boolean supportsCatal ogsl nPrivilegeDefinitions() throws SQLException

Checks whether a catalog name can be used in a privilege definition statement.

Returns:; trueif so

SUPPORTSCOLUMNALIASING
public abstract boolean supportsColumnAliasing() throws SQL Exception

Checks whether column aliasing is supported to provide name to computed columns with the AS SQL keyword.

Returns: trueif so

SUPPORTSCONVERT
public abstract boolean supportsConvert() throws SQL Exception

Checks whether the CONVERT function is supported between SQL types.

Returns:; trueif so

SUPPORTSCONVERT
public abstract boolean supportsConvert(int fromType, int toType) throws SQL Exception

Checks whether the CONVERT function is supported between the given SQL types.

Par ameters. fromType — the type to convert from

toType — the type to convert to

Returns:; trueif so

SUPPORTSCORRELATEDSUBQUERIES
public abstract boolean supportsCorrelatedSubqueries() throws SQL Exception

Checks whether correlated subqueries are supported.

Returns: trueif so

SUPPORTSCORESQLGRAMMAR
public abstract boolean supportsCoreSQL Grammar() throws SQL Exception

Checks whether the ODBC Core SQL grammar is supported.



Returns: trueif so

SUPPORTSDATADEFINITIONANDDATAMANIPULATIONTRANSACTIONS
public abstract boolean supportsDataDefinitionAndDataM anipulation Transactions() throws SQL Exception

Checks whether both data definition (DDL) and data manipulation (DML) statements are supported within a transaction.
Returns: trueif so

SUPPORTSDATAMANIPULATIONTRANSACTIONSONLY
public abstract boolean supportsDataM ani pul ationTransactionsOnly() throws SQL Exception

Checks whether only data manipulation statements are supported within a transaction.
Returns: trueif so

SUPPORTSDIFFERENTTABLECORRELATIONNAMES
public abstract boolean supportsDifferentTableCorrelationNames() throws SQL Exception

Checks whether table correlation names are supported and if they must be different from the table names.
Returns: trueif so

SUPPORTSEXPRESSIONSINORDERBY
public abstract boolean supportsExpressionsinOrderBy() throws SQL Exception

Checks whether expressions are supported in ORDER BY lists.
Returns: true if so

SUPPORTSEXTENDEDSQL GRAMMAR
public abstract boolean supportsExtendedSQL Grammar() throws SQL Exception

Checks whether the ODBC Extended SQL grammar is supported.
Returns: trueif so

SUPPORTSFULLOUTERJOINS
public abstract boolean supportsiFullOuterJoins() throws SQL Exception

Checks whether full nested outer joins are supported.
Returns: true if so

SUPPORTSGROUPBY
public abstract boolean supportsGroupByY() throws SQL Exception

Checks whether the SQL GROUP BY clause is supported.



Returns; trueif so

SUPPORTSGROUPBYUNRELATED
public abstract boolean supportsGroupByUnrelated() throws SQL Exception

Checks whether a GROUP BY clause can use columns that are not in the SELECT statement.

Returns; trueif so

SUPPORTSGROUPBYBEYONDSELECT
public abstract boolean supportsGroupByBeyondSelect() throws SQL Exception

Checks whether a GROUP BY clause can add columns that are not in the SELECT statement, provided it specifiesal
the columnsin the SELECT clause.

Returns; trueif so

SUPPORTSINTEGRITYENHANCEMENTFACILITY
public abstract boolean supports| ntegrityEnhancementFacility() throws SQLException

Checks whether the SQL Integrity Enhancement Facility is supported.

Returns:; trueif so

SUPPORTSLIKEESCAPECLAUSE
public abstract boolean supportsLikeEscapeClause() throws SQL Exception

Checks whether the escape character is supported in “LIKE” clauses.

Returns; trueif so

SUPPORTSLIMITEDOUTERJOINS
public abstract boolean supportsLimitedOuterJoins() throws SQLException

Checks whether there is limited support for outer joins.

Returns:; trueif so

SUPPORTSMINIMUM SQLGRAMMAR
public abstract boolean supportsMinimumSQL Grammar() throws SQL Exception

Checks whether the ODBC Minimum SQL grammar is supported. Must be true for all JDBC-compliant drivers.

Returns; trueif so

SUPPORTSMIXEDCASEIDENTIFIERS
public abstract boolean supportsMixedCasel dentifiers() throws SQL Exception

Checks whether the database supports unquoted mixed-case identifiers.



Returns: trueif so

SUPPORTSMIXEDCASEQUOTEDIDENTIFIERS
public abstract boolean supportsMixedCaseQuotedl dentifiers() throws SQL Exception

Checks whether the database supports mixed-case quoted identifiers.

Returns:; trueif so

SUPPORTSMULTIPLERESULTSETS
public abstract boolean supportsMultipleResultSets() throws SQL Exception

Checks whether multiple ResultSets returned after a single execute are supported.

Returns: trueif so

SUPPORTSMULTIPLETRANSACTIONS
public abstract boolean supportsMultipleTransactions() throws SQL Exception

Checks whether multiple transactions are supported simultaneously on different connections.

Returns; trueif so

SUPPORTSNONNULLABLECOLUMNS
public abstract boolean supportsNonNullableColumns() throws SQL Exception

Checks whether columns can be defined as non-nullable.

Returns: trueif so

SUPPORTSOPENCURSORSACROSSCOMMIT
public abstract boolean supportsOpenCursorsAcrossCommit() throws SQL Exception

Checks whether cursors can remain open across commits.

Returns:; trueif so

See also: disableAutoClose

SUPPORTSOPENCURSORSACROSSROLLBACK
public abstract boolean supportsOpenCursorsAcrossRollback() throws SQLException

Checks whether cursors can remain open across rollbacks.

Returns: trueif so

See also: disableAutoClose

SUPPORTSOPENSTATEMENTSACROSSCOMMIT



public abstract boolean supportsOpenStatementsAcrossCommit() throws SQL Exception
Checks whether statements can remain open across commits.
Returns: trueif so
See also: disableAutoClose

SUPPORTSOPENSTATEMENTSACROSSROLLBACK
public abstract boolean supportsOpenStatementsA crossRollback() throws SQL Exception

Checks whether statements can remain open across rollbacks.
Returns: trueif so
See also: disableAutoClose

SUPPORTSORDERBYUNRELATED
public abstract boolean supportsOrderByUnrelated() throws SQL Exception

Checks whether an ORDER BY clause can use columns that are not in the SELECT statement.
Returns:; trueif so

SUPPORTSOUTERJOINS
public abstract boolean supportsOuterJoins() throws SQL Exception

Checks whether the database supports outer joins.
Returns: true if so

SUPPORTSPOSITIONEDDELETE
public abstract boolean supportsPositionedDel ete() throws SQL Exception

Checks whether the database supports positioned DELETE.
Returns: trueif so

SUPPORTSPOSITIONEDUPDATE
public abstract boolean supportsPositionedUpdate() throws SQL Exception

Checks whether the database supports positioned UPDATE.
Returns: true if so

SUPPORTSSCHEMASINDATAMANIPULATION
public abstract boolean supportsSchemasl nDataM anipulation() throws SQLException

Checks whether a schema name can be used in a data manipulation (DML) statement.



Returns: trueif so

SUPPORTSSCHEMASINPROCEDURECALLS
public abstract boolean supportsSchemasl nProcedureCalls() throws SQL Exception

Checks whether a schema name can be used in a procedure call statement.
Returns: trueif so

SUPPORTSSCHEMASINTABLEDEFINITIONS
public abstract boolean supportsSchemaslnTableDefinitions() throws SQL Exception

Checks whether a schema name can be used in atable definition (DDL) statement.
Returns: trueif so

SUPPORTSSCHEMASININDEXDEFINITIONS
public abstract boolean supportsSchemasl nlndexDefinitions() throws SQL Exception

Checks whether a schema name can be used in an index definition (DDL) statement.
Returns: trueif so

SUPPORTSSCHEMASINPRIVILEGEDEFINITIONS
public abstract boolean supportsSchemasl nPrivilegeDefinitions() throws SQL Exception

Checks whether a schema name can be used in a privilege definition statement.
Returns: true if so

SUPPORTSSELECTFORUPDATE
public abstract boolean supportsSel ectForUpdate() throws SQL Exception

Checks whether the database supports SELECT for UPDATE clauses.
Returns: trueif so

SUPPORTSSTOREDPROCEDURES
public abstract boolean supportsStoredProcedures() throws SQL Exception

Checks whether the stored procedure escape syntax can be used to call stored procedures.
Returns: true if so

SUPPORTSSUBQUERIESINCOMPARISONS
public abstract boolean supportsSubguerieslnComparisons() throws SQLException

Checks whether subqueries are supported in compari Son expressions.



Returns; trueif so

SUPPORTSSUBQUERIESINEXISTS
public abstract boolean supportsSubgueriesi nExists() throws SQL Exception

Checks whether subqueries are supported in exists expressions.

Returns; trueif so

SUPPORTSSUBQUERIESININS
public abstract boolean supportsSubqueriesinins() throws SQL Exception

Checks whether subqueries are supported in IN statements.

Returns; trueif so

SUPPORTSSUBQUERIESINQUANTIFIEDS
public abstract boolean supportsSubqueriesinQuantifieds() throws SQL Exception

Checks whether subqueries are supported in quantified expressions.

Returns:; trueif so

SUPPORTSTABLECORRELATIONNAMES
public abstract boolean supportsTableCorrelationNames() throws SQL Exception

Checks whether table correlation names are supported.

Returns; trueif so

SUPPORTSTRANSACTIONS
public abstract boolean supportsTransactions() throws SQL Exception

Checks whether the database supports transactions.

Returns: true if transactions are supported

SUPPORTSTRANSACTIONISOLATIONLEVEL
public abstract boolean supportsTransactionl solationL evel (int level) throws SQL Exception

Checks whether the database supports the given transaction isolation level.

Parameters. level — the values are defined in java.sgl.Connection.

Returns: trueif so

See also: Connection

SUPPORTSUNION



public abstract boolean supportsUnion() throws SQL Exception

Checks whether the database supports SQL UNION.

Returns: trueif so

SUPPORTSUNIONALL
public abstract boolean supportsUnionAll() throws SQL Exception

Checks whether the database supports SQL UNION ALL.

