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1 Introduction

The JDBC connector provides contieity between a Java applicationchan Advanced
Server databas&his guide provides installation instructions, usage instructions, and
examples that demonstrate the Advanced Server specific functionality of the JDBC
Connector.

Throughout the documentx@mples demonstrate JDBC connector usage:

Section5.3shows how to query an Advanced Server database.
Section6 describes using thexecuteUpdate() method to execute SQL
commands.

Section8.3 explains different methods to invoke stored procedures.
Section8.4 demonstrates declaring and usingeF CURSORwith Java.
Section8.5demonstrates usirgy TEAdata withJava.

Section8.6 demonstrates using object types and collections with Java.

= =4

= =4 =4 4

The JDBC connector is written in Java and conforms to Sun's JDK architecture, as
described in sectioB.1

The JDBC connector is built on and supports all of the functionality of the PostgreSQL
community driver. For more information about the features and functionality of the
driver, please refer to the community documentation at:

https://jdbc.postgresql.org/documentation/head/index.html

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 5
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1.1 Typographical Conventions Used in this Guide

Certain typographical conventions are used in this manual to clarify the meaning and
usage of vadus commands, statements, programs, examples, etc. This section provides
a summary of these conventions.

In the following descriptions termrefers to any word or group of words which may be
language keywords, ussupplied values, literals, etc. Atérns exact meaning de
upon the context in which it is used.

1 Italic fontintroduces a new term, typically, in the sentence that defines it for the
first time.

1 Fixed - width (mono - spaced) font  is used for terms that must be given
literally such asSQL commands, specific table and column names used in the
examples, programming language keywords, etc. For exaBfle&CT * FROM
emp;

1 ltalic fixed - width font is used for terms for which the user must
substitute values in actual usage. For exaniie ETE FROM able_name ;

1 A vertical pipe | denotes a choice between the terms on either side of the pipe. A
vertical pipe is used to separate two or more alternative terms within square
brackets (optional choices) or braces (one mandatory choice).

1 Square brackets [ Jethote that one or none of the enclosed term(s) may be

substituted. For examplea | b] , means chadosme Odmeneift her
of the two.
1 Braces {} denote that exactly one of the enclosed alternatives must be specified.
For example{a|b} ,meams exactalydbontuotf Be specifi
1 Ellipses ... denote that the proceeding term may be repeated. For eanple,
b].. means that you mabyathaaVvV’ee t he sequence,

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 6
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2 Requirements Overview

The following sectiordetaik the supporteplatforms for theAdvanced ServeiDBC
Connector

2.1 Supported Platforms

The Advanced Seer JDBC Connectonativepackages are supported on the following
platforms:

64 bit Linux:
1 Red Hat Enterprise Linux (x86_64) 6.x and 7.x
1 CentOS (x86_64) 6.x and 7.x
1 OEL Linux 6.x and 7.x
1 PPGLE 8 running RHEL or CentOS 7.x
1 SLES 12.x
1 Deban 9x
1 Ubuntu 18.04

The Advanced Server JDBC Connector graphical installers are supported on the
following Windows platforms:

64-bit Windows:

1 Windows Server 2016
1 Windows Server 2012 R2

32-bit Windows

1 Windows 10
1 Windows 8
1 Windows 7

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 7
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3 Advanced Server JDBC Connector
Overview

Sun Microsystems created a standardized interface for connecting Java applications to
databases known as Java Database Connectivity (JDBC). The Advanced Server JDBC
Comector connects a Java application to a Postgres database.

3.1 JDBC Driver Types

There are currently four different typesdiBCdrivers, each witltheir own specific
implementation, use and limitationshe Advanced Server JDBC Connector is a Type 4
driver.

Type 1 Driver
1 This driver type is the JDBODBC bridge.
1 Itis limited to running locally.
1 Must have ODBC installed on computer.
1 Must have ODBC driver for specific database installed on computer.
T Generally can’t run insidealan appl et
Type 2 Driver
1 This is the native database library driver.
1 Uses Native Database library on computer to access database.
T Generally can’t run inside an appl et
1 Must have database library installed on client.

Type 3 Drver
1 100% Java Driver, no native methods.
1 Does not require prmstallation on client.
1 Can be downloaded and configured-the-fly just like any Java class file.
1 Uses a proprietary protocol for talking with a middleware server.
1 Middleware server convertsoim proprietary calls to DBMS specific calls
Type 4 Driver
1 100% Java Driver, no native methods.
Does not require prmstallation on client.
Can be downloaded and configured-thre-fly just like any Java class file.
Unlike Type Il driver, talks directlyith the DBMS server.

1
1
1
1 Converts JDBC calls directly to database specific calls.

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 8
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3.2 The JDBC Interface

Figure 2.1 shows the core API interfaces inIB8C specification and how they relate to
each other. These interfaces are implemented ijatlaesql  paclage

ResultSet ResultSet ResultSet
Statement Statement Statement
Connection

CriverManager

Postgres Plus
JDBC Connector

Postgres
Database

Figure 2.1- JDBC Class Relationships
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3.3 JDBC Classes and Interfaces

The core APl is composed of classes and interfaces; these classes and interkaces wo
together as shown in Figure22

Connection

Statement
FPrepared Statement
Callable Statement

Data Types

ResultSet

Figure 2.2- Core Classes and Interfaces
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3.4 The JDBC DriverManager

Figure 2.3 depicts the role of tbeiverManager class in a typical JDBC application.
TheDriverManager acts as the bridge between a Java application and the backend
database and determines which JDBC driver to use for the targeastatab

Postgres Plus JOBC Connector

Application ———# DriverManager I Oracle

SQL Sarver

Figure 2.3- DriverManager/Drivers
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3.5 Advanced Server JDBC Connector Compatibility

Since there are multiple versions of the JRE/JDK available at any given time, EDB
supports those different JRE/JDK versions with appropriate JDBC driversstygres.

To determine JDK/JVM compatibilitshe following listmatchessersions of the JVM
with the JDBC specification implemented.

Table 3-1 — Advanced Server JDBC Driver Compatibility

JRE/JDK JDBC Advanced Server Community JDBC Driver
Version(s) Specification JDBC Driver

14,15 3 edb- jdbcl5.jar postgresql -9.3.1103.JDBC3.jar
(see Note 1)

1.6 4 edb- jdbcl6.jar postgresql - 42.1.4.jre6.jar

(see Note 2)

1.7 4.1 edb- jdbcl7.jar postgresql - 42.1.4.jre7 jar

1.8 4.2 edb- jdbc18.jar postgresql - 42.1.4.jar

Note:

1. JRE/JDK versions 1.4 and 1.%earo longer supported by the Advanced Server

JDBC Connector as thEDBC driverfile edb- jdbc15.jar

provided

2. Theedb- jdbcl6.jar

(ppcb4le).

IS no longer

file is not available for Linux on PowleC 64 little endian

3. Community version numbers are based on the pgjdbc version, not the PostgreSQL
version.

4. AdvancedServerJDBC releaseare decoupledith EDB Postgres Advanced
Server releases.

The followingJDBC Compatibility rulespply:.

T Fromn Communi t YhewastygreSQtL IDBC driver has some unique
properties that you should be aware of before starting to develop any code for it.
The current development driver supports six server versions and six java
environments. This doesn't meanttaaery feature must work in every
combination, but a reasonable behaviour must be provided fesupported
versions. While this extra compatibility sounds like a lot of work, the actual goal

is to reduce the amount of work maintaining only one codeabs e .

1 From readme opgjdbc PdIDBCregression tests are run against all PostgreSQL
I il ludli Pgs t*gr e SQVersibntDomMt gi t mas

versions sinc8 . 4 ,
assume pgjdbc 9.4.xsn | y

PostgreSQL 9.

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved.
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For the supported community verssisedhe PostgreSQL JDBC Driver websiteated
at:

https://jdbc.postgresgl.org/download.html#supported

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 13
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4 Install ing and Configuring the
JDBC Connector

This chapter describes how to install andfigure the Advanced Server JDBC
Connector.

Beforeinstaling the JDBC Connectoyou must have Java installed on your systeou y
can download a Java installer that matches your environment frdDrdoke Java
Downloadswebsite at

http://www.oracle.com/technetwork/java/javase/downloads/index.html

Detailed installation instructions are available through the asso®atadink on the
same page.

4.1 Installing the JDBC Connecto r

You can use the Advanced Server graphical installer or an RPM package to add the
JDBC Connector to your installation.

The following sections describe these installation methods.

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 14
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4.1.1 Installing the Connector with an RPM Package

Before using aRPM installerto install the JDB&onnector, you must first create and
configure the EnterpriseDB repository file, providing a user name and password that
allows access to the files in the repositofy requestredentialgo access the
repository, visit the followig website:

https://www.enterprisedb.com/repositaagcesgequest

The name of the package that creates the repository file for Advanced Sedker is
repo . You can download theackageat

https://lyum.enterprisedb.com/

After downloading the repository configuration file, assume superuser privilegessand u
the following command to create the repository configuration file:

rom -Uvh edb-repo - latest .noarch.rpm

The installer creates a repository configuration file nasttbdrepo ; the fileresides in
letc/yum.repos.d . The file contains entries for each of the EnterpriseDB
repositories; to install the connector, you must enable the entry fentdrprisedb -
tools repository:

[enterprisedb - tools]

name=EnterpriseDB Tools $releasever - $basearch
baseurl=http://<username>:<password>@yum.enterprisedb.com/tools/r
edhat/rhel - $releasever - $basearch

enabled=1

gpgcheck=1

gpgkey=file:///etc/pki/rpm - gpg/ENTERPRISEDB- GPG KEY

Use your choice of editor to modify the repository configuration file:

1. Replace theiser _name andpassword placeholders in theaseurl
specification with your user name and the repository password.

2. Replace th® next toenabled with al.
Save the configuration file and exit the editor.

After modifying the content of the repository configuration file, you can usguthe
install command to install the connector; use the command:

yum install edb- jdbc

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 15
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During the installation, yum may encoungedependency that it cannot resolve. If it
does, it will provide a list of the required dependencies that you must manually resolve.

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 16
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4.1.2 Installing the Connector on an SLES 12 Host

You can use the zypper package manager to install the connector oBariShost.
zypper will attempt to satisfy package dependencies as it installs a package, but requires
access to specific repositories that are not hosted at EnterpriseDB.

Before installing the connector, use the following commands to add EnterpriseDB
repository configuration files to your SLES host:

zZypper addrepo https://zypp.enterprisedb.com/suse/ epas 11-
sles.repo

zypper addrepo https://zypp.enterprisedb.com/suse/epas -sles -
tools.repo

zypper addrepo https://zypp.enterprisedb.com/suse/epas -sles -

dependencie s.repo

Each command creates a repository configuration file ireth&ypp/repos.d
directory. The files are named:

1 Edbas 11suse.repo
1 edbasdependencies.repo
9 edbastools.repo

After creating the repository configuration files, useyygper refresh commando
refresh the metadata on your SLES host to include the EnterpriseDB repositories:

let c/zypp/repos.d # zypper refresh

Repository 'SLES12 -12- 0'is up to date.

Repository 'SLES12 - Poal' is up to date.

Repository 'SLES12 - Updates' is up to date.

Retrieving rep ository 'EDB Postgres Advanced Server 11 12 -
x86_64' metadata [\]

Authentication required for

'https://zypp.enterprisedb.com/ 11/suse/suse - 12-x86_64'

User Name:

Password:

Retrieving repository 'EDB Postgres Advanced Server 11 12 -
x86_64' metadata................oeeeeeiiiiiinnes [done]

Building repository 'EDB Postgres Advanced Server 11 12 - x86_64
cache.......cooccveeviiinnnn, [done]

All repositories have been refreshed.

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 17
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When prompted for Biser Name andPassword , provide yar connection credentials
for the EnterpriseDB repository. If you need credentials, contact EnterpriseDB at:

https://www.enterprisedb.com/repositaagcesgequest

Before installing EB Postgres Advanced Server or supporting components, you must
also add SUSEConnect and the SUSE Package Hub extension to the SLES host, and
register the host with SUSE, allowing access to SUSE repositories. Use the commands:

zypper install SUSEConnect
SUEConnect - p PackageHub/12/x86_64
SUSEConnect -psle -sdk/12/x86_64

For detailed information about registering a SUSE host, visit:

https://www.suse.com/support/kb/doc/?id=7016626

Then, you can se the zypper utility to install the connector:

zypper install edb - jdbc

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 18
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4.1.3 Installing a DEB Package on a Debian or Ubuntu Host

To install a DEBpackage on ®ebian or Ubuntu host, you must have credentials that
allow access to the EnterpriseD&ppsitory. To request credentials for the repository,
visit the EnterpriseDB\dvanced Downloads page at:

https://www.enterprisedb.com/advanesdalvnloads

The following steps will walk you thrain on using the EnterpriseDBpt repository to
install a DEBpackage. When using the commands, replacesti@ame and
password with the credentials provided by EnterpriseDB.

