PROGEAMMER TO PROGCRAMMER™

PROFESSIONAL

Oracle 8i Application
Programming

with Java, PL/SQL and XML
EIB, JDBC, SQLJ, JSP. XSLT, SOAP BC4J, interMedia, ASP

‘ ‘ [ohm Carnedl, Biarki Halm, Ann Horton, Kevin Mukhar, Daniel O'Connar, Mario Zucea, Michael Awai,
Matthew Bortniker, laeda Goodman, Thomas Kyte, Clenn E. Mitchell 11, Cary Nical, Frank Hubeny
WiIrox withy Sean Dilksn, Direswy Eradn, oy Baith-Hamonil



_!htrodugtlon

Table bf Contents

What this Book is About
'Who Should Use this Book

How this Book Is Structured
The Database
PL/SQL and the Web
Java
XML
Appendices

The Tools you Need for this Book
Development Kits
Web and Application Servers
Tools

Conventlons

Customer Support
Source Code and Updates
Errata

Section i: The Database

-

Chapter 1: Internet Programming with Oracle 8i

k WO N ~NuO® AW N N B R

A Brief Histery of Oracle
Verslons and Editlons of Oracle 8i

Programming Support

PL/SQL
The PL/SQL Web Toolkit
PL/SQL Server Pages

Traditional Cracle Development Tools
Oracle Forms and Reports
Oracle Portal
Designer

N =

14



Oracle 81 and Java
The Oracle Java Virtual Machine
Advantages of:the Oracle JVM
" JbK Compatibity
Java Stored Procedures
Differerices between Oracle VM and DK
The J2EE Framework and Oracle
Java Database Connectivity (JOBC)
- sQU
Serviets and {avaSewer Pages (JSP)
Enterprise JavaBeans
Remote Method invocation (RMI) with CORBA and HOP
JDeveloper
Business Components for Java {BC4))

Oracle XML Developer's Kit

Oracle InterMedla
Text Services
imaging, Audio, and Videc Services
Oracle Spatial Cartridge

Oracle 8i and the Intemet

Internet Application Server (iAS)
Qracle iAS Standard Edition
QOracle iAS Enterprise Edition
9iAS Wireless Edition

Oracle HTTP Server
Oracle JSP
Oracle 81 WM
Portalio-Go
Oracle iCache

Summary

: Enter, licatlon Desl

The EAD Concept

The Evolution to N-Tier Computing
Two-Tier Architecture
Scalability
Higdden Costs
Flexibitity lssues
Three-Tier Architecture
Advantages of Three-Tler
Reuse of Code _
Problems with Three-Tier
N-Tier Architecture
Scalability and Redundancy
Integration
Adaptability
Problems with N-Tier

32

33

33
34
34

35
36
36
37
38
40
41
41
42



Oracle and EAD

PL/SQL Development

Java Development
Containers and the Middle Tier
Services
Transaction Management
Daclarative Secutity
Error Handling
Business Logic
Scalability
Portability

When to Use Java

The Supporting Cast of Oracle Software
XML

Communication Issues

Summary

Chapter 3: Database Foundations

43

45
46

55856

47
47
48
48

49
49

Database History
Logical Structures
Components of an Oracle 8l Database

Data Dictlonary
Internal RDBMS Tables
Data Dictionary Tables
Data Dictionary Views
DBA Views
User Views
All Views
Dynamic Performance Views

- Oracle Instance
- Data Files and Tablespaces
Blocks
Segments
Table Segments
Index Segments
B*Tree index
Reverse Key Indexes
Bitmapped Indexes
Function-Based indexes
Cluster Segments
Table Clusters
Hash Clusters
Rollback Segments
Temporary Segments
Extents

54
56
56

56
57

57

57

' 58

58
58

58
59

: 60

60

- 60

60
61
62
62

P 63

63
63
64

64
64



“Qracle 81 Object/Relational Database
Object Types
Object Columns
Object Views
Object Table
Object identifler
Collections
Nested Tables
Varrays

Oracle Memory Structures
System Global Area
Shared Pool
DB Buffer Cache
Redo Log Buffer

How Redo Logs Work
Program Global Area
Background Processes
‘System Monitor {(SMON)
Process Monitor (PMON)
Database Writer (DBWn)
Redo Log Writer (LGWR)
Checkpoint (CKPT)
Optional Processes

Redo Log Archiver (ARCH)

Recoverer {(RECO)
Starting an Instance

Oracle’s Database Initialization Fite
Control Flles
Recap

Summary

685
65
66
&6
66
67
67
67
68

68
68
69
70
71
72

" 74

74
75
75
75
76
76
76

i gq

78
79
79
81

Chapter 4: Scaling Your Application with Net8
What Net8 Does
Why Use Net8?