Returns:; trueif so

USESLOCALFILES
public abstract boolean usesL ocal Files() throws SQL Exception

Checks whether the database stores tablesin alocal file.

Returns: trueif so

USESLOCALFILEPERTABLE
public abstract boolean usesL ocal FilePerTable() throws SQL Exception

Checks whether the database uses a file for each table.

Returns; trueif the database uses alocal file for each table

Interface java.sql.Driver

public interface Driver

extends Object

Drivers are loaded by the DriverManager to provide connections to specific databases. A user can load and register a
JDBC driver by caling Class.forName(“ a.specific.driver”). The DriverManager will use thisdriver if it can successfully
connect to a given database URL.

See also: DriverManager, Connection

M ethods:

ACCEPTSURL
public abstract boolean acceptsURL (String url) throws SQL Exception

This method is used to check whether this URL syntax is recognized by the driver and if it is capable of opening a
connection to it. A driver will usually return trueiif it is able to understand the subprotocol field of the given URL.

Parameters: url — the URL of the database



Returns: true if this driver can connect to the given URL

CONNECT
public abstract Connection connect(String url, Properties info) throws SQL Exception

This method is used to get a Connection object for a particular database URL. The DriverManager invokes this method
for al Driversthat are loaded, and receives either anull if the Driver is not appropriate for this connection or a
Connection object in the opposite case. Note that a SQL Exception is thrown by the Driver if it has trouble connecting to
the database.

Connection arguments may be passed as tag/value pairs viajava.util.Properties. At minimum, “user” and * password”
properties are included in the Properties.

Parameters: url — the URL of the database to connect to

info — alist of tag/value pairs as connection arguments

Returns; a Connection to the URL

GETMAJORVERSION
public abstract int getMgjorVersion()

Get the driver’s major version number.

GETMINORVERSION
public abstract int getMinorVersion()

Get the driver’s minor version numbey.

GETPROPERTYINFO
public abstract DriverPropertylnfo[] getPropertylnfo(String url, Propertiesinfo) throws SQL Exception

Get the necessary properties that must be provided to use this Driver. The property list may vary according to the values
supplied so far, so it may be necessary to iterate though several callsto this method to discover al the mandatory
properties.

Parameters: url — the URL of the database to connect to

info — alist of tag/value pair properties

Returns: an array of DriverPropertylnfo objects; this array may be empty if no properties are required.

JDBCCOMPLIANT
public abstract boolean jdbcCompliant()

Report whether the Driver is agenuine JDBC COMPLIANT™ driver.

The Driver reports true only if it passes the JDBC compliance tests, meaning that it provides full support for both the
JDBC API and for SQL 92 Entry Level.



Returns:; trueif so

Interface java.sql.PreparedStatement

public interface PreparedStatement

extends Object

extends Statement

It is possible to precompile SQL statements and execute them with different parameters as many times as wanted.
setX XX methods are used to set IN parameter values. They must specify types compatible with the defined SQL type of
the input parameter.

Arbitrary parameter type conversions are allowed, but then the setObject method should be used with a SQL typeto
specify the target type.

See also: prepareStatement, ResultSet

M ethods:

CLEARPARAMETERS
public abstract void clearParameters() throws SQL Exception

clearParameters() immediately releases the resources used by the current parameter values. Parameter values are not
automatically cleared after execution of a preparedStatement, so they can be used for repeated use.

Returns: nothing

EXECUTE
public abstract boolean execute() throws SQL Exception

This method executes the statement with the IN parameter values just set, if any. Note that execute is normally used for
prepared statements that return multiple results.

Returns: trueif the next result is a ResultSet; falseif it isan update count or there is no more result

See also: execute

EXECUTEQUERY
public abstract ResultSet executeQuery() throws SQL Exception

executeQuery() is used to execute prepared SQL queries (SELECT only). It returns a ResultSet.

Returns; a ResultSet that contains the data produced by the query; never null

EXECUTEUPDATE
public abstract int executeUpdate() throws SQL Exception

executeUpdate is used to execute a SQL INSERT, UPDATE, or DELETE statement. It also supports SQL statements



that return nothing, such as SQL DDL.

Returns: the number of rows affected for INSERT, UPDATE, or DELETE; or O for SQL statements that return nothing

SETASCIISTREAM
public abstract void setAscii Stream(int parameterindex, InputStream X, int length) throws SQL Exception

setAsciiStream() is used to set very large LONGV ARCHAR parameters. The ASCII data may be sent using ajava.io.
inputStream. JDBC stops sending data when it reaches EOF (end of file). ASCII characters are converted to the database
CHAR format.

Parameters. parameterlndex — the parameter index begins at 1.

X — the ascii data stream

length — the data length in bytes

SETBIGDECIMAL
public abstract void setBigDecimal (int parameterlndex, BigDecimal x) throws SQL Exception

Supplies ajava.math.BigDecimal value that will be converted to a SQL NUMERIC value when sent to the database.

Parameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETBINARYSTREAM
public abstract void setBinaryStream(int parameterindex, InputStream X, int length) throws SQL Exception

setBinaryStream() is used to set very large LONGVARBINARY parameters. The binary data may be sent using ajava.io.
inputStream. JDBC stops sending data when it reaches EOF (end of file).

Parameters. parameterlndex — the parameter index begins at 1.

X — the binary data stream

length — the data length in bytes

SETBOOLEAN
public abstract void setBoolean(int parameterindex, boolean x) throws SQL Exception

Supplies a Java boolean value that is converted to a SQL BIT value when sent to the database.

Par ameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETBYTE
public abstract void setByte(int parameterindex, byte x) throws SQL Exception



Supplies a Java byte value that is converted to a SQL TINYINT value when sent to the database.

Parameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETBYTES
public abstract void setBytes(int parameterindex, byte x[]) throws SQL Exception

Supplies a Java array of bytesthat is converted to a SQL VARBINARY or LONGVARBINARY when sent to the
database.

Par ameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETDATE
public abstract void setDate(int parameterlndex, Date x) throws SQL Exception

Supplies ajava.sgl.Date value that is converted to a SQL DATE value when sent to the database.

Parameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETDOUBLE
public abstract void setDouble(int parameterlndex, double x) throws SQL Exception

Supplies a Java double value that is converted to a SQL DOUBLE value when sent to the database.

Parameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETFLOAT
public abstract void setFloat(int parameterindex, float x) throws SQL Exception

Supplies a Javafloat value that is converted to a SQL FLOAT value when sent to the database.

Par ameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETINT
public abstract void setInt(int parameterindex, int x) throws SQL Exception

Supplies aJavaint value that is converted to a SQL INTEGER value when sent to the database.

Parameters. parameterlndex — the parameter index begins at 1.



X — the parameter value

SETLONG
public abstract void setLong(int parameterindex, long x) throws SQL Exception

Supplies a Javalong value that is converted to a SQL BIGINT value when sent to the database.

Parameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETNULL
public abstract void setNull(int parameterIndex, int sl Type) throws SQL Exception

Suppliesa SQL NULL value. The parameter’s SQL type must be supplied.

Parameters. parameterlndex — the parameter index begins at 1.

sl Type — a SQL type code (see java.sgl. Types)

SETOBJECT
public abstract void setObject(int parameterlndex, Object x,int targetSgl Type, int scale) throws SQL Exception

Supplies a parameter value using an object that is converted to the targetSgl Type when sent to the database. Abstract
data types may be passed using a Driver specific Javatype and using java.sgl.types.OTHER as targetSgl Type.

Par ameters. parameterlndex — the parameter index begins at 1.

X — the object containing the input parameter value

targetSgl Type — a SQL-type code (see java.sql. Types)

scale — Number of digits after the decimal for java.sql.Types.DECIMAL or java.sgl. Types.NUMERIC types. Ignored
for other types.

See also: Types

SETOBJECT
public abstract void setObject(int parameterlndex, Object X, int targetSal Type) throws SQLException

Same as setObject() but assumes scale of zero.

SETOBJECT
public abstract void setObject(int parameterindex, Object x) throws SQL Exception

Same as setObject() but uses the standard mapping from Java Object typesto SQL types.

Parameters. parameterlndex — the parameter index begins at 1.



X — the object containing the input parameter value

SETSHORT
public abstract void setShort(int parameterindex, short x) throws SQL Exception

Supplies a Java short value that is converted to a SQL SMALLINT value when sent to the database.

Parameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETSTRING
public abstract void setString(int parameterindex, String x) throws SQL Exception

Supplies a Java String value that is converted to a SQL VARCHAR or LONGVARCHAR value when sent to the
database.

Parameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETTIME
public abstract void setTime(int parameterlndex, Time x) throws SQL Exception

Suppliesajava.sgl. Time value that is converted to a SQL TIME value when sent to the database.

Par ameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETTIMESTAMP
public abstract void setTimestamp(int parameterlndex, Timestamp x) throws SQL Exception

Supplies ajava.sgl. Timestamp value that is converted to a SQL TIMESTAMP vaue when sent to the database.

Parameters. parameterlndex — the parameter index begins at 1.

X — the parameter value

SETUNICODESTREAM
public abstract void setUnicodeStream(int parameterlndex, InputStream x,int length) throws SQLException

setUnicodeStream() is used to set very large LONGVARCHAR parameters. The UNICODE data may be sent using a
javaio.inputStream. JDBC stops sending data when it reaches EOF (end of file). UNICODE characters are converted to
the database CHAR format.

Parameters. parameterlndex — the parameter index begins at 1.

X — the unicode data stream



length — the data length in bytes

Interface java.sql.ResultSet

public interface ResultSet

extends Object

SQL queries and many DatabaseM etaData methods return rows of datain ResultSet objects. Such rows must be
retrieved in sequence using the ResultSet methods. The next() method is used to scroll through the rows. A ResultSet
maintains a cursor pointing to its current row of data. The cursor isinitialy positioned before the first row. The “ next”
method moves the cursor to the next row.

Column values must also be retrieved one by one. The getX XX methods make it possible to access these columns either
using the index number of the column or the name of the column (which is case insensitive). Using the column index is
the most efficient. Note that the first column is numbered 1. The column values must be retrieved from left to right and
only once per column.