1. Assume superuser privileges:
sudosu i
2. Configure the EnterpriseDB repository:

sh - c'echo "deb

https://username:password@apt.enterprisedb.com/$(Isb_release -
cs) - edb/ $(Isb_release - €S) main" >

/etc/apt/sources.list.d/edb - $(Isb_release - cs).list'

3. Add support to your system for secure APT repositories:
apt - get install apt -transport - http s
4. Add the EBD signing key:

wget -q -O - https://lusername:password
@apt.enterprisedb.com/edb - deb.gpg.key | apt -key add -

5. Update the repository meiata:
apt - get update
6. Install DEBpackage:
apt - get install edb - jdbc
Note: By default, the Debian 9x and Ubud®104 platform installs Java version. 10

Make sure you install Java version 8 on your system to run the EDBbdagd
components.

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 19
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4.1.4 Using the Graphical Installer to Install the Connector

You can use the EnterpriseDB Connectorsalifetion wizard to add th@DBC connector
to your system; the wizard is available at:

https://www.enterprisedb.com/advanedawnloads

This section demonstrates using thetallation Wzard to instalthe Connectorena
Windowssystem(Download the installer, and then, rigtlick on the installer icon, and
selectRun As Administrator from the context menu.)

When theLanguage Selection popup opensselect an installation language and click
OKto continueto theSetu p window (shownin Figure 3.).

EDB

POSTGRES Welcome to the EDB Postgres IDBC Setup.

EDB Postgres™

Advanced Server

< Back [ Mext = l[ Cancel ]

Figure 3.1 - TheJDBC Connectorinstallation wizard

Click Next to continue.

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 20
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Installation Directory »

Please specify the directory where JDBEC will be installed.
Installation Cirectory | C:Program Files\edbjdbd

InstallBuilder

’ < Back ]’ Next = ][ Cancel

Figure 3.2- Thelnstallationdialog.

Use thenstallation Directory  dialog (see Figur8.2) to specify the directory in
which the connector Wibe installed, and clicklext to continue.

i;@ = O x

Ready to Install »

Setup is now ready to begin installing JDEC on your computer,

InstallBuilder

[ < Back ]’ Next = ][ Cancel

Figure 3.3- TheReady to Instaltlialog.
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Click Next on theReady to Install  dialog (see Figur8.3) to start the installation;
popup dialogs confirm the progress of the installation wizard.

Em Completing the JDBC Setup Wizard

POSTGRES EnterpriseDB is the leading provider of value-added products and
services for the Postares community.

Please visit our website at www.enterprisedb. com

EDB Postgres™
Advanced Server

< Back Cancel

Figure 3.4 - Theinstallation is complete

When the wizard informs you that it has completed the setup, clickrtise button to
exit the dialog (see Figu@4).

You can also use StackBuilder Plus to add or update the connector on an existing
Advanced Server installion; to open StackBuilder Plus, select StackBuilder Plus from
the WindowsApps menu or through LinuXpplications menu (see Figurg.5).

™., Applicat L] Places system @ (o
4 Accessories >
@ e 1 TRCE L . O Expert Configuration
% Graphics » @ Run SOL Command Line - 11 b
@ intemet > Q Documentation - 11
fi| office > &} poadmin 4 - v2.0
ﬂ‘\' PostgreSQL 9.6 > a Ll
<= Programming >
&) sound & Video >
{} system Tools »

Figure 3.5 - Starting StackBuilder Plus
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When StackBuilder Plus opens, follow the onscreen instructithect the
Ente r priseDB JDBC Connector option from theDatabase Drivers node of the
tree control (see Figuiz6).

&% StackBuilder Plus 4.1.0 X
Published by: Please select the applications you would like to install.
Em [=-M Categories
POSTGRES = Add-ons, tools and utilities
£ Database Drivers
~[” EnterpriseDB .Met Connector v4.0.2.1

--[" EnterpriseDB ODBC Connector v10.03.0000.02

EDB Postgres [ Database Server
[+ EnterpriseDB Tools
Advanced server [+~ Replication Solutions
[+)--pm= Spatial Extensions
[+ \Web Development

Client connector APIs for JDBC.
Details

| <Back || Mext> | | cancel

Figure 3.6 - Selecting the Connectors installer.

Follow the directions of the onscreen wizard to add or update an installation of the
EnterpriseDB Conectors.
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4.2 Configuring the Advanced Server JDBC Connector
Advanced Serveships with the following JDBC drivers:

1 edb-jdbcl6.jar  supports IDBC version 4

1 edb-jdbcl7.jar supports JDBC version 4.1

1 edb-jdbcl8 .jar supports JDBC version 4.2

Note: Theedb- jdbcl6.jar  file is not available foLinux onPowerPC 64 little endian
(ppcb4le).

To make the JDBC driver available to Java, you must either co@pgrepriatgava
Jar file for the JDBC version that you are using to ybjava_home /jre/lib/ext
directory or append the location of thjar  file to theCLASSPATHenvironment
variable.

Note that if you choose to append the location ofdhefile to theCLASSPATH
environment variable, you must include the complete pathname:

[ usr /edb /jdbc/edb - jdbc xx.jar
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5 Using the Advanced Server JDBC
Connector with Java applications

With Java and the Advanced Server JDBC Connector in place, a Java application can
access an Advanced Server databassting 1.1 creates an application that executes a
guery and prints theesult set.

Listing 1.1

import java.sql.*;
public class ListEmployees

{
public static void main(String[] args)
{
try
{
Class.forName( " com.edb.Driver ;
Stringurl = " jdbc:edb://localhost:5444/edb "
String user = "enter prisedb
String password = "enterprisedb  ";
Connection con = DriverManager.getConnection(url, user, password);
Statement stmt = con.createStatement();
ResultSetrs = stmt .executeQuery( " SELECT * FROM emp");
while(rs.next() )
System.out.printin(rs.getString(1));
}
rs.close();
stmt.close();
con.close();
System.out.printin( " Command successfully executed ");
catch(ClassNotFoundException €)
{
System.out.printin( " Class Not Found : " + e.getMessage());
}
catch(SQLException exp)
System.out.printin( " SQL Exception: "+ exp.getMessage());
System.out.printin( " SQL State: "+ exp.getSQLState());
System.out.printin( " Vendor Error: " +ex p.getErrorCode());
}
}
}

This example is simple, but it demonstrates the fundamental steps required to interact
with an Advanced Server database from a Java application:

Load the JDBC driver

Build connection properties
Connect to the database server
Execute an SQL statement
Process the result set

E I
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1 Clean up
1 Handle any errors that may occur

5.1 Loading the Advanced Server JDBC Connector

The Advanced Server JDBC driver is written in Java and is distributed in the form of a
compiled JAR (Java Archive) fileUse theClass . forName () method to load the

driver. TheforName () method dynamically loads Java clasat runtime. When an
application cabtheforName () methodthe JVM (Java Virtual Machine) attempts to
find the @mpiled form (the bytecode) that implents the requested class.

The Advanced Server JDBC driver is naneech.edb.Driver:

Class.forName( " com.edb.Driver ");

After loading the bytecode for the driver, théver registers itself with another JDBC
class (namedriverManager ) that is responsible fananaging all thdDBCdrivers
installed on the current system.

If the JVM is unable to locate the named driver, it throvidassNotFound  exception
(which is intercepted with eatch block near the end of the program). The
DriverManager is designed todndle muliple JDBCdriver objects. You can write a
Java application that connects to more than one datapsteen via JDBC The next
section explains how to select a specific driver.
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5.2 Connecting to the Database

After the driver has loaded and igtgred itself with th®riverManager , the
ListEmployees  class can attempt to connect to the database server, as shown in the
following code fragment:

Stringurl =" jdbc:edb://localhost:5444/edb

String user = "enterprisedb";

String password = "e nterprisedb";

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

All JIDBC connections start with thHariverManager . TheDriverManager class

offers a static method callegtConnection() that is responsible for creating a
connection to thelatabase. Wheyou call thegetConnection() method, the
DriverManager must decide whicDBCdriver to use to connect to the database; that

decision is based on a URL (Uniform Resource Locator)ythapass to
getConnection().

A JDBC URL takes the ftdwing general format:

jdbc:< driver >:< connection parameters >

The first component in a JDBC URL is alwaggsc . When using the Advanced Server
JDBC Connector, the second component (the drivexks

The Advanced Server JDBC URL takes one of the follovianms:

jdbc:edb:<  database >
jdbc:edb://< host >/< database >
jdbc:edb://< host >:< port >/< database >

The following tableshows the various connection parameters:

Table 5-1 - Connection Parameters

Name Description
host The host name of the server. Default®otalhost
port The port number the server is listening on. Defaults to the Advanceq

Server standard port numbé&gd4 ).

database The database name.
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5.2.1 Additional Connection Properties

In addition to the stndard connection parameters, the Advanced Server JDBC driver
supports connection properties that control behavior specific to EnterpriséiBcan
specify these properties in the connection URL orR®perties  object parameter
passed t@riverManager .getConnection(). Listing 1.2 demonstrates how to use
aProperties  object to specify additional connection properties:

Listing 1.2
String url = "jdbc:edb://localhost/edb”;
Properties props = new Properties();

props.setProperty(“user”, "enterprisedb");

pr ops.setProperty("password”, "enterprisedb");

props.setProperty(“sslfactory", " com. edb.ssl.NonValidatingFactory");
props.setProperty("ssl", "true");

Connection con = DriverManager.getConnection(url, props);
Note: By default the combination &SL=true andsetting the connection URL
parametesslfactory=org.postgresql.ssl.NonValidatingFactory encrypts

the connection but does not validate the SSL certificate. To enforce certificate validation,
you must use @ustom SSLSocketFactory

For more details about viing aCustom SSLSocketFactory  , refer to:

https://jdbc.postgresql.org/documentation/head&ssbry.html

To specify additional connection properties in the URL, add a questiokand an
ampersangeparated list of keywordalue pairs:

String url = "jdbc:edb://localhost/edb?user=enterprisedb&ssl=true";
Some of the additional connection properties are showmreifollowing table

Table 5-2 - Additional Connection Properties

Name Type Description

user String The database user on whose behalf the connection is bg
made.

password String The database userds passw

ssl Boolean Requests an authenticated, encrypted SSL connection

loglevel Integer The value ofoglevel  determines the amount of detail
printed to theDriverManager 8 surrent value for
LogStream or LogWriter . It currently supports values o
com.edb.Driver. DEBUG
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Name

Type

Description

com.edb.Driver.INFO
Set the value of loglevel 10IFO to include sparse log
information or toDEBUQoO produce significant detail.

charSet

String

The value otharSet determines the character set used
data sent to or received from the database.

prepareThreshold

Integer

The value oprepareThreshold determines the number
of PreparedStatement  executions required before
switching to server side prepared statements. The defa
five.

loadBalanceHosts

Boolean

In default mode (disabled) hosts are connected in the gi
order. If enabledhosts are choseandomly from the set of
suitable candidates.

targetServerType

String

Allows opening connections to only servers vilib
required state. fie allowed values aky, master ,
secondary , preferSecondary , and
preferSyncSecondary . The mastesecondargistinction
is currently done by observing if the server allows writes
The valuepreferSecondary  tries to connect to
secondarieff any are available, otherwise allows
connectingo the masterThe Advaiced Server JDBC
ConnectoisupportspreferSyncSecondary  , which
permits connection to only synchronosscondariesr the
master if there are no active synchronseisondariesSee
Section5.2.2for information onpreferSyncSecondary

Note: The valueslave , preferSlave , and

preferSyncSla ve have been depreieal as they have
beenreplacedy t he fAsecondaryo
values are currently still supported, and tise of the terms
isl aved and fisecondaryaq p
however, it is adviagued to

skipQuotesOnReturning

Boolean

When set tarue , column namefrom theRETURNING
clause are not quotedihis eliminates a cassensitive
comparison of the column nam#&hen set tdalse (the
default setting), column naraere quoted.
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5.2.2 Preferring Synchronous Secondary Database Servers

The Advanced ServeDBC Connector supportsptionpreferSyncSecondary for the
targetServerType connection propertgs listedn Table5-2.

