
DB2 Information Management Software

09/22/2005 © 2005 IBM Corporation

DB2 and Java
Universal Driver, SQLJ, and Stored Procedures

John Vonau, DB2 for z/OS Native Stress Test, IBM



DB2 Information Management Software

© 2004 IBM Corporation

Disclaimer

Please be aware that the actual programming techniques, 
algorithms and all numeric parameters used in examples given in 
this presentation are subject to change at some future date either 
by a new version of DB2, a new release, fix pack, a Small 
Programming Enhancement (SPE) or a Programming Temporary  
Fix (PTF).

The information contained in this presentation has not been 
submitted to any formal IBM review and is distributed on an " As 
Is"  basis without any warranty either express or implied.  The use 
of this information or the implementation of any of these 
techniques is a customer responsibility and depends on the 
customer's ability to evaluate and integrate them into the 
customer's operational  environment.  While each item may have 
been reviewed by IBM personnel for accuracy in a specific 
situation, there is no guarantee that the same or similar results will 
be obtained elsewhere.  Customers attempting to adapt these 
techniques to their own environments do so at their own risk.
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Overview of JDBC Driver Types
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DB2 Universal Driver for Java

� IBM’s Driver for SQLJ and JDBC support

� Runs on multiple platforms: Linux, Unix, Windows, z/OS

� Supports Type 2 and Type 4 connectivity

– Higher percentage of common code with fewer unique code paths 
for specific hardware configurations 

– Type 4 is 100% Java DRDA solution

� Supports JDBC 3.0 and SQLJ 3.0 specifications

� Improved deployment and ease of use

� Integration with WebSphere
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DB2 Java Universal Client Internal 
Architecture
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Configurations - Universal Driver (JCC)
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Supported Target Servers

� DB2 for z/OS 

– Type 4 (v6, v7, v8)

– Type 2 (v7, v8)

� DB2 for LUW (v8.1, v8.2)

� DB2 for iSeries

� Cloudscape

� Universal Driver uses different versioning pattern.
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Application Development In Java

� JDBC for Dynamic SQL

� SQLJ for Static SQL

� Two APIs can be Intermixed in Same 
Application
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SQLJ Development/Deployment Overview
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SQLJ Utilities

� sqlj – SQLJ Translator
– Supports various command options

– Example: sqlj pgmname.sqlj

� db2sqljcusomize – DB2 SQLJ Profile Customizer
– Requires appropriate authorization

– Establishes a connection to perform online checking and bind.

– Syntax supports various command and bind options
– Example: db2sqljcustomize -user john -password passwd -url jdbc:db2://server:446/SAMPLE -

collection col1 -bindoptions "EXPLAIN YES" pgmname_SJProfile0.ser 

� db2sqljbind – DB2 SQLJ Profile Binder
– Requires appropriate authorization

– Establishes a connection to perform bind.

– Syntax supports various command bind options
– Example: db2sqljbind -user john -password passwd -url jdbc:db2://server:446/SAMPLE -bindoptions

"EXPLAIN YES" pgmname_SJProfile0.ser 
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Additional SQLJ Utilities

� dbsqljprint – DB2 SQLJ Profile Printer

– view and print the customized and uncustomized profile 
contents in text format

– Usage: db2sqljprint profilename

� db2sqljupgrade – SQLJ Upgrade Utility

– Upgrades profiles customized by DB2 for z/OS v7 USS 
driver to work with Universal Driver without binding new 
packages

– Usage: db2sqljupgrade [options] inputFileName(.ser) 
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SQLJ Application Development

� 100% Java process

� Customization/Bind steps use DRDA connection

� Eliminates DBRM file and .bnd files

� SQLJ serialized profile format

– Portable – Deploy on any server platform.

– Contains information needed for BIND operations.  

– Does not require re-customize for each BIND.

– Multiple class files can be bound into a single DB2 Package
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Why Use SQLJ?

� Static SQL performance for Java applications
– Performance consistency and advantage over JDBC

� Ease of use

– Less code written by the application programmer

– Resulting code is easier to maintain

� Static SQL authorization model
– Provides Java with a stronger authorization model

� Monitoring and Manageability

– Static SQL packages for accounting/monitoring

– Static SQL locks in access path, so that access path changes do not 
occur without a conscious choice
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SQLJ Syntax

� Less Code

� Concise one -line expressions with familiar “ host 
variable” syntax.

� Strong Typing

� Easier to maintain

� Supports some operations not found in JDBC 
such as Singleton Select
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Coding Comparison – Single Row Insert

#sql [conCtx] { INSERT INTO employee VALUES 
(:empId, :firstName, :lastName, :address) };

SQLJ:

JDBC:
java.sql.PreparedStatement ps = con.prepareStatement(

“INSERT INTO employee VALUES (?, ?, ?, ?)");
ps.setInt (1, empId);
ps.setString (2, firstName);
ps.setString (3, lastName);
ps.setString (4, address);
ps.executeUpdate();
ps.close();

-- portable across platforms and DBMSs
-- compile/bind time schema checking
-- static SQL performance and authorization!!!

