The Firebird Book:
A Reference for
Database Developers

HELEN BORRIE

APIess®



2794fm.gxd 7/2/04 12:36 PM Page ii $

The Firebird Book: A Reference for Database Developers
Copyright © 2004 by Helen Borrie and IBPhoenix

All rights reserved. No part of this work may be reproduced or transmitted in any form or by
any means, electronic or mechanical, including photocopying, recording, or by any information
storage or retrieval system, without the prior written permission of the copyright owner and the
publisher.

ISBN (pbk): 1-59059-279-4
Printed and bound in the United States of America987654321

Trademarked names may appear in this book. Rather than use a trademark symbol with every
occurrence of a trademarked name, we use the names only in an editorial fashion and to the
benefit of the trademark owner, with no intention of infringement of the trademark.

Lead Editor: Chris Mills
Technical Reviewer: Geoff Worboys

Editorial Board: Steve Anglin, Dan Appleman, Ewan Buckingham, Gary Cornell, Tony Davis,
Chris Mills, Steve Rycroft, Dominic Shakeshaft, Jim Sumser, Karen Watterson, Gavin Wray;,
John Zukowski

Project Manager: Kylie Johnston

Production Manager: Kari Brooks

Production Editor: Janet Vail

Compositor: Molly Sharp, Content Works
Proofreaders: Patrick Vincent and Katie Stence
Indexer: Valerie Perry

Cover Designer: Kurt Krames

Manufacturing Manager: Tom Debolski

Distributed to the book trade in the United States by Springer-Verlag New York, Inc., 175 Fifth
Avenue, New York, NY 10010 and outside the United States by Springer-Verlag GmbH & Co. KG,
Tiergartenstr. 17, 69112 Heidelberg, Germany.

In the United States: phone 1-800-SPRINGER, email orders@springer-ny.com, or visit
http://www.springer-ny.com. Outside the United States: fax +49 6221 345229, email
orders@springer.de, or visit http://www.springer.de.

For information on translations, please contact Apress directly at 2560 Ninth Street, Suite 219,
Berkeley, CA 94710. Phone 510-549-5930, fax 510-549-5939, email info@apress.com, or visit
http://www.apress.com.

The information in this book is distributed on an “as is” basis, without warranty. Although every
precaution has been taken in the preparation of this work, neither the author(s) nor Apress shall
have any liability to any person or entity with respect to any loss or damage caused or alleged to
be caused directly or indirectly by the information contained in this work.

The source code for this book is available to readers at http://www.apress.com in the
Downloads section.

e



2794fm.gxd 7/2/04 12:36 PM Page iii $

Contents at a Glance

About the AUthor ......... .. ... i i xvii
About the Technical Reviewer .....................cciiiiiiiiinnn.. Xix
Acknowledgments .. ... ... ... xxi
Introduction ....... ... i xxiii
Part One Boot Camp ........ .. .. .. . . 3
Chapter 1 Installation ..........oueunieeini e, 3
Chapter 2 Network Setup ........... ... i 29
Chapter 3 Configuring Firebird ............................. 45
Chapter 4 Operating Basics .................ooiiiiiiniinn... 55
Part Two Client/Server ...................cccoiiiiiiinn. 73
Chapter 5 Introduction to Client/Server Architecture ....... 75
Chapter 6 Firebird Server ............c.uceuiiiuiniiinannnnn. 85
Chapter 7 Firebird Clients .......... ... veuiiininninnen... 95
Part Three Firebird Data Types and Domains ........... 111
Chapter 8 About Firebird Data Types ....................... 113
Chapter 9 NUmbeT TYPES . oottt e 127
Chapter 10 Date and Time Types ..........c.c.ouuiuiiiinnnennnn. 143
Chapter 11 Character TYpPes .........ueeinein i, 161
Chapter 12 BLOBs and Arrays ..............coiiiiiiiiiiiiin.. 181
Chapter 13 Domains ........ ... 191
Part Four A Database and Its Objects................. 205
Chapter 14 From Drawing Board to Database .................. 207
Chapter 15 Creating and Maintaining a Database ............. 231
Chapter 16 Tables . ..o 261
Chapter 17 Referential Integrity ........................... 297
Chapter 18 Indexes ....... ... 315
Part Five Firebird SOL ................................. 345
Chapter 19 Firebird’s SQL Language ......................... 347
Chapter 20 DML QUeTies .........ouuueuneeneinneinaennnnn 353
Chapter 21 Expressions and Predicates ...................... 387
Chapter 22 Querying Multiple Tables ........................ 431