Note: Use of hetargetServerType valuesslave , pref erSlave , and

preferSyncSlave  all provide the sameorresponding set dfinctionality as values

secondary , preferSecondary , andpreferSyncSecondary however the sl
val ues have been deprecated. 't is advised t

ThepreferSync Secondary optionprovides greferencdor synchronous, standby
servers fordilover connectionand thus ignoring asynchronous servers

The specification of this capability the connection URL is shown by the following
syntax:

jdbc:edb:// master : port , secondary _1:port _1, secondary _2:port 2 ,../
database ?targetServerType=preferSync Secondary

Parameters

master : port

ThelP addres®r a name assigned tile master database server followed by its
port numberlf master is aname, it must be specifiedth its IP addres the
letc/hosts  file on the host running the Java progr&ute: The master
database server can be specifiedny location in the list. It does not have to
precede theecondarylatabase servers.

secondary _n:port n

ThelP addres®r a name asgned to astandbysecondarylatabase server
followed by its port numbelf secondary _n is aname, it musbe specifiedvith
its IP addresm the/etc/hosts  file on the host running the Java program

database
The name of the database to which the cotoe is to be made.

The following is an example of the connection URL.:

String url =
" jdbc:edb://master:5300, secondary 1:5400/edb?t argetServerType=preferSync Secondary ";
con = DriverManager.getConnection(url, "enterprisedb”, "edb");
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The following claracteriics apply tathepreferSync  Secondary option

The master database serugy be specified in any location in tbennection list.
Connectiorfor accessing the database for usage by the Java pragfiash
attempted o synchronousecondaryThesecondey servers are available for
readonly operations.

No connection attempt is made toyaservers running asynchronous mode
The order in which connection attempts are made is determined by the
loadBalanceHosts ~ connection property as describedliable5-2. If disabled,
which is the default setting, connection attempts are made in the-lajht order
specified in the connection list. If enabled, connection attempts are made
randomly.

1 If connection canot be made to synchronoissecondarythen connection to the
master database server is ugethe master database server is not active, then the
connection attempt fails.

1
1

E |

Thesynchronousecondarieto be used for thpreferSync  Secondary option must be
configured for hot standbusage.

The following section provides a brief overview of setting up the mastesesmushdary
database servers for hot standby, synchronous replication.

5.2.2.1 Configuring Master and Secondary Database Servers Overview

The process for configuring a master aadondarydatabase servers are described in the
PostgreSQL documentation.

For generainformation on hot standby usagehich is needed for the
preferSync Secondary option,seeThe PostgreSQCore Document&bn available at:

https://www.postgresqgl.org/docs/11/staticAstandby.html

For informaton on creating a base backup floe secondarylatabase server frothe
master, see Section 25.3\2aking a Base Backufglescribes usage of the
pg_basebackup utility program) or Section 25.3.3Mlaking a Base Backup Using the
Low Level APWwithin Section 25.Zontinuous Archiving and Pokim-Time Recovery
(PITR)in The PostgreSQCore Documentatioavailable at:

https://www.postgresaql.org/docs/11/static/contindatrchiving.html

For information on the configuration parameters that must be set for hot standby usage,
seeThe PostgreSQCore Documentatioavailable at:

https://www.postgresal.org/docs/11/static/runtinomfig-replication.html
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The following section provides a basic example of setting up the mastseemmtay
database servers.

5.2.2.2 Sample Master and Secondary Database Servers
The mastesecondargtandby environment is the following:

1 Master database server on host 192.168.2.24, port 5444
1 Secondarylatabase server namsgtondary 1 on host 192.168.2.22, port 5445
1

Secondarydatabase server namssetondary 2 on host 192.162.2.24, port 5446
(same host as thmastey

On the master database servgg_hba.conf file, thee must be a replication entry for
each unique replication databa$®ERADDRESSombination for alsemndarydatabase
servers. Irthe following examplgsuperuseenterprisedb  is used a the replication
database user for both tbecondary 1 database server on 192.168.2.22 and the
secondary 2 database servéhat islocal relative to the master

# TYPE DATA BASE USER ADDRESS METHOD
host replication enterprisedb  192.168.2.22/32 md5
host replication enterprisedb 127.0.0.1/32 md5
After the master database server has been configuredpodfyeesgl.conf file

along withits pg_hba.conf file, database serveecondary 1 is created by invoking
the following commanan host192.168.2.22 fosecondary 1:

su 1 enterprisedb

Password:

-bash-4.1$ pg_basebackup -D/opt/ secondary 1 -h 192.168.2.24 -p544 4 -Fp -R - Xstream -1
' Secondary 1'

On thesecondarylatabase servegbpt/ secondary 1, arecovery.conf file is
generated in the database clustdrich has beeaditedin the following exampldy
adding theapplication_name=  secondary 1 settingaspart of the
primary_conninfo stringand removal of some of the other unneeded options
automatically generated Ipg_basebackup . Also note the use of treandby_mode
='on' parameter.

standby_mode = 'on'
primary_conninfo = 'user=enterprisedb password=password host=19 2.168.2.24
port=5444 application_name= secondary 1'

Theapplication nameecondary 1 must be included in the
synchronous_standby names parameter of the master
postgresql.conf file.

Secondarylatabase serveecondary 2 is created inm@alterrative manneon thesame
host used byhe master:
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su - enterprisedb

Password:

- bash - 4.1% psql

Password:
pg_start_backup
0/6000028

(1 row)

-dedb -c"SELECT pg_start_backup( Secondary 2"

- bash - 4.1$ cp
- bash - 4.1% psql
Password:
NOTICE: pg_stop_backup complete, all required WAL segments have been archived
pg_stop_backup
0/6000130
(1 row)

-rp/ var/lib  /edb/as 11/data /opt/ secondary 2
-dedb -c"SELECT pg_stop_backup()"

On thesecondarylatabase servéspt/ secondary 2, create theecovery.conf file
in the database cluster. Note Hpplication_name=  secondary 2 settingas part of
the primary_conninfo stringasshown in the following example. Also be sure to
include thestandby_mode = ‘on' parameter.

standby_mode = 'on'
prim ary_conninfo = 'user=enterprisedb password=password host=localhost
port=5444 application_name= secondary 2'

Theapplication nameecondary 2 must be included in the

synchronous_standby names parameter of the master
postgresql.conf file.
Makesure heconfiguration parameter settjs in thepostgresgl.conf file of the

secondarylatabase servers are properly patticularly withhot_standby=on

The following tabldists the basigostgresql.conf configuration parameter settings
of the mastedatabase server as compared tesstmondarylatabase servers:

Table 5-3 - Master/Secondary Configuration Parameters

Parameter Master Secondary | Description
. Completed WAL segments sent t(
archive_mode on off .
- archive storage
. cp %p .
archive_command [ archive_dir /%% n/a Archive completed WAL segmest
hot_standby (9.5 or . .
- . Informationwritten to W.
wal_level earlier) replica (9.6 | minimal ormationwritten to WAL
segment
or late)
o Maximum concurrent@nnections
max_wal_senders 0
- n (positive integer) from standby servers
Minimum number of past log
wal_keep_segments n (positive integer) 0 segments to keep for standby
servers
List of standby servers for
synchronous_standby n( secondary 1, n/a synchronous replication. Mube
_names secondary 2,...) present to enable synchronous
replication These are obtained
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Parameter Master Secondary | Description

from theapplication_name
option of theprimary_conninfo
parameter in theecovery.conf
file of each standby server.

Client goplication can connect and
hot_standby off on run queries on theecondarerver
in standby mode

Secondarylatabase serveecondary 1 is started:

- bash-4.1$ pg_ctl start -D/opt/ secondary 1 -Ilogfile -0 "-pb5445 "
server starting

Secondarylatabase serveecondary 2 is started:

-bash-4.1$ pg_ctl start -D/opt/ secondar y2/data - |logfile -0 "-pb446 "
server starting

To ensure that theecondarylatabase servers are properly seinugynchronous moge
use the following qugron the master database server. Note thagdytie _state
column lists applicationsecondary 1 andsecondary 2 assync .

edb=# SELECT usename, application_name, client_addr, client_port, sync_state FROM
pg_stat_replication;
usename | application_name | client_addr | client_port | sync_state

-------------- Fomemeem e eeeee Fomomenemeene- SRR ERRE S SO
enterprisedb | secondaryl | 192.168.2.22 | 53525 | sync
enterprisedb | secondary?2 | 127.0.0.1 | 36214 | sync

(2 rows)

The connection URlusedis the following:

Stri ng url =

" jdbc:edb://master:5444, secondaryl : 5445, secondary? :5446 /edb?t argetServerType=preferSync
Secondary ";

con = DriverManager.getConn ection(url, "enterprisedb"”, "password ");

The/etc/hosts  file on the host running the Java program contains the following
entrieswith the server names specified Iietconnection URL string

192.168.2.24 localhost.localdomain master
192.168.2.22 localhost.localdomain secondaryl
192.168.2.24 localhost.localdomain secondary?2

Note: Though theconnectionJRL namessecondary 1 andsecondary 2 happen to
match the application names given in phienary_conninfo and
synchronous_standby names parameters, tkiis not a requirement. Tleennection
URL names are independent of the application names specified by the
primary_conninfo andsynchronous_st andby names parameters.
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For this example, the preferred synchronseisondarygonnection option results in the
first usage attempt made eecondary 1, then orsecondary 2 if secondary 1 is not
active, then on thmaster if both secondary 1 andsecondary 2 arenot active as
demonstrated by the following program that displays the IP address and port of the
database server to which the connection is made.

import java.sql.*;
public class InetServer

public static void main(String[] args)

{
try
Class.forName("com.edb.Driver");
String url =
"jdbc:edb://master:5444, secondary 1:5445, secondary 2:5446/edb?targetServerType=preferSync
Secondary "
String user = "enterprisedb”;
String password = "password";
Connection con = Driv erManager.getConnection(url, user, password);

ResultSet rs = con.createStatement().executeQuery("SELECT inet_server_addr() ||
""|| inet_server_port()");

rs.next();

System.out.printIn(rs.getString(1));

rs.close();
con.close ();
System.out.printin("*Command successfully executed");

catch(ClassNotFoundException e)
System.out.printin(“Class Not Found : " + e.getMessage());
}
catch(SQLException exp)
{

System.out.printin("SQL Exceptio n: " + exp.getMessage());
System.out.printin("SQL State: " + exp.getSQLState());
System.out.printin(*Vendor Error: " + exp.getErrorCode());

}
}
}

Case 1: Whenall database servers are actisennections made tcsecondary 1 on
192.168.2.22 port 5445.

$ java InetServer
192.168.2.22/32:5445
Command successfully executed

Case 2: Whensecondary 1 is shut down, connection is madestxondary 2 on
192.168.2.24 port 5446.

bash-4.1 $/ usr /edb/as 11/bin/ pg_ctl stop -D/opt/ secondaryl
waiting for server to shut down.... done
server stopped

$ java InetServer

192.168.2.24/32:5446
Command successfully executed
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Case 3: Whensecondary 2 is also shut down, connection is made tortlaster on
192.168.2.24 port 5444,

bash-4.1 $/ usr /edb/as 11/bin/ pg_ctisto p -D/opt/ secondary2 /data
waiting for server to shut down.... done
server stopped

$ java InetServer

192.168.2.24/32:5444
Command successfully executed
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5.3 Executing SQL Statements through Statement Objects

After loading theAdvanced Server JBC Connectodriver and connecting to the server,
thecode in the samplapplication builds a JDBGtatement object, executes &QL
guery,and displays the results.

A Statement object sends SQL statements to a database. There are three kinds of
Statement objects Each is specialized to send a particular type of SQL statement:

1 A Statement object is used to execute a simple SQL statement with no
parameters.

1 A PreparedStatement  object is used to execute a m@mpiled SQL statement
with or without IN paraneters.

1 A CallableStatement object is used to execute a call to a database stored
procedure.

You must construct §tatement object before executing an SQL statement. The
Statement object offers a way to send a SQL statement to the server (and gaintaccess
the result set). Eacktatement object belongs to @onnection ; use the

createStatement () method to ask th€onnection to create th&tatement object.