-- concise
-- strong typing
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Coding Comparison – Single Row Select

#sql [con] { SELECT address INTO :address FROM employee
WHERE empid =:empId };

SQLJ:

JDBC:
java.sql.PreparedStatement ps = con.prepareStatement(

"SELECT address FROM employee  WHERE empid = ?");
ps.setInt(1, empid);
java.sql.ResultSet rs = ps.executeQuery();
if (rs.next())

address = rs.getString(1);
rs.close();

-- portable across platforms and DBMSs
-- compile/bind time schema checking
-- static SQL performance and authorization!!!

-- concise
-- strong typing
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Security

� SQLJ uses static security model

� Static SQL is associated with “ program”

– Plans/Packages identify programs to DB2

– Program author’s table privileges are used

– Users are granted EXECUTE on programs

� Dynamic SQL is associated with “ user”

– No notion of “program”

– End users connecting to the database must have table privileges
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SQLJ Packages – Consistent Performance

� SQL statements are recorded in the DB2 Catalog

� Access Paths are pre-bound for each SQL statement

� Access paths don’t change until next REBIND

� Changes don’t occur without a conscious choice

� EXPLAIN data can be saved during program deployment

� Can exploit package versioning

� Package names visible to online monitoring tools 
(DB2PM)

� JDBC access path can change due to differences in 
catalog statistics
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Dynamic SQL Static SQL

Check auth for plan/pkg

Parse SQL statement

Check table/view auth

Calculate access path

Execute statement

Check auth for plan/pkg

Execute statement

Static SQL Performance
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SQLJ Enhancements

� SQLJ Context Caching in WebSphere

� COMMENT ON PACKAGE

� SQLJ Package Versioning

� Additional Bind Options

� Batch Support Enhancements

� Usability Enhancements

� Long Package Names

� Formalized Application Server Interface for SQLJ/JDBC 
Extensions



DB2 Information Management Software

© 2004 IBM Corporation

DB2 / WebSphere Integration

� SQL statements/functions
– Statements (SELECT, INSERT, UPDATE, DELETE)
– Functions (UDFs)

• Build, test, debug SQL UDFs

� Stored Procedures
– Build, test, SQL, JDBC, and SQLJ stored procedures

� SQLJ programs are fully supported by the WSAD workbench
– SQLJ editor (added with WSAD v5.1)
– SQLJ debug support

• Debug SQLJ source using debugger
– .sqlj and .ser files are first class objects now
– Built-in SQLJ profile translation and customization tool

� Support for access intent has been added
– better control over isolation level
– automatically generates KEEP UPDATE LOCKS for JDBC/SQLJ access to DB2 for OS/390 when required

• Improved concurrency for data persistence and pessimistic locking model.

� J2EE Applications
– SQLJ support for Container Managed Persistence (CMP) EJBs
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Rational Application Developer / Web Developer

Data Perspective

DB Servers Execution output

SQL Keyword Colorization

Visualization

Code Assist

SP Debugging

Plus integration into other web, web 
services, and J2EE development tasks
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Stored Procedures
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Brief History of Stored Procedures

� Version 4
– Stored Procedures introduced

• Second-class DB2 objects – insert your own catalog rows
• Only SYSPROC schema allowed

� Version 5
– Result Sets
– Commit On Return
– WLM address space management

� Version 6
– Became first-class objects

• CREATE PROCEDURE statement, Any schema allowed
• Execute Authorization

– User-defined Functions introduced
– Restrictions removed on CONNECT, CALL inside procedures
– SQL Procedures, Compiled Java Procedures (HPJ)

� Version 7
– Restrictions removed on COMMIT, ROLLBACK in stored procedure
– Interpreted Java Support, SQLJ support

� Version 8
– DB2-managed stored procedure address spaces deprecated
– Improved WLM management
– Debug support for SQL Procedures
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Advantages of Stored Procedures – Remote Invocation

� Improved application security

– Sensitive business logic runs on DB2 Server

– End users don’t need table privileges

� Improved application maintenance

– Centralized business logic

– Online change of application code

– Client systems not sensitive to underlying tables

� Tight integration with desktop tools

� Performance, Performance, Performance



DB2 Information Management Software

© 2004 IBM Corporation

Language Java Stored Procedures

� Requires the IBM Developer Kit for OS/390, Java(TM) 2  
Technology Edition with Persistent Reusable Java Virtual 
Machines  - SDK 1.3.1, 1.4.1

� Language COMPJAVA is not supported in version 8 of 
DB2 for z/OS.

� Support for envars > 254 chars in separate file

� New Universal Driver

� Support to direct output to dataset or HFS file

– println() for debugging
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Built-in Utility Stored Procedures for Java routines

� As per SQLJ ANSI specification

� Invoked with SQL CALL statement

– INSTALL_JAR (file name in HFS)
• Installs the Java Archive file into the DB2 Catalog
• JAR file contains one or more Stored Procedures

– REPLACE_JAR

– REMOVE_JAR

� LOB parameter support in Version 8

� JAR authorization

– GRANT USAGE ON JAR
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DB2 UDB v8 Development Center
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Debugging Java Stored Procedures

� System.out.println() and System.err.println()

� Tracing

� Convert to and test as Java application

� Test against DB2 LUW

� No Current Debugger Support when running 
against DB2 for z/OS
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Java Stored Procedure Error Handling

� Uncaught exceptions terminates Java Program

� SQLException: SQLCODE -443

� V8: caller can obtain more info from GET 
DIAGNOSTICS
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