e



2794fm.gxd 7/2/04

Contents at a Glance

iv

Chapter 23
Chapter 24

Part Six
Chapter 25
Chapter 26
Chapter 27

Part Seven
Chapter 28
Chapter 29
Chapter 30
Chapter 31
Chapter 32

Part Eight
Chapter 33
Chapter 34
Chapter 35
Chapter 36

Part Nine
Chapter 37
Chapter 38
Chapter 39
Chapter 40

Appendices
Appendix I
Appendix II
Appendix III
Appendix IV
Appendix V
Appendix VI
Appendix VII
Appendix VIII
Appendix IX
Appendix X
Appendix XI
Appendix XII

Glossary ......
Index .........

12:36 PM Page iv CE

Ordered and Aggregated Sets ..................... 467
VIiews .. ..o 485
Transactions .....................c.ccoiii... 503
Overview of Firebird Transactions ............... 505
Configuring Transactions ........................ 521
Programming with Transactions ................... 535
Server Programming .......................... 561
Introduction to Firebird Programming ............ 563
Developing PSQL Modules ...................c..... 573
Stored Procedures ................ ... ... 601
TIIGGeTs . ... 641
Error Handling and Events ....................... 665
Security ......... . .l 687
Security in the Operating Environment ........... 689
Server Protection ................c..coiiiiiiion.. 697
Database-Level Security ......................... 713
Configuration and Special Features .............. 739
TOOILS ... 777
Interactive SQL Utility (isql) .................. 779
Database Backup and Restore (gbak) .............. 813
Housekeeping Tool (gfix) ...........coveeeeeeo... 835
Understanding the Lock Manager .................. 855
External Function Summary ....................... 881
Solving Network Problems ........................ 915
Application Interfaces .......................... 923
Database Repair How-to .......................... 933
Administration Tools ............................ 937
The Sample Database ..................cciuienn... 943
Firebird Limits .......... ... ... . oiiiiiiiiinn. 945
Character Sets and Collations ................... 951
System Tables and Views ........................ 957
Error Codes ........ ... ... . i 981
Reserved Words .............cccuiiiiiiiininninann. 1011
Readings and Resources ......................... 1015
................................................. 1021
.................................................... 1047



2794fm.gxd 7/2/04 12:36 PM Page Vv $

Contents

About the Author ........... . . . . . i xvii
About the Technical Reviewer .....................ccooiiuieon.. Xix
Acknowledgments ........ ... .. . Xxi
Introduction ......... ... .. . i xxiii
Part One Boot Camp .................................... 3
Chapter 1 Installation..............................o... 3
System Requirements .......... ... 3
How to Get an Installation Kit ............. ... ... ... oo, 6
Linux Kits ... ... 9
Windows KIts ....... ... . i 11
Testing Your Installation ..................c.c.ccceiiiiiiininn... 13
Installing an Embedded Server ....................... ..o 18
Other Things You Need to Know ......................c..ccooo.. 19
Default Disk Locations ....................cooiiiiiiiiiiiiin... 22
Up Next ... 27
Chapter 2 Network Setup................................ 29
Network Protocols .................ooiiiiiiiiiiiiiiiiiiiinnn.. 29
Named Pipes . ... ... ... 29
Local ACCESS ... .o 29
Mixed Platforms ........... ... ... i 31
A Network Address for the Server .............................. 32
HOSTS File ... e 32
Server Name and Path .......... ... ... ... ... . .. . il 34
Configuring the TCP/IP Port Service .......................... 36
Testing the Connection with ping ................ .. ... . ...... 42
Up Next ... 44
Chapter 3  Configuring Firebird....................... 45
Database-Level Configuration ................................... 45
Environment Variables ................ ... ... . . oo 45
The Firebird Configuration File ......................cccoo... 49
Up Next .. 54