A Statement object defines several methods to execute different types of SQL
statements. In the sg@he application, thexecuteQuery() method executa
SELECTstatement:

Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery("SELECT * FROM emp");

TheexecuteQuery () method expects a single argument: the SQL statemenjahat
want b execute.executeQuery () returns data from the query irRasultSet object.

If the server encounters an error while executing the SQL statement provided, it throws
anSQLException (and does not returnResultSet ).
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5.3.1 Using Named Notation with a Callable Statement Object

The JDBC Connector (Advanced Server version 9.6 and later) supports the use of named
parameters when instantiatingGallableStatement object. This syntax is an
extension of JDBC supported syntax, and does not conform to the JDBC standard

You can use &allableStatement object to pass parameter values to a stored
procedure. You can assign valuegNgo OUT, andINOUT parameters with a
CallableStatement object

When using th&€allableStatement class, you can use ordinal notation or named
notation to specify values for an actual arguments. You must set a value fox each
INOUT parameter marker in a statement.

When using ordinal notation to pass values GakableStatement object, you

should use the setter method that correspontigetparameter type. For example, when
passing &TRINGVvalue, use theetString  setter method. Each parameter marker
within a statement?) represents an ordinal value. When using ordinal parameters, you
should pass the actual parameter values to #itensént in the order that the formal
arguments are specified within the procedure definition.

You can also use hamed parameter notation when specifying argument values for a
CallableStatement object. Named parameter notation allows you to supply values

for only those parameters that are required by the procedure, omitting any parameters that
have acceptable default values. You can also specify named parameters in any order.

When using named notation, each parameter name should corresp@@LioNMNNAME
returned by a call to theatabaseMetaData .getProcedureColumns  method. You
should use the => token when including a named parameter in a statement call.

Use theregisterOutParameter method to identify eac@UTor INOUT parameter
marker in the statement.

Examples

The following examples demonstrate using@a#iableStatement method to provide
parameters to a procedure with the following signature:

PROCEDURE hire_emp (ename VARCHAR?2
empno NUMBER
job VARCHKR?2
sal NUMBER

hiredate DATE DEFAULT now(),
mgr NUMBER DEFAULT 7100,
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deptno NUMBER
)

The following example uses ordinal notation to provide parameters:

Callable Statement cstmt = con.prepareCall
("{CALL hire_emp(?,?,?2,?2,2,2,2)}" );
//Bind a value to each parameter.
cstmt.setString(1, "SMITH");
cstmt.setlInt(2, 8888);
cstmt.setString(3, "Sales");
cstmt.setlInt(4, 5500);
cstmt.setDate(5, "2016 - 06- 01");
cs tmt.setInt(6, 7566);
cstmt.setlnt(7, 30);

The following example uses named notation to provide parameters; using named

notation, you can omit parameters that have default valuesoodee parameters:

CallableStatement cstmt = con.prepareCall
("{CALL hire_emp(ename => ?,
job =>?,
empno => ?,
sal => ?,
deptno => ?

)1

//Bind a value to each parameter.
cstmt.setString("ename”, "SMITH");
cstmt.setint("em pno", 8888);
cstmt.setString("job", "Sales");
cstmt.setlInt("sal", 5500);
cstmt.setInt("deptno”, 30);
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5.4 Retrieving Results from a ResultSet Object

A ResultSet  object is the primary storage mechanism for the data returned by an SQL
statement. EdcResultSet object contains both data antktadatain the form of a
ResultSetMetaData  object). ResultSetMetaData  includes useful information

about results returned by the SQL command: column names, column count, row count,
column length, ando on

To acess the row data stored iResultSet  object, an application calls one or more
gettermethods. Agettermethod retrieves the value in particular column of the current
row. There are many differegettermethods; each method returns a value of a
partiaular type. For example, thetString () method returns 8TRINGtype;the
getDate () method returns Bate , and thegetint () method returns aNT type.
When an application callsgettermethod, JDBC tries to convert the value into the
requested type.

EachResultSet keeps an internal pointer that points to the current row. When the
executeQuery () method returns ResultSet |, the pointer is positiongokeforethe
first row; if an application calls gettermethod before moving the pointer, thetter
methodwill fail. To advance to the next (or first) row, call tResultSet ’ Bext()
method. ResultSet . next() is a boolean method; it returMRUEIf there is another
row in theResultSet or FALSEIf you have moved past the last row.

After moving the pointera the first row, the sample application usesg#tsString ()
gettermethod to retrieve the value in the first column and then prints that value. Since
ListEmployees  callsrs.next() andrs.getString() in a loop, it processes each
row in the result setLi stEmployees exits the loop whers . next () moves the

pointer past the last row and retuR#LSE

while(rs.next())

System.out.printin(rs.getString(1));
}

When using th®esultSet interface, remember:

1 You must calhext () before reading any valuesext () returns true if another
row is available and prepares the row for processing.

1 Under the JDBC specification, an application should access each row in the
ResultSet  only once. It is safest to stick to this rule, although at the current
time, the Advance&erver JDBC driver will allow you to access a field as many
times as you want.

1 When you’ ve fResutbes h@ldthedose() n gnethod to free the
resources held by that object.
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5.5 Freeing Resources

Every JDBC object consumes some number of ressuB®esultSet  object, for

example, may contain a copy of every row returned by a qu&tgtement object may

contain the text of the | ast command execut e
free up those resources when the application no taregds them. The sample

application releases the resources consumed [Bethét , Statement , and

Connection obj ects by cadlobe) ngetreach object’ s

rs.close();
stmt.close();
con.close();

If you attempt to use a JDBC object after closing it tigect will throw an error.
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5.6 Handling Errors

When connecting to an external resource (such as a database server), errors are bound to
occur; your code should include a way to handle these errors.JBBiandthe

Advanced Server JDBC Cortter provide various types of error handling. The
ListEmployees  class (Listing 1.1) demonstrates how to handle an error using

try/catch  blocks.

When a JDBC object throws an error (an object of §Q&Exception or of a type
derived fromSQLException ), theSQLException object exposes three different pieces
of error information:

1 Theerror message.
1 The SQL State.
1 A vendorspecific error code.

In the example, the following code displays the value of these components should an
error occur:

System.out.printin("S QL Exception: " + exp.getMessage());
System.out.printin("SQL State: " + exp.getSQLState());
System.out.printin("Vendor Error: " + exp.getErrorCode());

For example, if the server tries to connect to a database that does not exist on the
specified hostthe following error message is displayed:

SQL Exception: FATAL: database "acctg" does not exist
SQL State: 3D000
Vendor Error: 0

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 42



EDB Postgres Advanced Server JDBC Connector Guide

6 Executing SQL Commands with
executeUpdate()

In the previous examplastEmployees  executed S8ELECTstatement usonthe

Statement . executeQuer y() method.executeQuery()  was designed to execute
guery statements so it returns a ResultSet that contains the data returned by the query.
TheStatement class offers a second method that should use to execute other types

of commandsPDATE INSERT, DELETE and so forth).Instead of returning eollection

of rows theexecuteUpdat e() methodreturns the number of rows affected by the SQL
command it executes

Thesignature of theexecuteUpdate() = method is:

int executeUpda  te(String sqglStatement)

Provide this method a single parameter of tpimg , containing the SQL command
thatyouwish to execute.

6.1 Using executeUpdate() to INSERT Data

Listing 1.3 demonstrates using tisecuteUpdate() method to add a row to tleenp
table.

NOTE: the following example is not a complete application, only a ntkttioe samples
in theremainder of this documedb notinclude the code required to set up and tear
down aConnection . To experiment with the examplgu mustprovide a classhiat
invokes the sample code.

Listing 1.3

public void updateEmployee(Connection con)
{

try

{

Console console = System.console();
Statement stmt = con.createStatement();

String empno = console.readLine("Employee Number :");
String ename = console.readLine("Employee Name :");
int rowcount = stmt.executeUpdate("INSERT INTO emp(empno, ename)

System.out.printin("");
System.out.printin("Success - "+rowcount+" rows affected.");

catch(E xception err)

{

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();
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}
}

TheupdateEmployee() = method expects a single argument from the caller, a
Connection object that must beonnected tan Advanced Server database.:

public void updateEmployee(Connection con)

Next,updateEmployee()  prompts the user for an employee name and number:

String empno = console.readLine("Employee Number :");
String ename = console.readLine("Employee N ame :");

updateEmployee()  concatenates the values returneadmysole.readline() into
anINSERT statement and pass the result toetkezuteUpdate() method.

int rowcount = stmt.executeUpdate("INSERT INTO emp(empno, ename)
VALUES("+empno+","+ename+")");

For example, if the user enters an employee numb&aaf and a name afones , the
INSERT statement passed éxecuteUpdate () will look like this:

INSERT INTO emp(empno, ename) VALUES(6000, 'Jones");

TheexecuteUpdate() method returns the number of rowgeated by the SQL
statement (amNSERT typically affects one row, but atPDATEor DELETEStatement can
affect more). liexecuteUpdate()  returns without throwing an error, the call to
System . out . printin  displays a message to the user that shows the nuhimws
affected.

System.out.printin("");
System.out.printin("Success - "+rowcount+" rows affected.");

The catch block displays an appropriate error message to the user if the program
encounters an exception:

{

System.out.printin("An error has occurred. ");
System.out.printin("See full details below.");
err.printStackTrace();

}
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6.1.1 executeUpdate() Syntax Examples

You can usexecuteUpdate()  with anySQL command that doesotreturn a result
set. Some simple syntax examples ugxeputeUpdate()  with SQL commands
follow:

To use theJPDATECcommand withexecuteUpdate()  to update a row:

stmt.executeUpdate("UPDATE emp SET ename="+ename+" WHERE empno="+empno);

To use thdbELETEcommand witlexecuteUpdate()  to remove a row from a table:

stmt.executeUpdate("'D ELETE FROM emp WHERE empno="+empno);

To use thdOROPTABLE command withexecuteUpdate()  to delete a table from a
database:

stmt.executeUpdate("DROP TABLE tablename ");

To use the€REATETABLE command withexecuteUpdate()  to add a new table to a
database:

st mt.executeUpdate("CREATE TABLE tablename (fieldname  NUMBER(4,2),
fieldname2  VARCHARZ2(30))");

To use theALTERTABLE command withexecuteUpdate()  to change the attributes of
a table:

stmt.executeUpdate("ALTER TABLE tablename ADD COLUMNcolname BOOLEAN");
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7/ Adding a Graphical Interface to a
Java Program

With a little extra workyou can add a graphical user interface to a progrim next
example (Listing 1.4) demonstrates how to write a Java application that créasedea
(a spreadshedike graphcal object) and copies the data returned by a query into that
JTable .

NOTE: The following sample application is a method, aaomplete application. To
call this methodprovide an appropriat@ain() function and wapper class

Listing 1.4

import java. sql.*;

import java.util.Vector;

import javax.swing.JFrame;
import javax.swing.JScrollPane;
import javax.swing.JTable;

public void showEmployees(Connection con)
{

try

{

Statement stmt = con.createStatement();

ResultSet rs = stmt.executeQuer y("SELECT * FROM emp");

ResultSetMetaData rsmd = rs.getMetaData();

Vector labels = new Vector();

for(int column = 0; column < rsmd.getColumnCount(); column++)
labels.addElement(rsmd.getColumnLabel(column + 1));

Vector rows = new Vector();
while(rs.next())

Vector rowValues = new Vector();

for(int column = 0; column < rsmd.getColumnCount(); column++)
rowValues.addElement(rs.getString(column + 1));

rows.addElement(rowValues);

}

JTabl e table = new JTable(rows, labels);

JFrame jf = new JFrame("Browsing table: EMP (from EnterpriseDB)");
jf.getContentPane().add(new JScrollPane(table));

jf.setSize(400, 400);

jf.setVisible(true);

jf.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
System.out.printin("Command successfully executed");

catch(Exception err)

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();
}
}
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Before writing heshowEmployees() method, you must import the definitions for a
few JDK-provided classes:

import java.sql.*;

import java.util.Vector;

import javax.swing.JFrame;
import javax.swing.JScrollPane;
import javax.swing.JTable;

TheshowEmployees() method expectaConnection object to be provided by the
caller; theConnection object must be connectedttee Advanced Server:

public void showEmployees(Connection con)

showEmployees() creates &tatement and uses thexecuteQuery()  method to
execute an SQL query thgénerates an employee list:

Statement stmt = con.createStatement();
ResultSet rs = stmt.executeQuery("SELECT * FROM emp");