See also: executeQuery, getResultSet, ResultSetM etaData

M ethods:

CLEARWARNINGS
public abstract void clearWarnings() throws SQL Exception

Clears all SQLWarnings. getWarning() will return null after a clearWarning().

Returns: nothing

CLOSE
public abstract void close() throws SQL Exception

Releases all resources associated to the ResultSet. Normally, a ResultSet is automatically closed by the Statement that
generated it when that Statement is closed, reexecuted, or is used to retrieve the next result from a sequence of multiple
results. The garbage collector also closes ResultSets when they are no longer used.

Returns: nothing

FINDCOLUMN
public abstract int findColumn(String columnName) throws SQL Exception

Return the column index from its column name.

Parameters. columnName — the name of the column

Returns; the column index

GETASCIISTREAM
public abstract InputStream getAscii Stream(int columnindex) throws SQL Exception



This method can be used to retrieve large LONGVARCHAR values. If necessary, the JDBC driver converts the data
from database format to ASCII.

Parameters: columnindex — the column index begins at 1.
Returns: aJavainput stream; if the value is SQL NULL, then the result is null.

GETASCIISTREAM
public abstract InputStream getAsciiStream(String columnName) throws SQL Exception

This method can be used to retrieve large LONGVARCHAR values. If necessary, the JDBC driver converts the data
from database format to ASCII.

Parameters: columnName — the name of the column
Returns: aJavainput stream; if the valueis SQL NULL, then the result isnull.,

GETBIGDECIMAL
public abstract BigDecimal getBigDecimal (int columnindex, int scale) throws SQL Exception

Get the value of a column as ajava.math.BigDecimal object.

Par ameters. columnindex — the column index begins at 1.

scale — the number of digitsto the right of the decimal

Returns: the column value; if the value is SQL NULL, then the result is null.

GETBIGDECIMAL
public abstract BigDecimal getBigDecimal (String columnName, int scale) throws SQL Exception

Get the value of a column as ajava.math.BigDecimal object.

Parameters. columnName — the name of the column

scale — the number of digits to the right of the decimal

Returns: the column value; if the valueis SQL NULL, then theresult is null.

GETBINARYSTREAM
public abstract InputStream getBinaryStream(int columnindex) throws SQL Exception

This method can be used to retrieve large LONGVARBINARY values.
Parameters: columnindex — the column index begins at 1.

Returns: aJavainput stream that delivers the database column value as a stream of uninterpreted bytes; if thevalueis
SQL NULL, then the result is null.



GETBINARYSTREAM
public abstract InputStream getBinary Stream(String columnName) throws SQL Exception

This method can be used to retrieve large LONGVARBINARY values.
Parameters: columnName — the name of the column

Returns; aJavainput stream that delivers the database column value as a stream of uninterpreted bytes. If the valueis
SQL NULL, then the result is null.

GETBOOLEAN
public abstract boolean getBoolean(int columnindex) throws SQL Exception

Get the value of a column as a Java boolean.
Parameters. columnindex — the column index begins at 1.
Returns: the column value; if the valueis SQL NULL, then theresult isfalse.

GETBOOLEAN
public abstract boolean getBoolean(String columnName) throws SQL Exception

Get the value of a column as a Java boolean.
Parameters. columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result is false.

GETBYTE
public abstract byte getByte(int columnindex) throws SQL Exception

Get the value of a column as a Java byte.
Par ameters. columnindex — the column index begins at 1.
Returns; the column value; if the value is SQL NULL, then the result is 0.

GETBYTE
public abstract byte getByte(String columnName) throws SQL Exception

Get the value of a column as a Java byte.
Parameters. columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result is 0.

GETBYTES
public abstract byte[] getBytes(int columnindex) throws SQL Exception



Get the value of a column as an array of Java bytes representing the raw values returned by the driver.
Par ameters. columnindex — the column index begins at 1.
Returns: the column value; if the valueis SQL NULL, then theresult is null.

GETBYTES
public abstract byte[] getBytes(String columnName) throws SQL Exception

Get the value of a column as an array of Java bytes representing the raw values returned by the driver.
Parameters. columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result is null.

GETCURSORNAME
public abstract String getCursorName() throws SQL Exception

JDBC supports positioned updates and positioned deletes. This method returns the name of the current SQL cursor used
for this ResultSet.

Returns; the ResultSet’s SQL cursor name

GETDATE
public abstract Date getDate(int columnindex) throws SQL Exception

Get the value of a column as ajava.sgl.Date object.
Parameters. columnindex — the column index begins at 1.
Returns: the column value; if the valueis SQL NULL, then theresult is null.

GETDATE
public abstract Date getDate(String columnName) throws SQL Exception

Get the value of acolumn as ajava.sgl.Date object.
Parameters. columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result is null.

GETDOUBLE
public abstract double getDouble(int columnindex) throws SQL Exception

Get the value of a column as a Java double.
Par ameters. columnindex — the column index begins at 1.

Returns; the column value; if the value is SQL NULL, then the result is 0.



GETDOUBLE
public abstract double getDouble(String columnName) throws SQLException

Get the value of a column as a Java double.
Parameters: columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result isO.

GETFLOAT
public abstract float getFloat(int columnindex) throws SQL Exception

Get the value of a column as a Java float.
Par ameters. columnindex — the column index begins at 1.
Returns: the column value; if the valueis SQL NULL, then the result is 0.

GETFLOAT
public abstract float getFloat(String columnName) throws SQL Exception

Get the value of a column as a Javafloat.
Parameters: columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result is 0.

GETINT
public abstract int getInt(int columnlindex) throws SQLException

Get the value of acolumn asaJavaint.
Parameters. columnindex — the column index beginsat 1.
Returns: the column value; if the valueis SQL NULL, then the result isO.

GETINT
public abstract int getInt(String columnName) throws SQL Exception

Get the value of acolumn as aJavaint.
Parameters: columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result is 0.

GETLONG
public abstract long getLong(int columnindex) throws SQL Exception

Get the value of a column as a Javalong.



Par ameters. columnindex — the column index begins at 1.

Returns; the column value; if the value is SQL NULL, then the result is 0.

GETLONG
public abstract long getL ong(String columnName) throws SQL Exception

Get the value of a column as a Javalong.

Parameters: columnName — the name of the column

Returns: the column value; if the valueis SQL NULL, then the result is 0.

GETSHORT
public abstract short getShort(int columnlndex) throws SQL Exception

Get the value of a column as a Java short.

Parameters: columnindex — the column index begins at 1.

Returns: the column value; if the valueis SQL NULL, then the result is 0.

GETSHORT
public abstract short getShort(String columnName) throws SQL Exception

Get the value of a column as a Java short.

Parameters: columnName — the name of the column

Returns; the column value; if the value is SQL NULL, then the result is 0.

GETSTRING
public abstract String getString(int columnindex) throws SQL Exception

Get the value of a column as a Java String.

Parameters. columnindex — the column index begins at 1.

Returns: the column value; if the valueis SQL NULL, then the result is 0.

GETSTRING
public abstract String getString(String columnName) throws SQL Exception

Get the value of a column as a Java String.

Parameters: columnName — the name of the column

Returns: the column value; if the valueis SQL NULL, then the result is null.



GETTIME
public abstract Time getTime(int columnindex) throws SQL Exception

Get the value of a column as ajava.sgl. Time object.
Parameters: columnindex — the column index begins at 1.
Returns: the column value; if the valueis SQL NULL, then the result is null.

GETTIME
public abstract Time getTime(String columnName) throws SQL Exception

Get the value of a column as ajava.sgl.Time object.
Parameters. columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result is null.

GETTIMESTAMP
public abstract Timestamp getTimestamp(int columnindex) throws SQL Exception

Get the value of a column as ajava.sgl. Timestamp object.
Par ameters. columnindex — the column index begins at 1.
Returns: the column value; if the valueis SQL NULL, then theresult is null.

GETTIMESTAMP
public abstract Timestamp getTimestamp(String columnName) throws SQL Exception

Get the value of a column as ajava.sgl. Timestamp object.
Parameters. columnName — the name of the column
Returns: the column value; if the valueis SQL NULL, then the result is null.

GETUNICODESTREAM
public abstract InputStream getUnicodeStream(int columnlndex) throws SQL Exception

This method can be used to retrieve large LONGVARCHAR values. If necessary, the JDBC driver converts the data
from database format to Unicode.

Parameters. columnindex — the column index beginsat 1.
Returns: aJavainput stream; if the value is SQL NULL, then the result is null.

GETUNICODESTREAM
public abstract InputStream getUnicodeStream(String columnName) throws SQL Exception



This method can be used to retrieve large LONGVARCHAR values. If necessary, the JDBC driver converts the data
from database format to Unicode.

Parameters. columnName — the name of the column
Returns: aJavainput stream the column value; if the value is SQL NULL, then the result is null.

GETMETADATA
public abstract ResultSetM etaData getM etaData() throws SQL Exception

A ResultSetMetaData object dynamically provides information regarding a ResultSet. This method returns such an
object. It isuseful, for example, for getting the number of columns and their types from a ResultSet.

Returns. a ResultSetM etaData object

GETOBJECT
public abstract Object getObject(int columnindex) throws SQL Exception

Get the value of a column as a Java object. The type of the Java object is the Java object type corresponding to the
column’s SQL type according to standard JDBC-type mapping. It can also be used to read database-specific abstract data

types.
Parameters. columnindex — the column index begins at 1.
Returns. ajavalang.Object holding the column value

GETOBJECT
public abstract Object getObject(String columnName) throws SQL Exception

Get the value of a column as a Java object. The type of the Java object is the Java object type corresponding to the
column’s SQL type according to the standard JDBC-type mapping. It can also be used to read database-specific abstract
data types.

Parameters: columnName — the name of the column
Returns: ajavalang.Object holding the column value

GETWARNINGS
public abstract SQL Warning getWarnings() throws SQL Exception

Get the first warning reported by calls on the current ResultSet. The next warnings are chained to this SQL Warning and
are automatically cleared each time anew row is read.

Returns: the first SQLWarning or null

NEXT
public abstract boolean next() throws SQLException

This method is used to scan a ResultSet’ s rows. Thefirst call to this method makes the first row the current row; the
second call makes the second row the current row, and so forth. Note that the next() method automatically closes input



streams used in conjunction with the getX XX Stream() methods and clears the warning chain of the ResultSet.