Typical Scenarios
Two-Tier Client/Server
Multi-Tier Client/Server -

Oracle Connectivity
Connecting to a Server
The Network Service Name
Network Route
Gilobal Database Name
The Connection Process
Bequeathed Sessions to Dedicated Server Processes
Redirected Sessions to Existing Server Processes
Refused Sessions
Disconnecting from a Server

S

85
85
89

20
91
91
91
a1
a1
92
93
95
95



Data Operations
. Migrating to Net8
Net8 Tuning

Net8 Troubleshooting
Diagnosing the Network
Diagnosing the Server
Diagnosing the Client
Some Common ORA Errors and What To Do

Summary

Q- hapter 5: Enterprise Development with Designer 6|

95
96
96
98

99
100
101

102

105

Deslgner 61 Software Architecture

The New Oracle Reposltory
Repository Objects
Containers
File Objects
Version Control
Configurations
Dependency Analysis
Workareas
Overview of Designer 6i Tools
Setting up the Oracie Repository
Enabling Version Control
Maintaining Users
Administering the Oracle Repository
Introducing the Repository Object Navigator (RON)
About Wastebaskets
Selecting a Repository Workarea
Create an Application System Container

The Case Study
Getting Started
Overview
Database Design and Development Process Using Designer
Develop a Conceptual Data Model of Requirements
Case Study Data Requirements :
Oracle's Entity Relationship Diagramming Conventions
Develop the Education Center Entity-Relationship Model
Log on to Designer
Create an Entity-Relatlonship Diagram
Create the Entltles
Create the Relationships
Add the Attributes
Create Domains
Assign a Domain to an Attribute
Define a Unique Identifier for each Entity
Print Entity and Attribute Reports
Review the ERD's Quality

106

108
108
109
110

s B
112
113

113

114
116
117
117
120
120
122
123
123

125
126
126
‘128
128
129
130
131
132
133
134
136
-138
140
142
143
145
146



Transform the Conceptual Data Madel into a Preliminary Database Design 148

Select the Run Set for Transformation o s 148
Selact the Settings for Transformation . ) _.180
Execute the Database Design Transformer " 153
Refine the Database Design : .« .. 154
introducing the Design Editor ’ 155
Create a Server Model Diagram R E = 157
Review the Preliminary Database Design S 158
Deleting a Preliminary Database Design . 158
Revise Each Table's Column Order : . 159
Deflne Database Sequences B R L 160
Add Change History Columns 161
Review and Refine Database Constraints and Indexes " 1683
Print the Reviged Server Model Diagram 164
Generate DDL. and Create a Physical Database o ) 164
Invoke the Server Model Generator and Sefect Options ~ ~.~ -~ & 7 - T Loenel
Select Objects to Generate 166
Execute the Server Model Generator and Review its Results ' o © 187
Execute the Generated DDL B . 168
Review the Physical Database o " 168
Summary ' 169
Section Il: PL and the Web SRR I § §

Chapter 6: PL/SOL Development _ 174

Minimal Development Environment 172
Reference Material 172
Programming Editor - 172
Version Control Software o 173
SQL Performance Tools - o 173
Debugging 176
Profiling : N 176
Testing ’ 177
Programming Style Y-

Writing PL/SQL : 1718 |

Bullding a PL/SQL Test Framework : . y 179
Packages : J P 179

Data Packages : 180
The ex Exception Package : - ) o 187
The Test Framework e T 191
Display Packages ' 197
Formatting the Display S 204
Generating the Report 204

Summary 205



Chapter 7: LS rP : 207

introduction 207
When to Use PSPs 208
PSP Architecture 208
The Anatomy of a PSP 209
PSP Directives . ) 210
The Page Directive 210

The procedure Directive . 211

The parameter Directive ' 211

The incluge Directive 212

PSP Declarations 212
PSP Scriptlets 213
PSP Expressions 214
Source for cust_dets.psp o ) 245
Handling Errors In a PSP ' 219
Loading a PSP Into the Database - 220
What Now? ' . 221
Summary ' 222
Chapter 8: The PL/SQL Web Toolkit ' 225
A Brief History of the Toolkit ) 226
When to Use the Toolkit 226
The Toolkit Architecture 227
Setting up the Environment 228
Configuring IAS . 229
Configuring a Simple Database Access Descriptor (DAD) 230

You Don't Have iAS, You Say? . 231
Installing the Toolkit - 231
Debugging Your Configuration 233
CGI Environment Not Initiatized . 233
Improper privileges 234