As youwould expectexecuteQuery()  returns eResultSet object. TheResultSet

object contains the metadata that describestiapeof the result set (that is, the number
of rows and columns in the result set, the data type for each column, the name of each
column, and so forth). You can extract the metadata frorRdbetSet by calling the
getMetaData()  method:

ResultSetMetaData rsm d = rs.getMetaData();

Next,showEmployees() creates &ector (a one dimensional arraig hold the
column headers and then copies each header froretutMetaData  object into the
vector:

Vector labels = new Vector();
for(int column = 0; column < rsmd.ge tColumnCount(); column++)

labels.addElement(rsmd.getColumnLabel(column + 1));

}

With the column headers in plashowEmployees() extracts each row from the
ResultSet and copies it into a newector(namedows ). Therows vectoris actually a
vector of vectorseach entry in theows vectorcontainsa vectorthat contains the data
values in that row. This combination forms the #lmensional array that you will need
to build aJTable . After creating theows vector, the program reads throughch row

in theResultSet  (by callingrs.next() ). For each column in each rowgetter
method extracts the value at that row/column and adds the valueréo/tteues

vector Finally,showEmployee() adds eaclhowValues vectorto therows vector

Vecto r rows = new Vector();
while(rs.next())
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Vector rowValues = new Vector();

for(int column = 0; column < rsmd.getColumnCount(); column++)
rowValues.addElement(rs.getString(column + 1));

rows.addElement(rowValues);

}

At this point, thevector(labe Is ) contains the column headers, and a second two
dimensionaklector(rows ) contains the data for the table. Now you can creatalse
from thevectorsand aJFrame to hold theJTable :

JTable table = new JTable(rows, labels);

JFrame jf = new JFrame("Bro wsing table: EMP (from EnterpriseDB)");
jf.getContentPane().add(new JScrollPane(table));

jf.setSize(400, 400);

jf.setVisible(true);

jf.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
System.out.printin("Command successfully executed");

TheshowEmploy ees() method irtludes acatch blockto intercept any errors that may
occur and displagin appropriate message to the user:

catch(Exception err)

{
System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printSt ackTrace();

}

The result of calling thehowEmployees() method is shown in Figui@1:

2 Browsing table: EMP { from EnterpriseDB) g@

empn0|ename| jok | mar |hiredate| sal |c0mm|deptnn|
V369 |SMITH |CLERM 7902 |1980-... 800.00 20
7499  |ALLEW |BALE.. |FEY8  |1981-.. 1600.00/300.00 |30
7E21 |WARD |BALE.. |FES8  |1881-.. 1250.00/500.00 |30

7AEE  |JOMES |MAMA.. 738 |1981-.. |2875.00 20
7E54  |MARTIN|SALE.. |FE98  |1981-.. [1250.00{1400.00/30
TEIE  |BLAKE |mMARMA..|7B33  |1981-.. |2850.00 an
7782 |CLARK |MAMA.. 7839 |1981-.. |2450.00 10
7788 |SCOTT AMAL.. [F9B6  |1987-..|3000.00 20
7838 |KING  |PRESL. 1981-... |5000.00 10
7844 |TURM..|SALE.. |[FE898  [1981-.. [1500.00/0.00 a0
7ar6  |ADAME (CLERK 7788 |1987-..[1100.00 20
7900 |JAMES |CLERK [FES8  |[1981-.. [950.00 a0
7902 |FORD |AMAL.. |FAE6  |1981-..[3000.00 20
7934  |MILLER |CLERK |F782  |1982-..[1300.00 10

Figure 6.1 - TheshowEmployees Window
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8 Advanced JDBC Connector
Functionality

The previous example created a graphical user interface that displayed a result set in a
JTable . Now we will switch gears and showu some of the more advanced features of
the Advanced Server JDBC Connector.

To avoid unnecessary clutter, the rest of the code samples in this document will use the
console to interact with the user insteadr@ating a graphical use interface.

8.1 Reducing Client -side Resource Requirements

The Advanced Server JDB®iver retrieves the results of a SQL query deaultSet
object. If a query returns a large number of rows, using a baRdseitSet  will:

1 Reduce th amount of time it takes to retrieve the first row.
1 Save time by retrieving only the rows that you need.
1 Reduce the memory requirement of the client.

Whenyoureduce the fetch size ofResultSet obj ect, t he driver doesn
ResultSet acrosghe network (from the server to the client). Instead, the driver

requests a small number of rows at a time; as the client application moves through the

result set, the driver fetches the next batch of rows from the server.

Batchedresult sets cannot besed in all situationsNot adhering tohtefollowing
restrictions will make the driver silently fall back to fetching the wikasultSet  at
once:

The client application must disatdetocommit

The Statement  objectmust be created withResultSet type d
TYPE_FORWARD_ONIype (whichis the default TYPE_FORWARD_ONLk&sult
sets can onlgtep forward through theesultSet

1 The query must consist afsingle SQL statement.

T
T
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8.1.1 Modifying the Batch Size of a Statement Object

Limiting the batch size of ResultSet  object can speed the retrieval of data and reduce
the resources needed by a chsiate application. Listing 1.5 createStatement
object with a batch size limited to five rows.

Listing 1.5

/I Make sure autocommit is off
conn.setAutoCommit(fals e);

Statement stmt = conn.createStatement();
/I Set the Batch Size.
stmt.setFetchSize(5);
ResultSet rs = stmt.executeQuery("SELECT * FROM emp");
while (rs.next())
System.out.printin(“a row was returned.");

rs.close();
stmt.close();

The call toconn . setAutoCommit(false) ensures that the server
ResultSet  beforeyou have a chance to retrieve the first row. After preparing the
Connection , you can construct &tatement object:

Statement stmt = db.createStatement();

The following code g8 the batch size to five (rows) before executing the query:

stmt.setFetchSize(5);

ResultSet rs = stmt.executeQuery("SELECT * FROM emp");

For each row in thResultSet  object, the call tgrintin() printsa row was
returned
System.out.printin("a row was returned.");

Remember, while thResultSet contains all of the rows in the table, they are only

fetched from the server five rows at a ti me.

difference between laatchedresult set and amnbatchedesult set ishat a batched result
may return the first row in less time.

Next, we will look at another feature (tResparedStatement ) thatyou can use to
increase the performance of certain JDBC applications.
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8.2 Using PreparedStatements to Send SQL Commands

Many appli@tions execute the same SQL statement over and over again, changing one or
more of the data values in the statement between each iteration. If yoStatenant

object to repeatedly execute a SQL statement, the server must parse, plan, and optimize
thestatement every time. JDBC offers anotBt&atement derivative, the

PreparedStatement  to reduce the amount of work required in such a scenario.

Listing 1.6 demonstrates invokingPeeparedStatement  that accepts an employee ID
and employee name and insehat employee information in tleenptable:

Listing 1.6

public void AddEmployee(Connection con)

{

try

{
Console ¢ = System.console();
String command = "INSERT INTO emp(empno,ename) VALUES(?,?)";
PreparedStatement stmt = con.prepareStatemen t(command);
stmt.setObject(1,new Integer(c.readLine("ID:")));
stmt.setObject(2,c.readLine("Name:"));
stmt.execute();

System.out.printin("The procedure successfully executed.");

catch(Exception err)

{

System.out.printin("An err or has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();

}
}

Instead of hargtoding data values in the SQL statemgat insertplaceholdergo
represent the values that will change with each iteration. gi&t® shows aiNSERT
statement that includes two placeholders (each represented by a question mark):

String command = "INSERT INTO emp(empno,ename) VALUES(?,?)";

With the parameterized SQL statement in handAtitEmployee() method can ask the
Connection object to prepare that statement and retuPreparedStatement  object:

PreparedStatement stmt = con.prepareStatement(command);

At this point, thePreparedStatement  has parsed and planned tNSERT statement,
but it does not know what values to add te tible. Before executing the
PreparedStatement , you must supply a value for each placeholder by callseftar
methal. setObject() expectgwo arguments:
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1 A parameter numbgparameter number one corresponds to the first question
mark, parameter nureb two corresponds to the second question mark, etc.

1 The value tsubstitutefor the placeholder.

TheAddEmployee() method prompts the user for an employee ID and name and calls
setObject()  with the values supplied by the user:

stmt.setObject(1,new Integer (c.readLine("ID:")));
stmt.setObject(2, c.readLine("Name:"));

And then asks thereparedStatement  object to execute the statement:

stmt.execute();

If the SQL statement executes as exped&ddEmployee() displays a message that
confirms the execution. the server encounters an exception, the error handling code
displays an error message.
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8.3 Executing Stored Procedures

A stored procedure i s a mo&RLAne starddamthe i s wr i tt
database. A stored procedure may defwpat parameters to supply data to the

procedure and output parameters to return data from the procedure. Stored procedures
executewithin the server and consist of database access commands (SQL), control

statements, and data structures that manipuiatddta obtained from the database.

Stored procedures are especially useful when extensive data manipulation is required
before storing data from the client. It is also efficient to use a stored procedure to
manipulate data in a batch program.

8.3.1 Invoking Stored Procedures

The CallableStatement class provides a way for a Java program to call stored
procedures. AallableStatement object can have a variable number of parameters
used for inputiN parameters), outpuO(UTparameters), or bothN OUTparaneters).

The syntax for invoking a stored procedure in JDBC is shown below. Note that the
square brackets indicate optional parameters; they are not part of the command syntax.

{call procedure_name([?, ?, ...])}

The syntax to invoke a procedure that nesua result parameter is:

{? = call procedure_name([?, ?, ...])}

Each question mark serves as a placeholder for a parameter. The stored procedure
determines if the placeholders represBntOUT orIN OUTparameters and the Java code
must match. We wlishowyou how to supply values fdN (or IN OUT ) parameters and
how to retrieve values returned@uUT(or IN OUT) parameters in a moment.

8.3.1.1 Executing a Simple Stored Procedure

Listing 1.7a shows a stored procedure that increases the salary of eachesriploy
10%. increaseSalary expects no arguments from the caller and does not return any
information:

Listing 1.7-a

CREATE OR REPLACE PROCEDURE increaseSalary
IS
BEGIN
UPDATE emp SET sal = sal * 1.10;
END;
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Listing 1.7b demonstrates how to invokeetihcreaseSalary procedure:

Listing 1.7-b

public void SimpleCallSample(Connection con)

{
try

CallableStatement stmt = con.prepareCall(“{call increaseSalary()}");
stmt.execute();
System.out.printin("Stored Procedure executed successfully" );

catch(Exception err)

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();

}
}

To invoke a stored procedure from a Java application, GséladbleStatement

object. TheCallableStatement class is derived from th&tatement class and, like
theStatement class,you obtain aCallableStatement object by asking a
Connection object to create one fgou. To create &allableStatement from a
Connection , use theprepareCall() method:

CallableStatement stmt = con.prepareCall(*{call increaseSalary()}");

As the name implies, th@epareCall() method prepares the statement, but does not
execute it. Ayouwill see in the next example, an application typically binds parameter
values between the call yepareCall() and the call texecute() . To invoke the
stored procedure on the server, callédkecute() method.

stmt.execute();

This stored procedurintreaseSalary ) did not expect anfN parameters and did not
return any informton to the caller (usin@UTparameters) so invoking the procedure is
simply a matter of creating@allableStatement object and then cal
execute() method.

The next section demonstrates how to invoke a stored procedure that redail@é da
parameters) from the caller.