2794fm.gxd 7/2/04 12:36 PM Page vi $

Contents

vi

Chapter 4 Operating Basics............................ 55
Running Firebird on Linux/UNIX ............... ... ... ... 55
Running Firebird Server on Windows ............................ 59
Database AlIGSING .............couiuuuimi .. 64
Administering Databases .............. .. ... i, 67
Introducing 1sql .......... ... oo 69
Up Next ... 72
Part Two Client/Server ............................. 73

Chapter 5 Introduction to Client/Server

Architecture ............................. ..., 75
Client/Server vs. File-Served Databases ....................... 76
Characteristics of a Client/Server DBMS ....................... 76
Designing for Client/Server Systems ........................... 79
Up Next ... 84
Chapter 6 Firebird Server ............................. 85
The Role of the Server ................ccoiiiiiiiiiiiiiiniinnn.. 86
Operating System Platforms ..................c.coiiiiiiiiinnnnn. 86
Examples of Topologies ................couiuiiiiiiiiiiiieennn.. 87
Databases ......... ... . . 91
Server-Side Programming .....................i.iiiiiiiiiiiiiann. 91
Multi-database Applications .................c.ccciiiiiiininn.. 92
Server Security ........... . 93
Database Security ..............ooiiiiiiiiiii 93
Up Next ... 93
Chapter 7  Firebird Clients............................ 95
What Is a Firebird Client?............... ... ... ... oo 95
The Firebird Client Library ...............ccccieiiiiiieaninnn.. 96
Application Development ...............ccoiiuiiiiiiiiiniieannn.. 97
Installing Clients .............o.iiiuiiiimiiiiiiininnn.. 101
Up Next .. 110



2794 fm.gxd

7/2/04 12:36 PM Page vii CE

Part Three Firebird Data Types

and Domains ............................... 111
Chapter 8  About Firebird Data Types................ 113
Where to Specify Data Types ..............cccoiiiiiiiiiiinn.. 113
Supported Data Types .............coiuiiiiiiiiiiiiiiiia 113
Booleans ........... ... 114
SOL “Dialects” ... ... ... 114
Optional SQL-92 Delimited Identifiers ........................ 114
Context Variables ............ ... ... oo iiiiiiiiiiiiiiinin, 115
Pre-Defined Date Literals ...................c.cccoiiiiiiinn... 117
COLUMNS ..o e 118
Domains ........ .. .. 119
Converting Data Types ...........coueiiiiiiiiiiiiniieannn.. 119
Changing Column and Domain Definitions ....................... 121
Keywords Used for Specifying Data Type....................... 122
Up Next ... 126
Chapter 9  Number Types...................ccciiiii... 127
Operations on Number Types ..............c.ooeiiiiiiiininennn. 128
Integer TYpes . ... 128
Fixed-Decimal (Scaled) Types —...........cccoueiiiiiiiiiinnnnn. 132
Floating-Point Data Types ............ccoiueiiiiiiiiniiennnn.. 139
Up Next ... 141
Chapter 10 Date and Time Types....................... 143
DATE 143
TIMESTAMP 143
TIME « o 143
Date Literals ............ ... .. iiiiiii i 144
Recognized Date/Time Literal Formats ......................... 144
Pre-Defined Date Literals ..................ccciiiiiiiiieeannn.. 148
Implicit Type-Casting of Date/Time Literals ................. 149
Date and Time Context Variables .............................. 150
Operations Using Date and Time Values ...................... 150
Using CAST( ) with Date/Time Types ..............ccoeueueenon.. 153
The EXTRACT( ) Function .............c.coeiiiiiiniaineannnann. 157
Up Next ... 160