Returns; trueif the new current row is valid; false when there are no more rows

WASNULL
public abstract boolean wasNull() throws SQL Exception

If a column contains a SQL NULL value, this method returns true. wasNull() cannot be invoked before getting the
column’s value with one of the getX XX () methods.

Returns: trueif last column read was SQL NULL

Interface java.sql.ResultSetMetaData

public interface ResultSetM etaData

extends Object

All ResultSetMetaData methods return information related to ResultSets. They may be used to dynamically discover the
characteristics of a ResultSet.

Variables:

COLUMNNONULLS
public final static int columnNoNulls

NULL values are not allowed.

COLUMNNULLABLE
public final static int columnNullable

NULL values are allowed.

COLUMNNULLABLEUNKNOWN
public final static int columnNullableUnknown

The nullability is unknown.

M ethods:

GETCATALOGNAME
public abstract String getCatalogName(int column) throws SQL Exception

Get the column’ s table’ s catalog name.
Par ameters. columnindex — the column index begins at 1.

wn

Returns. column name; “” if no catalog name available



GETCOLUMNCOUNT
public abstract int getColumnCount() throws SQL Exception

Get the number of columnsin the ResultSet.

Returns; the number

GETCOLUMNDISPLAYSIZE
public abstract int getColumnDisplaySize(int column) throws SQL Exception

Get the column’s norma maximum width in chararcters.

Parameters: columnindex — the column index begins at 1.

Returns; the maximum width

GETCOLUMNLABEL
public abstract String getColumnL abel (int column) throws SQL Exception

Get the suggested column label.

Parameters. columnindex — the column index beginsat 1.

Returns: the suggested column |abel

GETCOLUMNNAME
public abstract String getColumnName(int column) throws SQL Exception

Get a column’s name.

Par ameters. columnindex — the column index begins at 1.

Returns; the column name

GETCOLUMNTYPE
public abstract int getColumnType(int column) throws SQL Exception

Get acolumn’s SQL type.

Parameters. columnindex — the column index begins at 1.

Returns: the SQL type

See also: Types

GETCOLUMNTYPENAME
public abstract String getColumnTypeName(int column) throws SQL Exception

Get a column’ s data source specific type name.



Par ameters. columnindex — the column index begins at 1.

Returns. the type name

GETPRECISION
public abstract int getPrecision(int column) throws SQL Exception

Get a column’s number of decimal digits.

Parameters: columnindex — the column index begins at 1.

Returns: the precision

GETSCALE
public abstract int getScale(int column) throws SQL Exception

Get acolumn’s number of digitsto right of decimal.

Parameters. columnindex — the column index beginsat 1.

Returns; the scale

GETSCHEMANAME
public abstract String getSchemaName(int column) throws SQL Exception

Get acolumn’stable’ s schema.
Par ameters. columnindex — the column index begins at 1.

Returns; the schemaname; “” if no schema name available

GETTABLENAME
public abstract String getTableName(int column) throws SQLException

Get a column’ s table name.

Returns; the table name; “” if not available

ISAUTOINCREMENT
public abstract boolean isAutolncrement(int column) throws SQL Exception

Checks whether the column’s value is auto-incremented.

Par ameters. columnindex — the column index begins at 1.

Returns: trueif so

ISCASESENSITIVE
public abstract boolean isCaseSensitive(int column) throws SQL Exception



Checks whether a column is case sensitive.
Parameters. columnindex — the column index beginsat 1.
Returns: trueif so

ISCURRENCY
public abstract boolean isCurrency(int column) throws SQL Exception

Checks whether the column is a currency value.
Par ameters. columnindex — the column index begins at 1.
Returns: true if so

ISDEFINITELYWRITABLE
public abstract boolean isDefinitelyWritable(int column) throws SQL Exception

Checks whether an update of the column will definitely succeed.
Parameters: columnindex — the column index begins at 1.
Returns: true if so

ISNULLABLE
public abstract int isNullable(int column) throws SQL Exception

Checks whether this column may be set to SQL NULL.
Parameters. columnindex — the column index beginsat 1.
Returns: columnNoNulls, columnNullable, or columnNullableUnknown

ISREADONLY
public abstract boolean isReadOnly(int column) throws SQL Exception

Checks whether a column is definitely not writeable.
Par ameters. columnindex — the column index begins at 1.
Returns: true if so

ISSEARCHABLE
public abstract boolean isSearchable(int column) throws SQL Exception

Checks whether the column may be used in a SQL WHERE clause.

Parameters. columnindex — the column index begins at 1.



Returns: trueif so

| SSIGNED
public abstract boolean isSigned(int column) throws SQL Exception

Checks whether the column is signed.

Parameters. columnindex — the column index begins at 1.

Returns: trueif so

ISWRITABLE
public abstract boolean isWritable(int column) throws SQL Exception

Checks whether a column’s value is possibly updatable.

Parameters: columnindex — the column index begins at 1.

Returns:; trueif so

Interface java.sql.Statement

public interface Statement

extends Object

Statement objects are used to create database and driver resources before and during the execution of static SQL
statements. They are also used to obtain the SQL statements’' results after being executed within the database. The
results, if they are of the form of rows of data, must be retrieved using ResultSets. Note that a SQL statement may return
multiple results, but not at the same time. If necessary, instantiate different Statement objects to fetch different
ResultSets simultaneously.

See also: createStatement, ResultSet

M ethods:

CANCEL
public abstract void cancel () throws SQL Exception

cancel() is used to terminate the execution of a statement. It can only be used within a thread separate from that
executing the statement.

CLEARWARNINGS
public abstract void clearWarnings() throws SQL Exception

Clears the chain of SQLWarnings for the current Statement.

CLOSE
public abstract void close() throws SQL Exception



close() releases a Statements’ database and JDBC driver resources, as well asits Statement, if one exists.

EXECUTE
public abstract boolean execute(String sgl) throws SQL Exception

This method executes a SQL statement. The statement may return multiple results, that is, results sets and update counts.
In this case, the execute(), getMoreResults(), getResultSet(), and getUpdateCount() methods let you fetch those results.
execute() indicates whether the first result is a ResultSet or an update count. getResultSet() and getUpdateCount() are
used to retrieve the result, and getMoreResults() is used to discover subsequent results, if any.

Parameters. sgl — SQL statement

Returns; trueif thefirst result is a ResultSet; falseif it isan integer

See also: getResultSet, getUpdateCount, getM oreResults

EXECUTEQUERY
public abstract ResultSet executeQuery(String sgl) throws SQLException

Unlike execute(), executeQuery() is used to execute a SQL statement that returns a single ResultSet.

Parameters. sgl — a SQL SELECT statement

Returns. a ResultSet containing the result rows, if any

EXECUTEUPDATE
public abstract int executeUpdate(String sql) throws SQL Exception

Execute a statement that returns an update count or just nothing (for example: SQL INSERT, UPDATE, or DELETE
statements, or a SQL DDL statement such as CREATE TABLE).

Parameters: sgl — a SQL statement that returns an integer or nothing

Returns; the update count for SQL INSERT, UPDATE, or DELETE; O for others

GETRESULTSET
public abstract ResultSet getResultSet() throws SQL Exception

getResultSet() is used to get the current result as a ResultSet. It can only be called once per result.

Returns: the current result as a ResultSet, or null if the result is an integer or there are no more results

See also: execute

GETUPDATECOUNT
public abstract int getUpdateCount() throws SQL Exception

getUpdateCount() returns the current result as an update count that represents the number of rows affected by the
statement. getUpdateCount may also return -1 if the result is a ResultSet or there are no more results. It can only be



called once per result.

Returns: the current result as an update count or -1 if it is a ResultSet or there are no more results

See also: execute

GETMAXFIELDSIZE
public abstract int getMaxFieldSize() throws SQL Exception

This method returns the maximum length of data returned for any column value. It only appliesto BINARY,
VARBINARY, LONGVARBINARY, CHAR, VARCHAR, and LONGVARCHAR columns.

Returns; the current maximum column size limit or zero if unlimited

GETMAXROWS
public abstract int getMaxRows() throws SQL Exception

This method returns the maximum number of rows allowed for a ResultSet. Excessive rows are discarded.

Returns: the current maximum row limit or zero if unlimited

GETMORERESULTS
public abstract boolean getMoreResults() throws SQL Exception

getMoreResults() is used to navigate results. If true is returned, the current result is a ResultSet. If false, the result isan
update count or there are no more results (there are no more results when (!getMoreResults() & & (getUpdateCount() == -
1)). Note that getM oreResults() implicitly closes any current ResultSet obtained with getResultSet.

Returns: trueif the next result is a ResultSet, or falseif it is an integer or there are no more results

See also: execute

GETQUERYTIMEOUT
public abstract int getQuery Timeout() throws SQL Exception

A driver can wait a number of seconds for a Statement to execute. If the limit is exceeded, a SQL Exception is thrown.

Returns: the current query timeout limit in seconds or zero if unlimited

GETWARNINGS
public abstract SQLWarning getWarnings() throws SQL Exception

Statement and ResultSet warnings are chained together. This method is used to get the first SQLWarning of the chain.
The chainis cleared each time a statement is executed.

Returns: the first SQLWarning or null

SETCURSORNAME
public abstract void setCursorName(String name) throws SQL Exception



This method sets the SQL cursor name for the current Statement. The cursor name can then be used in SQL positioned
update or delete statements to identify the current row in the ResultSet. Note that cursor names must be unigue within a
Connection.

Par ameters. name — the cursor name

SETESCAPEPROCESSING
public abstract void setEscapeProcessing(boolean enable) throws SQLException

A driver does escape substitution by default unless this method has been invoked with a parameter of Boolean value
false.

Parameters: enable — true enables escape substitution: false disablesit.

SETMAXFIELDSIZE
public abstract void setMaxFiel dSize(int max) throws SQL Exception

Limit the size of data that can be returned for any column value. This only appliesto BINARY, VARBINARY,
LONGVARBINARY, CHAR, VARCHAR, and LONGVARCHAR columns.

Parameters: max — the maximum column size limit or zero for unlimited

SETMAXROWS
public abstract void setMaxRows(int max) throws SQL Exception

setMaxRows() can be used to limit the rows returned by a query. Excessive rows are silently discarded.