8.3.1.2 Executing Stored Procedures with IN parameters

The code in the next example first creates and then invokes a stored procedure named
emplnsert ; emplnsert requiresN parameters that contain employee information:
empno, ename, job , sal , comm deptno , andmgr. empinsert then inserts that
information into theemptable.
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Listing 1.8a creates the stored procedure in the Advanced Server database:

Listing 1.8a

CREATE OR REPLACE PROCEDURE emplnsert(
pEname IN VARCHAR,
pJob IN VARCHAR,
pSal IN FLOAT4,
pComm IN FLOAT4,
pDeptno IN INTEGER,
pMgr IN INTEGER
)
AS
DECLARE
CURSOR getMax IS SELECT MAX(empno) FROM emp;
max_empno INTEGER := 10;
BEGIN
OPEN getMax;
FETCH getMax INTO max_empno;
INSERT INTO emp(empno, ename, job, sal, comm, deptno, mgr)
VALUES(max_empno+1, pEname, pJob, pSal, pComm, pDeptno, pMgr);
CLOSE getMax;
END;

Listing 1.8b demonstrates how to invoke the stored procedure from Java:

Listing 1.8b
public void CallExample2(Conn  ection con)
{
try
{
Console ¢ = System.console  ();
String commandText = "{call emplnsert(?,?,?,?,?2,?)}";
CallableStatement st mt = con.prepareCall( commandText );
st mt.setObject(1, new String(c.readLine( "Employee Name " )));
st mt. setObj ect(2, new String(c.readLine( "Job " )));
st mt.setObject(3, new Float(c.readLine( "Salary :" ));
st mt.setObject(4, new Float(c.readLine( "Commission " )));
st mt.setObject(5, new Integer(c.readLine( "Department No :" N);
st mt.setObject(6, new In teger(c.readLine( "Manager" )));

st mt.execute();
catch(Exception err)

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();

}
}

Each placeholder] in the commandcommandText ) represents a point in the
command that is later replaced with data:

String commandText = "{call EMP_INSERT(?,?,?,?,?2,?2)};
CallableStatement st mt = con.prepareCall( commandText );
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ThesetObject() method binds a value to & or IN OUTplaceholderEach call to
setObject() specifies a parameter number and a value to bind to that parameter

st mt.setObject(1, new String(c.readLine( "Employee Name :* )));
st mt. setObject(2, new String(c.readLine( "Job " )));

st mt.setObject(3, new Float(c.readLine( "Salary " ));

st mt.setObject(4, new Float(c.readLine( "Commission " )));

st mt.setObject(5, new Integer(c.readLine( "Department No :" )));
st mt.setObject(6, new Integer(c.readLine( "Manager" )));

After supplying a value for each placeholder, this method executesatbmsnt by
calling theexecute() method.

8.3.1.3 Executing Stored Procedures with OUT parameters

The next example creates and invokes an SPL stored proceduraleptisslect

This procedure requires oi¢ parameter (department number) and returns@uad

paraneters (the department name and location) corresponding to the department number.
The code in Listing 1@ creates thdeptSelect procedure

Listing 1.9a

CREATE OR REPLACE PROCEDUREHeptSelect
(
p_deptno IN INTEGER,
p_dname OUT VARCHAR,
p_| oc OUT VARCHAR
)
AS
DECLARE
CURSORdeptCursor IS SELECT dname, loc FROM dept WHERE deptno=p_d eptno;
BEGIN
OPEN deptCursor
FETCH deptCursor  INTO p_dname, p_loc ;

CLOSE deptCursor
END;

Listing 1.9b shows the Java code required to invokedtpSelec t stored procedure:

Listing 1.9b
public void GetDeptinfo  ( Connection con )
{
try
{
Console ¢ = System.console  ();
String commandText = "{call deptSelect(?,?,?)}";
CallableStatement st mt = con.prepareCall( commandText );
st mt.setObject(1, new Integer(c.readLine( "Dept No:" )));
st mt.registerOutParameter(2, Types.VARCHAR);
st mt.registerOutParameter(3, Types.VARCHAR);
st mt.execute();
System.out.printin( "Dept Name: " + st mt.getString(2));
System.out.printin( " Location : " + st nt.getString(3));
}
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catch(Exception err)

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();

}
}

Each placeholder] in the commandcommandText ) represents a point ingh
command that is later replaced with data:

CallableStatement st mt = con.prepareCall( commandText );

ThesetObject() method binds a value to &x or IN OUTplaceholder. When calling
setObject() you must identify a placeholder (by its ordinal number) and provide a
value to substitute in place of that placeholder:

st mt.setObject(1, new Integer(c.readLine( "Dept No:" )));

The JDBC type of eachUTparameter must be registered before the
CallableStatement objectcan be executed. Registering the JDBC type is done with
theregisterOutParameter() method

st mt.registerOutParameter(2, Types.VARCHAR);
st mt.registerOutParameter(3, Types.VARCHAR);
After executing the statement, t@allableStatement ' gettermethod reteves the

OUTparameter values: to retriev& ARCHAR/alue, use thgetString() getter
method.

st mt.execute();
System.out.printin( "Dept Name: " + st mt.getString(2));
System.out.printin( " Location : " + st mt.getString(3));

In the current exampl@etDeptinfo( ) registers twa@UTparameters and (after
executing the stored procedure) retrieves the values returneddb/Tiparameters.
Since bottOUTparameters are defined W8RCHAR/alues GetDeptinfo() uses the
getString() method to retrieve th@UTparametes.

8.3.1.4 Executing Stored Procedures with IN OUT parameters

The code in the next example creates and invokes a stored proceduresngQedry
defined with on@N parameterg_deptno ), twoIN OUTparametersp(_ empno and
p_ename) and three@DUTparametersp( job , p_hiredate andp_sal ). empQuery
then returns information about the employee in thellwv@UTparameters and thr&JT
parameters.
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Listing 1.10a creates a stored procedure naeragQuery:

Listing 1.10a

CREATE OR REPLACE PROCEDUREmMpQuery

(

p_deptn o IN NUMBER,

p_empno IN OUT NUMBER,
p_ename IN OUT VARCHAR?2,
p_job OUT VARCHARZ2,
p_hiredate  OUT DATE,
p_sal OUT NUMBER

)

IS

BEGIN

SELECT empno, ename, job, hiredate, sal
INTO p_empno, p_ename, p_job, p_hiredate, p_sal
FROM emp
WHERE deptno = p_deptno
AND (empno = p_empno
OR ename = UPPER(p_ename));
END;

Listing 1.10b demonstrates invoking tleenpQuery procedure, providing values for the
IN parametersand handling th©UTandIN OUTparameters:

Listing 1.10b
public void CallSample4(Connection con)
{
try
{
Console ¢ = System.console  ();

String commandText = "{call emp_query(?,?,?,2,2,?2)}";
CallableStatement st mt = con.prepareCall(
st mt.setint(1, new Integer(c.readLine(
st mt.setint(2, new Integer(c.readLine( "Employee No:" )));
st mt.setString(3, new String(c.readLine( "Employee Name:" )));

commandrext );
"Department No:"  )));

st mt.registerOutParameter(2,

Types.INTEGER);

st mt.re gisterOutParameter(3, Types.VARCHAR);
st mt.registerOutParameter(4, Types.VARCHAR);
st mt.registerOutParameter(5, Types.TIMESTAMP);
st mt.registerOutParameter(6, Types.NUMERIC);

st mt.execute();

System.out.printin( " Employee No: + st mt.get Int(2));
System.out.printin( "Employee Name: " + st mt.getString(3));
System.out.printin( "Job: " + st mt.getString(4));

"

" Hiredate :
" Salary :

System.out.printin(
System.out.printin(

+ st mt.getTimestamp(5));
+ st mt.getBigDecimal(6));

catch(Exception err)

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();

}
}

Each placeholder] in the commandcommandText ) represents a point in the
command that is lateeplaced with data:
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String commandText = "{call emp_query(?,?,?,2,2,?2)}";
CallableStatement st mt = con.prepareCall( commandText );

Thesetint() method is a typspecificsettermethod that binds anteger value to
anIN orIN OUTplaceholder. The call teetint () specifies a parameter number and
provides a value to substitute in place of that placeholder:

st mt.setInt(1, new Integer(c.readLine( "Department No:" N);
st mt.setInt(2, new Integer(c.readLine( "Employee No:" )));

ThesetString() method binds &trin g value to ariN or IN OUTplaceholder:

st mt.setString(3, new String(c.readLine( "Employee Name:" )));
Before executing th€allableStatement , You must register the JDBC type of each
OUTparameter by callmtheregisterOutParameter() method

st mt.registerOu  tParameter(2, Types.INTEGER);

st mt.registerOutParameter(3, Types.VARCHAR);

st mt.registerOutParameter(4, Types.VARCHAR);

st mt.registerOutParameter(5, Types.TIMESTAMP);

st mt.registerOutParameter(6, Types.NUMERIC);

Remember, before calling a procedure witHMirparameteryou must assign a value to
that parameter with settermethod. Before calling a procedure with@udTparameter,
youregister thaype of that parameter; theyou can retrieve the value returned by calling
agettermethod. When calling procedure that defines dd OUT parameteryou must
perform all three actions:

1 Assign a value to the parameter.

1 Reqgister the type of the parameter
1 Retrieve the value returned with a getiegthod.
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8.4 Using REF CURSORS with Java

A REF CURSORs acursor variable that contains a pointer to a query result set returned
by anOPENstatement. Unlike a static cursoiREFCURSORS not tied to a particular
guery. You may open the sanREFCURSORariable any number of times with the
OPENstatement aataining different queries; each time, a new result set is created for
that query and made available via the cursor variablBERCURSORan also pass a

result set from one procedure to another.

Advanced Server supports the declaration of Bottngly-typedandweaklytypedREF
CURSORSs A stronglytyped cursor must declare thleape(the type of each column) of

the expected result seY.ou can only use a stronglyped cursor with a query that

returns the declared columns; opening the cursor witlegydhat returns a result set

with a different shape will cause the server to throw an exception. On the other hand, a
weakly-typed cursor can work with a result set of any shape.

To declare a stronglyypedREFCURSOR

TYPE <cursor_type_name > IS REF CURS OR RETURN<return_type  >;

To declare a weaklfypedREF_CURSOR

name SYS_REFCURSOR;

8.4.1 Using a REF CURSOR to retrieve a ResultSet

The stored procedure shown in Listing td etEmpNames) builds twoREFCURSORs
on the server; the firREFCURSORoONtains dist of commissioned employees in the
emptable, while the secorREFCURSORoONtains a list of salaried employees in ¢he
table:

Listing 1.1%a

CREATE OR REPLACE PROCEDUREBetEmpNames
(
commissioned IN OUT SYS_REFCURSOR
salaried IN OUT SYS_REFCURS OR
)
IS
BEGIN
OPEN commissioned FOR SELECT ename FROM emp WHERE comm is NOT NULL ;
OPEN salaried FOR SELECT ename FROM emp WHERE comm is NULL ;
END;

TheRefCursorSample()  method (see Listing 1.14) invokes theyetEmpName()

stored procedure and displape names returned in each of the ®REFCURSOR
variables:
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Listing 1.1%b

public void RefCursorSample(Connection con)
{

try

{

con.setAutoCommit(false);
String commandText = "{call getEmpNames(?,?)}";

CallableStatement stmt = con.prepareCal I(commandText);

stmt.setNull(1, Types.REF);
stmt.registerOutParameter(1, Types.REF);
stmt.setNull(2, Types.REF);
stmt.registerOutParameter(2, Types.REF);

stmt.execute();

ResultSet commissioned = (ResultSet)stmt.getObject(1);
System.out.printin("Commissioned employees:");
while(commissioned.next())

{
}

ResultSet salaried = (ResultSet)stmt.getObject(2);
System.out.printin("Salaried employees:");
while(s alaried.next())

System.out.printin(commissioned.getString(1));

System.out.printin(salaried.getString(1));
}

catch(Exception err)

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();

}
}

A CallableSta tement prepares eacREF CURSORcommissioned andsalaried ).

Each cursor is returned asldhOUTparameter of the stored procedure,

getEmpNames():

String commandText = "{call getEmpNames(?,?)}";
CallableStatement stmt = con.prepareCall(commandText);

Thecall toregisterOutParameter() registers the parameter typeyes.REF ) of

the firstREFCURSORcommissioned ) :

stmt.setNull(1, Types.REF);
stmt.registerOutParameter(1, Types.REF);

Another call taregisterOutParameter() registers the second parameteretyp
(Types . REP of the secon(REFCURSORSsalaried ) :

stmt.setNull(2, Types.REF);
stmt.registerOutParameter(2, Types.REF);

A call to stmt.execute() executes the statement:
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stmt.execute();

ThegetObject() method retrieves the values from the first parametércasts the
result to eResultSet . Then,RefCursorSample iterates through the cursor and prints
the name of each commissioned employee:

ResultSet commissioned = (ResultSet)stmt.getObject(1);
while(commissioned.next())

System.out.printin(commissioned .getString(1));

}

The samaettermethod retrieves thResultSet  from the second parameter and
RefCursorExample iterates through that cursor, printing the name of each salaried
employee:

ResultSet salaried = (ResultSet)stmt.getObject(2);

while(salaried.nex t()
{

System.out.printin(salaried.getString(1));
}
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8.5 Using BYTEA Data with Java

TheBYTEAdata type stores a binary string in a sequence of bytes; digital images and
sound files are often stored as binary data. Advanced Server can stog&iand binary
data via theBYTEAdata type.