Contents

vii



2794fm.gxd 7/2/04 12:36 PM Page viii $

Contents

viii

Chapter 11  Character Types....................ccoovien. 161
String Essentials ............ ... .o 161
Character Sets and Collation Sequences ....................... 165
Up Next ... 180
Chapter 12 BLOBs and Arrays ........................... 181
BLOB TYPES ..o 181
ATTAY TYPES .. 186
Up Next ... 190
Chapter 13 Domains ......................c.ccoeiiuiniion. 191
Creating a Domain ..................c.eiiiiiiiiiiiiiniieannn.. 192
Using a Domain in a Column Definition ....................... 198
Defining a BOOLEAN Domain ...............ccouuuuiiiiieennnnnnn. 200
Changing Domain Definitions ...................c.cciiiieeannn.. 201
Dropping a Domain ..................coiiiiiiiiiiiiiii 202
Up Next ... 203
Part Four A Database and Its Objects......... 205
Chapter 14  From Drawing Board to Database ......... 207
The SYSDBA User and Password ........................c.c.oo.... 207
Metadata .......... ... oo 207
Designing a Database .......... ... ... .. . .. iiiiiiiiiiiiiia.. 208
Schema SCTIpts .. ... ... oo 220
Up Next ... 230

Chapter 15 (Creating and Maintaining a Database ...231

Physical Storage for a Database .............................. 231
About Security ACCESS ...t 232
Creating a Database ....................ccoiiiiiiiiiiiiiiiniens 233
Single and Multi-file Databases .............................. 238
Creating a Multi-file Database .......................c..o.... 238
The Database Cache ............. ... ... ... i iiiiiiiiiiiin.. 240
Read-Only Databases —.................c.eiiiiiiiiiiiiiniiennn. 246
Database Shadows —.......... ... ... . ... 247
Database “Hygiene” .......... ... . ..o iiiii 254
Dropping a Database ........... ... . ... i, 259
Up Next .. 259



2794fm.gxd 7/2/04 12:36 PM Page ix $

Contents
Chapter 16 Tables ......................cccoiiiiiiiii... 261
About Firebird Tables ................c.c.oiiiiiiiiiiiiiiennnn.. 261
Creating Tables ...............ouoii i, 261
Constraints ... ... ... i 269
Integrity Constraints ........ ... ... .. iiiiiiiiiiiiinnnnn. 271
Using External Files As Tables ............................... 281
Altering Tables —............. .. iiiuiii i 287
Removing (Dropping) a Table................ccoeueiiiniiennn.. 294
Temporary Tables —.............c..o.uioiiiiiiiiii .. 295
Up Next ... 296
Chapter 17 Referential Integrity..................... 297
Terminology . ... ...t 298
The FOREIGN KEY Constraint ...............c.ooeeiiiiiinninnn.. 298
Interaction of Constraints ..................c.cccoiiiiiiian... 303
Custom Action TIriggers ...............cooiueiiiiiieiniinennnnn. 303
Lookup Tables and Your Data Model ............................ 304
Reference Privileges .................c.eiiiiiiiniiiianiiennn. 306
Handling Other Forms of Relationship ......................... 306
“Object Is in Use” EXTOT ..........coiuuiiiiiiiiiiiiiniiaann. 312
Up Next ... 313
Chapter 18 Indexes ....................ccoiiiiiiiiiniinn. 315
Limits ..o 315
Automatic vs. User-Defined Indexes ........................... 316
Query PIaNS .......... .o 317
How Indexes Can Help ...............coiuueiiiiiiiiiiannninnn. 317
What to INndex ..............ooiii i 318
When to INndex ............ ..o iiuii i 319
Using CREATE INDEX . ... ...t 320
Multi-column Indexes ..................ccciiiiiiiiiiiiiiiannann. 322
Inspecting Indexes ...............coiuueiiiiiiiniiiiiniieann. 324
Altering an Index ................c.ciueiiiiiiiiiiiiniiaaan.. 324
Dropping an Index ................cieiiiiiiiiiii 325
Up Next ... 343
ix