Parameters. max — the maximum rows limit or zero for unlimited

SETQUERYTIMEOUT
public abstract void setQueryTimeout(int seconds) throws SQL Exception

A driver can wait anumber of seconds for a Statement to execute. If the limit is exceeded, a SQL Exception is thrown.

Par ameters. seconds — the query timeout limit in seconds or zero for unlimited

Class java.sql.Date

java.lang.Object
??7ava.til.Date
???ava.sgl.Date

public class Date

extends Date

This class extends the standard java.util .date class to represent SQL DATE types. It supports the JDBC escape syntax for
date values.

Constructors:



DATE
public Date(int year, int month, int day)

Create a Date object

Parameters: year — year-1900

month — 0to 11

day — 1to 31

DATE
public Date(long date)

Create a Date object using a milliseconds time value.

Parameters. date — milliseconds since January 1, 1970, 00:00:00 GMT

M ethods:

TOSTRING
public String toString()

Convert adateto“YYYY-MM-DD” format.

Returns: aformatted date String

Overrides: toString in class Date

VALUEOF
public static Date valueOf (String s)

Convert a“YYYY-MM-DD” formatted string to a Date value.

Parameters: s— dateinformat “YYYY-MM-DD”

Returns. aDate

Class java.sql.DriverManager

javalang.Object
???java.sgl.DriverManager

public class DriverManager

extends Object

The DriverManager manages JDBC drivers and database connection requests. Although the drivers may be registered



and loaded with the class.forName() method, the DriverManager uses the “jdbc.drivers’ property during itsinitialization
phase to find a suitable one for the connection which is requested.

See also: Driver, Connection

M ethods:

DEREGISTERDRIVER
public static void deregisterDriver(Driver driver) throws SQLException

Remove a Driver from the DriverManager’ slist. In the case of applets, only Drivers from the applet’ s own classloader
may be deregistered.

Parameters: driver — aJDBC Driver

GETCONNECTION
public static synchronized Connection getConnection(String url, Properties info) throws SQLEXxception

getConnection() returns a Connection object if the DriverManager is able to find an appropriate driver for the requested
connection.

Parameters: url — a database URL

info— alist of string tag/value pairs as connection arguments

Returns; a Connection to the database URL

GETCONNECTION
public static synchronized Connection getConnection(String url, String user, String password) throws
SQL Exception

getConnection() returns a Connection object if the DriverManager is able to find an appropriate driver for the requested
connection.

Parameters: url — a database URL

user — a database user’slogin

password — the user’ s password

Returns; a Connection to the database URL

GETCONNECTION
public static synchronized Connection getConnection(String url) throws SQL Exception

getConnection() returns a Connection object if the DriverManager is able to find an appropriate driver for the requested
connection.

Parameters. url — adatabase URL usually containing user and password strings



Returns; a Connection to the database URL

GETDRIVER
public static Driver getDriver(String url) throws SQL Exception

This method is used to locate a Driver that is able to connect to the database URL. The Driver is selected from the set of
registered Drivers.

Parameters: url — a database URL

Returns; aDriver able to connect to the URL

GETDRIVERS
public static Enumeration getDrivers()

Get an Enumeration of the JDBC driversthat are currently loaded.

Returns:; thelist of JDBC Driver’sloaded

GETLOGINTIMEOUT
public static int getL oginTimeout()

Get the maximum time in seconds that all drivers can wait when attempting to log in to a database.

Returns: the login time limit

GETLOGSTREAM
public static PrintStream getL ogStream()

The DriverManager and JDBC drivers can give detailed information on what they do during a connection. This method
returns the PrintStream used by the DriverManager and the drivers.

Returns; the logging/tracing PrintStream or null if logging/tracing is disabled

PRINTLN
public static void println(Stringmessage)

Print a string to the current JDBC log stream.

Parameters; message — alog message

REGISTERDRIVER
public static synchronized void registerDriver(Driverdriver) throws SQL Exception

JDBC drivers must register themselves with the DriverManager in order to be candidates for subsequent connections.

Parameters: driver — aJDBC Driver

SETLOGINTIMEOUT
public static void setL oginTimeout(int seconds)



Set the maximum time in seconds that all drivers can wait when attempting to log in to a database.

Parameters. seconds — the login time limit

SETLOGSTREAM
public static void setlL ogStream(PrintStreamout)

The DriverManager and JDBC drivers can give detailed information on what they do during a connection. This method
sets the PrintStream used by the DriverManager and the drivers.

Parameters. out — the logging/tracing PrintStream or null to disable the logging/tracing facility

Class java.sql.DriverPropertyInfo

java.lang.Object
??4ava.sgl.DriverPropertylnfo

public class DriverPropertylnfo

extends Object

The DriverPropertylnfo classis used to specify one tag name/value pair plus its description, possible choices for values,
and so forth. Use java.sgl.Driver.getPropertylnfo() to obtain an array of DriverPropertylnfo objects. Note the public
variables of DriverPropertylnfo.

Variables:

CHOICES
public String choiceq[]

Thisisan array of the possible values for this property. If no choiceis possible, then choiceq[] is null.

DESCRIPTION
public String description

A description of this property

NAME
public String name

The name of this property

REQUIRED
public boolean required

Thisvariableis set to trueif avalue must be supplied for this property during Driver.connect. The property is optional in
the opposite case.

VALUE



public String value

This string contains the current value of the property. It may be null if no value is known.

Constructors:

DRIVERPROPERTYINFO
public DriverPropertylnfo(String name, String value)

Construct a DriverPropertylnfo object, giving it aname and a value.

Parameters: name — the name of the property

value — the value of the property

Class java.sql.Time

java.lang.Object
??4avadtil.Date
??javasgl.Time

public class Time

extends Date

This class extends the standard java.util .date class to represent SQL TIME types. Only hours, minutes, and seconds are
handled. It supports the JDBC escape syntax for time values.

Constructors:

TIME
public Time(int hour, int minute, int second)

Construct a Time object.

Parameters:. hour — 0 to 23

minute — 0 to 59

second — 0 to 59

TIME
public Time(long time)

Construct a Time object using a milliseconds time value since January 1, 1970, 00:00:00 GMT.

Parameters: time — milliseconds since January 1, 1970, 00:00:00 GMT

M ethods:



TOSTRING
public String toString()

Convert thetimeto “HH:MM:SS” format.

Returns. a“HH:MM:SS’ formatted time String

Overrides: toString in class Date

VALUEOF
public static Time valueOf(String s)

Convert an “HH:MM:SS’ formatted string to a Time value.

Parameters: s—timein “HH:MM:SS” format

Returns. a Time object

Class java.sql.Timestamp

javalang.Object
??ava.til.Date
???ava.sgl. Timestamp

public class Timestamp

extends Date

This class extends the standard java.util .date to represent SQL TIMESTAMP types. It supports subsecond precision and
the JDBC escape syntax for time values.

Constructors:

TIMESTAMP
public Timestamp(int year, int month, int date, int hour, int minute, int second, int nano)

Construct a Timestamp object.

Parameters. year — year-1900

month — 0to 11

day —1to 31

hour — 0to 23

minute — 0 to 59



second — 0 to 59

nano — 0 to 999,999,999

TIMESTAMP
public Timestamp(long time)

Construct a Timestamp object using a milliseconds time value.

Parameters: time — milliseconds since January 1, 1970, 00:00:00 GMT

M ethods:

EQUALS
public boolean equals(Timestamp ts)

Compare the current Timestamp object with another.

Parameters: ts— the Timestamp value to compare with

Returns: trueif they are equal

GETNANOS
public int getNanos()

Get the Timestamp’ s nanosecond value.

Returns; the Timestamp’ s nanosecond value

SETNANOS
public void setNanos(int n)

Set the Timestamp’ s nanosecond value.

Parameters. n — the Timestamp’ s hanosecond value

TOSTRING
public String toString()

Convert aTimestamp to “YYYY-MM-DD HH:MM:SS.F’ format.

Returns: a“YYYY-MM-DD HH:MM:SS.F’ formatted timestamp String

Overrides: toString in class Date

VALUEOF
public static Timestamp valueOf(String s)

Converta“YYYY-MM-DD HH:MM:SS.F’ formatted string to a Timestamp value.



Parameters. s— timestamp formatted as“YYYY-MM-DD HH:MM:SS.F’

Returns: a Timestamp

Class java.sql.Types

java.lang.Object
4 avasgl. Types

public class Types
extends Object

The SQL types constants and their values are defined in this class. The constant values are equivalent to those defined by
XOPEN.

Variables:

BIGINT
public final staticint BIGINT = -5

BINARY
public final static int BINARY = -2

BIT
public final staticint BIT = -7

CHAR
public final staticint CHAR =1

DATE
public final staticint DATE =91

DECIMAL
public final staticint DECIMAL =3

DOUBLE
public final staticint DOUBLE =8

FLOAT
public final staticint FLOAT =6

INTEGER
public final static int INTEGER = 4

LONGVARCHAR
public final static int LONGVARCHAR = -4

LONGVARBINARY
public final staticint LONGVARBINARY =-1



NULL
public final static int NULL =0

NUMERIC
public final staticint NUMERIC =2

OTHER
public final staticint OTHER

Use getObject() and setObject() to access columns of SQL type OTHER.

REAL
public final staticint REAL =7

SMALLINT
public final staticint SMALLINT =5

TIME
public final staticint TIME = 92

TIMESTAMP
public fina staticint TIMESTAMP = 93

TINYINT
public final staticint TINYINT =-6

VARBINARY
public final staticint VARBINARY = -3

VARCHAR
public final staticint VARCHAR = 12

Class java.sql.DataTruncation

javalang.Object
??%avalang.Throwable
??%ava.lang.Exception
??7java.sql.SQLException
??ava.sgl.SQLWarning
??%ava.sgl.DataT runcation

public class DataTruncation
extends SQLWarning

If IDBC unexpectedly truncates a data value during awrite, a DataTruncation exception is thrown. If this occurs during
aread, a DataTruncation warning is created. The SQLstate value is set to “01004” for a DataTruncation.

Constructors:



DATATRUNCATION
public DataTruncation(int index, boolean parameter, boolean read, int dataSize, int transferSize)

Construct a DataT runcation object with “01004” as SQL State and “ Data truncation” as reason.