Can't Resolve Package/Procadure Name 234
Building Applications Using the Toolkit 234
Your First Dynamic Page 235
Nomenclature of a Request 235
Lifecycle of a Request 236
The Toolkit APl 238
HTF & HTP 238
OWA_CACHE 239
OWA_CCOKIE 239

OWA_CUSTOM 240



OWA_IMAGE ) o . 240

OWA_OPT_LOCK o 240

OWA . 7 240
OWA_PATTERN 240
OWA_SEC 240
OWA_TEXT 240
OWA_UTIL 240
WPG_DOCLOAD . ' 241
Bullding the Sample Application - 241
The Department Report ) 241
Changing the Department : 243
Showing the User's Detail Record 245
The Departments Procedure, Explained 252
Summary 255
Chapter 9: A Stock T ing the PL Web Toolkit 257
Overview of the Case Study 258
Application Architecture ‘ 259
" Malntaining State on the Client E 259
The User Interfaces . 280
Data Model 262
Accounts Table L ) . 263
Funds Tabie o 264
Trades : .- 2685
Current Value Table ' 266
Track User Table ) ; - 266
Loading Initial Data 267
The PL/SQL Packages 268
Backend Data Package - L 268
The backend Specification ) 268

The backend Package Body ' . 270
Frontend Display Package . 275
Support Flles . 280
JavaScript: htm.js 281
Javascript: stocks.js ) 282
Style Sheet: stocks.css ) 287

Summary : : Sow . 289



‘ Getting Started

Overview
Designer's Web PL/SQL Application Development Process

Setup the Web Application Environment
Create an Application Schemsa
Obtain Access to the PL/SQL Web Toolkit
Configure Your Webserver
Install the Designer Webserver Generator Library

Develop the Database Design in Deslgner

Generate DDL and Build the Physical Database
ingert Instructor Data into the PERSON Table

Extend the Database Design with Application Properties
Generate the Table API

Introduction to Web PL/SQL Module Design
Format of Generated Web PL/SQL Modules
Module Component Layout Styles

Define Application-Level Generator Preferences
Define an Application-Level Preference Set
Assign the Preference Set to the Application
Using Cascading Stylesheets (Optional Exercise)

Design and Generate Web PL/SQL Modules

COURSE Module

Create the Module Definition

Create a Module Component and Table Usages

Module Component Display Wizard

Use a Module Diagram to Refine the Module Design

Define Module Component Preferences for Multi-Row Insert Form
Generate and Execute the First Course Module
FRCOURSE Module

Copy COURSE Module

Revise the Module Definition

Revise the Module Component

Revise the Base Table Usage

Revise the Module's Generator Preferences

Revise the Module Component Preferences

Generate and Execute the FRCOURSE Module
MDCOURSE Module

Copy COURSE Module

Add the CS Module Compoanent

Refine the Module Component's Display

Create LOV Component

Revise the Module's Generator Preferences

Generate and Execute the MDCOURSE Module
MAIN Moduie

Create the Main Module

Generate and Execute the MAIN Module

Summary

292
292
294
296
296
207

299
300

301

303
303

304
308

310
310
311

311
312
314
314,

316
3186
317
318
320
320
321
322
328
326
327
327
327
328
328
328
329
330
330
333
334
336
336
339
338
341

341
ix



Chapter 11: Oracle . - 343
Java-enabling Infrastructure oo 344
. .« The Oracle 8i Java Virtual Machine : _ 345
T Java Namespace Implementation 345
Compiters: BCOMP and the Qracle 8i VM Accelerator (NCOMP) 346

The Resoiver ) 346

JDBC and SQL) 346

_Java Stored Procedures 347
Preparing the Development Environment 348
Identify and Install the Appropriate JDK 348
Use Your JDK Documentation L 348
Instafl Your IDE e ‘ 349
Check Your Path Environment Variable ~349
Developing Stored Procedures In Java 350
A Date-Formatting Function 351
Coding and Compiling the Java Class 351

Editing and Compiling the Code from the Command Line . 352

Editing and Compiling the Code in Oracle JDeveloper ' 352
Examining the Code 354

Simple Debugging with System.out() and System.err() 355
Deploying to the Database 355
Deploying from the Command Line 356
Resolver Syntax 366
Checking Installation Status 356

Other toadiava Options for Class Loading/Resolving 357
Unvinstalling Java Classes with dropjava 358

Publish a Java Class Using a Call Spec 358
Publishing a Call Spec into an Oracle Package oL 380
First-time Activation 360
Deploylng and Publishing with Oracle JDeveloper 361

A Simple Function Using JDBC to Query Database 364
Editing and Compiling the Code ‘366
Deploying SalesPerformance from the Command Line 366
Publishing SalesPerformance getAvgSalesPerf() . . 366