2794fm.gxd 7/2/04 12:36 PM Page X $

Contents

Part Five Firebird SOL.............................. 345
Chapter 19 Firebird’s SQL Language .................. 347
Firebird and the Standards ................. .. ... ... ... . ..... 347
SOL Statements .. ... ... o e 347
SOL Dialects ... ... 351
SOL RESOUICES ..ttt e e e et e ettt 352
Up Next ... 352
Chapter 20 DML Queries.....................cccoueeiiiein. 353
Sets of Data ...... ... 353
Privileges ........ ...t 358
The SELECT Statement ........... ..o i, 358
The INSERT Statement ........... ... . . i, 370
The UPDATE Statement ............ ... .o iiiiiiiiiiiiiiniin.. 374
The DELETE Statement ............ .. ..o iiiiiiiiiiiiiinin.. 378
The EXECUTE Statement ........... ..o iiiiiiiiiiiiinnin.. 378
Queries That Call Stored Procedures .......................... 379
Using Parameters ...................oiiiiiiiiiiiiiiiiiannn.. 380
Batch Operations ......... ... 381
DML Operations and State-Changing Events .................... 383
Up Next ... 385
Chapter 21  Expressions and Predicates............... 387
EXpIessions .......... ... 387
Predicates ............oiiu i 388
Symbols Used in EXpIesSIiONS .....................ccoveiiieiinn.. 391
SOL Operators ........ ..o 393
Considering NULL ............. oo, 403
USing EXpressions ...............eeiiuueiiniiianii i 407
Function Calls ....... ... i 417
Up Next ... 430
Chapter 22 Querying Multiple Tables ................. 431
Multi-Table Query Kinds ................ ... ... oiiiiiiiiia.. 431
JOINING .. vvo et e 432
SUDQUETIES ...t 443
The UNION Operator ................eeiiuueoinieaniiaannnn.. 447
Up Next ... 466



2794fm.gxd 7/2/04 12:36 PM Page xi $

Contents
Chapter 23 Ordered and Aggregated Sets ............. 467
Considerations for Sorting .............. ... ... 467
The ORDER BY Clause ...............coiiiiiiiiiiiiiiiinannnn. 469
The GROUP BY Clause ...............coueiiuiiiiiiiiiiiiannnnn. 473
Up Next ... 483
Chapter 24 Views.................ccccoiiiiiiiiiiiiiinni... 485
What Is a View? .......... .o 485
Creating VIeWS ........ ... 489
Read-Only and Updatable Views ................. ... .ccoocou.. 493
Modify a View Definition? ................ccoiiiiiiiiiinninnn.. 496
Dropping a View............ ..o 496
Using Views in SOL ....... ... i 496
Using Query Plans for Views .................c.cccoieeiieinnn.. 497
Other Derived Tables ................c.eeiiiiiiiiiiiianiiaann. 499
Up Next .. 501
Part Six Transactions.............................. 503
Chapter 25 Overview of Firebird Transactions...... 505
The ACID Properties ..............ueeiiuuioaniieaniieennnnnnn. 506
Context of a Transaction ........................ccoiiiiiiinn.. 507
Transactions and MGA .......... ... .. ... . i, 508
Transaction “Aging” and Statistics ........................... 512
Up Next ... 520
Chapter 26 Configuring Transactions ................. 521
CONCUTITENCY ..o e e e e e e e 521
Record Versions .................oiiiuiiiiiiiiiiiiiii., 529
Locking and Lock Conflicts .............c.c.cuiiiiiiiiiiinnnnn.. 530
Up Next .. 533
Chapter 27 Programming with Transactions........... 535
The Language of Transactions ...................c.c..ccceuiuen.. 535
Starting a Transaction ...................ooiiiiiiiiiiiiiiann. 536
Accessing the Transaction ID .................ccoiiiiiio... 540
Progress of a Transaction ......................ccoieeiieinnnnns 541
Nested Transactions ................c.ooeeeiiiiieinieennnnnn. 542
The Logical Context ...... ... .. iiiiiiiiiiiiiiiiiiiin.. 545
Xi



2794fm.gxd 7/2/04 12:36 PM Page xii $

Contents

xii

Multi-Database Transactions ..........................cooiun. 551
Pessimistic LOCKING ............oouuueiuni e, 552
Stored Procedures, Triggers, and Transactions ............... 558
Tips for Optimizing Transaction Behavior ................... 559
Up Next ... 560
Part Seven Server Programming..................... 561