Parameters:

index — the index of the parameter or column value for which atruncation occurred

parameter — true if the truncation occurred when accessing a parameter

read — trueif the truncation occurred during a database read

dataSize — the size of the data before being truncated

transferSize — the size after truncation

M ethods:

GETDATASIZE
public int getDataSi ze()

Get the original datalength in bytes.

Returns; the DataTruncation’ s dataSize value or -1 if unknown

GETINDEX
public int getindex()

Get the index of the column or parameter that was truncated.

Returns; the DataTruncation’sindex value or -1 if unknown

GETPARAMETER
public boolean getParameter()

Checks whether the truncation occurred when reading or writing a parameter’ s value.

Returns: trueif the truncated value was a parameter or falseif it was a column

GETREAD
public boolean getRead()

Checks whether the truncation occurred when reading a parameter or a column.

Returns: trueif the value was truncated during a database read or false if the truncation occurred during a database write

GETTRANSFERSIZE
public int getTransferSize()



Get the number of bytes of data transferred.

Returns. the number of bytes of datatransferred or -1 if unknown

Class java.sql.SQLException

javalang.Object
??%avalang.Throwable
??%ava.lang.Exception
??7java.sql.SQL Exception

public class SQLException

extends Exception

This type of exception is thrown when database access errors happen. The SQL Exception supplies detailsin order to
discover the reason why it was thrown. Several methods exist to abtain such information. Note that SQL Exceptions are
chained together.

Constructors:

SQLEXCEPTION
public SQL Exception(String reason, String SQL State, int vendorCode)

Create a SQL Exception object providing areason, an XOPEN SQL State, and a vendor code.

Par ameters. reason — a short message for this exception

SQL State — an XOPEN code to identify this exception

vendorCode — a database vendor exception code

SQLEXCEPTION
public SQL Exception(String reason, String SQL State)

Create a SQL Exception object providing areason and an XOPEN SQL State. The vendorCode is set to 0.

Par ameters. reason — a short message for this exception

SQL State — an XOPEN code to identify this exception

SQLEXCEPTION
public SQL Exception(String reason)

Create a SQL Exception object providing areason. The SQL State is set to null and the vendorCode is set to 0.

Parameters: reason — a short message for this exception



SQLEXCEPTION
public SQL Exception()

Create a SQL Exception object without providing additional information. The message and the SQL State are set to null
and the vendorCode is set to O.

M ethods:

GETERRORCODE
public int getErrorCode()

Get the vendor code for this exception.

Returns: the vendorCode value for this exception

GETNEXTEXCEPTION
public SQL Exception getNextException()

Get the exception chained to this one.

Returns: the next SQL Exception

GETSQLSTATE
public String getSQL State()

Get the SQL State for this exception.

Returns. the SQL State value for this exception

SETNEXTEXCEPTION
public synchronized void setNextException(SQL Exception ex)

Add an SQL Exception to the end of the chain of SQLExceptions.

Parameters. ex — anew SQLException

Class java.sql.SQLWarning

java.lang.Object
??javalang.Throwable
???avalang.Exception
??7?ava.sgl. SQLException
??java.sgl.SQLWarning

public class SQLWarning

extends SQL Exception

SQL Warnings happen when database access warnings occur. The SQLWarnings are chained together and do not cause
an exception to be thrown. It supplies details in order to discover the reason why it was created. Several methods exist to



obtain such information.

See also: getWarnings

Constructors:

SQLWARNING
public SQLWarning(String reason, String SQL state, int vendorCode)

Create a SQLWarning object providing areason, an XOPEN SQL State, and a vendor code.

Par ameter s reason — a short message for thiswarning

SQL State — an XOPEN code to identify this warning

vendorCode — a database vendor warning code

SQLWARNING
public SQLWarning(String reason, String SQL state)

Create a SQL Warning object providing areason and an XOPEN SQL State. The vendor codeis set to O.

Par ameters. reason — a short message for thiswarning

SQL State — an XOPEN code to identify this warning

SQLWARNING
public SQLWarning(String reason)

Create a SQLWarning object providing areason. The XOPEN SQL State is set to null and the vendor codeis set to O.

Parameters: reason — a short message for this warning

SQL State — an XOPEN code to identify this warning

SQLWARNING
public SQLWarning()

Create a SQLWarning object without providing additional information. The reason and XOPEN SQL State are set to null
and the vendor codeis set to 0.

M ethods:

GETNEXTWARNING
public SQLWarning getNextWarning()

Get the warning chained to this one.

Returns; the next SQLWarning



SETNEXTWARNING
public void setNextWarning(SQLWarning w)

Add a SQLWarning to the end of the chain of SQLWarnings.

Parameters. w — anew SQLWarning
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Appendix A
JDBC Products and Drivers

The best place to go to when looking for specific Java Database Connectivity (JDBC) driver implementations is Javasoft,
where the JDBC team frequently updates alist of JDBC driver vendors.

Javasoft, Inc., http://splash.javasoft.com/jdbc/

Product name: JDBC API

Web site: http://www .javasoft.com/jdbc

E-mail: java@java.sun.com

Address; 2550 Garcia Avenue Mountain View, CA 94043-1100
Phone: 415-960-1300

Fax: 415-969-9131

The latest version of JDBC is available from Javasoft as well.

Table A-1lisalist of JIDBC driver vendors listed according to the database management system (DBMYS) they support
and the type of JDBC driver implementation they develop:

* TypelisaJDBC-ODBC Bridge. It uses native, non-Java libraries and is platform-dependent.

» Type2isnative- API, partly-Java. It uses native code too.

* Type 3isanet-protocol all-Java driver but needs a middieware net server between the client and the
DBMS.

* Type4isanative-protocol all-Javadriver. It directly connects to the DBMS and is the most portable JDBC
solution. It isthe best solution for projects which have to be compliant with the 100 percent Pure Javainitiative.

Table A-1JDBC DRIVER VENDORS

DBMS Typel Type?2 Type3 Type4
Adabas SAS/ACCESS
DB2 IBM IBM, Intersolv
DMSII Asgard
Essentia I ntersoft
I nformix Agave, IDS, I-
Kinetics,Intersolv, SAS/ACCESS
OpenLink, SCO
Ingres Caribou, Intersolv, SAS/ACCESS

OpenLink, SCO


http://www.digitalguru.com/dgstore/product.asp?isbn=0764531441&ac%5Fid=28
http://www.digitalguru.com/dgstore/product.asp?isbn=0764531441&ac%5Fid=28
http://splash.javasoft.com/jdbc/
http://www.javasoft.com/jdbc/
http://www.itknowledge.com/reference/standard/0764531441/java@java.sun.com

Inter Base SCO Borland

miniSQL Imaginary
Oracle Intersolv, WebLogic  Agave, IDS, I- SAS/ACCESS
Kinetics, Intersolv,
OpenLink, SCO,
Symantec
Postgress OpenLink
SAS SAS
Sybase Intersolv, WebLogic  Agave, IDS, I- Connect SW, Sybase
Kinetics, Intersolv,
OpenLink, SCO,
Sybase, Symantec
SQL Server WebLogic IDS, Intersolv, Connect SW
OpenLink, Symantec
Unify OpenLink
Watcom Sybase, Symantec Sybase
Yard SQL Y ard Software
viaODBC JavaSoft Agave, DataRamp,
IDS, I-Kinetics,
StormCloud,
Symantec, Visigenic,
WebL ogic

As of the writing of this book, these companies endorsed the JIDBC API and are building JDBC compliant products,
including JDBC drivers:

Agave Softwar e Design

Product type: Middleware

Product name: JDBC Netserver

Web site: http://www.agave.com

E-mail: info@agave.com

Address; 720 Avenue F, Suite 104 Plano, TX 75074
Phone: 972-424-6662

Fax: 972-424-6662

Borland International, Inc.

Product type: Driver, middleware

Product name: InterClient

Web site: http://www.borland.com

E-mail: customer-service@borland.com

Address: 100 Borland Way Scotts Valley, CA 95066-3249
Phone: 408-431-1000

Fax: 408-431-1000

Bulletproof Corporation
Product type: Driver, ODBC middleware


http://www.agave.com/
http://www.itknowledge.com/reference/standard/0764531441/info@agave.com
http://www.borland.com/
http://www.itknowledge.com/reference/standard/0764531441/customer-service@borland.com

Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Caribou L ake Software
Product type:

Product name:

Web site:

E-mail:

JAGG
http://bulletproof.com/jagg

support@bulletproof.com

15732 Los Gatos Blvd., Suite 525 L os Gatos, CA 95032

408-395-5524
408-395-6026

Various
SQL Runner, JSQL/Ingres
http://www.cariboul ake.com

info@cariboul ake.com, sales@cariboul ake.com

Centura Softwar e Cor por ation

Product type:
Product Name:

Web site:
E-mail:
Address:
Phone:

Connect Software, Inc.
Product type:

Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Cyber SQL Corporation
Product type:

Product name:

Web site:

E-mail:

DataRamp, Inc.
Product type:
Product name:
Web site:

E-mail:

DBMS
Centura
http://www.centurasoft.com

info usa@centurasoft.com

1060 Marsh Road Menlo Park, CA 94025
800-444-8782

Premier 100 percent pure Java Type 4 JDBC drivers, connecting directly to major
Relational DBMSs, including Sybase and Microsoft SQL Server

Connect JDBC Driver
http://www.connectsw.com

info@connectsw.com

81 Lansing Street, Suite 411 San Francisco, CA 94105

415-710-1544
415-543-6695

Database-oriented Java class library
ActiveWeb
http://www.cybersgl.com

feedback@www.cybersgl.com

ODBC pipeline
DataRamp
http://dataramp.com

sales@dataramp.com



http://bulletproof.com/jagg/
http://www.itknowledge.com/reference/standard/0764531441/support@bulletproof.com
http://www.cariboulake.com/
http://www.itknowledge.com/reference/standard/0764531441/info@cariboulake.com, sales@cariboulake.com
http://www.centurasoft.com/
http://www.itknowledge.com/reference/standard/0764531441/info_usa@centurasoft.com
http://www.connectsw.com/
http://www.itknowledge.com/reference/standard/0764531441/info@connectsw.com
http://www.cybersql.com/
http://www.itknowledge.com/reference/standard/0764531441/feedback@www.cybersql.com
http://dataramp.com/
http://www.itknowledge.com/reference/standard/0764531441/sales@dataramp.com

Address;
Phone:
Fax:

Dharma Systems, Inc.

Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Esker, Inc.
Product type:
Web site:
E-mail:
Address:
Phone:

Fax:

GWE Technologies

Product type:
Web site:
E-mail:
Address:
Phone:

Fax:

I-Kinetics
Product type:

Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

IBM Corporation

Product type:
Product name:
Web site:

25 Burlington Mall Road Burlington, MA 01803
616-273-3772
617-270-9169

Various
ODBC SQL
http://www.dharmas.com

info@dharmas.com

15 Trafalgar Square Nashua, NH 03063
603-886-1400

603-883-6904

Various

http://www.esker.com, http://www.esker.fr
info@esker.com, info@esker.fr

350 Sansome Street, Suite 210 San Francisco, CA 94104
415-675-7771

415-675-7775

DBMS, 100 percent Java JDBC driver
http://www.gwe.co.uk/java/jdbc

gwe@wales.com

LlysY Fedwen, Park Menai, Bangor, North Wales, LL57 4BF, UK
+44-(0)-1248-671001

+44-(0)-1248-671102

100 percent pure Java JDBC Common Object Request Broker Archetecture (CORBA)-
based driver

OPEN;jdbc
http://www.i-kinetics.com

info@i-kinetics.com

17 New England Executive Park Burlington, MA 01803
617-270-1300

617-270-4979

Various, DBMS, connectivity tools
DB2, Net.Data
http://www.software.ibm.com/data/db2/ index.html
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E-mail:
Address;
Phone:

I DS Software
Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Imaginary
Product type:
Product name:
Web site:

E-mail:

Information Builders

Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Informix Software, Inc.

Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

I nter soft Argentina

Product type:
Product name:
Web site:
E-mail:
Address:

askibm@info.ibm.com

Old Orchard Road Armonk, NY 10504
520-574-4600

Server, Middleware, Web/database integration
IDS Server, IDS JDBC Driver
http://www.idssoftware.com

info@idssoftware.com

11309 Elmcrest Street El Monte, CA 91732
818-401-2648

Unknown

100 percent Java JDBC driver for mSQL
mSQL-JDBC
http://www.imaginary.com/~borg/Java

borg@imaginary.com

Various, connectivity tools
WebFOCUS
http://www.ibi.com

info@ibi.com
1250 Broadway New York, NY 10001-3782
212-279-2382
212-967-6406

DBMS, connectivity tools
Informix Webkits
http://www.informix.com

info@informix.com

4100 Bohannon Drive Menlo Park, CA 94025
415-926-6300

Various, DBMS for Linux, JDBC driver
Essentia-JDBC
http://www.inter-soft.com/eng/products/system/ essentia/

info@inter-soft.com

Calle Brisas del Prado, Residencias Bucare, Piso 8D Terrazas del club Hipico, Caracas,

Venezuela
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Phone:
Fax:

I nter solv
Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Ken North Seminars
Product type:

Product name;

Web site:

Net Dynamics
Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

02 Technology
Product type:
Product name:
Web site:
E-mail:
Address:

Phone:

Fax:

Object Design, Inc.
Product type:
Product name:

Web site:

E-mail:

Address:

Phone:

Fax:

+58-2-978-4921
+58-16-38-3114

Connectivity tools, JDBC-ODBC bridge
JDBC-ODBC bridge
http://www.intersolv.com

jdbc_answerline@intersolv.com

9420 Key West Avenue Rockville, MD 20850
800-547-4000

301-838-5064

Miscellaneous
SQL API Benchmark Kit
http://ourworld.compuserve.com/homepages’ Ken North

Web/Database devel opment tools, N-Tier solutions
NetDynamics
http://www.netdynamics.com/press/reviews/jdbcfinal .html

info@netdynamics.com

185 Constitution Drive Menlo Park, CA 94025
415-462-7600

415-617-5920

ODBMS, connectivity tools, Java-relational bindings
Java Relationa Binding API
http://www.o2tech.com

o2info@o2tech.com

3600 West Bayshore Road, Suite 106 Palo Alto, CA 94303
415-842-7000

415-842-7001

ODBMS, connectivity tools, Java object persistence
ObjectStore PSE and ObjectStore PSE for Java
http://www.odi.com

info@odi.com
25 Mall Road Burlington, MA 01803
617-674-5000
617-674-5010
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Open Horizon, Inc.

Product type: Middleware, secure connectivity

Product name: Ambrosia, Connection

Web site: http://www.openhorizon.com

E-mail: info@openhorizon.com

Address: 601 Gateway Boulevard, Suite 800 South San Francisco, CA 94080
Phone: 415-869-2200

Fax: 415-869-2201

OpenLink Software, Inc.

Product type: Middleware

Product name: OpenLink ODBC, OpenLink UDBC

Web site: http://www.openlinksw.com

E-mail: oiyoha@openlink.co.uk

Address: 10 Burlington Mall Rd., Suite 265Burlington, MA 01803
Phone: 617-273-0900

Fax: 617-229-8030

Oracle Corporation

Product type: DBMS, connectivity tools

Product name: Universal Server, WebServer, PowerBrowser
Web site: http://www.oracle.com

E-mail: info@oracle.com

Address: 500 Oracle Parkway Redwood Shores, CA 94065
Phone: 415-506-7000

Fax: 415-506-7200

Per sistence Software, I nc.

Product type: Object-Relational mapping

Product name: Persistence, LiveObjectCache for CORBA

Web site: http://www.persistence.com

E-mail: info@persistence.com

Address: 1720 S. Amphlett Blvd., Suite 300 San Mateo, CA 94402
Phone: 415-372-3600

Fax: 415-341-8432

Presence | nformation Design

Product type: JDBC driver for Oracle
Product name: PB&J

Web site: http://cloud9.presence.com/pbj
E-mail: pbj @presence.com

Phone: 818-405-9971
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Fax:

PRO-C, Inc.
Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Recital Corporation
Product type:
Product name:

Web site:

E-mail:

Address:

Phone:

Fax:

RogueWave Software Inc.

Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Sanga Cor poration
Product type:
Product name:

Web site:

E-mail:

Address:

Phone:

Fax:

SAS Institute, Inc.
Product type:
Product name:
Web site:

818-405-1817

Java code generator
WinGEN and WinGEN Lite for Java
http://www.pro-c.com

sales@pro-c.com

1st National Plaza, 100 W. Kennedy Blvd. Tampa, FL 33602-5832
813-227-7762

813-223-1562

Various
Kaleidoscope and JDBC drivers
http://www.recital.com

info@recital.com

85 Constitution Lane Danvers, MA 01923
508-750-1066

508-762-0119

Various classlibraries
JDBTools
http://www.roguewave.com

sales@roguewave.com, international _sales@roguewave.com
850 S.W. 35th Street Corvallis, OR 97333

541-754-5010

541-757-6650

Web/Database connectivity components
Sanga Pages
http://www.sangacorp.com/products.html

info@sangacorp.com

24 New England Executive Park 2nd Floor Burlington, MA 01803
617-272-8500

617-272-9800

Connectivity
SHARE*NET Driver for IDBC
http://www.sas.com
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E-mail:
Address:
Phone:
Fax:

webwrk-l@vm.sas.com

SAS Campus Drive Cary, NC 27513
919-677-8000

919-677-8123

The Santa Cruz Operation, Inc.

Product type:
Product name:
Web site:
Address:
Phone:

Fax:

Various, middleware

SQL-Retriever
http://www.vision.sco.com/brochure/sglretriever.html

400 Encina Street, PO Box 1900 Santa Cruz, CA 95061-1900
408-425-7222

408-458-4227

StormCloud Development Cor poration

Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Sybase, Inc.
Product type:
Product name:
Web site:
E-mail:
Address:
Phone:

Fax:

Symantec
Product type:
Product name:
Web site:
Address:
Phone:

Fax:

Thought, Inc.

Product type:
Product name:
Web site:

Web/Database devel opment environment
WebDBC
http://www.stormcloud.com

info@stormcloud.com

316 Occidental Avenue South, Suite 406 Seattle, WA 98104
206-812-0177

206-812-0170

DBMS and connectivity tools

SQL Server 10, System X1, Web.SQL
http://www.sybase.com

sales@sybase.com

6475 Christie Avenue Emeryville, CA 94608
510-922-3500

510-658-9441

Java devel opment tool
Symantec Cafe
http://caf e.symantec.com/cafe/

10201 Torre Avenue Cupertino, CA 95014-2132
408-253-9600
408-253-3968

Middleware, secure connectivity
CocoBase
http://www.thoughtinc.com
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E-mail: info@thoughtinc.com

Address; 2222 Leavenworth Street, Suite 304 San Francisco, CA 94133
Phone: 415-928-4224

Fax: 415-567-9945

Thunder stone

Product type: Information retrieval

Product name: Metamorph, Texis

Web site: http://www.thunderstone.com

E-mail: info@thunderstone.com

Address: 11115 Edgewater Drive Cleveland, OH 44102
Phone: 216-631-8544

Fax: 216-281-0828

Visigenic Software, Inc.

Product type: Middleware

Product name: VisiBroker for Java, VisiChannel

Web site: http://www.visigenic.com

E-mail: info@visigenic.com

Address: 951 Mariner’sIsland Blvd., Suite 120 San Mateo, CA 94404
Phone: 415-286-1900

Fax: 415-286-2464

Weblogic, Inc.

Product type: Pure Java JDBC drivers, middleware

Product name: jdbcKona, jdbcK ona/T3, dbKona, htmlKona

Web site: http://www.weblogic.com

E-mail: info@weblogic.com

Address: 180 Montgomery Street, Suite 180 San Francisco, CA 94104
Phone: 415-394-8616

Fax: 415-394-8619

XDB Systems, Inc.