Java to Oracle Type Mappings L. : : : 366
Boolean lssues . . , - 368

Using OUT and IN OUT Parameters . ) . . 368
Deploying getAvgSalesPerf() with JDeveloper : ) : 372
Calling Stored Procedures from Java Stored Procedures — 372
DML and Transactions ‘ o 374
Restrictions on DML-Enabled Java Stored Procedures : 377
Transactions and Sessions in Java Stored Procedures av7
Triggers and Advanced Queuing with Java Stored Procedures ) . 378
Setting up the Queue S 379

Coding the Stored Procedure oL 380
Compiling Using the JOK from the Command Line o 383
Loading the Classes and Publishing the Call Spec - . 383
Defining the Trigger 384

Testing the Solution ‘ - i 384



¢ ' Returning Query Resuits as XML .. ]

Insialling XSU ' ' 285

Coding the Customer Class 3B6
Compiling and Deploying the Customer Class ) 3s7

DML Operations in XML 388
System Architecture Considerations 390
Performance _ 390
Features 391

- Summary 391
r 12: Oracle A w : " - 393

Driver Types ) 394

~ Installing JDBC 394
' Where to Get Drivers 394
Instaliing the Oracle JDBC Classes 395
Java Requirements - 396
Checking Your Installation 397
JDBC Basics 398
Database Connections ) 398
Loading a Driver 398.
Getting a Connection 402
Commit and Roliback : 403
Closing a Connectlon 404
Statements 404
java,sqgl.Statement 405
java.sql.PreparedStatement A08
java.sql.CallableStatement 410

Batch Updates 416
Resultsets 424
Getting And Moving Through Resultsets A28
Scrollable Resultsets 427
Retrieving Data from a Resultset 428
Updatable Resuttsets - 429
MetaData 435
Database MetaData 436
Advanced Topics 436
BLOBs 436
Writing a BLOB from One Table to Another 437
Reading and Writing Binary Data . 437
CLOBs . 441
Reading and Writing Character Data 442
Reading and Writing Character Data Using Readers and Writers 443
BFILEs 444
Getting a BFILE Locator 444

Using the Bfile Locator to Insert a BFILE 444
Reading BFILE Data 445
Inserting BFILE Data 445
Datasources 446

Summary 450



Chapter 13: Connection Pooling and Caching 463

Pooling ' 454
Connection Pool Advantages - . . : 454
Different Types of Connection Pooling ) 455

Net8 Connectlon Pooling - R . 455
Connection Object Pooling 455
Overview } 455

Standard Connection Pool e, 456

Logger 457

. DBConnaction R . . 458
: Instance Variabies ) ' o ’ T
Constructor 459

” Connecting ‘ 459
Closing the Connectlon o 460
Database Methods s 460
DBConnectionPool © 464
Instance Variables ‘ 464
Maintaining the Pool of Connections ' 465
Constructor . . 486
Monitoring the Connection Pool T
Getting a Connection From the Pool . 469
Returming Connections to the Pool 471
Cleaning Up Resources ) 471
Managing the Connection Pools 472
Property Files 472
DBPoolManager 474
Client Example 479
Prepare the Database _ ' 479
Create the Serviet . 480
Deploying the Serviet - 483

JDBC 2.0 Connection Pooling 485

New Features ' 485
DataSource ’ 485
Connectlon Pooling o 486

Oracle JDBC 2.0 Extensions 487
Connection Caching 488
Oracle Connection Cache Implementation i 489

Altering the Standard Pool ' 491
Summary of Updates from-JDBC 1.0 ) 491
DBConnection Updates o ) 492
DBConnectionPool Updates 494
DBPocliManager Updates 497

Summary _ o 499



SQLJ Code : ) ' ‘ 02
Executabie Statements 502
Host Expressions 503
The Default Connection 506

Oracle.connect(} 507
Cracle.getConnection() 508

Closing the Connection 508

A Simple SQLJ Application . 609
' The Customer Class " 510
- The User Interface Class 515
--Using the SQLJ Translator 518
Basic Translator Operations 519
Profiles 520

Catching SQL Errors ) 520

Other Baslc Operatlons 521
Advanced Translator Operations - 522

Declaratlons 523

SQU) Iterators 524
Declaring an Iterator 524

fterator Examples 525
Creating an lterator 526
Multiple Row Selection Using iterators . 827

Using the implements Clause " 532
Connection Contexts 53%
Connecting to the Same Schema 536
Connecting to Different Schemas 540
Execution Contexts . 542

" SQLJ In the Server 548
-+ Server vs Client SQUJ > 549
SQLJ Runtime Classes 549

The Database Connection 549
Auto-commit 549

The Default Qutput Device 548

SQLUJ Server Example 580

Summary 556