Chapter 28 Introduction to Firebird

Programming ................... ... ... ... 563
Overview of Server Code Modules .............................. 563
About Stored Procedures ............... .. ... . il 564
About Triggers ..............oiuii i 565
PSOL Language Extensions ..................... ..o, 567
Internals of the Technology ...............ccccoiiiiiiiiiinnn.. 570
Up Next ... 571
Chapter 29 Developing PSOL Modules .................. 573
Elements of Procedures and Triggers .......................... 573
Programming Constructs ............ .. ..o, 579
Developing Modules ...............c.oeiiiiiiiiiiniiniinnn.. 595
Up Next ... 600
Chapter 30 Stored Procedures .......................... 601
Executable Stored Procedures .................... ... ... ... 601
Selectable Stored Procedures ..................... ... ... ..... 601
Creating Stored Procedures ....................cccciiiiiiiinn.. 602
Executable Procedures .....................ciiiiiiiiiiiiiiiins 606
Selectable Stored Procedures .....................cciiiiiiiin. 615
Procedures for Combined Use............................cooo... 629
Changing Stored Procedures .....................ccciiiiiinnn.. 629
Dropping Stored Procedures ....................cciiiiiiiiii... 633
Up Next ... 639
Chapter 31 Triggers...................cooiiiiiiieuinaain. 641
Phase, Event, and Sequence .................. .. ... . iiiiia.. 641
Phase and Event .......... ... ... i 641
SEatUs .. 643
Creating TIIGGeIS ..........c..uuiiiuie i, 643



2794 fm.gxd

7/2/04 12:36 PM Page xiii CE

Special PSQOL for Triggers ..............oeuuuiiinuueianineennn. 645
Updating Other Tables .................oiiiiiiiiiiiiiiniiaann. 652
Changing TIIgGeIS ..........c..uenuuinmuuin i enannens 661
Dropping Triggers ..................cooiiiiiiiiiiiiiiiiiiiiia., 663
Up Next ... 663
Chapter 32 Error Handling and Events................ 665
Types of EXCeptions ...............eoiiiioiiiiiiniinnnn.. 665
Exceptions in Action ......... ... 667
Handling Exceptions ..............c..eoiiiiiiiiininininnnn.. 668
Runtime Exception Messaging .........................ccovinnn. 675
Error Codes LiSting .................oiiiiiiiiiiiiiiiiinnn.n, 676
Events ... . 678
Up Next ... 685
Part Eight Security.................................... 687
Chapter 33 Security in the Operating

Environment ................ ... .. ... 689
Physical Security .............c.oiuiiiiiiiiii i 689
Platform-Based Protection ...................c.cccciiiiiiiiin... 690
Execution of Arbitrary Code........................... ... .... 693
Wire Security .........couuioi 694
Web and Other n-Tier Server Applications .................... 694
Up Next ... 695
Chapter 34 Server Protection.......................... 697
Entering User Credentials ...................ccoiiiiiiiieinnn.. 697
The SYSDBA USeI .........c..oinuui i 699
The POSIX Hole ..........couuooii i 699
The gsec UtIlity .......... ..o, 700
Up Next ... 712
Chapter 35 Database-Level Security................... 713
Default Security and ACCeSS ..............ccouiiiiiiiiinniinn.. 713
Privileges ....... ... 715
ODJECTS e 716
Users ... 717
Granting Privileges ................oiueiiiiiiiiiiiiiiniiiann. 718

Contents

Xiii



2794fm.gxd 7/2/04 12:36 PM Page xiv $

Contents

Xiv

Privileges Through Roles ...............cc.oiiiiiiiiiiiniieann. 724
Granting the Right to Grant Privileges....................... 726
Revoking Permissions ................eeiuiiiiiiiiiiiiniiaa.. 728
Revoking Grant Authority .............. ... ... ... ... ... ... 733
Security SCIIpts .. ... oo 733
Up Next ... 738

Chapter 36 Configuration and Special

Features.............. ... ... ... ... . ... ..... 739
Comparing Superserver and Classic Server Architecture ...... 739
The Firebird Configuration File .............................. 741
Working with Embedded Server ...................... . ... .. ... 757
External Code Modules ........... . ... ..o, 761
Configuring External Locations .......................cc.oo... 772
Up Next .. 775
Part Nine Tools................................cc... 777
Chapter 37 Interactive SQL Utility (isql) ......... 779
Interactive Mode . ... ... ... ... . . . 779
Interactive Commands . ........... ... ueee . 787
General isql Commands ...................ccoiiiiiiiiiiniiionnn. 788
SHOW Commands . ... ... ... ... e et 792
SET Commands . .... ... ... e 801
Command MOde . ..... ... ... . . 807
Extracting Metadata ......... ... ... . .. .. i, 809
Up Next ... 811