Product type: Web/Database connectivity tools

Product name: JetConnect, JetAssist, HeatShield

Web site: http://www.xdb.com

E-mail: moreinfo@xdb.com

Address: 9861 Broken Land Parkway Columbia, MD 21046
Phone: 410-312-9300

Fax: 410-312-9505

YARD Software GmbH

Product type: JDBC driver for YARD DBMS
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Product name: YARD-JDBC

Web site: http://www.yard.de

E-mail: info@yard.de

Address: Wikingerstr. 18 51107 K6In, Germany
Phone: +49-221-98664-0

Fax: +49-221-98664-99

Other organizations and companies make specifications or build Java versions of database-oriented tools, distributed
object request brokers, or client-server tools and components. In this book we mentioned:

Object Database Management Group

Web site: http://www.odmg.org

E-mail: info@odmg.org

Address; 14041 Burnhaven Drive, Suite 105 Burnsville, MN 55337
Phone: 612-953-7250

Fax: 612-397-7146

Marimba, Inc.

Product type: Java development and connectivity tools
Product name: Bongo, Castanet

Web site: http://www.marimba.com

E-mail: info@marimba.com

Address: 445 Sherman Avenue Palo Alto, CA 94306
Phone: 415-328-JAVA

Fax: 415-328-5295

Platinum Technology, Inc.

Product type: Java OO CASE tool

Product name: Paradigm Plus

Web site: http://www.platinum.com

E-mail: info@platinum.com

Phone: 630-620-5000

Fax: 800-442-4230

Trifox, Inc.

Product type: Middleware, TP Monitor

Product name: Vortex for Java

Web site: http://www.trifox.com/vitxjava.html
E-mail: info@trifox.com

Address: 851 E. Hamilton Avenue #230 Campbell, CA 95008
Phone: 408-369-2300

Fax: 408-369-2333
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Appendix B
Links for Additional Information

For More Information About SQL and DBMSs

Standards:

Database L anguage—SQL with Integrity Enhancement, ANSI, 1989 ANSI X3.135-1989
X/Open and SQL Access Group SQL CAE specification, 1992

Database Language—SQL: ANSI X3H2 and I SO/IEC JTCLUSC21/WG3 9075:1992 (SQL-92)
For More Information About Objects and DBMSs

Standards:

Object Database Management Group: ODM G’ s specifications, http://www.odmg.org

Object Database Management Group: ODM G Java Binding, http://www.odmg.org/java.html

Object Management Group: CORBA 2.0 Architecture and Specification, http://www.omg.org
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Appendix C
Frequently Asked Questions

The following are frequently asked questions about JDBC.
Q: Isit possible to access databases with JDBC from an applet?

A: Yes, itispossible provided that the driver in use is a 100-percent Java driver. The driver is called a native-protocol
al-Javadriver. The problem with anative-API partly-Java driver or aprotocol bridgeisthat it uses native librariesto
connect to the DBM S and interact with it. It is not allowed to call native libraries from an applet for security reasons.

Q: | use Solaris2.4. Can | usethe JDBC-ODBC bridgeto connect to a Sybase database?

A: Yes, provided that you have an appropriate ODBC driver manager and driver for your platform. These components
have nothing to do with Java and are available on the market. This answer istrue for avariety of Unix platforms and
DBMSs.

Q: May | run my WWW server and DBM S server on different machines?

A: If the goal isto let an applet communicate with a database, the database should be located on the same server the
applet came from. For security reasons an applet cannot open sockets to arbitrary hosts. However, it is possible to place
the DBMS elsewhere provided that amiddle tier is placed on the WWW server machine. Thistier would forward callsto
the DBMS.

Q: What isinvolved with installation on the database server side?

A: Nothing special. Y ou just need the appropriate DBM S connectivity software that allows clients to connect to it. The
client’s JDBC driver should be compatible with this software.

Q: My CLASSPATH environment variable pointsto the .java files, but the code does not compile. What’swrong?

A: The CLASSPATH environment variable should point to all the .class files that the Java application, applet, or serviet
will use.

Q: When | try tousea JDBC-ODBC bridge, | always get this SQL Exception:
SQL State: IM002

Message: [Microsoft][ODBC Driver Manager] Data Sour ce Name not found
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Vendor: O

A: The sub-subprotocal field of the URL isthe Data Source Name as defined within the ODBC Driver Manager. This
only works with the 32-hit version of the driver manager.

Q: | useanativedriver but | get errorsrelated to a missing shared library. What can | do?

A: Files such as libX X X.so should be reachable by following the LD _LIBRARY _PATH environment variable. Correct
its value to make the path point to where the files are located and try again.

Q: | useanativedriver but | get errorssaying that it isunabletoload a DLL. What’swrong?

A: Files such as DLLs should be located in your windows\system directory or where they are reachable by following the
PATH. Correct thisand try again.

Q: My browser won’t launch my applet when reading from alocal file.

A: Browsers are usually able to launch applets that come from the local file system but some of them won’t open socket
connections to connect to a remote server for security reasons. JDBC Drivers use sockets to establish connections on
TCP/IP networks.

Q: | am not ableto call database metadata methods. | get an error message that says*“ Driver not capable.”
What’swrong?

A: When the driver is not capable, it may be because it does not support this function or because the DBM S does not
support the function. Y ou should not use database metadata in this case.
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Appendix D
What's on the CD-ROM

The CD-ROM contains the source code for al examples, JDBC products, and the common Java utilities such as the
JavaSoft, Inc. IDK. Refer to the specific product documentation for information about installing on your platform. The
CD_ROM contains the following:

» ReadMe.txt Description of the products contained on the CD-ROM.
* legal.txt Java™ Binary Code License.

Source Code Files

« src/fragments/ This directory contains the source code for the code fragments in this book.

« src/examples/ This directory contains the compl ete examples explained in this book.

« Jisgl Isgl isatool for issuing SQL statements interactively. The applet and application are included.

« Jairlines IDBC Airlinesillustrates a real-world applet. Copyright © 1996-1997 by Connect Software, Inc.
For 100% Javadrivers, see http://www.connectsw.com.

« ./blobs These are command-line tools to insert and extract batches of multimediafiles (.GIF, WAV, .MPEG, .
AU, .WRL, ...) in/from database tables.

« ./bank The “Welcome to the Bank of Java’ applet illustrates database transaction isolation.

« /jexplore JExplorer features lots of graphical tools to navigate a database using JDBC metadata interfaces.

e ./rmi The“Best CarsIn The World” example illustrates how to develop with JDBC and the Remote Method
Invocation of Java. (Portions Copyright © 1997 De Munck Mediaware)

JDBC Products

« jdbc/jdbc This directory contains the JDBC classes of JavaSoft, Inc. in ZIP and tar.Z formats.

« jdbc/jdbcodbe/ This directory contains the JDBC-ODBC bridge of JavaSoft, Inc. and Intersolv, Inc. in ZIP
and tar.Z formats.

« jdbc/driverd This directory contains George Reese’'s mSQL-JDBC driver for miniSQL based on Darryl
Coallins's mSQL-Java.

» dbms/minisgl/ This directory contains the miniSQL database management system from Hughes Technol ogies
Ltd. in tar.gz formats.

Java Utilities

« javaljdk/ This directory contains the Java Development Kit 1.1.1 of JavaSoft, Inc. The files are self-extracting
archives.
« java/lbongo/ Thisdirectory contains a demo version of Bongo 1.0 of Marimba, Inc.

Other Tools
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» misc/winzip/ This directory contains a shareware evaluation version of WinZip for Windows 95, Windows
NT and Windows 3.1. WinZipTM is aregistred trademark of Nico Mak Computing, Inc. (Copyright © 1997
Nico Mak Computing, Inc.)
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Numbers

2-tier client-server architecture, 10-11
3-tier approach, 147-152
CORBA software, 152
JavaRMI (remote method invocation), 151
Joe, 152
object persistency, 149-151
overview, 147-149
3-tier client-server architecture, 11-12
100% versus non-100% Java, 158

acceptsURL () method, 100, 303
Account.java class, 211-215
Agave Software Design, 341
airlines applet. See IDBC Airlines applet
Airplet.javaclass, 178-182
AirportChoice.java class, 185-186
Airport.java class, 182185
allProceduresAreCallable() method, 272
all TablesAreSel ectable() method, 272
ANSI escape syntax, 106
APIs. See IDBC API; JDBC Driver API
applets
database access using, 355
ISQL client example, 169-199
JavaBank example, 206—220
JDBC Airlines example, 176-199
launching from local file, 356
security issues, 156
untrusted, 4041, 156
See also applications; examples
application programming interfaces (APIs). See JDBC API; JDBC Driver AP
applications
“businesslogic” of, 26-27
car factory example, 240-255
ISQL client example, 163-169
Java database explorer example, 221-240
JDBC component, 21
loginsfor, 155
ODBC component, 17
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security issues, 155-156
stand-alone applications, 4142, 155-156
Transaction Processing (TP) monitor, 6-7
untrusted applets versus traditional applications, 4041
See also applets; examples
assigning logins, 155

bank applet. See JavaBank appl et
batch commands
retrieving BLOBSs, 202—203
sending BLOBS, 200
BESTROWNOTPSEUDO variable, 268
BESTROWPSEUDO variable, 268
BESTROWSESSION variable, 268
BESTROWTEMPORARY variable, 268
BESTROWTRANSACTION variable, 268
BESTROWUNKNOWN variable, 268
BIGINT variable, 332
Binary Large Objects. See BLOBs
binary types, mapping, 104
BINARY variable, 332
BIT variable, 332
BLOBs
retrieving, 82-84, 202205
sending, 63, 199-202
sending using dynamic SQL, 128-129
Borland International, 341
bridges
connecting to Sybase databases, 355
JDBC drivers, 23
SQL Exceptions, 356
building SQL statements, 58-59
Bulletproof Corp., 341
“businesslogic” of applications, 26-27

C language, Java compared to, 34
C++ language, Java compared to, 34
Call Level Interface (CLI)
ODBC standard, 16-18
SAG-X/Open standard, 15-16
callable statements, 119-124
accessing parameters, 123-124
example, 124
IN parameters, 120-122, 124
multiple result types, 120-121
OUT parameters, 120-121, 122124
overview, 119-121
setting parameters, 121-123
CallableStatement class, 120
CallableStatement interface, 259-263
methods, 121-124, 260-263
overview, 39, 259



cancel() method, 322
for results, 78-79
canceling results, 78-79
car factory example, 240-255
CarFactorylmpl.java class, 247-249
CarFactory.javaclass, 247
Carlmpl.java class, 245-246
Car.javaclass, 245
CarSdes.javaclass, 250-254
CarSupplierServer.java class, 254-255
client side, 243-244
database side, 241-242
overview, 240241
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