The following Java sample stores TEAdata in an Advanced Server database and then
demonstrates how to retrieve that data. The example requires a bit of setup; Listings
1.124a, 1.12b, and 1.1z create thserverside environment for the Java example.

Listing 1.12a creates a tablerqp_detail ) that store8YTEAdata. emp_detail

contains two col umns: the firstINQandumn stor
serves as the primary key for the tables $econd column stores a photograph of the

employee irBYTEAformat.

Listing 1.12a
CREATE TABLE emp_detall

empno INT4 PRIMARY KEY,
pic BYTEA

);

Listing 1.12b creates a procedurgD_PIC) that inserts a row into themp_detail
table:

Listing 1.12b
CREATE OR REPLACE PROCEDURE ADD_PI®( empno IN int4, p_photo IN bytea) AS
BEGIN
INSERT INTO emp_detail VALUES( p_empno, p_photo );
END;

And finally, Listing 1.12c creates a functiorGET_PIC) that returns the photograph for a
given employee:

Listing 1.12-c

CREATE OR REPLACE FUNCTION GET_PIC(_empno IN int4) RETURN BYTEA IS
DECLARE
photo BYTEA,;
BEGIN
SELECT pic INTO photo from EMP_DETAIL WHERE empno = p_empno;
RETURNphoto ;
END;
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8.5.1 Inserting BYTEA Data into an Advanced Server database

Listing 1.13shows a Java method that invokesAb® _PIC procedure (see Listing 1.42
b) to copy a photograph from the client file system tcethp_detail table on the
server.

Listing 1.13
public void InsertPic(Connection con)
{
try
{
Console ¢ = System.conso le ();
int empno = Integer.parselnt(c.readLine( "Employee No :" ));
String fileName = c.readLine( "Image filename :" );

File f = new File(fileName);

if('f.exists())
{
System.out.printin( "Image file  notfound . Terminating... ")
r eturn;
}
CallableStatement st mt = con.prepareCall( "{call ADD_PIC(?, %)
st mt.setint(1, empno);
st mt.setBinaryStream(2, new FilelnputStream(f), (int) f.length());
st mt.execute();
System.out.printin( " Added image for Employee " +empno);

catch(Exception err)

{

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();

}
}

InsertPic() prompts the user for an employee number and the name of an image file:

int empno = Integer.parselnt(c.readLine( "Employee No " ));
String fileName = c.readLine( "Image filename :" );

If the requested file does not existsertPic() displays an error message and
terminates:

File f = new File(fileName);

if(!f.exists())
{
Syste m.out.printin( "Image file notfound . Terminating... ");
return;
}
Next, InsertPic() prepares &allableStatement object étmt ) that calls the

ADD_PIC procedure. The first placeholdé) fepresents thiérst parameter expected by
ADD_PIC (p_empno); the £cond placeholder represents the second parameter

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 64



EDB Postgres Advanced Server JDBC Connector Guide

(p_photo ). To provide actual values for those placeholdesgrtPic() calls two
settemrmethods. Since the first parameter is of tlWEEGER InsertPic() calls the
setint() method to provide a value fpr empno. The second parameter is of type

BYTEA solnsertPic() uses a binargettermethod; in this case, the method is
setBinaryStream():

CallableStatement st mt = con.prepareCall( " {call ADD_PIC(?, 22 ")
st mt.setInt(1, empno);
st mt.setBinaryStream(2 ,ne w FilelnputStream(f), f.length());

Now that the placeholders are bound to actual valnssPic() executes the
CallableStatement:

st mt.execute();

If all goes well,InsertPic() displays a message verifying that the image has been
added to the table. #n error occurs, theatch block displays a message to the user:

System.out.printin("Added image for Employee \'"" +empno);
catch(Exception err)
{

System.out.printin("An error has occurred.");

System.out.printin("See full details below.");

err.printSta ckTrace();

}

8.5.2 Retrieving BYTEA Data from an Advanced Server database

Now thatyou know how to inserBYTEAdata from a Java application, Listing 1.14
demonstrates how to retrieB& TEAdata from the server.

Listing 1.14

public static void GetPic(Connection con)

{

try

{
Console ¢ = System.console();
int empno = Integer.parselnt(c.readLine("Employee No :"));
CallableStatement stmt = con.prepareCall("{?=call GET_PIC(?)}");
stmt.setInt(2, empno);
stmt.registerOutParameter(1, Types.BI NARY);
stmt.execute();
byte[] b = stmt.getBytes(1);

String fileName = c.readLine("Destination filename :");
FileOutputStream fos = new FileOutputStream(new File(fileName));
fos.write(b);

fos.close();

System.out.printin("F ile saved at \ "'+fileName+" \™);

catch(Exception err)

{

Copyright © 2008 - 2019 EnterpriseDB Corporation. All rights reserved. 65



EDB Postgres Advanced Server JDBC Connector Guide

System.out.printin("An error has occurred.");
System.out.printin("See full details below.");
err.printStackTrace();

}
}

GetPic() starts by prompting the user for an employee dinber:

int empno = Integer.parselnt(c.readLine("Employee No :"));

Next,GetPic() prepares &allableStatement with oneIN parameter and or@uT
parameter. The first parameter is @& Tparameter that will contain the photograph
retrieved from the databas Since the photographB¥ TEAdata,GetPic()  registers
the parameter asType.BINARY . The second parameter is tNeparameter that holds
the employee number (&NT ), soGetPic()  uses theetint() method to provide a
value for the second parameter.

CallableStatement stmt = con.prepareCall("{?=call GET_PIC(?)}");
stmt.setInt(2, empno);
stmt.registerOutParameter(1, Types.BINARY);

Next,GetPic() uses thegetBytes gettermethod to retrieve theYTEAdata from the
CallableStatement

stmt.execute  ();
byte[] b = stmt.getBytes(1);

The program prompts the user for the name of the file where it will store the photograph:

String fileName = c.readLine("Destination filename :");

TheFileOutputStream object writes the binary data that contains the phajgto
the destination filename:

FileOutputStream fos = new FileOutputStream(new File(fileName));
fos.write(b);
fos.close();

Finally, GetPic() displays a message confirming that the file has been saved at the new
location:

System.out.printin("File saved at \ "'+fileName+" \™);
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8.6 Using Object Types and Collections with Java

The SQLCREATE TYPEcommands used to create a uséefinedobject typewhichis
stored in the Advanced Server databaBee CREATE TYPEcommand islsoused to
create acollection commonly referred to as aarray, whichis also stored in the
Advanced Server database.

These usedefinedtypescan then beeferencedvithin SPL proceduresSPLfunctions,
andJava programs.

The basic object typis created with th€ REATE TYPE AS OBJECTcommand along
with optional usage adhe CREATE TYPE BODYcommand.

A nested table typeollectionis created usig theCREATE TYPE AS TABLE OF
command A varray typecollection is created with theREATE TYPE VARRAY
command.

Example usage of an object tyged a collection arehownin the following sections.

Listing 1.15 shows a Java method used by both examples to establish the connection to
the Advanced Server database.

Listing 1.15

public static Connection getEDBConnection() throws
ClassNotFoundExcepti on, SQLException {
String url = "jdbc:edb://localhost:5444/test";
String user = "enterprisedb”;
String password = "edb";
Class.forName("com.edb.Driver");
Connection conn = DriverManager.getConnection(url, user, password);
return conn;
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8.6.1 Using an Object Typ e

Create the object types in the Advanced Server datal@gect type
addr_object_type definesthe attributes of an address:

CREATE OR REPLACE TYPE addr_object_type AS OBJECT
(

street VARCHAR2(30),

city VARCHAR2( 20),
state CHAR(2),

zip NUMBER(5)

);

Object typeemp_obj_typ definesthe attributes of aemployee.Note that one of these
attributes is object typfDDR_OBJECT_TYPABS previously describedhe object type
bodycontairs a method that displays the employee information:

CREATE OR REPLACE TYPE emp_obj_typ AS OBJECT
(

empno NUMBER(4),
ename VARCHAR2(20),
addr ADDR_OBJECT_TYPE,

MEMBER PROCEDURE display_emp(SELF IN OUT emp_obj_typ)
);

CREATE OR REPLACE TYPE BODY emp_obj_typ AS
MEMBER PROCEDURE display_emp (SELF IN OUT emp_obj_typ)

IS

BEGIN
DBMS_OUTPUT.PUT_LINE(Employee No :'|| SELF.empno);
DBMS_OUTPUT.PUT_LINE(Name 1" || SELF.ename);
DBMS_OUTPUT.PUT _INE('Street :'|| SELF.addr.street);
DBMS_OUTPUT.PUT_LINE('City/State/Zip: ' || SELF.addr.city || ', " ||

SELF.addr.state || "' || LPAD(SELF.addr.zip,5,'0%);
END;
END;

Listing 1.16is a Java method thetcludesthese usedefined obgct types:

Listing 1.16

public static void testUDT() throws SQLException {
Connection conn = null;
try {
conn = getEDBConnection();
String commandText = "{call emp_obj_typ.display_emp(?)}";
CallableStatement stmt = conn.prepareCall(commandT ext);

/l initialize emp_obj_typ structure
/I create addr_object_type st r ucture
Struct address = conn.createStruct("addr_object_type",
new Object[[{"123 MAIN STREET","EDISON","NJ",8817});
Struct emp = conn.createStruct("emp_obj_ty p",
new Object[[{9001,"JONES", address});
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/I set emp_obj_typ type param

stmt.registerOutParameter(1, Types.STRUCT, "emp_obj_typ");
stmt.setObject(1, emp);

stmt.execute();

/I extract emp_obj_typ object

emp = (Struct)stmt.getO bject(1);
Object[] attrEmp = emp.getAttributes();
System.out.printin("empno: " + attrEmpl[0]);
System.out.printin("ename: " + attrEmpl[1]);

/] extract addr_object_type attributes

address = (Struct) attrEmpl[2];

Object[] attrAddress = address.getAttributes();
System.out.printin("street: " + attrAddress[0]);
System.out.printin("city: " + attrAddress[1]);
System.out.printin("state: " + attrAddress|[2]);
System.out.printin("zip: " + attrAddress[3]);

} catch (ClassNotFoundE xception cnfe) {
System.err.printin("Error: " + cnfe.getMessage());
} finally {

if (conn != null) {
conn.close();
}

}
}

A CallableStatement objectis preparedased orthedisplay_emp()  method of
theemp_obj_typ object type:

String co  mmandText = "{call emp_obj_typ.display_emp(?)}";
CallableStatement stmt = conn.prepareCall(commandText);

createStruct() initializes and creatdastances of object typesddr_object_type
andemp_obj typ namedaddress andemp, respectively

Struct address = conn.createStruct("addr_object_type",
new Object[[{"123 MAIN STREET","EDISON","NJ",8817});
Struct emp = conn.createStruct("emp_obj_typ",
new Object[[{9001,"JONES", address});

The call toregisterOutParameter() registers the parameter typyes. STRUCT
of emp_obj_typ

stmt.registerOutParameter(1, Types.STRUCT, "emp_obj_typ");

ThesetObject() method bindshe object instancempto theIN OUTplaceholder.

stmt.setObject(1, emp);

A call to stmt.execute() executes the call to thisplay emp() = method

stmt.execute();
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getObject() retrieves themp_obj typ object type The attributes of thempand
address objectinstances arthenretrieved and displayed:

emp = (Struct)stmt.getObject(1);

Object[] attrEmp = emp.getAttributes();
System.out.printin("empn 0: " + attrEmpl[0]);
System.out.printin("ename: " + attrEmpl[1]);

address = (Struct) attrEmpl[2];

Object[] attrAddress = address.getAttributes();
System.out.printin("street: " + attrAddress[0]);
System.out.printin("city: " + attrAddress[1]);
System.out.print In("state: " + attrAddress|[2]);
System.out.printin("zip: " + attrAddress[3]);
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8.6.2 Using a Collectio n

Create collection typedsSUMBER_ARRAMACHAR_ARRA the Advanced Server
database:

CREATE OR REPLACE TYPE NUMBER_ARRAY AS TABLE OF NUMBER,;
CREATE OR REPLAE TYPE CHAR_ARRAY AS TABLE OF VARCHAR(50);

Listing 117-ais an SPL function thatses collection typdsSUMBER_ARRAaNd
CHAR_ARRA4SIN parameters andHAR_ARRAS theOUTparameter

The functon concatenates the employeeftdm theNUMBER_ARRANX paameter with
the employee name in the corresponding row fronCHeR_ARRAW parameter.The
resulting concatenated entries are returned iICH®R_ARRAQUTparameter.