Chapter 38 Database Backup and Restore (gbak) ....813

About gbak Files ........... ... .. ... . i 813
Running a Backup ......... ... ... i 817
Running a Restore ................coiiuiiiiiiiiiiiiiiniiann. 822
Using gbak with the Firebird Service Manager ................ 828
gbak Error MesSages ...............eeuiuueiiiiiiiiiiiiii.. 830
Up Next ... 834
Chapter 39 Housekeeping Tool (gfix) ................. 835
USINg gfix ... 835
SWEEPING ..ottt 837
Shutting Down a Database ................ . ... i 839



2794fm.gxd 7/2/04 12:36 PM Page xVv $

Contents

Changing Database Settings ............. ... .. . ccciiiiiiiiin.. 842
Data Validation and Repair ....................ccoiiiiiiiine... 846
Transaction RECOVEIY ...........ouuuuuuuueiiiiiiiiiiiieeannn. 847
ShAdOWS .. ... 849
Summary of gfix Switches ............. ... ..., 850
gfix Error Messages ...............eoiuuueiiiiiiiiiiiinniiean. 853
Up Next ... 853
Chapter 40 Understanding the Lock Manager ......... 855
Firebird’s Lock Manager ...................c.ccoiiiiiiiiieannn.. 856
The Lock Print Utility ............cciiiioiiiiiiiiinnn... 859
Lock Configuration Settings .................... ..., 880
Appendices

Appendix I  External Function Summary................ 881
Appendix II ~ Solving Network Problems................ 915
Checklist . ... e 915
Are You Still Stuck? ......... ... i 921
Appendix III Application Interfaces.................. 923
The JayBird JDBC DIrivers ...................ccccoiuiiiiiiinnnnn. 923
ODBC . oo 924
The Firebird .NET Provider .......................cccoiiiuinn.. 925
IBPP for C++ Development ............. . .ccc.coiiiiiiiiiiniioann. 926
Delphi, Kylix, and Borland C++Builder ........................ 927
PHP 930
Python ... .. . . . . . . 931
Perl ... 931
Appendix IV  Database Repair How-to ................. 933
Eight Steps to Recovery ...............ccoiieiiiiiiiiniieinnn.. 933
How to Proceed If Problems Remain ........................... 936
Appendix V Administration Tools.................... 937
Graphical Admin Desktops ...............ooiiiiiiiiiiiiiiaan. 937
Backup Tools ... ... 939

XV



2794fm.gxd 7/2/04 12:36 PM Page xvi $

Contents

Miscellaneous .................iiiiiiii 940
Where to Look for More Tools and Information ................ 942
Appendix VI ~ The Sample Database ..................... 943
Building the Employee Database from Scripts ................. 943
Appendix VII  Firebird Limits .......................... 945
Appendix VIII Character Sets and Collations ........ 951
Appendix IX  System Tables and Views ............... 957
System Tables ........... ... ... i 957
System VIeWS ... 980
Appendix X Error Codes................................ 981
Appendix XI ~ Reserved Words........................... 1011
Appendix XII  Readings and Resources ................ 1015
Recommended Reading .............. ... ... i il 1015
Reference Websites ..............coiiiiiiiiiiiiiiiniiiann. 1016
Firebird FOTUMS ... ...t 1017
How to Become a Firebird Developer .......................... 1019
GLOSSATY . ..o 1021
Index ... 1047



2794fm.gxd 7/2/04 12:36 PM Page xvii $

About the Author

Helen Borrie is a contracting software engineer who
doubles as a writer and technical editor. She has been
involved in database development for more than 20 years
and with Firebird and its ancestors since 1996.

Helen is an active member of the Firebird online
support community and a founding member of the
FirebirdSQL Foundation Inc.

Helen is a New Zealander resident in Australia.

She telecommutes via the Internet, from a home studio
located among eucalyptus trees on the picturesque cen-
tral coast of rural New South Wales.

xvii