Listing 1.17a

CREATE OR REPLACE FUNCTION concatEmpldName

(
arrEmplds NUMER_ARRAY,
arrEmpNames CHAR_ARRAY

) RETURN CHAR_ARRAY

AS

DECLARE
i INTEGER := 0;
arrEmpldNames CHAR_ARRAY;

BEGIN

arrEmpldNames := CHAR_ARRAY(NULL,NULL);
FOR i IN arrEmplds.FIRST..arrEmplds.LAST LOOP
arrEmpldNames(i) : = arrEmplds(i) || * ' || arrEmpNames(i);
END LOOP;
RETURN arrEmpldNames;
END;

Listing 1.17#b is a Java method that calls thisting 1.1#afunction, passing and
retrieving the collection types:

Listing 1.17b

public static void testTableOfAsInOutPara ms() throws SQLEXxception {
Connection conn = null;
try {
conn = getEDBConnection();
String commandText = "{? = call concatEmpldName(?,?)}";
CallableStatement stmt = conn.prepareCall(commandText);

/I create collections to specify employ ee id and name values
Array empldArray = conn.createArrayOf(“integer"”,

new Integer[[{7900, 7902});
Array empNameArray = conn.createArrayOf("varchar",

new String[l{"JAMES", "FORD"});

/I set TABLE OF VARCHAR as OUT param
stmt.reg isterOutParameter(1, Types.ARRAY);
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/I set TABLE OF INTEGER as IN param
stmt.setObject(2, empldArray, Types.OTHER);

/I set TABLE OF VARCHAR as IN param
stmt.setObject(3, empNameArray, Types.OTHER);
stmt.execute();

java.sqgl.Array em pldNameArray = stmt.getArray(1);
String[] emps = (String[]) empldNameArray.getArray();

System.out.printin("items length: " + emps.length);
System.out.printin("items[0]: " + emps|[0].toString());
System.out.printin("items[1]: " + emps[1].toS tring());

} catch (ClassNotFoundException cnfe) {
System.err.printin("Error: " + cnfe.getMessage());

} finally {
if (conn !=null) {

conn.close();
}

}
}

A CallableStatement object is prepared to invoke thencatEmpldName()
function:

String commandText = "{? = call concatEmpldName(?,?)}";
CallableStatement stmt = conn.prepareCall(commandText);

createArrayOf () initializes and createsllectiors namedempldArray and
empNameArray :

Array empldArray = conn.createArrayOf("integer",
new Integer[[{7900, 7902});

Array empNameArray = conn.createArrayOf("varchar",
new String[l{"JAMES", "FORD"});

The call toregisterOutParameter() registers the parameter typeyfes. ARRAY
of theOUTparameter:

stmt.registerOutParameter(1, Types.ARRAY);

ThesetObject() method binds the collectiomsnpldArray andempNameArray to
theIN placeholders:

stmt.setObject(2, empldArray, Types.OTHER);
stmt.setObject(3, empNameArray, Types.OTHER);

A call to stmt.execute() invokes theconcatEmpldName()  function:

stmt.ex ecute();

getArray()  retrieves the collection returned by the functidmefirst two rows
consisting of the concatenated employee IDs and nareatisplayed:
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java.sgl.Array empldNameArray = stmt.getArray(1);

String[] emps = (String[]) empldNameArray.getA rray();
System.out.printin("items length: " + emps.length);
System.out.printin("items[0]: " + emps[0].toString());
System.out.printin("items[1]: " + emps[1].toString());
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8.7 Asynchronous Notification Handling with NoticeListener

The Advancederver JDBC Connector provides asynchronous notification handling
functionality. Anotificationis a message generated by the server when an SPL (or
PL/pgSQL) program executesRAISE NOTICE statement. Each notification is sent from
the server to the ieint application. To intercept a notification in a JDBC clieant,
applicationmust create 8loticeListener object (or, more typically, an object derived
from NoticeListener ).

It is important to understand that a notification is sent to the clientessibh of executing
an SPL (or PL/pgSQL) program. To generate a notificasionmust execute an SQL
statement that invokes a stored procedure, function, or trigger: the notification is
delivered to the client as the SQL statement executes. Notifisatiork with any type

of statement objecCallableStatement objects, PreparedStatement  objects, or
simpleStatement objects. A JDBC program intercepts a notification by associating a
NoticeListener with aStatement object. When th&tatement object exeutes an
SQL statement that raises a notice, JDBC invokeadtig=Received() method in

the associateNoticeListener

Listing 118-a shows an SPL procedure that loops througlertiptable and gives each
employee a 10% raise. As each employee is psackadjustSalary ~ executes a

RAISE NOTICE statement (in this case, the message contained in the notification reports
progress to the client application). Listind&b will demonstrate how to create a
NoticeListener that intercepts each notification.

Listing1.18-a

CREATE OR REPLACE PROCEDURE adjustSalary
IS
V_empno NUMBER(4);
V_ename VARCHAR2(10);
CURSOR emp_cur IS SELECT empno, ename FROM emp;
BEGIN
OPEN emp_cur;
LOOP
FETCH emp_cur INTO v_empno, v_ename;
EXIT WHEN emp_cur%NOTFOUND;

UPDATE emp SET sal = sal * 1.10 WHERE empno = v_empno;
RAISE NOTICE 'Salary increased for %', v_ename;
END LOOP;
CLOSE emp_cur;
END;
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Listing 118-b shows how to intercept notifications in a JDBC application.
Listing 1.18-b

public void NoticeExample(Connection con)

CallableStatement stmt;
try
{

stmt = con.prepareCall(“{call adjustSalary()}");

MyNoticeListener listener = new MyNoticeListener();
((BaseStatement)stmt).addNoticeListener(listener);
stmt. execute();

System.out.printin("Finished");

}
catch (SQLException e)

System.out.printin(*An error has occurred.");
System.out.printin("See full details below.");
e.printStackTrace();

}

class MyNoticeListener implements NoticeLis tener

public MyNoticeListener()

{
}

public void noticeReceived(SQLWarning warn)

{

}
}

System.out.printin("NOTICE: "+ warn.getMessage());

TheNoticeExample() =~ method is straightforward; it expects a single argument, a
Connection object, fom the caller:

public void NoticeExample(Connection con)

NoticeExample() ~ begins by preparing a call to thdjustSalary procedure shown
in example 1.1@. Asyouwould expectcon.prepareCall() returns a
CallableStatement object. Before executing ti@al lableStatement  , you must
create an object that implements NticeListener interface and add that object to
the list ofNoticeListeners associated with th€allableStatement

CallableStatement stmt = con.prepareCall("{call adjustSalary()}");
MyNoticeList  ener listener = new MyNoticeListener();
((BaseStatement)stmt).addNoticeListener(listener);
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Once theNoticeListener Is in placeNoticeExample  method executes the
CallableStatement (invoking theadjustSalary procedure on the server) and
displays a message the user:

stmt.execute();
System.out.printin("Finished");

Each time theadjustSalary ~ procedure executesRRAISE NOTICE statement, the
server sends the text of the messad@alary increased for ... ") to the
Statement (or derivative) object in the cliémapplication.JDBC invokes the
noticeReceived() method (possibly many timebgforethe call to
stmt.execute() completes.

class MyNoticeListener implements NoticeListener

public MyNoticeListener()

{
}

public void noticeReceived(SQLWarning warn )

{
System.out.printin("NOTICE: "+ warn.getMessage());

}
}

When JDBC calls thaoticeReceived() method, it creates eé8QLWarning object
that contains the text of the message generated [RAlISE NOTICE statement on the
server.

Notice that eaclst atement object keeps bst of NoticeListeners . When the

JDBC driver receives a notification from the server, it consults the list maintained by the
Statement object. If the list is empty, the notification is saved in$k@ement

object (you can retne the notifications by callingtmt.getWarnings() once the call
toexecute() ~ completes). If the list is not empty, the JDBC driver delivers an
SQLWarning to each listener, in the order in which the listeners were added to the
Statement
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9 Advanced Server JDBC Connecto r
Logging

The Advanced Server JDBC Connedapportghe use of loggingp help resolve issues
with the JDBC Connectawhenusedin your application. The JDBC Connecteses the
logging APIs ofjava.util.logging that wa part of Java since §D1.4. For
information onjava.util.logging , seeThe PostgreSQIDBC Driveravailable at:

https://jdbc.postgresql.org/documentation/head/logging.html

Note: Previous versions dhe Advanced Server JDBC Connectmed a custom
mechanism to enable logginghichis nowreplaced by the use of

java.util.logging in versians moving forward froncommunity versio2.1.4.1.
The olcer mechanism is no longer available.

9.1 Enable Logging with Connection Properties (static)

Directly configure logging withirthe connection properties of the JDBC Conneciidre
connection properties related to loggergloggerLevel  andloggerFile

loggerLevel
Logger levéof the driver. Allowed values a@FF, DEBUGoOr TRACE

This option enables thiava.util.logging.Logger level of the driver to
Advanced Server JDBC levels:

Table 9-1 - loggerLevel of the Driver

loggerLevel java.util.logging

OFF OFF

DEBUG FINE

TRACE FINEST
loggerFil e

File nameoutput of thedgger. The default is
j ava.util.logging.ConsoleHandler

The following example sets thhegging leel to TRACE(FINEST) and the lodile
to EDB JDBC.LOG

jdbc:edb://myhost:5444/mydb?loggerLevel=TRACE&loggerFile=EDB - JDBC.LOG
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9.2 Enable Logging with logging.properties (dynamic)

You can onfigure the driver dynamically, for example when using the JDBC Connector
with an application server such as Tomcat, JBoss, WildFly, etc., which makes it easier to
enable/disable logging at runtime.

Thefollowing example is for configuring logging dynamically.

handlers = java.util.logging.FileHandler
/llogging level
Jevel = OFF

The default file output is in the user’'s

java.util. logging.FileHandler.pattern = % h/EDB- JDBC%. log

java.util.lo gging.FileHandler.limit = 5000000

java.util.logging.FileHandler.count = 20

java.util.logg ing.FileHandler.formatter = java . util .logging .S imple Formatter
java.util.logging.FileHandler.level = FINEST

java.util.logging.Si mpleFormatter.format=%1$tY - %1$tm %1$td %1% H:%1$t M: %1$tS %4%$s %2$s
%5$s%6$/n

Set the logging level for the JIDBC Connector (magdsdgerLevel )

com.edb.level=FINEST

Execute the application with the logging configuration.

java Tjar - Djava. util.logging.config.file=logging.properties run.jar
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10 Reference - JDBC Data Types

The following tabldists the JDBC data types supported by Advanced Server and the
JDBC connector. If you are binding to an Advanced Server type (shown in the middle

column) using theetObject()
left column. When you retrieve data, tgObject()

type listed in the righinost column:

Table 10-1 - Supported JDBC Data Types

JDBC Type Advanced Server Type getObject() returns
INTEGER INT4 ava.lang.Integer
TINYINT, SMALLINT INT2 ava.lang.Integer
BIGINT INT8 ava.lang.Long
REAL FLOAT4 ava.lang.Float
DOUBLEFLOAT FLOATS ava.lang.Double (Float is
same as double)
DECIMAL, NUMERIC NUMERIC ava.math.Big Decimal
CHAR BPCHAR ava.lang.String
VARCHAR, VARCHAR ava.lang.String
LONGVARCHAR
DATE DATE ava.sgl.Date
TIME TIME, TIMETZ ava.sql.Timestamp
TIMESTAMP TIMESTAMR ava.sgl.Timestamp
TIMESTAMPTZ
BINARY BYTEA byte[](primitive)
BOOLEAN, BIT BOOL ava .lang.Boolean
Types.REF REFCURSOR ava.sql.ResultSet
Types. REF_CURSOR REFCURSOR java.sql.ResultSet
Types. OTHER REFCURSOR ava.sgl.ResultSet
Types.OTHER UuiD ava.util. UUID
Types.SQLXML XML java.sgl.SQLXML

Note: Types.REF_CURSORIs only supported fodRE 4.2.

method, supply a JDBC value of ttype shown in the
method will return the object

Note: Types.OTHER is not only used fouUID, butis also used if you do naipecify any

specific tyge and allowthe server or the JDB@river to determine the typdn thecase
wherethe parameter igninstance ofava.util.UUID

appropriate internal type and seritko the server.
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